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Bulletin. Tome XXVII, XXVIII, 1885-88. 8°.

Memoires. Tome XVI, 1883-86. 4°.

Soclete de Physique et cVHistol.re Naturelle.

Memoires. Tome XXIX. 2, 1886-87. 4°.

GiESSEN.— Oberhessische Gesellschaft fiir Natur-mid HeilJamde,

Bericbt. XXV, 1887. 8°."

Glasgow.—Natural History Society.

Proceedings and transactions. New series. Vol. I. 3, 188.5-86. 8°.

Philosopfncal Society.

Proceedings. Vol. XVII, XVHI, 1885-86, 1886-87. 8°.

GiiRLiTZ.

—

Naturforsehende Gesellschaft.

Abhandlungen. Bd. XIX, 1887. 8°.

G<")TTiNGEK.

—

Kiinigl. Gesellschaft der Wissenschaften.

Nacbricbten. 1886, 1887. 8°.

GrsTROW.— Verein der Freunde der Naturgeschichte in 3Iecklenburf/.

Archiv. -Jahrg. XL, XLI, 1886-87. 8°.

Habana.—Real Colegio de Belen.

Observaciones magneticas y meteorologicas. 1885 iv, 1886 i-iii. 4°.

Halifax,—Department of Mines.

Report. 1887. 8°.

Halle.—Kais. Leopoldinisch-Cm'olinische deufsche Akademie der Naturforscher.

Leopoldina. Heft XXII, XXIII, 1886-87. 4°.

Naturforsehende Gesellschaft.

Abhandlungen. Bd. XVI. 4, 1886. 4°.

Bericbt. 1885, 1886. 8°.

Natnrwissenschaftlicher Verein fiir Sachsen und Th iiringen.

Zeitscbrift fiir die gesammten Naturwissenschaften. Bd. LIX. 3-6, LX,
1886-87. 8°.

Hamburg.—Deutsche Seewarte.

Archiv. Jahrg. VIII, IX, 1885-86. 4°.

Monatlicne Uebersicbt der Witterung. 1886, 1887, 1888 Januar, Feb-

ruar. 8°.
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IIambiiro.—Naturmmennclioftlichm- Yerein.'

Abhandlunfren. Bd. IX, X, 1886-87. 4°.

WisxenKchafflichf! Anxtaltcn.

Jahrbiich. Jahrg. IV, V, 1886-87.

Hannover.—NaturMxtorische Oeselhchaft.

Jahresbericht. XXXIV-XXXVII, 188.3-1887. 80.

Harlem.—Mmf^e, Teyler.

Archives. Srrie II. Vol. III. 1, 1887. S«>.

Catalosuc de la bibliotheque. Livr. 5, 6. 1886. 8°.

Liste alplK'betique de la eorrespoiKlence de Christian Iluyghens. 4°.

Socv'ti' Hollandaise des Sciences^.

Archives no'erlandaises des sciences exactes ct naturelles. Tome XXI.

3-5, XXII, 1886-87. 8°.

Helsingfoks.—Societas Scientiarum Feiinica.

Ofversigt af f()rliaudlingar. XXVII, 18S4-8.5.

Bidrag till kiinnedora af Finlands natur och follv. Hiift. XLIII, XLIV,

1886-87. 80.

Exploration Internationale des regions polaires, 1882-83 et 1884-8.5. Expe-

dition polaire flnlandaise. Tome I, II. 1886-87. 4°.

InstUut Mi'U'orolofjique Central.

Observations. Vol. I, II. 1, 1882-83. 4°.

Hongkong.— Observatory.

Observations and researches. 1886. f°.

Jena.—Mediciniscli-nat^irwhsenschaflliche OesellscJiaft.

Jenaische Zeitschrift fiir Naturwissenschaft. Bd. XX, XXI, XXII. 1, 2,

1887-88. 8°.

ri. I EL.

—

Kiiniql. Christian AlbrecMs- Uniyersitat.

Dissertationen, etc. (48). 1886-87.

Naturwissenscliaftlicher Verein fiir Schleswig-Rolstein.

Schriften. Bd. VII. 1, 1888. 8°.

Kiev.—Kievskie Obshchestvo lestestvoispytatele'i.

Zapiski. Tom. VII, VIII and suppt., 1883-87. 8° and 4°.

K.T(>nENHAVN.

—

Kon. Danske Videnskabemes Sehkah. '

Oversigt over forhandlinger. 1886 ii. iii, 1887 i, ii. 8°.

K«)NIGSBERG.

—

Kihivjl. physikalisch-Ukononiiache Gesellschafi.

Schriften. Jahrg. XXVII, 1887. 4°,

Krakow.—K. k. Sternwarte.

Materyaly do klimatografii Galicyi. Rok 1886. 8°.

Ladsanne.— ,Soci('t(' Vaudoise des Sciences Naturelles.

Bulletin. '6" ser. No. 94-96, 1886-87. 8°.

Leeh-S.— Yorkshire Geological and Polytechnic Society.

Proceedings. New series. Vol. IX. 2, 3, 1886-88. 8°.

Leiden.—Nederla^rdsche Dierkundige Vereeniging.

Tijdscrift. Ser. II. Deel I. 3, 4, II. I. 2, 1886-88. 8°.

Leipzig.—Astronomische GeselUchaft.

Vierteljahrsschrift. Jahrg. XXII, 1887. 8°.

Publication XVI ri. 1886. 4°.

Kt'in. siichsische Gcsellschaft der Wissenschaften.

Berichtc. Math.-physische Classc. Bd. XXXVIII, XXXIX, 1886-87. 8°.

Verein fiir Erdkunde.

Mitthcilungcn. 1884-1886. 8° and f°.

Zoologischer Anzeiger. No. 241-282, 1887-88. 8°.

lAVjm.^Societe Geologi(/HC de Belgique.

Annales. Tome XIIL 1, 1887. 8°.

Proces-verbal de I'aseemblee gt^n^rale du 21 Nov. 1886. 8°.
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Liege.—Societd Royale des Sciences.

Memoires. 2« ser. Tome XIII, XIV, 18S6-8S. 8°.

LiNZ .

—

Museum Francisco- Carolinum.

Bericht. XLIV, XLV, 1886. 8°.

LiSBOA.

—

Sodedade de Geographia.

Boletim. Serie VI. 7-13, VII. 1-8, lSSfi-87. 8°.

Elogio historico do Antonio Augiisto d'Aguiar. Por Gomez de Biito.

1887. 8°.

Liverpool.—Literary and PMlosophical Society.

Proceedings. No. XXXIX, XL, 1884-86. 8°.

London.— Geolorjical Society.

Quarterly journal. Vol. XLIII, XLIV. 1, 2, 1887-88. 8°.

List. 1887. 8°.

Linnean Society.

Journal. Zoology. No. 114-117, 126-29, 1886-87. 8°.

Botany. No. 1 4.5-149, 1.51, 1.58, 1886-87. 8°.

Proceedings. 1883-87. 8°.

List. 1886-87. 8°.

Math£)natical Society.

Proceedings. No. 273-320, 1886-88. 8°.

List of members. 1887. 8°.

Itoyal Meteorological Society.

Quarterly journal. New series. No. 61-66, 1886-88. 8°.

List of fellows, March 1, 1888. 8°.

Royal Historical Society.

Transactions. New series. Vol. III. 3, 4, 1886. 8°.

England and Napoleon in 1803, being the despatches of Lord Wentworth
and others. Edited by Oscar Browning. 1887. 8°.

The teaching of history in schools. An address by Oscar Browning. 1887.

8°.

Royal Microscopical Society.

Journal. 1887, 1888 i-iii, 8°.

Royal Society.

Philosophical transactions. Vol. CLXXVII, 1886-87. 4°.

Proceedings. No. 248-269, 1886-88. 8°.

List of council and members. 1886. 4°.

• 'Zoological Society.

List of vertebrated animals now or lately living in the gardens of the

Zoological Society of London. 8th ed. 1883. 8°.

Lund.— JJniversitet.

Acta. Tom. XXII, XXIII, 1885-87. 4°.

Luxembourg.—Institut Royal Grand-Ducal.

Publications. Section des sciences mathematiques et naturclles. Tome
XX, 1886. 8°.

Observations m^tt^orologiques. Vol. Ill, IV, 1887. 8°.

Lton.—Mus4e Guinut.

Annales. Tome X-XIL 1886-87. 4°.

Revue de I'liistoire des religions. Tome XIV, 2, 3, XV, XVI. 1, 1886-87.

Securite dans les thi^atres. Par M. Emile Guimet. 1887. 8°.

Lyme Regis.—Rousdon Ohsei-vatory.

Publications. Vol. IV. Meteorological observations for 1887. 4°.

Madras. ^— Government Observatory.

Observations of the fixed stars made with the meridian circle, 1862-67.

4°.
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MADRin.

—

(Jomision del Mapa Oeologico cle Enpana.

Boletin. Tomo XII. 2, XIII. 3, 1885-86. 8°.

Memorias. Descrijicion Jisica y j;cologic;i de la jirovincia de Alava. Por

D. Ramon A dan de Yarza. 18S.'). 8°.

Deseripcion fisica y i^eologica de la ])iovinfia de Zaniora. Por D.

Gabriel PniK y Larraz. 1883. 8°.

Observatorio.

Ohservaciones nieteorologicas. 1882-83, 1884-85. 8°.

Resiimen da las observacioues eftctuadap en la peninsula. 1883. 8°.

Sociedad EspaFiola de Bistoria Natural.

Anales. Tomo XV. 3, XVI, XVII. 1, 1886-88. 8°.

Real Academia de Ciencias Exactas, Fisicas y NaturaleK.

Memorias. Tomo XI, XII, XIII. 1, 1887. 4°.

Revista de los progresos de las eiciicias exai'tas. Tomo XXI. 7-9, XXII.
1-4,' 1886-87. 8°.

Anuario. 1888. 8°.

Magdeburg.—NatunuissenschaftUcher Verein.

Jahresberieht iiud Abhandlungen. 1887. 8°.

Das Innere der Erde. Vortrag von Dr. i)hil. Ernst Heintzmann am 8. Mai,

1888. 8°.

Manchester.—Literary and Philosophical Society.

Memoirs. Series III. Vol. X, 1887. 8°.

Proceedings. Vol. XXV, XXVI, 1885-87. 8°.

Marburg.— Gesellschaft znr Beforderunc/ der gesammten NtdurmiKsenschaften.

Sitzungsberiehte. Jahrg. 1886, 1887. 8°.

Melbourne.—Natio7ial Museiim.

Prodromus of the zoology of Victoria. Decade I-XV, 1878-87. 8°.

Metz.—AcadSmie.

Memoires. Z" ser. Annee XIII, 1883-84. 8°.

Mexico.— Observatorio Meteorologico-Magnetieo Central.

Boletin meusuel. Tomo I. 1-5, 1888. 8°.

3Iuseo Nacional.

Anales. Tomo III. 11, IV. 1, 2, 1886-88. 4°.

Sociedad Cientifica ^'Antonio Alzate."

Memorias. Tomo I. 1-5, 8-10, 12, 1887-88. 8°.

Sociedad de OeograpJiia y Estadistica.

Boletin. Epoca III. Tomo VI. 4-9, 1887. 8°.

Sociedad Mexicana de Historia Natural.

La naturaleza. Tomo VII. 19-24. Ser. II. Tomo I. 1-3. 1886-88. 4°.

MiLANO.

—

Real Istiluto Lombardo di Science e Lettere.

Rendiconto. Serie II. Vol. XVIII, XIX, 1885-86. 8°.

Real Osservatwio di Brera.

Pubblicazioni. No. VII. 3, XXVII-XXXII, 1885-87. 4°.

MODENA.

—

Regia Accademia delle Scienze, Lettere ed Arti.

Memorie. Tomo XX. 3. Serie II. Tomo IV. 1886. 4°.

Societd dei Naturalisii.

Memorie. Ser. III. Vol. V. VI, 1886-87. 8°.

Rendiconti. Ser. HI. Vol. Ill pp. 1-128, 1886. 8o.

MONTPELLIER.

—

Acudemie des Sciences et Lettres.

Memoires. Section des lettres. Tome VIII. 1, 1886-87. 4*.

Section des sciences. Tome XI, 1, 1885-86. 4°.

Montreal.—Natural History Society.

The Canadian record of science. Vol. IT. 5, 6, 18S7. 8°.

Moscou.

—

Sociite Imperiule des Naturalistes.

Bulletin. Annee 1886, 1887. 8°,
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MOSCOU.

—

Societe Invperiale de.i WaturaUstcx.

Meteorologische Bcobachtun<ien am Ohservatorium der laiidwirth. Akad-

emie bei Moskau. Jahr. 1886 ii, 1887 i. 4°.

MI'nohen.—KiJn. bayerische Akademie der Wissenschajten.

Sitzungsberiehte. Philosph.-pliilolog. und histor. Classe. 188G, 1887 Bd. I,

II. 1-3. 8°.

Mathemat.physikal. Classe. 188(i, 1887 Heft 1-8. 8°.

Inhaltsverzeichuiss. Jahrg. 1876-1885. 8°.

Gediichtnisrcde auf Joseph v. Frannhofer. Von Carl Max v. Baiiern-

feind. 1887. 4°.

Gediichtnissrede auf Carl Theodor v. Siebold. Von Richard Hertwig.

1886. 4°.

Gediichtnissrede auf Leopold v. Ranke. Von W. v. Giesebreclit. 1887. 4°.

Ucber historischc Dramen der Roemer. Festi'ede vou Dr. Karl Meiser.

1887. 4°,

MiJNSTEK.— Westfillhcher Provincial-Verehifur Wixscnschaft mid Kmist.

Jahresbericht. XIV, 1885. 8°.

Die Kunst- und Geschichts-Denknuiler der Provinz Westfalen. Stiick II;

Kreis Warendorf. 1886. 4°.

Nancy.—Academic de Stanislas.

Memoires. 5" ser. Tome IV, 1887. S°.

Nafoli.—Ii. Accademia delle Hcienze Fisiche e Matematiche.

Redlconto. Anno XXV. 4-12, 1886. 4°.

Zoolof/ische Station.

Mittheilungen. Bd. Vll, 1887. 8°.

Neuchatel.—Societe des Sciences Naturelles.

Bulletin. Tome XV, 1886. 8°.

Newcastle-upon-Tyne.—A'cj-//* of England Institute of Mining and Mechanical

Eugineei's.

Transactions. Vol. XXXVI, XXXVll. 1-4, 1886-87. 8°.

NiJRNBBRG.

—

Naturhistorisclic Oesellschaft.

Jahresbericht. 1886, 1887. 8°.

Festschrift zur Begriissung des xviii. Kongresses der Deutschen An-
thropologischen Gesellschaft in Niirnberg, 1887. 8°.

Odessa.—Societe des Naturalistes de la Nouvelle Russie.

Zapiski. Tom. XI. 2, XII. 1, 1887. 4°.

Matematicheskoe otdielenie. Tom. VII, 1886. 8°.

Ottawa.— Geological and Natural History Survey of Canada.

Annual report. New series. Vol. I, II, with maps, 1885-86. 8°.

Meteorological Service of the Dominion of Canada.

Report. 1883, 1884. 8°.

OxFOKD.

—

Badcliffe Lihrary.

Catalogue of books added during 1887. 8°.

.
Catalogue of transactions of societies, periodicals and memoirs. 4th. ed.

1887. 8°.

Raddiffe Observatory.

Results of astronomical and meteorological observations. Vol. XXXVIII-
XLII, 1880-88. 8°.

Palermo.—R. Accademia, di Scienze, Lettere e Belle Arti.

Atti. Nuova serie. Vol. IX, 1887. 4°.

BuUettino. 1886 no. 6 ; 1887 no. 1-6
; 1888 Gennaro. 4°.

Real Osservatorio.

Pubblicazioni. Vol. Ill, 1883-85. 4°.

Paris.—Ecole Normale Superieure.

Annales scientiflques. 3^ s^r. Tome I-IV, V. 1-7, 1884-88. 4°.



XXX Additions to the Lihra/ry.

Pa Ki«.

—

Emle IHylechu iq ue.

Journal. Cahier LVI, LVII, 1886-87. 4°.

Obaervdtoire.

Rapport annuel. 1887. 4°.

Sorli'te Naiionalc d' AccUmalation.

Bulletin. 3>' ser. Tome X. 1, 10, 11. 4'^ ser. Toiuu III. 13, IV. 1, 3,5-7,

11, V. 2, 4, 7-15. 1883-88. 8°.

Societe Oeolof/ique dc France.

Bulletin. S"-' ser. Tome XIV. 8, XV. l-S, XVI. 1-^, 188(3-88. 8°.

tiocwte Mutficrnatiqite de France.

Bulletin. Tome XIV. 5, XV, XVI. 1-3, 1880-88. 8°.

Penzance.—Royal Geological Society of Cormvall.

Transactions. Vol. XI, 1, 2, 1888-88. 8°.

Pisa.—Societd Toscaua di Scienze Naturali.

Memorie. Vol. VIII, 1886-87. 8°.

Proeessi verbali. Vol. V pp. 118-;200, 227-304, VI pp. 89-09, 1886-88. 8°.

Pkag.—Kihi. biJhmischc G/sclIschaft drr WisHcnschaftni.

Abhandlungen. Folge VII. Bd. 1, 1885-86. 40.

Sitzungsberiehte. 1885-1887. 8°.

Jahresbcricht. 20 Juli 1885, 16 Januar 1886, 15 Januar 1887. 8°.

Geschiclite der kon. bohm. Gesell. d. Wiss. sammt einer kritisclien

Ubersicht ihrer Publicationen aus dem Bereiche der Philosopliie,

Geschichte und Philologie. Von Joseph Kalousek. Heft. II. 1885. 8°.

Berii-ht iiber die mathemat. und naturwiss. Publikationen der kon. biihm.

Gesell. d. Wiss. wiihreud ihres hundertjiihrigen Bestandes. Von Dr.

F. J. Studnieka. Heft. II. 1885. 8°.

K. k. Sternwarte.

Magnetisehe und meteorologische Beobachtungen. Jahrg. XLVII,

XLVIII, 1886-87. 4°.

PuEBLA DE Zakagoza.—Estado de Puebla.

Boletiu de estadistica. Tomo I. 1-44, 1887-88. f°.

PULKOVA .
—NicoUn-Hauptnternwarte.

Jahresbericht. 1886. 8°.

Quebec.—Literary and Historical Society.

Transactions. Vol. V. 1, 1862. 8°.

Regensbukg.—Naturwissenschaftlicher Verein.

Correspondenz-Blatt. Jahrg. XL, 1886. 8°.

Uistorischer Verein von Oberpfalz und liecjensburg.

Verhandlungen. Bd. XL, 1886. 8°.

Richmond, Suhkey.—Kew Observatory.

Report of the committee. 1886-87. 8°.

KiG\.—Na(urforscher Verein.

Correspondenzblatt. Jahrg. XXX, 1887. 8°.

Rio DE Janeiko.—Museu Nadonal.

Archivos. Vol. VII, 1887. 4°.

Roma.—Blhliotcca Nazionale Gentrale Vittorio Finaunele.

BoUcttino delle opere modcrne straniere actjuistate d;ille bibliotechc

pubbliche governative del regno d' Italia. Vol. I. 5,6, II, 1S86-S7. 8°.

Jiealc Accademia dei Lincei.

Atti. Ser. II. Vol. IV, 1875-76. 8°.

Memorie della classe di scienze morali, storiche e filologiehe. Ser. III.

Vol. XII. Ser. IV. Vol. I. 1883-«5. 4°.

Memorie della elasse di scienze fisiclie, matematiche e naturali. Ser. IV.

Vol. I, II, 1884-85. 4°.

Rcudieonti. Vol. II. ii. 1, 2, IIL i. ii. IV. i. 1-10, 1886-88. 8°.
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Roma.—Reale Comitato Geoloijico d'Italia.

BolletUuo. Vol. XVII, 188G. 8°.

iitjcietn Italiana delle Scienze.

Memorie di malematica e di flsica. Ser. III. Tomo VI, J 887. 4°.

Rotterdam.—Bataafich Genootschap der Proefo/uleii'incMijke Wijsbefjeerte.

Steven Hoogendijk de stichter vau het eerste etoomwerktuig in Neder-
laud. Gedenkrede door den Ingenieur A. Huet, 18S7. 4°.

St. Gallen.—Naturwissenschaftlicfie Gesellschaft.

Bericht. Jalirg. 1884-85, 1885-86. 8°.

St. Peteksbukg.—HoHuh Petropolitanus.

Acta. Tom. X. 1, 1887. 8°.

Imp. Huss. Geograf. Obshtcheatvo.

Otchet. God 1886. 8°.

Beobachtungen der rus.s. Polar.stalioii au der Leiiaruiindung. Theil II.

1, 2, 1886-87. 4°.

Beobachtungen der russ. Polarstatiou auf Nowaja Seuilja. TLeil II.

1886. 4°.

Kais. Akademie der Wissenschqffen.

Repertorium der Meteorologie. Bd. X; Supplementbd. II-V,wlth atlas;

1887. 4°.

Pfiy.sikalisches Centraldbservatorium.

Annalen. Jahrg. 1885, 1886. 4°.

Santiago.—Deutscher wissenschaftlklter Verein.

Verhandlungen. Heft III-V, 1886-87. 8°.

Schweizeriscke naturforschende Geaellschaft.

VerhimdluDgen. Jahresversammlung LXIX, LXX, 1886-87. 8°.

Stockholm.—Entomdlogisk Forening.

Eutomologisk tidskrift. Arg. Vll, VIII, 1886-87. S«>.

Stuttgart,— Verein fin- vaierli'Dulische Naturkwule in Wurttemberg.

Jahreshefte. Jahrg. XLIII, XLIV, 1887-88. 8«.

Sydney.— Government Observatory.

Results of meteorological observations made in New South Wales during
1885. 8o.

Linnean iiociety of Xew South Waies.

Proceedings. Series II. Vol. II. 2, 3, 1887, 8°.

List of the names of contributors to the first series, vol. i-x, 1875-85. 8°.

Royal Society of New South Wales.

Journal and proceedings. Vol. XIX-XXI, 1885-87. 8°.

Tacitbaya.— Ob.servatorio Adronomico Nadonal.

Anuario. Ano VIII, 1888. 8°.

Throndujem.—Eon. Norske Videnskabem Sehkab.

Skrifter. 1883, 1885. 8°.

TiFLis.

—

Physicalisches Ob-servatorium.

Magnctische Beobachtungen. 1884-85. 8°.

Meteorologische Beobachtungen. 1885-86. 8°.

Tokyo.—Imperial University of Japan.

Journal of the college of science. Vol. I, II. 1-3, 1887-88. 4°.

Seimiologicfd Society of Japan.

Transactions. Vol. X-XII, 1887-88. S°.

Torino.—JIusei di Zoologia ed Anatomia Cwnparata.

Bollettino. No. 19-25, 38-42, 44r-4h, 1887-88. 8°.

Toronto.— Gancdian Institute.

Proceedings. Ser. III. Vol. IV. 2, V, 1887-88.

Annual report. 1886-87. 8°.



xxxii Additions to the Lih'ary.

Toulouse.—Academie des Sciences, In.scription.s el Belles-Lctires.

Memoires. 8'^ ser. Tome VIII, 18SG. 8°.

\Jps\ij\.— Re(/ia Societas Scientinrum.

Nova acta. Ser. III. Vol. XIII. 2, 1S87. 4°.

Utkecht.—Kon. Nederlandsch Meteorologisch TrintUuui.

Nederlandsch ineteoiologiscli iaarboek. Jaai};-. XXVII. 2, XXXVIII,
XXXIX, 1878-87. 4°.

Proviiirhtal Utrcchtsch Oenootschap van, Kunsteu en Wetensshappcii..

Verslag van hct verliandelde in de algemeene vcrgaderiug. 1886. 8°.

Aanteekeningen van het verbandelde in de sectie-vergaderingen. 1886. 8°.

Venezia.—Istituto Vcneto di Scienze, Lettere ed Arti.

Atti. Ser. VI. Vol. III. 9, IV, V. 1-9, 1885-87. 8°.

ViCENZA.

—

Accademia Olimpica.

Atti. Vol. XX, 1885. 8°.

Wellington.—New Zealand Institute.

Transactions and proceedings. Vol. XIX, 1887. 8°.

WiEN.

—

Kais. Akademie der Wissenschafien.

Sitzungsberichte. Mathemat.-naturwiss. Classc. Abth. I. Bd. XCI. 5,

XCII-XCIV, 1885-86. 8°.

A', k. Ccntral-Anslalt fiir Meleorologie und Erdmafjnetisinus.

Jahrbiicher. Neue Folge. XXII, 1885. 4°.

A'. /.. geolofjische Rcichsanstalt.

Abbandlungen. Bd. XI. 2, XII. 1-4, 1886-87. 4°.

Jalirbucb. Bd. XXXVI. 2-4, XXXVII. 1, 2, 1886-87. 8°.

Verhandlungcn. Jahrg. 1886, No. 5-18, 1886, 1887, No. 1-9. 8°.

K. k. naturhistorisches Uofrmueum.

Anualen. Bd. I. 3, II, III, 1, 3, 1886-88. 8°.

A', k. Sternwarte.

Aunalen. Bd. II-IV, 1884-86. 4°.

A', k. zoologisch-botanische Oesellschaft.

Verhandlungen. Bd. XXXVII, 1887. 8°.

Wiesbaden.—Nassauiselier Vereiu fiir Naturkmide.

Jahrbiicber. Jahrg. XL, 1887. 8°.

WuRZBUiJG.

—

Physikalisch-medicinische Gesellschafi.

Sitzungsberichte. Jahrg. 1886^ 1887. 8°.

Z iJRicu.

—

Naturforschende Oesellschaft.

Vierteljahrschrift. Jahrg. XXX, XXXI. 1, 2, 1885-86. 8°.

Review of the data for the study of the pre historic chronology of America. By
Daniel (J. Brintou, M.U. Salem, 1887. 8". Frotn the Author.

Verities in Verses. 2d ed. London, 1887-88. 8°.

Copyright and patents for inventions. By R. A. Macfie. Edinburgh, 1879-1883.

2 v. 8°. From the Author.

Evolution of tlie faunas of tlie lower Lias. By Aluheus Hyatt. Salem, 1888. 8°.

Value in classilieation of the stages of growth and decline, with proi)Ositious for

a new nomenclature. By Alpheus Hyatt. Salem, 1888. 8°.

From the A uthor.

Campagnes scientiliiiue du yacht moni'gasque VHirondelle. 3'' annee, 1887. Ex-
cursions zoologifjues dans les iles de Fayal et do San Miguel. Par Jules de
Guerne. Paris, 1888. 8°.

Rdsultats des campagnes scientiflques accomi>lies sur son yacht, par S. A. le

Prince Albert de Monaco. Vol.1. Ilydrographie et zoologie. (Programme).
Monaco, 1888. 4°. F-om His Highness Prince Albert of Monaco.



Additions to the Lihrary. xxxiii

Supplementa faunae Coleoptorum in Transsilvania scripsit Alexander Ormay.
NasfT-Szeben, 1888. 8°. From the Author.

EstucUo critico y comparativo de las reglas de Descartes y de Newton respecto al

numero de raices de las eciiaciones numericas. Por Arturo Orzabel. Bueuos
Aires, 1886. 8°. From the Authoi:

Heights of the White Mountains. By Edward C. Pickering. 8°.

Observations on variable stars in 1886. By Edward C. Piclvcring. 8°.

From the Aiithm:

Osservazioni astronomiche e flsiche suU' asse di rotazione e sulla topografla del

pianeta Marte, fatte nella Reale Specola di Brera in Milano coll' equatoriale

di Merz. Memoria terzadi G. V. Schiaparelli. Koma, 1886. 4°.

From the Author.
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Connecticut Academy of Arts and Sciences,

By Gift and Exchange, from July 1, 1885, to Dec. 31, I8s6.

American Association for the Advancement of Science.

Proceediniis. Meeting xxxiv, xxxv, 18S4-85. 8°. Saiem, 1885-86. 8°.

Annapoms.— United States Naval Institute.

Proceedings. Vol. VIII, IX, XI. 3, 4, XII, 1883-86. 8°.

Baltimore.—Johns Hopkins University.

American chemical journal. Vol. VII. 2-6, VIII. 1-5, 1885-86. 8°.

Studies from the biological laboratory. Vol. III. 4-8, 1885-86. 8°.

Boston.—Amateur Scientific Society.

Science observer. Vol. IV. 12, 1886. 8°.

American Academy of Arts and Sciences.

Proceedings. Vol. XX, XXI, 1884-86. 8°.

Society ofNatural History.

Memoirs. Vol. III. 12, 13, 1886. 4°.

Proceedings. Vol. XX. 3, XXIII. 1, 2, 1880-86. 8°.

Brooklyn.—Entomological Society.

Entomologica Americana. Vol. I. 3-12, II. 1-5, 188.5-86. 8°.

Papilio. Vol. IV. Philad., 1884. 8°.

Brookville.—Society of Natural History.

Bulletin. No. 2, 1886. 8°.

Buffalo.—Society of Natural Sciences.

Bulletin. Vol. V. 1, 2, 1886. 8°.

Cambridge.—Harvard College.

Annual reports of the president and treasurer. 1884-85. 8®.

Astronotnical Observatory of Harvard College.

Annals. Vol. XV. 1," XVI, 1886. 4°.

Annual report. 1884-85, 1885-86. 8°.

Museum of Comparative Zoology at Harvard College.

Memoirs. Vol. X. 2, 4, XIV. 1 pt. 1, 1885. 4°.

Bulletin. Vol. XI. 10, 11, XII, XIII. 1, 188.5-86. 8o.

Annual report. 1884-85, 1885-86. 8°.

Entomological Club.

Psyche. No. 129-134, 1885. 8°.

Charleston.—Elliott Society of Science and Art.

Proceedings. Vol. II pp. 1-40, 1859-60. 8°.

Chicago.—Astronomical Society.

Annual report. 1885. 8°.

The American antiquarian and oriental journal. Vol. VII. 5, 6, VIII,

1885-86. 8o.

Cincinnati.— Observatory.

Publications. No. 8, 1885. 8o.

Society of Natural History.

Journal. Vol. VIII. 2-4, IX. 1-3, 1885-86. 8°.
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Davenport.—Academy of Natural Sciences.

Proceedings. Vol. IV, 1882-84. 8°.

Harrisburg.—^cco7id Geological Survey of Peimsylvauia.

Annual report for 188.5, with atlas. 8°.

Report of progress. AA and four atlases, C'-C", D'-D^, D^ v. 1, 2 and

atlas, DS E, F', F^, G'-G", IP-H", I'-^, P and atlas, 1\ K'-KS L, M'-M»,

N, 0\ 02, P V. 1-3 and atlas, P=, P^ Q'-Q\ R and atlas, R^ and atlas, T

and atlas, T^-TS V, V^, X, Z, 1875-84. 8°.

Grand atlas. Divisions I. 1, II. 1, 2, III. 1, IV. 1, V. 1. fol.

Mathsoh.— WUicorimi Academy of Sciences, Arts and Letters.

Transactions. Vol. VI, 1881-83. 8".

WashbHrve Observatory.

Publications. Vol. Ill, IV, 1885-86.

Minneapolis.— Cco^icaZ a7id Natural History Survey of Minnesota.

Annual report. XII-XIV, 1883-86. 8°.

Geology of Minnesota. Final report. Vol. I, 1884. 4°.

Minnesota Academy of Natural Sciences.

Bulletin. Vol. II. 5, 1880-82. 8°.

New York.—Academy ofScience.

Annals. Vol. III. 9, 10, 1885-86. 8°.

Transactions. Vol. Ill, V. 1-6, 1883-86. 8°.

American Geographical Society.

Bulletin. 1884 v, 1885 i-iii, 1886 i. 8°.

American Museum of Natural Sciences.

Bulletin. Vol. I. 6, 7, 1885-86. 8°.

Microscopical Society.

Journal. Vol. I, II. 1-7, 1885-86. 8°.

Torrey Botanical Club.

Bulletin. Vol. XII. 6-12, XIII. 1-9, 1885-86. 8°.

Pawtucket.— The ornithologist and oologist. Vol. X. 7-12, 188.5. 8°.

Philadelphia.—American Entomological Society.

List of the Coleoptera of America nortli of Mexico. By Samuel Henshaw.

Philad. 1885. 8°.

Franklin Institute.

Journal. Vol. CXX. 2-6, CXXI, CXXII, 1885-86. 8°.

PouGHKEEPSiE.— Vassar Brothers Institute.

Transactions. Vol. III. 1, 1884-85. 8°.

Richmond.— Virginia State Library.

Calendar of Virginia state papers. Vol. I-V, 1652-1792. 8°.

St. Louis.—Academy of Science.

Transactions. Vol. IV. 4, 1878-86. 8°.

Salem.—M'isex Institute.

Bulletin. Vol. XVII, XVIII. 1-3, 188.5-86. 8°.

San Francisco.— California Academy of Sciences.

Memoirs. Vol. I. 1, 1868. ¥>.

Bulletin, No. 4, 5, 1886. 8°.

Technical Society of the Pacific Coast.

Transactions and proceedings. Vol. I, IT, III. 1-5, 1884-86. 8°.

Sedalia.—Natural History Society.

Bulletin. No. 1, 188,5. 8«>.

Topeka.—Kansas Academy of Science.

Transactions. Vol. IX, 1883-84. 8°.

Washburn College Laboratory of Natural History.

Bulletin. Vol. I. 1-7, 1884-86. 8°.
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University of Virginia.—Leander McCwmick Observatory.

Publications. Vol. I. 1-3, 18s5-8f>. 8°.

Report of the director. 1885-86. 8°.

Washington.—Bureau of Education.

Report of the Commissioner of Education. 1883-84. 8°,

Circulars of information. 1885 i-v, 1886 i. 8°.-

Chief Signal Officer.

Annual report. 1884. 8°.

Professional papers. No. 18, 1885. 4°.

United States Geological Survey.

Annual report. Ill, IV, 1882-83, 1883-84. 8°.

Bulletin. No. 7-29, 1884-86. 8°.

Monographs. Vol. VIII, 1884. 4°.

United States Naval Observatory.

Astronomical and meteorological observations for 1881. 4°.

Report of the superintendent. 1885-86. 8°.

Smithsonian Institution.

Annual report. 1883. 8°.

Annual report of the Bureau of Ethnology. II, 1881-83. 8°.

Wilkes-Barre.— Wyoming Historical and Geological Society.

Proceedings and collections. Vol. I. 1, 5, 7, 8, III, 1869-76. 8°.

Worcester.—American Antiquarian Society.

Proceedings. New series. Vol. III. 4, IV. 1, 2, 1885-86. 8°.

Aberdeen.—Dun Echt Observatory.

Publications. Vol. Ill, 1885. 4°.

Amiens.—Societe Linneenne du Nor-d de la France.

Memoires. Tome VI, 188.5-86. 8°.

Bulletin. No. 12.3-1.50, 1882-84. 8«>.

Amsterdam.—Ron. Akademie van Wetenschajipen.

Jaarboek, 1883, 1884. 8°.

Verslagen en mededeelingen. Afdeel. natuurkunde. 2de reeks. Deel

XIX-XX. 3de reeks. Deel I. 1883-85. 8°.

Naam- en zaakregister. 2de reeks. 1884. 8°.

Kon. Zoologisch Genootschap '•'Natura Artis Magistra.'"

Nederlandsch tijdschrift voor de dierkunde. Jaarg. V. 1, 1884. 8°.

Bijdragen tot de dierkunde. Aflev. X-XIII, 1884-86. 4°.

Augsburg.—Naturhislorischer Verein.

Bericht. XXVIII, 1885. 8°.

AuxERRE.

—

Societe des Sciences Historiques et Naturelles de V Ywine.

Bulletin. Tome XXXIX, XL. 1, 1885-86. 8°,

Barcelona.—Real Academia de Ciencias Naturales y Artes.

Acta de la sesion inaugural, 1884-85. 8°.

Basel.—Naturforschende Gesellschaft.

Verhandlungen. Theil VII. 3, 1885. 8°.

Batavia.—Kon. Natuurkundige Vereeniging in Nederlandsch-Iudic

Natuurkundige tijdschrift. Deel XLIV, XLV, 1885-86. 8°.

Catalogus der bibliotheek. 1884. 8°.

Magnetical and Meteorological Obsei-vatm-y.

Observations. Vol. VI, 1885. 4°.

Bergen.—Museum.

Bidrag til Myzostomernes anatomi og histologi. Af F. Nansen. 1885. 4°.

Berlin.—Kdnigl. Sternwarte.

Berliner astronomisches Jahrbuch. 1870-78, 1888. 8°.

Bombay.—Bombay Brancfi of the Royal Asiatic Society.

Journal. No. XLIII, 18S5. 8°.
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Bombay.— Oovernment Obse)-vatory.

Mag-netical and meteorological observations. 1884. 4°.

Sansoon Mechanics' Institute.

Annual report. 1884^85. 8".

Bonn.—Naturhistorischer Verein der preiissischen liheinlande, Weatfalens and des

Reg.-Bezirks Osnahruck.

Verhandlungen. Jahrg. XLII, XLIII. 1, 1885. 8°.

Autoren- und Sachregister zu Bd. I-XL. 8°.

Bordeaux.—Academic Nationals des Sciences, Belles-Lettres et Arts.

Actes. Annee XLIV-XLVI, 1883-84. 8°.

iSociete Linneenne.

Actes. Tome XXXVII, XXXVIII, 1883-84. 8°.

Societe des Sciences Physiques et Naturelles.

Memoires. 3« ser. Tome I, II. 1, appendice i, ii, 1884-85. 8°.

Bremen.—Natwwissenschaftlicher Verein.

Abhandlungen. Bd. IX. 2, 3, 1885-86. 8".

Breslau.—Schlesische, GcseJlschoft fiir vaterlandischc Cultur.

Jahres-Bericht. LXII, 1884. 8°.

Brunn.—Naturforscher Verein.

Verhandlungen. Bd. XXIII, 1884. 8°.

Berielit der meteorolosischen Commission. 1883. 8°.

Bruxelles.—Acadiniie Moyale des Sciences, des Lettres et des Beaux-Arts de Behjii/iie.

Miimoires. Tome XLV, 1884. 4°.

Mftmoires couronnes et memoires des savants etraugers. Tome XLV,
XLVI, 1883-84. 4°.

Memoires couronnes et autres memoires. Tome XXXVl, 1884. 8°.

Bulletins. 3<= ser. Tome VI-VIII, 1883-84. 8°.

Annuaire. 1884, 1885. 8°,

Societe Royale Beige de Geographie.

Bulletin. Annt^e IX, 1885. 8°.

Societe Entomologique de Belgique.

Annales. Tome XXIX, 1885. 8°.

Societe Royale Malacologique de Belgique.
'

Annales. Tome, XV, XIX, XX, 1880-85. 8°.

Proces-verbaux. Tome XIV, XV pp. 1-96, 1885-86. 8°.

Statuts. 2" ed. 1886. 8°.

Societe Royale de Botanique.

Bulletin. Tome XXIV, XXVI, 1885-86. 8°.

Mus^e Moyal de VHi^.toire Naturelle.

Bulletin. Tome III. 3, 4, IV. 1, 2, 3, 1884-85, 1885-86. 8".

Budapest.—/low. img. Central-Anstaltfilr Meieorologie und Erdmagnetismus.
Jahrbiicher. Jahrg. X-XIV, 1880-84. 4°.

Buenos kiRES.—Sociedad Cientifica Argentina.

Anales. Tome XIX. 4, XX, XXI, XXII. 1-4, 1885-86. 8°.

Examen de la propuesta y proyecto del puerto del Sr. D. Eduardo Madero.
For Luis A. Huergo. Parte i, ii, 1886. 8°.

Calcutta.—^m<ic Society of Bengal.

Journal. Vol. LIII. ii. 3, LIV. i, ii, LV. i. 1, 2, ii. 1, 2, 1884-86. 8°.

Proceedings. 1885, 1886, No. 1-7. 8°.

Centenary review of the Asiatic Society of Bemral from 1784 to 1883.
1885. 8°.

^

Geological Survey of India.

Palifontologia Indica. Ser, II, vol. i. 2 fasc. 5; IV, vol. i. 5 ; X, vol.

iii. 6-8, iv. 1, 2 ; XIII, vol. i. 4 fasc. 5, 5 ; XIV, vol. i. 3 fasc. 5, 6

;

1885-86. 40.

Memoirs. Vol. XXI. 8, 4, 1885. 8°.

Records. Vol. XVIII. 3, 4, XIX, 1884-85. 8°.



Additions to the Library. IX

Calcutta.—Meteorological Department of the Government of India.

Indian meteorological memoirs. Vol. II. 3, 4, III. 1, IV. 1, 1884-86. f°.

Report on the meteorology of India. 1883, 1884. f°.

Report on the administration of the meteorological department. 1883-84.

f°.

Meteorological observations recorded at six stations in India. 1885, 1886,

Jan.-June. f°.

Cambridge.—Philosophical Society.

Transactions. Vol. XIII. 3, 1885. 4°.

Proceedings. Vol. V. 4, 5, 1885-86. 8°.

C4TANIA.

—

Accademia Gioenia di Scienze Naturali.

Atti. Serie III. Tomo XIX, 1886. 4°.

Cherbourg.—Societe Nationale des Sciences Naturelles.

Memoires. Tome XXIV, 1884. 8o.

Catalogue de la bibliotheque. II. 3, 1883. 8°.

Christiania.—Kony. Nor&ke Universitet.

Antinoos ; eine kunstarchaologische Untersuchung. Von Dr. L. Dietrich-

son. Universiiatsprogramm. 1884. 8°.

Om humanisten og satirikeren Johan Laurenberg. Af Dr. L. Daae.

Universitets-program. 1884. 8°.

Nbrwegische Commission der JEuropdischen Gradm.essung.

Geodatische Arbeiten. Heft IV, 1885. 4°.

Vandstandsobservationer. Heft. Ill, 1885. 40.

Norwegisches meteorologisches Institut.

Jahrbuch. 1881-84. 4°.

Norwegian North-Atlantic Expedition, 1876-78.

Publication XIV, XV, 1885-86. 40.

Videnskabs Selxkabet.

Forhandlingar, 1884, 1885. 8°.

Chur.—Naturfor-tchende Gesellschaft Graubiindens.

Jahresbericht. Neue Folge. Jahrg. XXVIII, 1883-84. 8°.

Cordoba.—Academia Nacional de Ciencias.

Actas. Tomo III. 2, IV. 1, V. 2, 1878-84. 4°.

Boletin. Tomo II. 1, 3, 4, III. 5, VI. 2, 3, VIII. 2-4, 1875-86. 8°.

Informe oficial de la comision cientifica de la expedicion al Rio Negro en

1879. Entrega I-III, 1881-82. 4°.

Danzig.—Natxirforschende Gesellschaft.

Schriften. Neue Folge. Bd. VI. 2, S, 1885-86. 8°.

Dijon.—Acade'mie des Sciences, Arts et Belles-Lettres.

Memoires. S-" ser. Tome VIII, 1883-84. 8°.

DORPAT.

—

Gelehrte Estnische Gesellschaft.

Sitzungsberichte. 1885. 8°.

Naturforscher- Gesellschaft.

Archiv fiir die Naturkunde Liv-Ehst-und Kurlands. Ser. I. Bd. IX. 3.

Ser. II. Bd. X. 2. 1885. 8°.

Sitzungsberichte. Bd. VII, 2, 1885. 8°.

Dresden.—Naturwissenschaftliche Gesellschaft Isis.

Sitzungsberichte und Abhandlungen. 1884, 1885 Jan.-June. 8°.

Verdnfiir Erdkunde.

Jahresbericht. XXI, 1885. 8°.

Verzeichniss von Forschem in wissenschaftlicher Landes- und Volkskunde

Mittel-Europas. Bearbeitet von Paul Emil Richter. 1886. 8°.

Dublin.—^oi/rti Geological Society of Ireland.

Journal. Vol. XVI. 3, XVII. 1, 1S86. 8°.
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Dublin.—Royal Irish Academy.

Transactions. Vol. XXVIII. 17-20, 18t!4-S5. 4°.

Proceedings. Ser. II. Science. Vol. IV. 3, 4. Polite Literature and

Antiquities. Vol. II. 6. 1885. 8°.

Edinburgh.— Geological Society.

Transactions. Vol. IV. 3, VT, 1883-85. 8°.

Royal Observatory.

Astronomical observations. Vol XV, 1878-86. 4°.

Micromctrical measures of gaseous spectra under high disi^cision. By C.

Piazzi Smyth. 1886. 4°.

Boyal Physical Society.

Proceedings. Vol. VIII, 1883-85. 8°.

Emden.—Naturforschende Gesellschaft.

Jahresbericht. LXX, 1884-85. 8°.

FiRENZB.

—

Biblioteca Nazionale CeiUrale.

BoUettino delle pubblicazioni Italiane ricevute per diritto di stampa.

1886, No. 1-24. 8°.

R. Istituto di Studi Superiori Pratici e di Perfezionameuto.

Pubblicazioni. Sezionc di filosofla e di fllologia :

Delia interpetrazione pauteistiea di Platone. Di Alessandro Chiappelli.

1881. 8°.

Stato e chiesa negli scritti politici A. D. 1122 -1347. Studio storico di

Francesco Scaduto. 1882. 8°.

L'invito di Eudossia a Genserico. Studio critico del Prof. Guiseppe

Morosi. 1883. 8°.

II primo sinologo C. Matteo Kicci. Per Lodovico Nocentini. 18S2. 8°.

Sezione de scienze flsiche e naturali

:

SuUe convulsioni epilettiche per veleni. Ricerche dei Dottori A. Rovighi

e G. Santini. 1882. 8°.

Sezione di medicina e chirurgia

:

Archivio della scuola d'anatomia patologica. Vol. I, 1881. 8°.

Frankfurt a. M.—Deutsche malakozoologische Gesellschaft.

Nachrichtsblatt. Jahrg. XVII. 7-11, XVIII. 1-10, 1885-86. ^°.

Senckenbergische naturforschende Gesellschaft.

Abhaudlungen. Bd. XIV. 1, 1886. 4°.

Berieht. 1885. 8°.

Rciseerinncrungen aus Algerien. Von Dr. W. Kobelt. 1885. 8°.

Geneve.—Institut National Genevois.

Bulletin. Tome XXV, XXVI, 1884-85. 8°,

Socii'ti' de Physique et cVHistoire Naturelle.

Memoires. Tome XXIX. 1, 1884-85. 4°.

Genova,—jlftiseo Civico di Storia Naturale.

Annali. Vol. XVIII-XXII, 1882-85. 8°.

GlESSEN.

—

Obcrhessische Gesellschaft fiir Natur- und Heilkundc.

Berieht. XXIV, 1886. 8°.

Glasgow.— Geological Society.

Transactions. Vol. I-VII, 1860-84. 8°.

Natural History Society.

Proceedings and transactions. New Series. Vol. I. 2, 1884-85. 8°.

Index to proceedings, vol. I-V. 1885. 8°.

Philosophical Society.

Proceedings. Vol. XVI, 1884-85. 8°.

(i OT'VINGEH.—K (iuigl. Gesellschaft der Wissenschafien.

Nachrichten. 1885. 8°.

GiJSTROW.— Ferem der Preimde der Naturgeschichte iu Mecklenburg.

Archiv. Jahrg. XXXIX, 1885. 8°.

9
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Habana.—Real Colegio de Belen.

Observaciones magneticas y meteorologicas. 1885 i-iii. 4°.

Halle.—Kau. Leopoldinisch- CaroUnische deutsche Akademie der Naturforscher.

Leopoldina. Heft XXI, 1885. 4°.

Naturforschende Geselhchaft.

Abhandlungen. Bd. XVI. 3, 1885. 4°.

Bericht. 1884. 4°.

Naturwinsenschaftlicher Vereinfur Sachnen und Thilrmgen.

Zeitschrift fiir die gesaramten Natiirwissenschaften. Bd. LYIII. 2-6,

LIX. 1,2, 1885-86. 8°.

Hamburg.—Deutsche Seewarte.

Archiv. Jahrg. VI, VII, 1883-84. 4°.

Monatliehe Uebersicht der Witterung. 1884 Nov., Dez.; 1885. 8°.

Wissensc/iaftliche Andalte?!.

Jahrbuch. Jahrg. II, III, 1885-86. 8°.

Hannover.—Naturhistorlsche Gesellschaft.

Jahresbericht. XXXIII, 1883-84. 8o.

Harlem,—Mitsee Teyler.

Archives. Serie II. Vol. II. 2-4, 1885-86. 8°.

Catalogue de la bibliotheque. Livr. 1^, 1885-86. 8°.

Soci<^t(' Hollandaitie des Sciences.

Archives nderlandaises des sciences exactes et naturelles. Tome XX,
XXI. 1, 1885-86. 8°.

Helsingfors.—Societas Scientiarum Ferinica.

Acta. Tom. XIV, 1885. 4°.

Ofversigt af forhandlingar. XXVI, 1883-84. 8°.

Bidrag till kannedom af Finlands natur och folk. Hiift. XXIXX-XLII,
1884-85. 8°.

• Societas pro Fauna et Flora Fennica.

Acta. Vol. II, 1881-85. 8°.

Meddelanden. Hiift. XII, XIII, 1855-86. 8°.

Beobachtungen iiber die periodischen Erscheinungen des Pflanzenlebens

in Finland. 1883. 4°.

HoBART.

—

Royal Society of Tasmania.

Catalogue of the library, 1885. 8°.

Hongkong.— Observatory.

Observations and researches. 1885. f°.

Jena.—Medicinisch-naturwissenschaftliche Gesellschaft.

Jenaische Zeitschrift fiir Naturwissensehaft. Bd. XVIII. 4, XIX. 1-4,

Supplement 1, 2, 1885-86. 8°.

Kiel.^A^aturwis.setischaftlicher Vm'einfiir Schlesvng-Hblsfein

.

Schriften. Bd. VI. 2, 1886. 8°.

Christiart-Albrechts- Univer.ntiit.

Dissertationen, etc., 1884-85, (38) ; 1885-86, (80).

KjiJBENH.WN.—A'o?*,. Danske Videnskabernes Selskab.

Oversigt over forhandlinger. 1884 iii, 1885, 1886 i. 8°.

KiJNiGSBERG.

—

KiJnigl. physikalisch-ijkonmnische Gesellschaft.

Schriften. Jahrg. XXV, XXVI, 1884-85. 4°.

Krakow.—^, k. Sternwarte.

Materyaly do klimatografii Galicyi. Rok 1884-85. 8°.

Lausanne.—Socic'te' Vaudoise des Sciences Naturelles.

Bulletin. 2'= stir. No. 92, 93, 1885-86. 8°.

Leeds .— Yorkshire Geological and Polytechnic Society.

Proceedings. New series. Vol. IX. 1, 1885, 8°.
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Leiden.—Nederlandsche Dierkundige Vereenif/i7ig.

Tijdschrift. Ser. II. Deel I. 1, 2, 1885. 8°.

Leipzig.—AntroiiomiKche Oesellschaft.

Vierteljabrsschrift. Jahrg. XX, XXI. 1, 2, 4, 188.')-86. 8°.

Publication. XVIII, 1886. 4°.

Kon. silchsische Oesellschaft der Winsenschaften.

Berichte. Math.-i)hysi6che Classe. Bd. XXXVI, XXXVII, 1884-85. 8°.

Naturforschcnde Oesellschaft.

Sitzungsberichte. Jahrg. Xi, XII, 1884-85. 8°.

Zoologischer Anzeiger. No. 198-240, 1885-86. 8°.

Liege.—Societe Oi'ologique de Belgiquc.

Annales. Tome X, XII, 1882-83, 1884-85. 8°.

Catalogue des ouvrages de geologie, de mineralogie et de paleoutologie

ainsi que des cartes geologiques qui se trouvent dans les principales

bibliotheques de Belgique. Par G. Dewal(|ue. 1884. 8°.

Socif'ti' Royale des Sciences.

Memoires. 2" ser. Tome XI, XII, 1885. 8°.

Lisboa.—Sociedade de Geographia.

Boletin. Serie IV. 12, V. 1, 2, 4-12, VI. 1-6, 1884-86. 8°.

Subsidios para a historia do jornalismo nas provincias ultramariuas Portu-

guezas. Por Brito Aranha. 1885. 8°.

Liverpool.—Literary and Philosophical Society.

Proceedings. No. XXXVIII, 1883-84. 8°.

London.— Geological Society.

Quarterly jqurnal. Vol. XLL 3, 4, XLII, 1885-86. 8°.

List. 1886. 8°.

Linneau Society.

Journal. Zoology, no. 103-113; Botany, no. 134-144,150. 1884-86. 8°.

List. 1884-85, 1885-86. 8°.

Index perfectus ad Caroli Linnsei species plantauum nempe earum
primam editionem, collatore F. de Mueller. Melbourne, 1880. 8°.

Mathematical Society.

Proceedings. No. 240-272, 1884-86. 8°.

Royal Meteorological Society.

Quarterly journal. New series. No.. .5.5-60, ISS.5^6. 8°.

List of fellows. 1885. 8°.

Royal Historical Society.

Transactions. New series. Vol. III. 1, 2, 188.5-86. 8°.

Royal Microscopical Society.

Journal. Ser. II. Vol. V. 3-6, VI, 1885-86. 8°.

Royal Society.

Philosophical transactions. Vol. CLXXV, CLXXVI, 1884-85. 4°.

Proceedings. No. 232-247, 1885-86. 8°.

List of council and members. 1884, 1885. 4°.

Lund.- -Universitet.

Acta. Tom. XIX, XXI, 1882-83. 4°.

Universitets-biblioteks acci ssiojis-katalog. 1883, 1885. 8°.

hTO^.—Acadrmie des Sciences.^ Belles-Lettres et Arts.

Memoires. Classe des sciences. Tome XXVIII, 1885, 8°.

Recherclies historiques sur les mots plantes males et plantes femelles.

Par le Dr. Saint-Lager. Paris, 1884. 8°.

Musee Ouimet.

Annales. Tome VIII, IX, 188.5-86. 4°.

Revue de I'histoire des religious. Tome XI. 2, 3, XII, XIII, XIV. 1,

1885-86. 8°.



Additions to the Lihrary. xiii

Madras.— Government Obsevvatory.

Magnetical observations, 1851-55. Madras, 1884. 4°.

Telegraphic determination of difference of longitude. 1884. 4°.

Administrative report of the meteorological reporter for 1884-85. 8°.

Meteorological observations at Singapore, 1841-45. Madras, 1851. 4°.

Madrid.— Comision del Mapa Oeologico de Expaha.

Boletin. Tomo XII. 1, XIII. 1, 188.5-86. 8°.

Memorias. Descripcion fisica y geologiea de la provineia de Guipuzcoa.

Por D. Ramon Adan de Yarza. 1884. 8°.

Sociedad Espanola de Historia Natural.

Anales. Tomo XIV. 3, XV. 1, 2, 188.5-86. 8°.

Artropodos del viaje al Paeifico verificado de 1862 a 1865 por una comision

de naturalistas enviada por el gobierno Espafiol. lusectos neuropteros

y ortopteros, por Ignacio Bolivar. 1884. 4°.

Magdeburg.—Naturivissenschaftlicher Verein.

Jahresbericht und Abhandlungen. 1885. 8°.

Marburg.— Oeselhchaft zur Befiirderung der gesammten Natnrwissenschaften.

Sitzungsberichte. Jahrg. 1884, 1885. 8°.

Metz .

—

Acade'mie.

Memoires. 3" ser. Annee XII, 1882-83. 8°.

Mexico.—Museo Nacional.

Anales. Tomo III. 7-10, 1885-86. 4°.

MinMerio de Fomento.

Boletin. Seccion mcteorologica. Tomo X 43-146, 188.5-80. f°.

Estudlos de meteorologia comparada. Por Mariano Barcena y Miguel

Perez. Tomo I, 1885. 8°.

Sociedad Mexicaua de Historia Natural.

La naturaleza. Tomo VII. 5-18, 1885-86. 4°.

Middelburg.—Zeeuwsch Oenootschap der Wetenschappen.

Archief. Deel VI. 1, 2, 1885-86. 4°.

Naamlijst van directeuren en leden. Verslag van het verhandekle in de

algemeene vergadering, 1880-84. 8°.

MiLANO —Real Istituto Lombardo di Scienze e Lettere.

Reudiconto. Serie II. Vol. XVII, 1884. 8°.

MovEi^A..—Regia Accademia delle Scienze, Lettere ed Arti.

Memorie. Tomo XX. Serie II. Tomo II. 1885. 4°.

Societd dei Naturalisti.

Memorie. Ser. III. Vol. II-IV, 1883-85. 8°.

Rendiconti. Ser. Ill, Vol. I pp. 105-140, II pp. 1-178^ 1888-86. 8°.

Montpellier.—Academic des Sciences et Lettres,

Mtimoires. Section des lettres. Tome VII. 2, 3, 1884-86. 4°.

Section des sciences. Tome X. 3, 1883-84. 4°,

Section de medecine. Tome VI. 1, 1885-86. 4°.

Montreal.—British Association for the Advancement of Science.

Canadian economics. 1885. 8°.

Natural History Society.

The Canadian record of science. Vol. I. 3, 4, II. 1^, 1885-86. 8°.

Moscou.

—

Societe Imperiale des Naturalistes.

Nouveaux memoires. Tome XV. 1-3, 1884-85. 4°.

Bulletin. 1884 ii-iv, 1885. 8°.

Meteorologische Beobachtungen am Observatorium der landwirth. Akad-

emie zu Moi5kau. Jahrg. 1886 i. 4°.



xiv Aihl'itioiix 1<) the Lihrary.

Mi'NCHEN.

—

Kim. bayenKfhe Akademie der Wisi<enschaftfin.

SitzunKsberichte. Philosoph.-philolog. und histor. Classe. 1885. 8°.

Mathemat. physikal. Classu. 1885. 8°.

J. A. Schmcller. Eine Deiikrcde von Konrad Hofmaiin. 1885. 4°.

SaRC und Forschung. Festrede von F. Ohleusehlager. 1885. 4°.

Zun; Begrifl'und Wesen der n'imisehei) Provinz. Festrede von Alois von

Brinz. 1885. 4°.

Konifflic/i e StemwnHe.

Annalen. Supplbd. X, XIV, 1871-84. 8°.

Mi'NSTEK.— WeMfiilischer VroviitcMl-Verein fiir Wissensc/taft tmd KunM.

Jahresbericht. XIII, 1884. 8°.

Nancy.—Acad<'mie de Stanislas.

Memoires. 5'- ser. Tome II, III, 1884-86. 8°.

Napoli.—M. Accademia delle Scienze. Fidche e Mateinatiche.

Redfconto. Anno XXII-XXIV, XXV. 1-3, 188::?-86. 4°.

Zoologische Station. ^
Mittheilungeu. Bd. VI. 2-4, 1885-86. 8°.

Newcastle-dpon-Tyne.—North of Englnnd Itidiiute of Mininff and Mechanical

Ihigineers.

Transactions. Vol. XXXIV. 4-6, XXXV. 1-4, 1885-86. S°.

Ni'RNBERG.

—

JVutnrhistorische QeselUchaft.

Jahresbericht. 1885. 8°.

Odessa.—Societe des Natitralisten de la Nouvelle Russie.

Zapiski. Tom. IX. 3, X, XI. 1, 1885-86. 8°. Supplement, 1886. 4°.

Matematicheskoe otdielenie. Tom. I-VI, 1878-85. 8°.

Ottavfa.— Geological and Natural Hidory Survey of Canada.

Report of progress, 1881i-83-84, with maps. Montreal, 1885. 8°.

Summary report, 1885. 8°.

Contributions to Canadian palaeontology. Vol. I. 1. Montreal, 1885. 8°.

Royal Society of Canada.

Proceedings and transactions. Vol. II, III, 1884-85. 4°.

Oxford.—RadcUffe Lihrary.

Catalogue of books added, 1884, 1885. 8°.

Palermo.—R. Accademia di Scienze., Lettere e Belle Arti.

Bollettino. Anno II, III. 1-3, 1885-86. 4°.

Paris.—Ecole Pobjtechnique.

Journal. Cahier LV, 1885. 4°.

Catalogue de labiDliotheque.

Societi' Nationale d^Acclimatation.

Bulletin. 4" ser. Tome II. 6-12, 111. 1, 3-S, 10, 1885-86. 8°.

Societe Ge'ologiqne de France.

Bulletin. H- ser. Tome XII. 9, XIII, XIV. 1-7, 1884-86. 8°.

Societe Mathematique de F>-ance.

Bulletin. Tome IX. 5, X. 3, XI. 3, 5, XIII. 5, 6, XIV. 1-4, 1881-86. 8°.

Pisa.—Societd Toscana di Scienze Natiirali.

Memorie. Vol. VI. 2, VII, 1885-86. 8°.

Process! verbali. Vol. IV pp. 331-262, V pp. 1-118, 1885-86. 8°.

Potsdam.—Adrophyxikalisches Ob-tervatorium.

Publicationen. Bd. IV. 1, V, 1885-86. 4°.

Prag.—K. k. Sternwarte.

Magnetische und meteorologisohe Beobachtungen. Jahrg. XLV, XLVI,
1884-85. 4°.

Astronomische Beobachtungen, 1884. 4°.



Addition.s to the Lihrai'ij. xv

PuLKOVA.

—

NicoJai-HaupUternwarte.

Jahresbericht. 1883-83, 1883-84, 1884-85. 8°.

Tabulas quantitatum Besselianarum pro annis 1885 ad 188!). Ed. Otto

Struve. Petrop., 1885. 8°.

Die Beschliisse der Washingtoner Meridianconferenz. Von Otto Struve.

St. Petersb., 1885. 8°.

Regensburg.—Zoologisch-mineralogischer Verein.

Correspondenz-Blatt. Jahrg. XXXIX, 1885. 8°.

Historiacher Verein von Oberpfalz und Reqensbunj.

Verhandlungen. Bd. XXXVIII, XXXIX, 1884-85. 8°.

Riga.— Naturforscher Verein

.

Correspondenzblatt. Jahrg. XXVII-XXIX, 1884-86. 8°.

Rio de J \NE1RO.—Inxtihito Historico, OeograpMco e Ethnographico do Bm.sii

Revista trimensal. Tomo XLVI-XLVII, 1883-84. 8°.

Catalogo dos manuseriptos, 1884. 8°.

Catalog© das cartas geographieas, hydrographieas, atlas, pianos e vistas

existentes no bibliotheca. 1885. 8°.

Museu Nacional.

Archivos. Vol. VI, 1885. 4°.

Lettre a M. Ernest Renan a propos de I'inscription phrnicienue apocryphe.

Par Ladislau Netto. 1885. 8°.

Conference faite au mus(ium national le 4 Nov. 1884. Par Ladislau

Netto. 1885. 8°.

Roma.—Blblioteca Nazionale Cen.trale Vittorio Emmmelc.

Bollettino delle opere modurne straniere acquistate dalle bibliotechc

pubbliche governative del regno d'ltalia. 1886, No. 1-4. 8°.

Reale Accademia dei Lincei.

Memorie delJa classe di scienze raorali, storiche e filologiche. Ser. III.

Vol. VIII, X, XI, XIII, 1883-84. 4°.

Memorie della classe di scienze lisicbe, matematiche e natiirali. Ser. III.

Vol. XIV-XIX. Ser. 4. Vol. II, 1883-85. 4°.

Rendiconti. Vol. I. 13-25, 27, 28, II. i. 1, 4-14; ii. 1-11 ; 1885-86. 4°.

Annuario. 1886. 16°.

Reale Comitato Geologico d'ltalia.

Bollettino. Vol. XV-XVI, 1884-85. 8°.

Relazione sul servizio minerario nel 1883. 8°.

Ufficio Ce^drale di Meteorologia Italiana.

Annali. Ser. II. Vol. V, 1883. 4°.

Rotterdam.—Bataavsch Oenootschap der Proefondervindelijke Wipbegeerte.

Nieuwe verhandelingen. 2de reelcs. Deel III. 3, 1885. 4°.

St. Gallen.—NaiurwissenscJiaftliche OeselUchaft.

Bericht. 1883-84. 8°.

St. Petersburg.— Comite Oeologique.

Meraoires. Tome I. 1-4, 11. 1-3, III. 1, 1883-85. 4°.

Bulletins. Tome I-III, IV. 1-7, V. 1-6, 1882-86. 8°.

Bibliotheque g^ologique de la Russie. I, 1885. 8°.

Hortux Petropolita7ius.

Acta. Tom. IX. 2, 1886. 8°.

Imp. Rhus. Oeograf. Obshtchedvo.

Otchet. God 1885. 8°.

Kais. Akademie der Wiasenschaften

.

Repertoriuin der Meteorologie. Bd. IX, 1885. 4°.

Phy.'iikalisc/ies VeHtraldbservatorium.

.

Annalen. Jahrg. 1884. 4°.

Scliweizerische naturf&rscJtende Gesellsc?iaft.

Verhiuidlungen. Jahresversanimliing LXVII, LXVIII, 1884-85. 8°.



xvi Additions to the Llhiuirij.

Stockuolm.—Entomologish Forening.

Eutomolosisk tidskrift. Arg. VI, 1885. 8°.

Kong. Svens/ca Vdeiiskapn Akadetnien.

Handlingar. Ny fOljd. Bd. XVIII, XIX, 1K80-«1. 4°.

Bihan^." Bd. VI-VIII, 1881-83. 8°.

Ofversigt. Arg. XXXVIII-XL, 1S78-79. 8°.

Meleorologiska iagttagelser. Bd. XX, XXI, 1878-79. 4°.

Lefnadstcckningar. Bd. II. 2, 1883. 8°.

Stuttgart.— Vereinflir vaterlandixche Naturkuude in Wiirttemberg.

Jahreshefte." Jahrg. XLI, XLII, 1885-86. 8°.-

Syu'sey.— Observatory.

Results of rain and river observations, 1885. 8°.

Royal Society of New South Wale^.

Journal and proceedings. Vol. XVIII, 1884. 8°.

Annual report of the department of mines. New South Wales. 1885. f°.

Tacttbaya.— Ohservatorlo Astronomico Nacional.

Anuario. Afio XI, 1886. 8°.

Coordenadas geograficas, determinadas por Angel Anguiano. Mexico,

1886. 8°.

Thronbhjem.—Kon. Norske Videnskabers Selskab.

Skrifter. 1884. 8°.

TiFLis.

—

Phydcalisvhes Observatorium

.

Magnetische Beobachtungen. 1879-1883. 8°.

Meteorologische Beobachtungen. 1878-1884. 8°.

Beobachtungen der Temperatur des Erdbodens. 1880-83. 8°.

TOKIO.

—

Imperial University of Japan.

Abhandlungen. No. XH, 1885. 4°.

Calendar. 1886-87. 8°.

Seismological Society of Japan.

Transactions. Vol. VII. 1, IX, 1885-86. 8°.

Torino.—Musei di Zoologia ed Anatomia Gomparata.

Bollettino. Vol. I. 1-15, 1886. 8°.

Toronto.— Canadian InatitHte.

Proceedings. Ser. III. Vol. III. 2, IV. 1, 1885-86.

Meteorological Service of the Dominion of Canada.

Report. 1881. Ottawa, 1883. 8°.

Toulocse.—Acadnnie den Sciences, Inscriptions et Belles-Lettres.

Memoires. 8'" ser. Tome VI, VII, 1S84-85. 8°.

Upsala.—Regia Societas Scientinrum.

Nova acta. Ser. III. Vol. XII. 2, XIII. 1, 1885-86. 4°.

Utrecht.—Kon. Nederlandsch Meteorologisch Institnut.

Nederlandseh meteorologisch jaarboek. 1885. 4°.

Provinciaal Utrechtsch Oenootschap van Kunsten en Wetenschappen.

Verslag van het verhandelde in de algemeene vergadering. 1885. 8°.

Aanteekeningen van het verhandelde in de sectie-vergaderingen. 1884-85.

8°.

V'enezia.—Jstituto Veneto di Scienze, Lettere ed Arti.

Atti. Ser. VI. Vol. II. 3-10, III. 1-9, 1883-85. 8°.

Notarisia. Anno I. 1, 2, 1886. 8°.

VICENzA .
—Accademia Olimpica.

Atti. Vol. XVIII, 1883. 8°.

Wien.—Kais. Akadende der Wissenschafteri.

Sitzungsberichte. Matheniat.-naturwiss. Classe. Abth. I. Bd. XC, XCI.

1-4, 1884-85. 8°.

K. k. Central-Anstaltfiir Meieordogie und Erdmagnetism'us.

Jahrbiichcr. Neue Folge. X X, X.\I, 1883-84. 4°.



Additions to the Library. xvii

WiEN.

—

K. k. geologische Iteichsanstalt.

Jahrbuch. Bd. XXXV, XXXVI. 1, 1885-86. S-^.

Verhandlungen. Jahrg-. 1885, 1886 i-iv. 8°.

WiEN.

—

K. k. Naturhistorisclies Eofmuseum.

Annalen. Bd. I. 1, 2, 4, 1886. 8°.

K. k. zoologixch-hotanische Oeselhchaft.

Verhandlungen. Bd. XXXIV-XXXVI, 1884-86. 8°.

Oesterreichische Oeselhchaft filr Meteorologie.

Zeitschrift. Bd. XX. 7-12, 1885. 8°.

Wiesbaden.—Nassaukcher Vereinfiir Naturkunde.

Jahrbiicher. Jahrg. XXXIX, 1886. 8°.

W uRzBURG .
—Physikalisch-medicinisch e Oesellsch aft

.

SitzungsbericMe. Jahrg. 1885. 8°.

Z tiRiCH.

—

Naturforschende Oeselhchaft

.

Vierteljahrsschrift. Jahrg. XXVI-XXIX, 1881-84. 8°.

Barus, (Carl) and Strouhal, (Vincent). The electrical and magnetic properties of

the iron carburets. Washington, 1885. 8®. From the Authors.

Harden, William. A suggestion as to the origin of the, plan of Savannah.

Savannah. 1885. 8°. Frmr the Author.

Hirn, G. A. Notice sur les lois du frottement. Paris, 1884. 4°.

From the Author.

Klossovsky, A. Les orages au sud de la Russie. Odessa, 1886. 8°.

Les orages en Russie. Odessa, 1886. 8°. Frmii the Author.

Lewis, H. Carvill. Marginal kames. Philadelphia, 1886. 8°.

A great trap dyke across Southeastern Pennsylvania. Philadelphia, 1885.

8°. From the Author.

MacLeod, Jules. La structure des Iraclu'cs et la circulation peritrach^enne.

Bruxelles, 1880. 8°. From the Author.

Pickering, Edward C. An investigation in stellar photography conducted at the

Harvard College Observatory. Camb. 1886. 4°. From the Author.

Russell, H. C. Local variations and vibrations of the earth's surface. Sydney,

1885. 8°.

Annual address. Royal Society of New South Wales. Sydney, 1885. 8°.

From the Author-.

Searle, Arthur. The apparent position of the zodiacal light. Boston. 4°.

F)-om the Author.









I.

—

On the Law of Error in Target-Shooting. By E. L.

De Forest, Watertown, Conn.

The complete expression for the symmetrical law of error in the

position of points in a plane is

7t
'

^ '

where z denotes the probability that an error committed will fall

within any small rectangle dxdy whose coordinates, at its middle

point, are x and y. The axes should be taken to coincide with the

free axes of the group of shot-mai'ks, when these last are regarded

as the masses of material points all equal to each other. The origin

is at their centre of gravity, and is the point for which the proba-

bility z is a maximum. (Compare my article in The Analyst, Des
Moines, Iowa, vol. viii, p. Y3.) Though dx and dy are in strictness

infinitesimals, the formula is evidently approximately true when
they are regarded as any small finite distances. Points for which z

is a given quantity will lie in an ellipse, and all such ellipses are

similar and concentric as long as the constants h^ and h^ remain the

same. These are determined by the relations

^

K=-^, (2)

where p^ and p^ are the quadratic mean errors in the x and y direc-

tions. If the probability of deviation from the maximum is the

same in all directions, then

p==p;+p;=2p;^2p; (3)

is the squared q. m. error measured directly from the origin, and

h=h^=K=- (4)

is the constant to be introduced in (1), Denoting x'^-\-y'' by r°, (1)

is reduced to

^^h^dxdy-K^r^^
(5)

71

where the ellipses of equal probability have become circles, and the

axes may be taken in any convenient direction. As this formula is

Teans. Conn. Acad., Vol. VII. 1 Sept., 1885.
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the simplest, it is often adopted in discussing the eiTors of tavget-

shooting. Even when the form (1) is retained, it is robbed of a

portion of its generality by assuming that the axes of X and Y are

respectively horizontal and vertical, instead of being coincident with

the free axes. Although this assumption seems to have been uni-

versally made, it has appeared to me to be of doubtful propriety.

The only reasons I have seen stated for its adoption are, that errors

caused by the wind are horizontal, while those which depend on the

range and tiie force of gravity are vertical. This takes no account

of errors produced by other causes, such as defects or peculiarities in

the weapon, imperfect sigliting, and fatigue or nervousness in the

marksman. These may act obliquely, and so far as we know, are as

likely to occur in one direction as another.

As a result of accident, it will happen in general, that the centre

of gravity of the shot-marks does not exactly coincide witli the true

point aimed at, namely, the centre of the target. Accidental devia-

tions from the centre of gravity, or from the free axes drawn through

it, are thus of the nature of residual errors, while such deviations

from the centre of the target, or from axes drawn through it parkllel

to the former ones, are of the nature of true errors. In any given

case, we can compute the amount of probable deviation of the centre

of gravity from the centre of the target. If the actual deviation

falls within this amount, or does not much exceed it, we may pre-

sume that it is purely accidental, and shifting the position of the

computed probability surface (1) so as to make its origin coincide

with the centre of the target while its coordinate axes remain par-

allel to their former positions, we shall have the law of probability

of error for future shots. But if the actual deviation is far beyond

the probable amount, it indicates the probable existence of some

constant causes of error, likely to affect future shots in the same

way, and the probability surface must not be shifted, unless we also

correct the aim of future shots to correspond with it.

It will in general happen also, as the result of accident, that an

actual group of shot-marks will be more elongated in one direction

than in the direction at right angles to it, so that one of the squared

q. m. errors p," /j/ will be greater than the other, even when the

probability of error is really the same in all directions. The con-

stants Aj and Aj com))Uted by (2) will thus appear to be different,

and the law of error will seem to be as in (1), when it is really of

the simpler form (5). But here too, in any given case, we can com-

pute till- amount of probable dilierence between p^ and p^, suppos-



E. JO. De Forest—Lavi of Mrror in Taryet-^liooting. 3

ing it to be accidental. Then if the actual difference falls within

this amount, or does not much exceed it, we may presume tliat the

probability of error is really the same in all directions, and that

formula (5) may be properly used, the axes being taken horizontal

and vertical, simply because those directions are most convenient.

On the other hand, if the actual difference between p/ and />„" is

much in excess of its probable value, we must presume that the ob-

served elongation of the group of shot-marks is due to constant

causes, likely to have a similar effect on future shots, so that (1) is

the most suitable formula to express the law of error, and the axes

assumed should be the free axes of the group. It has seemed to me
that the question whether formula (!) should be used, and if so,

whether the coordinate axes should be made coincident with the free

axes, is not a mere matter of opinion, but should be decided by some

definite test, like the above, applied to an extended set of observa-

tions. The most suitable observations for this purpose within my
reach are those given by Didion at the close of his (Jalcul des Proha-

hilites applique au Tir des Projectiles. Paris, 1858.

His first table gives the positions of 125 shot-marks made by

spherical bullets, fired from a rifled pistol at 50 metres, under a

charge of one gramme of powder. The weapon was placed on a

rest, and aimed at a point 430 metres above the centre of the target.

The positions of the shot-marks were referred to axes taken hori-

zontally and vertically through that centre. The arith. mean of

their ordinates is the ordinate of their centre of gravity, and the

arith. mean of their abscissas is its abscissa. We easily find the

abscissa ti and ordinate v of each shot-mark, referred to axes taken

horizontally and vertically through the centre of gravity, and ex-

pressed in centimeters. The sums of their squares and of their

products are

[m']z^ 44211, [?;'] = 55766, [t<y] = — 6655.

The angle (p which a free axis makes with the U axis is given by

tan2y—
r

,-,'-
r-*,.

. (6)

Hence log. tan 2 (/^zr -06 140, and

^=24° 31' or ^ = 114° 31'. (7)

These two values, differing by 90°, represent the inclinations of the

two free axes of X and Y to the U axis. Denoting them by q)' and

<7>'-|-90°, the coordinates of a shot-mark referred to the free axes

will be

x=iu cos q)'-\- V sin q)\ y= v «os q)' — u sin q)\ (8)
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and the suras of their squares are

[a-'] = [ir] cos' (p'+ [v''^ sin' cp' + [mu] sin 2^', [

[y'] = [v'] cos' ^' + [«'] sin' cp'— \uv] sin 2<^', f ^
'

from which we readily find

[a;'] = 41172 [y'] = 58806.

The squared q. m. errors are therefore

p '= W, = 332-03, /) '= -t^ = 474-24, (10)

where n is the number of shots.

Since the coordinates of the centre of gravity are the arith. means

of those of the shot-marks, the semi-axes of the ellipse of probable

error in the position of the centre of gravity are

a = 1-1774-^= 1-92, 6=1-1774-^ — 2-29. (11)

{^Analyst, viii, p. 77). In the case we are considering, the horizontal

and vertical coordinates of the centre of the target referred to the

centre of gravity are

z<=-02, w=:8-25,

and when referred to the X and Y axes they are by (8)

a; =3-44, y = 7-50. (12)

These values compared with a and h in (11) show that the actual dis-

tance of the centre of gravity from the centre of the target is much

greater than it probably would be if it were purely Accidental.

Hence, to represent the probabilities of error in future shots, the sur-

face (1) should in this instance remain with its vertex at the centre

of gravity, and not be shifted to the centre of the target, unless the

aim is corrected at the same time.

Having thus determined the most probable position of the origin,

we wish next to know whether the actual difference between p^' and

p^ is much in excess of what might be expected if it were acci-

dental. Its probable amount may be found approximately as fol-

lows. When the q. m. error e is computed from n observations, the

probable error of this determination is known to be

-6745-^, (13)

and consequently the probable error of £* will be

•6745£'^1 (14)
' n
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Therefore, when p^ and p^ are computed as in (10), if the proba-

bility of error in the x and y directions is really the same, the proba-

ble difference between p^ and p^, occurring from accidental causes,

will be

A' =-6745--—, (15)

or, if we take approximately 8^=z\{p^-\-p^),

^.^•6H5(p,- + ft-)^
(16)

y/n

To apply this to the case in hand, we substitute for p^ and p^ their

numerical values as in (10), and so get for the probable difference

A' — 48-64. (17)

The actual value
474-24 — 332-03 = 142-21,

is so much larger that we are obliged to conclude that in this case it

is probably not an accidental but a real difference, likely to affect the

distribution of future shots in the same way. Hence (1) is the

proper formula to use, and the coordinate axes ought to be taken not

horizontally and vertically, but coincident with the free axes of the

group of shot-marks.

Didion also gives a table of the positions of the shot-marks made

by firing a pistol, apparently similar and with equal charge, 250

times at 100 metres distance, aiming at a point 1-47 m. above the

centre of the target. By the same procedure as before, we find

[?*'] = 1392560, [y'^l
= 1 742890, [mu] = — 301930,

where u and v are expressed in centimetres. The inclinations of the

free axes to the U axis then are by (6)

9y'=29°56', (^'-f 90°= 119° 56', (18)

and with coordinates referring to these axes"we have by (9)

[cc'] = 1218600, [2/'] = 1916800,

so that the squared q. m. errors are by (10)

p;= 4894-0, p/= 7698-0. (19)

The semi-axes of the ellipse of probable error in the position of the

centre of gravity are by (11)

a=5'2l, 6 = 6-53. (20)

But the horizontal and vertical coordinates of the centre of the tar-

get are

M=l-72, u= 15-82,
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which referred to the free axes become

.'C=9-38, 2/ =12-85. (21)

Comparing these with (20), we see that the actual distance of the

centre of gravity from tlie centre of the target is too great to be

considered accidental, and we infer as in the former case, that to rep-

resent the probabilities of future shots, the vertex of the probability-

surface should remain at the centre of gravity, and not be changed

to the centre of the target, unless the aim is also changed.

The probable difference in this case between p^ and p^ is by (16)

A'rr 537-2. (22)

The actual difference however is

7698-0 — 4894-0 = 2804-0,

a value so much greater that we are obliged to conclude that it is

probably not accidental.

This is what might be expected from the results already obtained

with the same kind of weapon at shorter range. If there is really a

greater liability to error in one direction than in another, it will nat-

urally show itself at all ranges, with only such differences as might

occur by accident. The angles which the direction of greatest error

makes with the X axis at the two ranges here considered

(7>' + 90°=^ 114°31' and (^'+ 90"= 119° 56',

are not very different from each other.

Didion finally gives the coordinates of the trajectories of ^100 can-

non balls tired, under constant charges and angles of elevation, at

distances of 200, 400 and 600 metres. The heights are reckoned,

not from the centre of a target, but from the plane of the platform

on which the gun-carriage stands. By an easy reduction, we get the

coordinates u and v referred to axes taken horizontally and vertically

through the centre of gravity, and expressed in metres. For 200

metres range, we find

[?r]= 11-82, [y']= 16-39, [^/u] = — 0-18,

and (6) gives

(p'= 2° 15', <^'+ 90°= 92° 15'. (23)

Then by (9),

[.'•^]= 11-81, [y^]= 16-40,

and by (10),

/V=-n93, p,^=-1657.

The probable difference between p/ and p/ is by (16)

A'=-0192. (24)
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The actual difference is greater, being

•1657 — -11 93 = -0464.

We omit the discussion for the 400 and 600 metre ranges, since the

shots here are apparently the same as those used at 200 metres, and

the differences in relative position for the same shot at different

ranges seem to be largely due to accidental variations in the projec-

jectile or the powder. From the three series of trials retained,

namely, two of pistol shots and one of cannon shots, it appears that

the test requires us to use formula (1), and to make the coordinate

axes coincide with the free axes. This therefore, it seems to me,

had better be generally done when accuracy is desired, unless indeed

our results should hereafter be invalidated by those of other and

more extended experiments.

We might also inquire what are the probable values, arising from

accidental causes, of the cubes of the c. m. inequalities in x and y,

when the law of error in either direction is suspected to be unsym-

metrical. This question finds an answer in my article on the Unsym-

metrical Probability Curve, Analyst, vol. x, p. 74. See also Trans,

of the Conn. Academy, vol. vi, part 1. For determining a, and a^

the easiest way will perhaps be to compute the values of [r^'], [w^j,

[t<^y] and [?<u^]. Then from (8) we have

[.'«'^]=[w']cos>' + [v^]sinV 1

+ 3sin^'cos^'([M°t;]cos^' + [?/w']sin^') I , ,

[2/']=[«']cos>'-Msin>'
j

^
''''

— 3sin(^'cos(^'([i<y^]cos^'— [tt^w]sin^')
j

and ofj and a^ are obtained like a in Analyst, ix, p. 161. For ex-

ample, from the first table here tried we get

[v^] = 322100, [ii'v] = - 9600,

[u'] = 264700, [?/y'] = 37400,

and consequently by (7) and (29)

[a;'] = 269207, [y'] = 133301,

and the cubed inequalities are

_ !^ _ 2153-8, C = -l^-^ = 1066-5. (26)
n —

1

n — 1

From accidental causes alone, they would probably be something like

(Q:) = ± 6Uop;a/}1= d= 1413-7,
]

/— y (27)

(C) = ± •6745p;|/ i^=± 2413-1.
I^ n J
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J
The actual value of l,^ falls far within the probable amount, and that

of C,' does not so much exceed the probable one as to make us confi-

dent that it is anything more than accidental. But if both the ine-

qualities were taken into account, we should have jl

a, = 2p,=-f- ?/=-30832 b^=p^— 332-03
]

a, = 2p/H- C=*8fi934 *^=p/=474-24 f
(28)

and the equation of the surface will be of the same form as in

formula (34) of ray article in the Transactions. The sub-index of

the first b„ should fall inside the bracket, instead of outside as there

printed.



II.
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Extensions of certain Theorems op Clifford and of

Catley in the Geometry of n. Dimensions. By Eliakim

Hastings Moore, jr., Deistver, Colorado,

I. General Theorems.

Clifford, at the beginning of his " Classification of Loci" {Blathe-

matical Papers, p. 305-331), proves the following theorems :

A. Every proper curve of the ^i"' order is in a flat space of n

dimensions or less.

B. A curve of order n in flat space of k dimensions (and no less)

may be represented, point for point, on a curve of order n—k-\-1 in

a plane, whence

C. A curve of order n in flat space of n dimensions (and no less) is

always unieursal.

These theorems may be extended. Clifford's nomenclature* and

methods of proof are adhered to throughout.

* For the convenience of the reader who may not have at hand a copy of Clifford's

Mathematical Papers, the definitions (p. 305-6) are given here.

"By a curve we mean a continuous one-dimensional aggregate of any sort of ele-

ments, and therefore not merely a curve in the ordinary geometrical sense, but also a

singly infinite system of curves, surfaces, complexes, &c., such that one condition is

sufficient to determine a finite number of them. The elements may be regarded as

determined by k coordinates ; and then, if these be connected by k—l equations of any

order, the curve is either the whole aggregate of common solutions of these equations,

or, when this breaks up into algebraically distinct parts, the curve is one of these

parts. It is thus convenient to employ still further the language of geometry, and to

speak of such a curve as the complete or partial intersection of k— 1 loci in flat space

of k dimensions, or, as we shall sometimes say, in a fc-flat. If a certain number, say

h, of the equations are linear, it is evidently possible by a linear transformation to

make these equations equate h of the coordinates to zero ; it is then convenient to

leave these coordinates out of consideration altogether, and only to regard the remain-

ing k—h—\ equations between fc

—

h coordinates. In this case the curve will, therefore,

be regarded as a curve in a fiat space of k—h dimensions. And, in general, when we

speak of a curve as in flat space of k dimensions, we mean that it cannot exist in flat

space of k—\ dimensions.

* * * By ^ surface we shall mean, in general, a continuous two-dimensional

aggregate (which may also be called a two-spread or two-way locus) of any elements

whatever, curves, surfaces, complexes, &c., defined by the whole or a portion of the

system of solutions of k—2 equations among A; coordinates. We shall assume that

none of these equations are linear, and then shall speak of the surface as in a flat

Trans. Conn. Acad., Vol. VII. 2 Sept., 1885.
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Theoiikm a. Every proper x-spread of the n"' order is in a flat

space of n + V— 1 dimensions or less.

For tlirougli n+\ points of the r-spread we can draw an w-flat,

R„; this meets the r-spread S, in a number of points greater than

its order, and, therefore, contains a curve, or 1-spread S, of the

r-spread S,

.

An (;i + l)flat R„+, drawn througli this w-flat R„ and an external

point of the r-spread S, , for a siniihir reason, contains a 2-spread S,,

of the r-spread S,.

Thus, finally, there is reached an (« + >•— l)flat R„+,_, ,
which

completely contains the r-spread S,.

An r-spread of order ??, say S^, „, x-
, may lie in a flat space of A;

dimensions, where k'^ n + r—\ ; when k=:n + r—\, the S,^„ „+,_, may

be called &full skew r-spread of order n.

Theorem B. An r-spread of order n in a flat sjoace of k dimen-

sions {and no less), say S,.,„,k ? *'i«y ^^ rejjresented, j^oint for point., on

an r-spread of order n—k-f-r-j-l in an {r-j^'[)flat, Sr,„_k+r+i,r+i •

Join P, an arbitrary fixed point, to Q, a variable point, both being on

the r-spread ; the resulting (r-|-l)spread S,^, is of the oi'der 71— I
;

for a (yfc— r)flat Ri_, through P meets the r-spread S, elsewhere in

n— 1 points Q, and, therefore, meets the S,+, in the 71 — I lines PQ,

i. e., in a curve of order n— 1. Each line PQ meets a fixed (A:— l)flat

Kk-i i" a point Q' corresponding to Q; the {r-t-l)spread S,^., meets

the fixed flat R^.., in an r spread of order n— l. The r-spread of the

n"' order in /c-flat S,, „ i.
is thus projected into one of order n— 1 in

a (/i;— l)flat, S,_„_,, i._i. A second projection from an arbitrary

point upon a fixed (A:— 2)flat R^-g gives an r-spread of order ?i—

2

in a {k— 2) flat, S, „_2 ,!,_2.

Thus, finally, after k—r-\-\ successive projections the original

S,^„, i is represented, point for point, on an r-spread of order

7i — k-{-r-{-l in an (r+l)flat, S,, „_i.+r+i, ,+1

.

But the result may be reached at once. Through any k-7'-\-l

fixed points P of the r-spread and a variable point Q pass a

(^'— r-|-l)flat R/..r;+, , cutting a fixed (r+l)flat R,+, , in a point Q'

corresponding to Q. Thus the S,, „_^. is represented, point for point,

space of k dimensions. "We shall in certain cases go further, and speak of an A-spread

or h-way locus, viz : a locus determined by the whole or an algebraically separate

portion of the system of solutions of k—h equations among k coordinates; if none of

these equations are linear, the h-way locus will be said to be in k dimensions."

A proper curve or spread is onn which does not break up into two or more alge-

braically distinct parts.
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on an r-spread in tlie (r-|-l)t1at, 8,, („_<_,. ,^,j ,^, , tlie order of whicli is

u. — k-\-r+\., since a (^—r)flat R^. , through the k — r+\ fixed points

P meets the r-spread S, „ ^. in n—k-^r-\-\ additional points Q whicli

correspond to the ii. — k-\-r-\-\ points C^' in which the line of inter-

section of the Ri_^ with the fixed R,+i meets the [)rojected r-spread

Theorem C. A quadric r-spread is in an (r-f-l )flat, and is uuicursdl,

its points having (e. g., by projection from a point on it) a one-one cor-

respondence with those of an r-fiat R^- Hence, a full skew ?*-spread

of order n, S^, „, „+,--i) is ahoays unicwsal, since, by theorem B, it may
be represented on an r-spread of order n

—

k-\-r+ 1=2 in an (?•+ l)flat.

Not only so, but every flat section of a full skew r-spread is itself 2i

full skew spread, and, therefore, unicnrsal. For an s-flat R. cuts a

full skew '^r,n,k (/I+l=r+n) i" f'-"

Sr^,_i.„_ J =Sr,_ „,,(,,_ which \^ fidl skeio,

since /c'-j- l=r' + ?i',

i. e., s-\- \z=.{^r-\-s~ h')-\-7i, using the given

relation, k-\-\z=:r^7i.

II. Full Skew Two-Spreads.

1. The abMldi(7ig-syste})i.

The full skew two-spread of order m in R^^i , ^Q,m,m+\, is unicnr-

sal; the curve of intersection with any m-fiat R„, S, „,.„ is also

unicursal (I, C) ; an Rm_, , the intersection of two R„, , and so the axis

of a pencil of R„, , meets the two-spread in ni points (m being the

order of the spread); further, in the R,„+i , the all-including fiat,

there are 00"^+^ nt-^ats R„, i. e., m-\-2 asyzygetic Il„. Hence,

there is a representation or Ahbildung of the S^, „,,„+], point for

point, on a plane yxy-iyi, ll?; to an R„-section corresponds a uni-

cursal curve, say of order n, C"; to the m points of intersection of

an R„_i correspond m points of intersection of a pencil of curves

C"; the Abbildung of the (?M+l)ply infinite system of R„-inter-

sections S,,„,„, is the system of curves (£,", (m+l)ply infinite or lin-

early derivable from ryi + 2 asyzygetic curves of the system, all of

which are unicursal and have the equivalent of n^ — ni common

points of intersection, say base-poijits of the system. A Cremona

transformation may. be found which will change an abbildung-system

C" of the spread Sg, „,„+i into any other abbildung-system dl'" of the

same spread, since there is a one-one correspondence between the

points of the two coincident planes ^^2 containing the two aboild-



12 E. II. 3£oore, jr.— TheorcniH of CUford and Cayley.

ung-systems. There is, therefore, no loss of generality in assuming

as the abbildung-system, the system of curves (f," having as base-

points an (m— l)i)le pt. # and m~\ other points, ^^,, . . . ^m-i"-

the conditions given above are satisfied by this system
;
for the curves

are unicursal ; the asyzygetic number is 2m+ l — ?« — l=m+2 ;
the

base-points are equivalent to

[in—\y-\-{iii— \):=)n{m—\) = itr—m= n''—m
common points of intersection.

This abbildung-system may be simplified. Transform the plane

^2 ^y a quadric transformation, having #, |j^_, and |1„_o , as fun-

damental points.

A curve €>'", of order m, passing through the two fundamental

points ^,„„„ |1,„_2, and having an (?h — l)ple pt. at ®, the third fun-

damental point, and passing through /vi— 3 fixed points ^i • • • ^m-a,

is transformed into a curve (H/ of order w— 1=2 . m—(m— 1
-f 1 + 1),

having an («i— 2)ple pt. at @, (since the line ^,„_i |p„,_2 meets the (!!,'"

in m — 2 additional pts.), passing through the m— 3 fixed points

^'i . . . |i',„-3
corresponding to the pts. "pi . . . ^„i_3, and not pass-

ing through ^,„_i [f„._2],
(since the line #^»_2 [#fm-i] <^oes not

meet the C™ except in # and p„,_„ [# and |™_,]).

Thus such a quadric transformation reduces by unity the order of

the curves of the abbildung-system, and deletes two of the base-

points. By r such quadric transformations, the abbildung-system of

curves dL'", with (^, an (»i— l)ple point, and m— 1 other points '^, as

base-points, is changed into a system of curves C""' wiCh Oi), an

(?y<—r— l)ple point, and m— \—'lr other points |p, as base-points.

The simplest abbildung-systems are, evidently,

(a) m. even= 2w/, r=m'— 1. (1""+' '.\ith # as m'ple point

and through one pt. gi.

{h) m odd= 2m" + l,r=m". C'""'''' with # as m"ple point.

2. The canonicalform of the equations of the >S^2,m,,„+i

.

Let the X, (s=l, . . . ?/j-l-3) be the homogeneous coordijiates in

Rm+i and the y, {s= I, 2, 3) be the homogeneous coordinates in |i,,.

(a) m e\en=2))i'. (^ is yi,y,,y,^o, 0, 1 ; §. is y,,y.2,y^=\, 0, 0.

By the simplified abbildung-system set

XjiXgtXg: :X,„,_]: X,„,: X,„,^,:

Xni/^-j: -i»-ml+:!' -^m»+4 • • -^"mr-Hl' -^2m'+5*

yry.'yr'-'y^-yr"'y^^ ^yryr-'^y^yr'-yr^

y,[yr-yr'^'yi-yr'^%'' -yiyr'-'-yr]
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Setting y^i^tyi and yz^tty^, this becomes

X,: X^: X^: . . :X,„,_i: X„,,:X,„,^i : X„,4.., : X,,,,^^; . . :X„j^, : X„,f._, ::

\:t:f: : T'-': T'-' : r': u{\:t: : r'-' : r');

whence the plexus of equations

^1 ) ^-i 1 ^•i 5
X„,_i ,

X„,, X„,^2
,
X,„,„;5

, ^ml-\-i t ^m+\

Xj, X3, ^tmi -^m'+l 5 -^m»+3 5 -^7»»+4 5 -^m+l 5 "^m+i

{b) m odd= 2»i"+ 1, # is 2/1, ^2, Z/a^O, 0, 1.

In accordance with the simplified abbildung-system, set

Ji., t^L^; A.3: '. A.j„„^_, : A.^„_^2'

A.,,,,,1:;; Jv„„J4; A.^,,^.5; :^v.i^,(^2. 2s.c^^„^-_^
.

'.

m+l m+ti

yr^'y'-yry^-yr^'yi- -.y^'yr'-y.'yr^'-

y^yry^-yr-'y^-yr-'y^- -y^yr'-'-yryri
or, setting y,,=ty^ and y,.= uy^,

XjiX.iiXg: . , , . : X„„^]: A,„„_,_.j: .... : A,„_j_i:a„,|,._,' •

l:t:f:f: .... :r'":r"+':M [1:«:«-: .... :r"-':r"];

whence the plexus of equations

^1 , Jv,, Ag, A„„_^]
,

-A.„„_j.3 ,
A„„^4

,
A„„j.5 , "+1=0

In each case the canonical form exhibits the Sj^^ „^.i as the locus

of the line of intersection of corresponding m-flats R„ of m projective

pencils of R„; X.,— ^Xi=:0, X3—^Xs^O, &c.

In fact, these right lines on and ruling the S2,,„,„^i correspond to the

right lines on the plane II2 through the multiple point #; y.,—tyi=
is met by a 0""+' or C"*"+' (which corresponds to an R„-sectiou of

85, m,m+i) in only 0)ie point.

A full skew cia-ve O of order >,x' „ corresponds to the point @.

(§ is (0, 0, 1); or r/=z go, ^indeterminate ; and,therefore,# corresponds

(b) to X,=X2= =X„„+2=0

(a) to X,=X2= =X„,+,= =

=

or the (unicursal) curve >,< „ in an ,/ flat. Cf. Clifford, n. 310.
^

.
'' (0) tn in - ' '

(«) A li7ie A corresponds to the point ^. For gt is (1, 0, O) ; or

u indeterminate, ^=^0; and, therefore,^ corresponds to

Xj^A^r^ =:A„,^i=:0 A„,^3 r= A„,^ =: =:X„^o= 0,

rn //i-flats R„ in R^+i intersect in R^, a right line.
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A point corresponds to the line ^gi, viz : the intersection of the

full-skew curve O and the line A. 2/2=^ '•> *^^ "— '^9 <=0;

x,=x,= -x,„,+,=o, x„,+,=x„,^,= =x„^,=.o.

3. Tangent and osculating flats.

On the two-spread let Q be a point and C a curve passing

through Q; there are at Q a tangent line R, , and osculating

2 flat Rj, osculating R^ . . . R, to the curve C, determined by 2,

3 . . . (<-f 1) consecutive points (Q included) of the curve; the oscu-

lating ^flat R( meets the curve C in <+l points at P. The tangent

plane R^ at Q to the two-spread is the locus of tangent lines R, to

all curves C through Q; every »«-flat R^ through this tangent plane

Rj meets the spread in a curve having a double-pt. at Q.

Suppose there were an s-flat R, such that every R„ through it met

the two-spread in a curve having a (< + l)ple pt. at Q. Take any

curve C through the point P ; every R„ through the R, meets the

curve C in t-\-\ points at Q, and, therefore, contains the osculating

R^ to C at Q ; hence the R, contains the osculating ^flats R to all

curves C through Q, or say it meets the two-spread at t consecutive

points in every direction from Q.

In the case of this full skew two-spread it will be shown that at

every pt. Q there is an osculating Ro«=, containing the osculating

R( to every curve through Q; but probably s=2^ for the general

two-spread in any number of dimensions, R^
; (2^^^, of course).

Considerations from the abhildung-systeni.

The general abbildung-system (cf. §1) of curves (jl"' has as base-pts.

the (wi— l)ple pt. #, and the m—\ pts. ^; there are m + 2 asyzyge-

tic curves of the system. Consider those curves of the system which

have a (<-|-l)ple pt. at ^, say (ll."' (^^'"^^ ; these correspond to the

R„.-sections of the two-spread which have a (^+l)ple pt. at Q. Such

a curve (jT/" (^^''^') includes the line ®(f^ t times, and, besides, a sup-

plementary curve C"'~' ((!^), passing through (fj and the m— 1 pts. ^
and having an (m—«— l)ple pt. at ®. For say the curve (!I^"'

((^'"*'')

includes the line OMJ x times, and, therefore, also a supplementary

curve (!!;'""' ((!5'+'~') with (< + l— ^Op^e pt. at (^ and (m — a-— l)ple

point at ^^ ; the line #^ meets the supplementary curves in

{ni—x—\)-\-{t-\-\—^i')=^m+ t—^x pts. and will be again thrown off,

if m—x<^m-\-t—2x^ i. e., if x<^t. The asyzygetic number for the

system of supplementary curves d'""' {(^) is (2w— 2i-|-l—m— 1— 1=)

wz— 2^+ 1. Hence there are m— 2t-{-\ asyzygetic m-flats R^ meeting
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the two-spread in curves with Q as (< + l)ple pt. ; these R„ in tlie all-

including flat R;^i meet in an (m + 1)— (m— 2^+l)= 2^ttat Rs,^,

which is the osculating 2^flat at Q, which includes the osculating

^flat R, at Q to every curve through Q ; i. e., which meets the two-

spread at t consecutive points in every direction from Q ; i, e., which

contains the osculating 2(^— l)flats Ko(_2 at all points immediately

adjacent to Q.

What is the locus of osculating 2^flats at points Q along a genera-

tor r of the two-spread ?

If a curve C" degenerates into @^, say the line r, taken ^ + 1

times and a supplementary curve C"*"*"' (C) as m—^— 2ple pt. and

through the m— 1 pts. ^) the R>„ cutting the two-spread in the

corresponding section will contain the osculating 2^flat at every

point Q along the generator r. The asyzygetic number for the

system of siijiplementary curves C"~^^ is (2m—2^— 1)— (m— 1)=
m—2L Hence there are m—^t asyzygetic »n-flats R„ meeting the

two-spread in the generator r taken {t+\) times; these in the R^+i

meet in an (w+ !)— (?«— 2^)= (2^+1 )flat Rg,^!, say the osculating

'Rit+\ along t'^' the (^ + l)ple generator r, which is the locus of the

osculating Ro^ at the points Q along the generator r.

TTie equations of the osculating flats ; the orders of the spreads

they generate.

{a) m even = 2m'. Cf. §2, the simplified abbildung-system ; the

equations in t.

The equations correspond to m— 2i asyzygetic curves ^""+' includ-

ing the line r i+1 times; and to the one other asyzygetic curve of

the system including the line r t times and passing through the

point Q ~ rv.

^=0. Rj , the line r.

tX, -X3 =0, rX,„,+3-X„,+4=0,

^X„,— X„,^,=:0, tX^^i —Xm^2 =0-

2m'(= 1)1) R„ meeting in R^ , the line r.

The additional R„, fX^— X^^.i^j— 0» determines the point rv on the

line r.
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<=:1. Rj,, the osculntiiig Ro(+,=3 along t'"""', the locus of tan-

gent planes of points i) along the line r,

r'-X^ -2rX,^ +X^ =0, r^X„,,,-2rX„,,, + X„,^,==0,

T^'X, -2rX3 +X^ =0, r^X„,,,-2rX„,,, + X„,_,,=:0,

r^X^,_,- 2 tX„,+ X„, ,1= 0, T=X„ _ 2 rX„
,

, + X„.^, = 0.

2(??i'— 1)=W2— 2 R^ meeting in R^.

The additional R„, ?;(rXj—XJ — (rX„,+2—-X„,^.5)= 0, determines

the tangent plane R^ at the point tv.

And so, in .general, the law of formation is clear.

The osculating Ro,^ , along t'+' , the locus of the osculating

R,( of points V along the line t. The equations may be written

X'(r-X'y+'= 0, X""*'^(t-X')'+'= 0,

X^(r-X'j'+'= 0, X""+^(r-X"y+'= 0,

X'"'-'(T-X7+'=rO, X'^'^'(r-X')'*'= ;

where, after the binomial expansion and multiplication by the exter-

nal factor, the exponents of the X are to be exchanged for corres-

ponding subscripts ; X'' is to be changed to X,,,

'l{;in' —t)-=.m— 1t R„ meeting in R^f+i.

The additional R„
,
(t^X'-X""'') (r— X')'=:0 (the exponents be-

coming subscripts, as above), determines the osculating 2^flat R.,, at

the point rv.

The osculating R2,_i along t' lies in the osculating Ro^h along

t'^' ; the two R„, X'(r-X^)'=0, X""^^(r-X'y=0, with the m-lt
equas. of the Rj^,! written above are easily seen to be equivalent to

the ??/ — 2(<— 1) equations of the R2(_,
,

X'(r-X')'=0 X""+=(r-X')'=0

X'"'-'t'(r-X')'= X"-'-^'(r-X')'= 0.

Thus the equations show that the singly infinite system of osculat-

ing 2<-flats Rj, at points d along the generator r lie in the oscu-

lating (2<-f- l)flat Rj,,, along r'"; and, at the same time, form a

pencil of R^^ in the R.^,^, having as an axis the osculating (2^—1)

flat Rj, _i along t'; and the osculating flats of the pencil are homo-

graphic* with their points of osculation along the generator r.

Compare the well known theorem : Salmon ; Geometry of Three

* The only equation introducing v is linear in v.
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Dimensions, §459; "the anharmonic ratio of four tangent planes

passing tlirough a generator of a ruled surface is equal to that of

their four points of contact."

{h) m odd = 2m" + 1.

There is one more equation in each case from the first group of

coordinates, X , . . ^„,„+i , than from the second group, X,,,,,,,., . . .

^m+i', the V equation is of exactly the same nature; the conclusions

stated above hold equally for m odd or even.

As the line r generates the two-spread So, ,„,„4., the osculating

Rj^.! along r'+' generates a (2i+ 2)spread of order (t + l) {m—2t)

*^2<+2, ((+l)(m—2(). "'+1 •

Let the m

—

2t asyzygetic R,„ determining R.^,^, in terms of r be

A„o A,„_i , .... Aj^+i ; the A involve r to the power (-{-!
; let

Am, .5 ^m^i,sy • • • Ao,+,,,, be what the A become when the coordi-

nates of a point P, in the (m-j- l)flat are substituted for the current

coordinates. The (2«-j-2)spread is met by an (m— 2^— l)flat in say

X points P, ; any point in the (m— 2^— l)flat may be given in terms

of m—2t asyzygetic points P„, . . . . Pa^+i

;

say P.=;\.„P„+A_iPm.,+ . . . -fA^+iP„+,,

i. e., Xi,3=A,„X,_,„-f-A,„_,Xi_,„_i-f . . . +A5,+iX,,5,+, , etc.

Substituting the coordinates of P. in the m

—

2t A,, and eliminating

from the ni — 2t A,, , the m

—

2t A which enter homogeneously in

the first degree, we have the determinant of the order ni—2t

A„
, 2<+I

A-m—l,mj ^m—l.m—lf ' • -^m+l, 2<+l

A 2<+l, : Ajf+i^m-l) • • Ao(^.i, 2(-t-l

=0,

an equation of degree {t-\-l){m — 2t) in t; for each value of r, there

is one set of values of the A, one point P,. Hence the order of the

(2i+2)spread, the locus of osculating R^+i, is {t-{-l){m— 2t), as

stated. Through a point P, an osculating Rj(+, along r'+' may be

drawn; this contains the osculating R2(_i along r'; the Rj^ joining

the point P. with this K.2t_i is the osculating Rn, at some point v of

the line r. This may be expressed thus ; through an R^-^-i may
be passed {t+\){m—2t) m-flats R„ which meet the spread in a

(«-f-l)ple line r; and {t-\-l){m-2t) (m— l)flats R„,_i which meet

the spread in a (^-j-l)ple point tv.

Trans. Conn. Acad., Vol. VII. 3 Sept., 1885.
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(a) m even = 2m'. The simplified abbildung-systeru
; § 1.

(S;'"'+^ may degenerate into the line r taken in times, and a line

through gi; for this the limiting case t=zm' —\.

The (2«-f-2)si)read, locus of osculating R,,^., along t'+' is of order

{t-{-\){m~2t). But the (m- 2<)spread, locus of osculating R,„_2(_i

along r""^ is also of order

(m' -«) (m- 2m' -i! -!)=(«+ l)(m - 2t).

For instance, (trrO ; the two-spread locus of lines R, (i. e., the orig-

inal two-spread) is of order m ; and, also, the wt-spread locus of oscu-

lating R,„_i along t"" is of order m.

Thus, when in is even, the orders of the (2^+2)spread for t=it^,

t=t.2, are equal, if ti-[-t.2=m'— 1.

(b) m odd = 2m"+l.

« =m; since the curve C""'"^' in the litniting case degenerates into

the line r taken t-\-]=m"-\-\ times.

For t=m" the order of the (2«-(-2) = 2»i" + 2 = (m + l)spread is

{m"-\-'[){m — 2}n").-)n"-{-[; i. e., through every point R„_2r-i_o oi

R„_^.i may be passed m"+l R„ meeting the 2-spread in an (w" + l)ple

line T.

There is no symmetiy analogous to that foi- m even.

4. Curves on the two-spread.

(b) m odd=:2m"+l.

The abbildung-system, 1^'""+' having © as wi"-ple pt.

Let us denote tlie unique curve of order ni' in an »i"-flat corre-

sponding to O^ by O; and the right lines of the spread by r. A
curve on the s|)read of order jo, meeting the unique curve O \u q

points and every line r in r points may be written C' (O^r').

A curve on the abbildung plane (fi^' (^') of the order s with a ^ple

point at Oi) is met by a curve of the system (!i;""'+' in s{i}i!' -\-\)— tm"

points and by any line t in s— t points ; therefore, it corresponds to a

curve on the spread of order s(/m"-|-1)—tn\!\ which meets the unique

curve O in t points, and every line t in (s — ^)
points, say

So a curve C' ((i'r-') transforms into C'("*"+''^""" (O't' ')•

A curve V.>' (O"), of order p, meeting the curve O in q pts., must have

2\><l and p=q (mod. ui" A^\) ; say p=s(in" +1) —tm",
q=t.

s{iu"^\)-tjn"=p. {s^t).

,s:=l, t=:\,p=\. A line r on |l._, corresponds to a line r on the spread.

.srn.s', /=.'>, />^=zs. .s- lines r correspond to s lines r.
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li s^t, p^m"-\-\; which shows that the curve O of order ni" is

unique, since it is the only curve of so low an order on the two-spread

(the lines r excepted).

Curves on the two-spread and in flats of less than m-}-lz=2/yt"-f-2

dimensions are full skew curves. Such a curve is an R„-intersection

or a part of an R„-intersection ; therefore, its abbildung is a curve

C (#'"') ; any rn"-{-l - s lines r belong to the supplementary system,

of which the asyzygetic number is m"+2— s; therefore, vi"-\-2—s

asyzygetic R„ meet in an R„,„+, in which the curve C'^'""'''''
''"'^'""='""+

lies. A curve C'""+' in R;;,,,^,, is a full skew curve. (I; theorem C.)

The general plane curve C (<=0 ; not through ^) corresponds to

a 0'^""'+') which does not meet the unique curve. The plane is a full

skew 2-spread S^ ,^2 [inzz2m" \-\-=.\, m"=zO). All the geometry of

plane curves depending upon intersections and tangencies and the

order of curves is immediately applicable to the general full skew

two-spread of odd order ?n=2m"+ l, the curves 0'^*""+') on the two-

spread corresponding completely to the curves C of the plane. A
curve 0"^""'+'^ '"'" (O") meeting the unique curve O t times is a par-

ticular case of 0"^""'+'^ and in fact plays the same role as a 0'*""'+'^

having a ^ple point. A few examples are given.

There is a double infinity of curves C""'+' ; two meet in one point

;

one is determined by two points; they correspond to the lines C of

the plane. A line r together with the unique curve O is a special

case of a curve C""'+\ Five points determine a curve 0^'^"'"+'^; which

corresponds to a conic dL^ of the plane.

Pascal's theorem becomes :

If six points P' , . P" lie on a curve C-^""'+'' the three j^oints of

intersection of the two curves 0-""'+' joining P'P", P^P^; P-p-\

p5p6. pepi^ P^P\ respectively, lie on another curve 0""'+'.

To a curve C/^'""^')^'"" (O'r'^') there are s{s - \) -t\t+\)z=
{s-{-t){s— ^— 1) tangent lines t, ands(«-l)—t{t—\)=:{s-^t){s-\-t— \)

tangent curves C""'^' in a pencil through a point P.*

An m-spread of order P meets the 2-spread in a curve C"*^ meeting

the unique curve O rn"P times, and every line t in P points;

.•.C'"' = a^'»"+»^(0'""^rO. s={m"-\-\)P, t—m!'P. To an w-spread

of order P in R2m»»+2=7n+i there are mP{P—\) tangent lines lying

entirely on the S^^^^^+i.

Two curves C (0'r'~'), C (O'V"^"), meet in ss —tt' points; in particu-

lar, two curves C (O'r'"') meet in s'— t^ points; one is determined by

* These formube are similar to some given by Chasles, Comptes Rendus, 1861 ; cf.

the following (a).
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^{s(5-|-'^)— *(^+l)| points, Henco two curves C (O't"') through

^{s(s+ 3)

—

t{t-\-\)\ — \ points determine a pencil of such curves

through these and ^{s(«— 3) — i(i— 1) '(-|-1 additional points.

(a) m even= 2wi'. The simplified abbildung-systeni, (11,""+' having

1^ as m'-ple point and ^ as an ordinary point.

Curves (Hif
^'

(fi^/.^') of order jo+ 1 having % as ^>ple pt., through

^, correspond to full skexo curves of order m'+2^; these are the only

curves on the spread in a flat of less than m-\-\ dimensions. The

proof is like that of (b) for m odd.

In particular:—A line yc^— ry^z=.0 through d0 corresponds to a

line r on the spread (§ 2) ; two lines r do not meet. A line f through

^ corresponds to a full skew curve v of order m' on the spread ; two

curves v do not meet. Through every point on the spread pass one

line r and one curve C"", v ; a line r and a curve v meet in one point.

# corresponds to a curve O of order wi', meeting every line t.

gt, corresponds to a line A of order m', meeting every curve v.

The curve O meets the line A in a point OA. (§ 2.)

In fact, the curve O, the line A, the point OA in no way differ from

an ordinary curve v, line r, point rv of the spread.

Observe that a curve C (l^'^") of order s (having O a ^ple and A
an ^^ple point), corresponds to a curve C^'~')'"'+*'~"' (t'"'^'"") of order

{s— i)m' -\-{s— iC) meeting every line r in s—t points and every curve

V in s—xi points: it passes s

—

t—m times through the point OA and

meets the line A elsewhere in u points, the curve O elsewhere in t

points; (.'. in all, it meets the line A in s — < points, the curve O in

8— XL points).

A curve C"=('-'^+<*-"^(#"=^'-">^"'=<'-')) with an («-«—r/)ple point at

say ^ corresponds to a curve C^'-o^'+c*-") (^'^'f'"") with an (s— <--«)-

pie point at Q. Thus the order and character of intersection with

the lines r and curves f and the (s — ^— r^)ple point are exactly the

same. The asyzygetic numbers are equal ; as shown by the follow-

ing equality (where u=s—^—?<,s'^s+y=2s— <

—

ii,t'-=.s—xi,ii'=zs— <),

(«+l)(.s +2)-« {t +1)-M {u +1)

= {s'+\){s' +1)-t'{t' +\)-x(:{u' + l)-v{v + \)
(&' ^"' (^v

The statement above is justified, and it is therefore proper to con-

sider only curves which have no especial relation to the point OA

;

i. e., in the abbildnng-i)lane, oidy curves C (Oii)'^") Avhere sz^t + u.

The spread is ruled with the lines r (§2); and cdso with the curves

V, C"". The cui'ves v correspond to y^— vy^=iO\ the (wi' + 2)spread
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=-^OT(+2 J -^m(+3 5 ^mi f 4 -X^n

is cut in the curves v by ?y«'-flats, the intersection of corresponding

R„ in the m' + 1 projective pencils of vn-flats R„,

A curve C'+" {(B'%") corresponds to a curve Q"""+' {t"v') of order tim' + t

meeting each line t in u points, each curve v in t points.

Since the number of intersections of curves on the two-spread with

the lines r, the curves v and with each other, and all intersection- and

tangency-properties, depend only on the abbildung-curves, it is clear

that there is a complete correspondence between the curves on a two-

spread of even order m=2m', and those on an ordinary hyperboloid

or quadric (m'=^l) ; the two systems of ruling curves, the lines r and

the curves v of order 7n', answer to the two systems of generators on

the quadric (only, in the latter case, the two systems being of the

same order are indistinguishable). Hence many of Chasles' results

{Comptes Rendus, liii, 1861) concerning "Proprietes generales des

coin-bes gauches tracees sur I'hyperboloide " apply in this more

general case; for example:

A curve C"""+'(r"f') is determined by tu-\-{t-{-u) points.

Two curves C"""^' (r"i;'), C'"'^'+"(r'"t;"), meet in tu' -{-lit' points.

All curves C"""+'(r"t»') going through tu-{-{t-{-u) — l fixed points

form a pencil passing through ta — {t-{-u)-{-\ other fixed points;

since any two meet in 2tu points.

To a curve C"""+' (t"^') 2t{ii—\) lines r are tangent.

2ii{t— 1) curves v are tangent.

2tu curves C""+^ (^'t*') of a pencil through a

pt. P are tangents.

These numbers are easily derived by considering the correspond-

ing abbildung-curves.

The curve C"""+' (r"f') corresponds to a curve C"*^'(r"L'') on an

ordinary quadric ; on the quadric there is no distinction between the

curves C"+'(T"f'), C"^' {r^v") ; i. e., two curves of the same order t-\-u^

which meet the generators of one system r in f points, and those of

the other system v in '„ points. If, then, there is a theorem about

curves of order u^m'-yt^ (^=1? 2, . . S') meeting the lines r in u, pts.

and the curves v in t^ pts., the same theorem will be true about cor-

responding curves of order t^m'-\-u, meeting the lines r in t^ pts. and

the curves i) in u^ pts.

A curve C^'(r'V) must have P=zimi' -{-t.
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An m-spread of order P intersects the 2-spread in a curve of order

mP=27n'P, meeting the lines r in u:=. P points, and the curves v in

«= wi'P points; say C"^"" {r'^ir"') =C'^""'^{r''v'^").

2t{u-^l)=2tn'P{P~\)=mP{F-\)

lines r are tangent to this curve.

There are mP{P—'i) lines r lying entirely on the two-spread

Sj.m.m+i and tangent to an ?>i-spread S„, ^.„+, of order P.* (ra odd

or even y' cf. § 4, b).

The curves on a full skew two-spread of even order, m-=.2ni', then,

have an exact correspondf^nce with those on an oi'dinary quadric,

m=.2; those on a full skew two-spread of odd order, m=2m" + l,

have almost as exact a correspondence with the curves on a plane,

tn=i\ ; the unique curve O is a singularity, but curves meeting it in

t points play very much the same role on the two-spread as curves

having a ^ple pt. at an ordinary point of the spread. These close

correspondences with the hyperboloid and plane curves are the

marked features of the theory of curves on full skew two-spreads.

III. Spreads of Odd Orders on Quadrics.

The known theorems, that n curve S, of odd order on an ordinary

quadricone, cone-Q,,,:,,
,
passes an odd number of times through the

vertex V, and that a general quadric 3-spread Qg 4 contains no

2-spreads S^ of odd order (cf Clifford, Mathematical Papers, p. 641),

may be extended.

Qr, ,4-1 will denote a general quadric r-spread in R^i , and

cone-Qr, ,4.] a quadric r-spread in R,^, formed by joining a (general)

Q,_, ,. to a vertex-point V in R,+i

.

The section of Q^^.^,, made by a tangent r-flat R^ is a cone-Q^,., ,.

The section of a cone-Q, ,+1 by an R^ through the vertex V is a

cone-Q,_i_,; but that by an arbitrary R, is a (general) Q,_i,,.

Sr will denote an r-spread.

A, . The general Q-,,„,»m+\ has on it no r-spread of odd order

unless r<^m + \.

A2. The cone-CJsm, o„^i has on it no r-spread of odd order

A,,,. unless r<^m+ l ; Avhile

A55. m-spreads of ^^n} order pass an °^i] number of

times through the vertex V.

B, . The general Q..„ ,,.^„ has on it no r-spread of odd order

unless r<Cjn.

Ohasles gives this for the case m=2.
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Bo. The cone-Qo,;^,_o;„ has on it no r-spread of odd order unless

B,,i, r<^m + 1 ; while

B.JO. m-spreads of ev^;J| order pass an even} number of times

through the vertex V.

Let B, hold in R,,„ ; tlien will the theorems A hold in Ri„+i

.

A O ).' Take arbitrary R.,„ section of ^2n,2«+i
( containing an

r-spread of odd order; there results a (general) *2^2«-i,in /
^^j^j^ ^^

{r— l)spread of odd order on it ; hence, by B,, r

—

\<Cjt\ or r<^w+ 1
;

proving Aj , A,,

.

A,,,„ Notice that the projection in ^i„^i from a pt. P upon an

R.,„ of an r-spread of order s passing t times through P is an

r-sj^read of order s-t, i. e., of odd order, unless s-t is even ; i. e., unless

the r-spread of e"™} order passes an Jf^] number of times through P,

Take arbitrary R^,, section of eone-Qo„_o„^i containing an /^-spread

S„ ; it is a Q2„_i,o» vvhich contains the projection through P of S„
; if

Bi holds, the preceding consideration shows that A..<. must also.

Hence, if the propositions hold for R,,,, (i. e., the B), they do for

Rsn+i (i. e. the A).

If the A («i^=n) hold for R,,„,i, the B (m^=w-M) will hold for

B,. The Q.2„+i,2„+2 contains an r-spread S, of odd order; the tan-

gent R^n+i at a pt. V (not on the r-spread S,), cuts the quad-

ric in a cone-Q2„,2n+i , containing an (r— l)spread of odd order

not passing through the vertex V; hence, by A.>i,

r—\<^n, r<^n-f 1, r<^)np^, proving B^

.

Bjj. An Ro„_t^i-section through the vertex V of the cone-Qj^+i, 2ii+j

shows the dependence of B.,i , Bo., on the truth of A.,,, A.2<,.

But Aj holds for R^. A curve of ^ven! order in an ordinary quad-

ricone, cone-Q,,_3, passes through the vertex V an eveD) num-

ber of times, because its projection through V upon a plane R^

is (a conic) of even order.

From A, for R^ follow at once the B for R^, and thus the general

propositions as enunci^ed for R^^ , Rjm^i •

IV. Flats on Quadrics.

Prof. Cayley, " On the Superlines of a Qnadric Surface in 5-dimen-

sional spa.ce'\[ Quart. J. Jf., 1872-3, t. xii, p. 176) gives an analyti-

cal proof of the proposition, suggested by an evident theorem in
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line-geometry;—(using Clifford's expressions) : On a quadric 4-spread

Q4 r, there are two triply infinite systems of planes R,., „, R..,a; two

planes of the same system meet in a point; two of opposite systems

in general do not intersect at all, if they do, it is in a line.

There is a similar theorem for qnadrics in all flats of odd dimensions.

1. 071 a quadric 'Im-sjyread Q^™, 2m+i i^ {2nx + \)Jlat Ro„,+, there

are two |^m(m + ^^ply infinite systems of m-fiats R„, .*

If this holds for R„„_, , then it will hold for R,„^, . For R, {mz=z\)

this is the double system of generators R, on a quadric surface.

Project upon a fixed r^^ from a pt. V on the Q,,^, 0™+, . The tan-

gent R'om at V cuts Q,'2m,imj-i in a cone-Q2,„_,_ „„ , with vertex at V,

and it cuts rc,^ in a fixed /jm-i , which contains the projection

through V of the cone-Qjm-i, o^ i. e., a fixed q'nm^i), -im-i •

AnR^on the Qs^,,^,-, ":Li;Tth?<^'g™V'''
"^

|
meets the tangent R'^^ at V

in S'V f a'Ki is projected into an '""' having aa r™,
) ^^ ^^^^ ^^^^

Kmt )
^ '' Tm^\ lying completely

)

Q. 2m— 2, im—\ m ^ 2m— 1 'J

The converse is also true.§

The q\(m-\),tn<r^\ is supposed to have on it two ^(w — l)/n-ply

infinite systems of (m— l)flats r„_, . In r^„, two r,„ meet in a point

;

hence, there are 00"' r,„ through a fixed r,„_, , i. e., one joining the

fixed r,„_, to every pt. of the 00"' pts. of a random fixed r,„. These

r,„ correspond to R,„ on the Q2,,, 2«i+i •

Therefore, on the Q2,,,, 2,«+i5 there are two 00"'
. 00 ^ = 00 ^

=^m (m + l)ply infinite system of >>i-flats R„,

.

2. The intersections of the m-flats.

{k) m odd.

Two R„, of the same system (R„,,a, R,„,a) in general do not inter-

sect, but in special cases they may intersect in R, , or R3 , or . . .

or R„,„2

.

Two of opposite systems (R,„, „, R„,,,,) in general intersect in a

point, but may intersect in Ra, or R4, or . . . or R,„_,

.

* There is on tlie quadric no R, if «> m
;

(III, A,).

t If an R,„ passes through V, it lies completely in the tangent R'om at V.

X Thus the intersection of an r^ (the projection of an R„,) with the fixed r'om-i

lies completely on the fixed q'; and likewise two Tm and the fixed r'^m^i intersect on

the fixed q'.

§ A quadric m-spread passing tlirough V would project into an m-flat ?v, having a

quadric (m— 2)spread on q'.
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(I) in even.

Two R,„ of opposite systems in general do not intersect, b\it may

intersect in Rj , or R, , or . . . or R„,_i

.

Two R,„ of the same system in general intersect in a ])oint, bat may
intersect in an R,, , or R4, or . . . or R„,_2-

This may be expressed (R,j= a point, 0=no intersection), begin-

ning with the tnost infrequent cases :

Two R,„ of 'Jp,,^™te[ system intersect in

R«
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Tims, the {Jc) holding for m~\ odd, tlie {I) hold for m. even.

(3) m odd. By similar considerations it is shown that, the {I)

holding for m even, the (/»;) hold for m+1 odd. But the [k) hold

for mz=.\ on the quadric Q.,,3 in R,, (as might be shown immediately

by the projection from V on a plane) ; and, therefore, {k) and {I) are

true in general.

3. One »i-flat of each system passes through every Rm_i of the

Qsn, . The Rm_i projects into an r'"^' having an r„_2 on </', through

which (suppose) there pass an r,„_, „ and an r„j_i^j; the original r,„_,

and the ?•,„_!,„, intersecting in r„,_2 , determine an r,„ the projection

of anR,„^„ through the R„,_i . This is true on the Q,,,3; therefore, in

general.

Every pt. in Rj,,,, , has a polar R.^,,, with reference to the Q^,,, ; the

polar R2,,, of every pt. in an R, passes through a certain Ro,„_, which

is called the polar of the R, . (Clifford.)

If the s-flat R, lie on the Q^,,, , the polar Rg,,, of every point in it,

i. e., the tangent R.^,„ at that point, passes through the s-flat itself;

hence the polar Pa,,,., must include the original s flat R^.

The »i-flats R,„ are self-polar.

The R„^,„ and R,„ 5 through an R,„_, taken together lie in and

determine the polar R,„
,

j of the R„_,

.

More generally, two R,„ intersecting in an R, lie in and determine

the polar R2„,_, of the R,

.



III.

—

On Knots, with a Census for Order Ten, By C. N.
Little, Lincoln, Neb.

1. Gauss in 1833* called attention to the importance of the study

of the ways in which cords might be linked. Nothing, however
appears to have been written upon the subject until in 1847 Listing

published his Vorstiidien zur Topologie.\ In this he briefly but in a

masterly way touched upon the subject of knots, established some of

the fundamental propositions, and proposed a notation which, as

slightly modified by Prof. Tait, furnishes the point of. view for the

present paper. Li a communicationj to Prof. Tait in 1877, Listino-

points out the fragmentary character of his own contribution to the

subject, and says that the type-symbol used by him is " nichts weiter

als ein derartiger Fingerzeig."

It is to Professor Tait, however, that the greater part of our pres-

ent knowledge of the subject is due. He, independently of Listing,

obtained the fundamental propositions and found the knots and their

forms for orders from three to seven inclusive.

§

In 1884 Kirkman|| published the forms of knots of orders eight and
nine, and immediately Tait, making use of Kirkman's wox'k, extended

his census of knots to these orders.l^

2. Professor Tait has shown that any closed plane curve of n cross-

ings divides its plane into n + 2 compartments ; that these compart-

ments are in two groups ; that, at the crossings, like compartments

are vertically opposite. We shall call these compartments of the

plane parts. A part is represented by the number equal to the num-
ber of double points on its perimeter. The sum of the numbers
representing the parts of either group is 2/i, that is, these numbers
together constitute a partition of 2n. The partitions for the two
groups together make up Listing's type-symbol. As it can lead to

* '' Eine Hauptaufgabe aus dem Grenzgebiet der Geometria Situs und der Geo-

metria Magnitudinis wird die sein, die Umschlingungen zweier gesehlossener oder

unendlicher Linien zu zahlen."—Werke. Gottingen. 1867, vol. v, p. 605.

f Gottingen Studien, 1847. I have been able to see only Tait's apparently full

abstract in Proc. Roy. Soc. Edia., vol. ix, pp. 306-309.

X Proc. Roy. Soc. Edin., vol. ix, p. 316.

§ On Knots, Trans. Roy. Soc. Edin., xxviii, 145-191, 1876-77

li

Trans. Roy. Soc. Edin., xx.xii, 281-309.

Tf Trans. Roy. Soc. Edin., xxxii, 327-342
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no ambiguity we shall also call tlie number representing a compart-

ment a part., and either group of compartments a partition.

Since every closed plane curve of n crossings, having double points

only, may be read alternately over and under at the crossings, every

such curve whicli gives parts, none greater than n or less than 2,

may be taken as a projection of a reduced knot of n crossings. We
call such curves knot-forms or briefly, ^/br//is, and regard two forms

as distinct if they do not have the same parts similarly ari'anged.

The first part of the problem is to find all the diflereut knot-forms

of any order.

Since the same knot may be transformed so as to be projected into

more than one knot-form, the second part of the problem is, from the

complete series of knot-foi'ms of n crossings to find all the diflereut

?<-fold knots. Knots exist for which the law of over and under does

not hold ; these are not considered in the present paper.

3. It is unnecessary to do more than allude to two very distinct and

very ingenious methods devised and used, the one by Tait and the

other by Kirkman, for the solution of the first part of this problem.

We may perhaps infer from Professor Tait's opinion* that " a full

study of 10-fold and 11-fold knottiness seems to be relegated to the

somewhat distant future," that they were more laborious than proves

to be necessary.

4. A third metliod, based on Listing's type-symbol, is thus de-

scribed by Professor Tait at page 168 of his first memoir.

" Write all the partitions of 2n, in which no one shall l^e greater

than 71, and no one less than 2. Join each of these sets of numbers

into a group, so that each number has as many lines terminating in

it as it contains units. Then join the middle points of these lines

(which must not intersect one another), by a continuous line which

intersects itself at these middle points and there only. When this can

be done we have the projection of a knot. When more continuous

lines than one are required we have the projection of a linkage."

On page 160 of the same memoir, he says, speaking of this

method: "But we can never be quite sure that we get all possible

results by a semi-tentative process of this kind. And we have to try

an immensely greater number of partitions than there are knots, as

the great majority give links of greater or less complexity."

It seems possil)le however, with the help of some simple theorems

to make the " Partition Method " exhaustive, and wholly to do away

with the drawing of links.

* Id 1884. Trans. R. S. E., xxxii, 328
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5. An inspection of form Aa of Plate I will make clear some'ienns

already introduced and others that we shall now require. Regarding

the curve Aa as alone in a plane, it divides it into twelve parts, two

9-gons, two 3-gons and eight 2-gons. The external 3-gon or am-

plexum differs in no way from the other parts. Of these twelve

parts, two 9-gons and one 2-gon form one group—the leading par-

tition ; the two 3-gons and seven 2-gons form the other group—the

subordinate partition. The terms leading and subordinate are rela-

tive merely, but that partition will be taken as leading which has

the smaller number of parts. The type-symbol for Aa is \ \T
6. The double points common to the perimeters of two parts of the

same partition will be called bonds of those parts, and the parts are

said to be bound by these bonds. It is well known that a type-

symbol does not determine a form. For this, it is m-cessary to know
the numbers of bonds between the several parts of either par-

tition, together with the arrangement of these pax'ts.

In general the parts of a given partition may be bound in more

than one way giving forms that may be projections of either links or

knots. Each set of numbers of bonds of the several parts of the

given partition is a clutch of that partition.

The class jo of a partition is the number of parts in it. The class

of a form is the class of its leading partition. The order of any par-

tition is equal to n and is the same as the order of all knot-forms

derivable from it. The deficiency k of a partition is its order minus

its greatest part.

7. Let the parts of 2n be A, B, C, . . . P arranged in order of

magnitude, and the numbers of bonds of each part be respectively

«, /i, ;/,... n. Let the number of bonds common to any two parts

as A and B be (AB). Then

(AB) + (AC)4- (AP)z=^
]

(AB)-MBC)+ (BP)= /i I

(AC)-F(BC)+ (CP) = ;/ >y''f

(AP)-h(BP)-f (0P) = 7r ^

or n equations with ht{n— l) unknown quantities which can have only

positive integral values. The jtossible solutions of («) will evidently

give all the clutches for this partition.
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8. I, Theorem.—If a part be solely bound to a second part, or if

any (j parts {q y>p—2) be bound mutually in any way and all free

bonds of these parts go to a single part, then this portion of the form

constitutes a separate knot (unless there be linkage) and the string

concerned in it may be drawn tight without affecting the remainder

of the knot-form. Such knots are not considered as belonging to

order n.

In particular a 2-gon so bound throws out from consideration a

clutch.

9. II. Theokem.—No knot-form of the nth order has as leading par-

tition one whose class exceeds « + 2.

Adding equations {a) above, dividing by two, and subtracting the

first and any other, say the second, we find

-(AB)-l-(CD) + (CE)+ . . . (CP)+ . . . (Or)=/i-«-/i,

Therefore, (AB)</i-;f.

In a similar way

.K-f3.

{AC)Ky-H
{AD)r^6-K

{AV)^7r-K

Adding (AB) + (AC)+ .
."

. {AY)iC(i+y+ . . . 7t-{p~\)H

we have then the two conditions

Kn—{p—-2)u,

(AB) + (AC)+ . . . (AP)<n-(/>-2)«|
(^)

Now suppose, if possible, jo=;f +

3

(AB) + (AC)+ . . . {AV)=n-K =n-K
<M— (7f + l);r ^n—u—K'.

To the minimum values of (AB), (AC), etc., (that is, to /i— «,

y—K . . • ) must be added k'' in all, and to no one more than «—
1,

by I. The «4-2 smallest parts of u square are evidently (7r—l)^

(;^_2)K--'. By adding these h-\-2 parts in an}- way to the mini-

mum values, a clutch will be given in which each of four parts will

have a single bond not going to A, and each of ;<— 2 parts will have

two. A part of the latter kind cannot have its two free bonds car-

ried to a second part of the same kind, by I. If two parts be joined

by a single bond there will be left two free bonds. Ultimately it

will be necessary to join two parts of the first kind to a combina-

tion of parts having but two free bonds, and I will apply. If any of

the H-\-2 parts of ;r be diminished by s then will s parts of 2ii be



(J. N. Little—Ivnots, iclth a Census for Order Ten. '^
1

added to those of the first kind, and however the free bonds may be

arranged, ultimately the same result as before will be reached.

Therefore^) cannot equal 7f + 3 and still give knot-forms.

Much less can jt> be greater than % + 3.

10. A given clutch of a leading partition does not uniquely deter-

mine a form. The following proposition however holds.

III. Theorem.—All or none of the forms determined by any

given clutch of a partition are knot-forms of the order considered.

For, all forms to be had from any clutch of a given partition may
be obtained by taking all the possible diffei-ent changes (consistent

with the given clutch) of relative position of the various parts.

But these can all be efiected by successive interchanges of the con-

nections of two parts, whether such connections are direct (by a

single bond), by a 2-gon, by a 3-gon, or are more complicated. We
may therefore confine the attention to a definite portion of the knot

and keep the remainder fixed. Let A and B, (Fig. 1, Plate I), be two

parts connected as shown. Two strings, or two parts of a single

string, are involved. If there were more all but two would be

closed. Let the ends of these strings, or parts of a single string,

leave the portion of the form under consideration at a and c on the

perimeter of A, and h and d on that of B. Cut at these points and

call the ends a and a', b and b', c and c', d and d' ; a,b,c and d remain

fixed. Now revolve through 180° about the axis AB, and join the

free ends.

Before the change there may be three cases. The strings may be

i 7 •< or -< 7 After the change a' is joined to c, and c' to[ab [a c [ad ^ •' '

a • b' to d, and d' to b.

{ c d I \ ca' b' d
\ , become \ < v r,

I
ab

I
ac d

{bd ,. \bd' b' d
\^a c [ a c a c

\b c jj
\bd'a'c

\ ad \ a c' b' d

Therefore coming up to this part of the knot on any string, we
must leave on the same string before and after the change. If then

the form was a knot before the change it will be one after, and

if a link before it will be a link aftei*.

11. Coils.—A succession of oi 2-gons constitutes an 7i-coil, which

may be open or closed. Since at the 3rd or 2/i -fist crossing of a

coil the strings have the relative position of the first crossing, if the

coil be closed by carrying around the ends to the beginning and
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joining them so as to preserve the law of over and under one string

will be formed. While if from the 2?ith crossing the strings are car-

ried around, that string over at the 1st is under at the 2?rth and, on

joining, there will be two strings.

(2n+ \Y (^f'Y-
Hence, as is well known, Ln J+i ' is always a knot, while

i^y'„
is

always a link.

12, For the purpose of distinguishing between clutches giving

knots and those giving links, it follows from Theorem III that we

may take the direct bonds between any two parts together, and these

form open coils of the subordinate partition ; and further it is evident

from § 11 that any odd open coil (even number of bonds), may be

dropped, and any even coil (odd number of bonds) may be replaced

by a single bond. If the resulting clutch gives link, so would the

original. If the resulting clutch be still too complex for easy recog-

nition of its character, the clutch of the subordinate partition of the

resulting form may perhaps be still farther reduced in the same way.

If the clutches of lower orders were at hand they also could be used

for settling the question.

13. We have the following theorems for throwing out clutches

unproductive of knot forms.
;

IV. Theorem.—If apart be joined to other parts in every case by

an even number of bonds, there is linkage. For, the string about

this part is closed by Section 12.

V. Theorem.—If two parts are connected by two 2-gons (of the

same partition with the parts) there is linking. For they may be put

in succession by Theorem III. W^hen this is done there is a 4-gon of

the negative partition bound to two other parts in each case by two

bonds, and IV applies.

VI. Theorem.—An odd part joined to one part by an odd number

of bonds and to other parts in every case by an even number of

bonds may be dropped ; for, by Theorem III it becomes a loop with a

single crossing, and this can have no effect on the question of linking.

In particular a 3-gon joined by one bond to one part and by two

bonds to a second part may be dropped.

If two odd parts are joined by an odd number of bonds, and are

joined to other parts in every case by an even number of bonds there

is linkage.

In particular two 3-gons so joined throw out the clutch.

VII. Theorem.—If two 3-gons, C and D, are themselves joined

directly and are joined to A and B in each case by a single bond

there is linkage.
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For, HCM (fig. 2, Plate I) under we will say at C is over at H and

M. LCN is then over at C and under at L and N. LHN is over

at L, nnder at H, and over at N. Its continuation is therefore NML
which is over at N, under at M, and over at L.

14. Class III, Order n.—In this class we have

(AB) + (AC) + (BC)=n

and an unique solution of equations (a), § 9, Therefore (BC)= ;i:,

(AB)= /3— K and (AC)= ;k
— ?f. If two or three of these quantities

be even, the clutch to which they belong will give a linkage, by

Theorem IV. In other cases by § 12 there is a knot.

Suppose 11 to be odd and a even ; then k is odd, and fi and y are

both odd, or both even. In the first case the clutch gives a link, in

the second a knot.

Suppose n to be odd, and a odd; then Jt is even, and of (i and y
one must be odd and the other even. The clutch gives a link.

Suppose n to be even and a even ; then n is even and y^, y are

both odd or both even. In the first case a knot, in the second a link.

Suppose n to be even and a odd ; then n is odd, and of /3 and y
one must be odd and one even, and there is a knot. This proves the

following :

VIII. Theorem.—In odd orders only partitions of 2n into three

even parts, give knots, while in even orders, only these partitions

give links.

15. Class IV, Order n. Here

-(AB) + (CD)= ;^-/5

-(AC) + (BD)= ;f-;K

(AB) + (AC)+(AD)=;^-J^

The minimum values of (AB), (AC), (AD), (BC), (BD), (CD), are

respectively ft—u, y—n, 6—h, 0, 0, 0. To get every clutch we must

add in every possible way to the minimum values of (AB), (AC),

(AD), all the partitions of k into not more than three parts, none

greater than h—1. But evidently we must increase the minimum
values of any quantity of the second set (BC), (BD), (CD), by the

same number that we increase the corresponding quantity of the first

set. The following scheme which considers in detail every possible

case, expresses clearly the propositions for determining whether

clutches of partitions of this class furnish knots or links. Let e or o

indicate whether a number be even or odd.

Trans. Conn. Acad., Vol. VII. 5 Sept., 1885.
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n, K
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The partition 4^2 with the given clutch can not exist in a plane.

This happens in two cases in order 10. On drawing the forms in

such cases additional crossings will be found to be necessary. It is

therefore true that in all orders, partitions of six even parts give link-

forms only.

A synthetic proof of this theorem is possible.

17. Instead of continuing the consideration of the general subject

we shall now illustrate the method of determining the knot-forms of

any order by a particular consideration of order 10.

The number of partitions of 20 into parts none greater than 10 or

less than 2 is 10*7.* These, arranged in dictionary order, are given

in full in Table I.

Of these the single partition of Class II gives a link, §11; the

thirty-seven marked II are cut out by Theorem II. In Class III,

Theorem VIII throws out 8H and 86' ; in Class IV, Theorem IX the

eight partitions marked IX ; and in Class X, Theorem X the three

marked X. The partitions remaining in Classes III to VI inclusive

are alone taken as leading partitions ; for, all remaining partitions

appear in every possible way as subordinate partitions (§ 2), and

can, therefore, furnish no additional knot-forms.

We have then to tabulate the clutches of those partitions still

remaining in Classes III to VI. We at once write down Tables II

and III in which are omitted all clutches that are thrown out by
Sections 14 and 15. In Class V, a table with headings as shown

in Table IV is used. We take for illustration the first partition,

Tl^. Here %=3, and /?— %, y—K, d—u, e—k are 4, —1, —1, — i.

In this class we must add in every possible way to the minimum
values of (AB), (AC), (AD), (AE) the partitions of 2k into four

parts, or fewer, none greater than k—\. The only partitions of 6

meeting these conditions are 2^ and 2^1% which may be added in

seven diflferent ways to 4, —1, —1, —1, giving the different clutches

of the table. Thus adding 1, 2, 2, 1, to fi
— K, y—n, 6— ;<, f— % we

have (AB), (AC), (AD), (AE), equal to 5, 1, I, 0, respectively. Sub-

tracting (AB) fi-om fi, etc.

^B = (BC) + (BD) + (BE)= 2

^C = (BC) -f (CD) + (CE) = 1

:^D = (BD) + (CD) + (DE)= 1

:SE = (BE) +(CE)-f-(DE)= 2.

These quantities are put in the columns headed JS'B, ^C, ^D, 2E,

* See Tait, Trans. Boy. Soc. Edin., vol. xxxii, p. 342.



36 C. JV. Little—Knots, vnth a Census for Order Ten.

and all the possible solutions of this set of equations here as

throughout the work are written down by inspection. The rest of

this table is made out in the same way. In Table V we must, in

every possible way, add the partitions of 3 k into four parts or fewer,

none greater than k—\. In the general case we add the partitions

of {p—Z^n into jo— 1 parts none greater than n—\. In the com-

plete Table IV there are 400 clutches, and in Table V 1000. It has

not been thought necessary to publish more than a sample of either

table,

18. Having completed the tables of clutches we next cast out in

Tables IV and V all clutches unproductive of knot-forms. The

theorems already established are sufficient for this purpose. The

routine followed will be readily understood from considering its use

in the samples given of Tables IV and V.

Partition 7" 2'*
: in clutch (1) A and B are connected by two

2-gons, and V applies
; (4) becomes (3) by interchanging D and E

;

(7) becomes (6) by interchanging C and D ; and in (2) and (5) we
have a 2-gon solely bound to a single part, and I applies.

Partition 6^ 42''*: clutch (l) is thrown out by IV since a 6-gon B is

joined to A by four bonds and to C by two ; Theorem IV casts out

(4) because of C, (14) because of C, (17) because of B, and (20) be-

cause of A ; in (2), (3), (8), (9), (11), (12), (15) and (18) a 2-gon is solely

joined to a single part, and I applies; in (5) B and C form a combi-

nation solely bound to A, and I applies; I throws out also (10) where

D and E are bound together and to C, and (13) where ,the same

parts are bound to B; interchanging D and E (7) becomes (6);

interchanging A and B (16) becomes (7).

Partition 5'' 32 : I throws out (2), (3), (6), (8), (14), (16), (19), (20),

(26), (27), (30), (31), (33), (37) and (38) ; by interchanges of parts

( 5)=( 4), (17)=( 5), (24)=( 9), (32)^(11),

( 7)=( 1), (18)EE( 3), (25)=( 4), (34)=(i2),

(13)=(10), (21)=(10), (28)=(23), (35)=( l),

(15)=(12), (22)=(21), (29)=(23), and (36)=( 9).

In (4) D is dropped by VI, and B thus is changed to a 4-gon

;

then the application of §12 leaves the two 3-gons A and C joined

by two 2-gons, E and the still farther reduced B ; V, there-

fore, shows that the clutch gives links only. In (9), drop C by VI

and B becomes a 2-gon and A a 3-gon ; the two 3-gons A and D are

connected by the two 2-gons E and the reduced B ; therefore the

clutch gives links, by V. In (11) drop C by VI and the two 3-gons

A and B are connected by the two 2-gons E and the reduced D ; V
applies.
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In Table Y, clutch No. (1) of 53' is thrown out by I. In (2) the

two 3-gons E and F are joined together by a single bond and to A
in each case by two bonds, and VI applies ; or we might use I.

Theorem VI throws out (4), since the two 3-gons B and F are joined

to each other by a single bond and to other parts in each case by
two bonds. In (5), drop F, by VI ; B becomes a 2-gon joining D
and E, and they are 3-gous connecting A and C. An obvious exten-

sion of Theorem VII throws out the clutch. Since in (V) B and C
are joined together and to A, I applies.

This process is continued until all clutches which do not give

knot-forms have been thrown out, as well as those clutches which

are repetitions of clutches previously given. The samples given of

Tables IV and V constitute about one-twentieth of the complete

tables.

19. We are now ready to draw the foi-ms which the remaining

clutches furnish.

Definition.—The number of Circular arrangements of n things is

the number of distinct ways in which n things can be arranged in

a circle, the order whether direct or retrograde being of no con-

sequence.

For illustration of the general method we consider in detail the

productive clutches of partition 6H2^ In clutch (6) the two 6-gons

are connected, by three bonds, by a 2 gon, and by a 4-gon which is

connected with one 6-gon by two bonds and with the other by a

2-gon and one bond. There will be as many forms from this clutch

as there are circular arrangements of a a a b (cd), where c and d

may not be separated. These are

a a a b (cd)

a a a b (dc)

a a b a (cd)

a a b a (dc).

The four forms C^c„ C^c^, C^c,, Cc^, can at once be drawn.

See Plate V, Knot LXIV.
In (19), the only other clutch of this partition that affords forms, a

6-gon is connected with a 4-gon directly, by a 2-gon, and by a 6-gon

which is connected with the 4-gon by a single bond and by a 2-gon.

There are two circular arrangements of a b (cd), namely a b (cd) and

b a (cd) ; these furnish the two forms CM^, CM^. Knot XXX,
Plate III. In practice the operations described in this section and

in the preceding are performed simultaneously.

20. In Class VI every productive partition is used as a leading
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partition. But since the subordinate partitions here belong to the

same class, every form, with certain exceptions, will be found

twice ; this affords a check on the completeness of this part of the

work. The exceptions are the amphicheircd knot-forms. These have

the same partitions similarly connected both as leading and as sub-

oi'dinate partitions. These therefore appear but once.

In the partition 53', which was given as the shortest possible

illustration of Table V, clutch (3) furnishes a single form D*s^, which

already had been obtained under 54^32''; clutch (6) gives two which

had been obtained, Du^ under 643''2' and D'x, under 54'32'. Clutch

(8) gives the only new knot-form from this partition, viz : the

amphicheiral D^o.

From the clutches of Classes III, IV, Y and VI 364 ten-fold knot

forms are obtained.

21. llie Derivation of Knots from Knot-Forms.—Prof Tait has

not described the methods which he used in his derivation of the

knots of lower orders from the knot-forms. In 1884 he says :* "the

treatment to which I have subjected Kirkman's collection of forms,

in order to group together mere varieties or transformations of one

special form, is undoubtedly still more tentative in its nature ; and

thus, though I have grouped together many widely different forms, I

cannot be absolutely certain that all those groups are essentially dif-

ferent from one another."

If a ten-fold knot be placed upon a plane in such a way as to have

but ten crossings the eye will project it upon tlie plane in a form

which will be found among the 364 above obtained. If the knot

gives more than one form it will be possible to obtain any other of

its forms by one or more turnings over of restricted portions of the

knot while the remainder is held fixed. Now the string cannot issue

from the portion of the knot that is turned at more than four points,

fgr in that case the turning would introduce consecutive overs, and

one or more additional crossings ; the portion of the knot that is

txirned must therefore be wholly between two parts of the given

knot form and in turning it we untwist two of the strings at one

point and twist two at another, the result being simply to change the

position of a single bond from one end of the connection to the

other. The class of the form is therefore not changed, and all the

foi'ms of any knot belong to the same class.

22. Moreover in order 10 and lower orders all the forms coming

from any clutch ai'e obtained by changing the position of single

* Trana. Roy. Soc. Kdiii., vol. xxxii, p. 327.
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bonds in the connections of pairs of parts. Therefore in these orders

all forms from any clutch are forms of the same knot. The sub-

ordinate partitions of these forms are then to be examined and all

forms added which are obtained from them by changing the positions

of connections of their parts, retaining the given clutch of the subor-

dinate partition. These forms in turn are treated in the same way,

but it will usually happen that no new form of the knot is obtained

and the complete determination of the knot in all of its forms is

finished.

23. We take for illustration Knot I of Class IV, shewn on Plate I.

Ba, becomes Ba^ by twisting about a vertical axis the 2-gon connect-

ing the 8-gon and 7-gon. The first crossing below is opened and the

strings above are crossed, the rest of the knot remaining fixed.

Twisting the 2-gon again Ba, is obtained and nothing new is gotten

by further changes of the forms. Since the negative partition in

every case consists of two parts joined by three symmetrical connec-

tions, which have only one circular arrangement, there are no other

forms of Knot I.

24. The knots of Class III, order n, are unique ; since three things

have but one circular arrangement.

25. The knots of Classes III, IV, V will be found with their forms

grouped together in Plates I-V. On Plates V-VII are figured the

forms of Class VI grouped as they come from the clutches, except

that no form is repeated. The knots of this class will be found in

Table VI. Every knot-form is the projection of two knots, one of

which is the perverted image of the other, and consequently each

group of knot-forms belongs to two knots which are in general

difierent. If a series of knot-forms contains any amphicheiral form

then it will also contain the perversion of every form of the series

not amphicheiral. The series consists of the forms of one knot and

not of two.

26. In order 10 I find, counting a knot and its irreconcilable perver-

sion as two :

Class.
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In lower orders Professor Tait has found :

Orders.
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Table Yl—Knots of Class Yl.

Knot.

I

II

III

IV
Y
Yl
VII
VIII
IX

X
XI

*XII
XIII
XIV
XV
XVI
XVII
XVIII
XIX
XX
XXI
XXII
XXIII
XXIV
XXV
XXVI
XXVII
XXVIII
XXIX
XXX
XXXI
XXXII
XXXIII
XXXIV
XXXV
XXXVI
XXXVII
XXXVIII
XXXIX

No.

6

1

4
4

2

4

1

3

16

12

12

9

6

3

2

9

9

6

4
1

3

]

1

1

3

3

3

Forms.

D3i,||, D^i^ Amph. D'h,||, D^hoU

, D-X4 D-X5, Do,
0^64, D'^es

Dai, Daa, Das, Da4. Das, Daa.
Db.

Dci, Dca, Dc;,, Dcj.

Dei, Dea, Des, De4.

Df„ Dfo.

Dki Amph, Dkol,* D'-j Amph.
Dl Amph.
Dm, D^t,, D'-to.

Dill Amph, Dn^ll, T>n-i\. Dnijl

D-*h3 Amph, D''s Amph.
Dii,, Du2, Du3, Du4, Dus, D-'xi, D'^x^, D'^'x.,,

Dp,, Dp2, Dps, Dpi, Dp5, Dpe, D-^e,, D«e.„ D^^ea

Dq,. Dq,, Dq3. D^fi, D^fo, D'^f^, D'c, D-^n, D-'h.

Dr,, Dr.,. Dr^, D-q,, D-'qa, D-q;,.

Ds, D'ici, D-c.
Dt, n-'d.

Dv„ Dvo, Dy„ Dys, Dy^, D%,, D-g.,, D^, D'-j.

Dw,||, Dw2 Amph, Dwal], D-1, Amph, WUl m Amph.
Dxi, Dx.2, Dx.-,, D%,, D3a.2, D-a.

Dz, Amph, Dz.,||, D-'b Amph.
D'-'b Amph.
D^i,, D'^io, D-ia.

D^k.

D^m.
D-'n.

D-pi||, D'-p.2 Amph.
D-2r, Amph, D^r.,.

D^Si, D-'ss. D^ss.

Dvi, Dvo.

D'-Wi, D-'wo.

D-z„ D-Z2.

D^d Amph.
D^e Amph.
T)H Amph, WU
D%
D%.
D*m Amph.
D^o Amph.
D^p Amph.
D«r,

Do...f

D-e„.

D-''q Ampli.

* The symbol
||
indicates that a form and its perversion are both included,

t The subordinate partition of D02, Plate V. should be 643-2^
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The Amylolytic action of J)iastase of Malt, as modified

BY various conditions ; STUDIED QUANTITATIVELY, By R. H.

Chittenden and Geo. W. Cummins, Ph.B.

The close relationship existing between the diastase of malt and

the amylolytic ferment of saliva has led us to make a careful study

of the conditions favorable to the action of the former, in the hope

of obtaining confirmation of previous results obtained with the sali-

vary ferment.* The widespread use, moreover, of malt extracts as

therapeutic agents lends to the work in question a practical interest,

which in no wise detracts from its value.

Falkf has recorded that the diastase of malt loses its amylolytic

power under the influence of dilute acid, similar to the ferment of

saliva; that it is made inactive by gastric juice and that the retard-

ing influence of a dilute acid (say 0*0135 per cent.) on its amylolytic

power is diminished by the presence of peptone, owing to the proba-

ble formation of a peptone-acid compound. Falk, moreover, states

that the retarding action of hydrochloric acid is due to destruction

of the ferment, since on neutralization of the acid, amylolytic power

is not restored. Kjeldahl| has recorded that dilute acids in very

small quantity retard the amylolytic action of diastase; if, howevei-,

smaller, minimum quantities of acid are added the amylolytic power

of diastase is increased. Tlie same investigator§ has also noticed

a like accelerating action of very small quantities of acid on invertin.

Basnit/,|| has found that tlie presence of carbonic acid invariably in-

creases the amylolytic power of diastase. Detmer^^ has recorded tlie

same fact and in addition, that small quantities of citric acid as well

as of pliosphoric and hydrochloric acid increase the diastatic power

of malt. Larger quantities of these acids render the malt extract in-

active. Detnier has also found that tlie presence of a very slight

alkaline reaction diminishes the amylolytic power of the ferment.

Brown and Heron** state that a malt extract neutralized with barium

hydroxide has its amylolytic power somewhat weakened ; thus im-

* Chittenden and Smith, Trans. Conn. Acad., vol. vi, p. 343.

f Virchow's Archiv, vol. Ixxxiv, p. ll'J.

X Jahresbericht fiir Thierchemie, 1879, p. 382.

§ Jahresbericht fiir Thierchemie, 1881, p. 449.

II

Beriehte der deutsch chem. Gesell., vol. xi, p. 1443.

T[ Zeitschrift fiir physiol. cliemie, vol. vii, p. 2.

** Liebig's Anualen der Cheuiie. vol. cxcix, pp. 236-238.
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plying that the ferment acts more vigorously in the naturally acid

extract than in a neutral fluid. The same investigators found that

making the extract faintly alkaline with sodium carbonate also

diminished somewhat the activity of the ferment, while sodium
hydroxide completely stopped the action of the ferment. A like re-

sult was also obtained on the addition of 0-05 per cent, salicylic acid.

Such are the recorded statements bearing on this question. P^ew

quantitative results are given, and the influence of proteid matter,

aside from its connection with dilute acid, has not been considered.

Method employed.

A fresh malt extract was prepared for each series of experiments,

since the fluid tends rapidly to become acid, owing to the develop-

ment of schizomycetes. The extract was prepared from coarsely

ground malted barley, by simply extracting it with water at 40" C.

for two to three hours (5 grams barley to 100 c. c. water), then filter-

ing, neutralizing and diluting to 500 c. c.

Owing to the great difticulty of obtaining perfectly neutral starch,

that used in the present work was prepared from potatoes, thoroughly

washed and dried, making a starch perfectly neutral to the most

delicate test papers. The volume of each digestive mixture in the

various experiments was 100 c. c, containing 1 gram of starch pre-

viously boiled with a portion of the water, a definite quantity of the

malt extract and a given amount of acid, alkali, or proteid matter,

except in the control, which was naturally free from the latter. In

determining amylolytic power the digestive mixtures were warmed

at 40° C. for thirty minutes, after which further ferment action was

stopped by boiling the fluid. The extent of amylolytic action was

then ascertained by determining in one-fourth of the fluid, made up

to 100 c. c, the amount of reducing bodies by means of Allihn's*

gravimetric method; the reducing bodies being then calculated, for

the sake of convenience, to dextrose, from which in turn, was calcu-

lated the percentage of starch converted.

htjiuence of sodium carbonate on the amylolytic action of diastase.

Previous experimentsf with saliva have shown that the percentage

of alkaline carbonate which absolutely or to a certain extent hinders

its amylolytic action can be designated only for a definite mixture

and not in a general sense, owing to variations in the amount of pro-

* Zeitschrift fiir Analytische Chemie, vol. xxii, p. 448. f Chittenden and Smith.
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teid matter present and doubtless also in part to increase or decrease

in the amount of ferment.

It became necessary, therefore, at first, to ascertain something re-

garding the relative amylolytic action of the malt extract, which

contains some proteid matter. Three quantities of malt extract

were employed, which by thii-ty minutes warming at 40° C. with

1 gram of starch in the manner already described, gave the follow-

ing results :

Malt extract.



NajCos.
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12 3 4 5 6

01 per cent. HCl 0-42 c. c. 085 c. c. 4-25 c. c. 8-5 c. c. 16-'J5 c. c.

0-5 " Na.2Co3[* 10 c. c. 9-76 9-5 75 5-0

0-1 " HCl S 16-95 16-55 16-1 12-7 845

The six solutions were now exactly alike ; neutral to test papers

and contained the same amounts of diastase and sodium chloride.

They had, however, been exposed to the action of the above percent-

ages of sodium carbonate for 1 hour at 40° C. Their amylolytic

power was now determined in the usual manner (action on 1 gram of

starch in a total dilution of lUO c. c.) with the following results:

No.
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Langley and Eves* have confirmed this statement, although they do

not believe in the theory of a direct stimulation of the ferment,

advanced by one of us. We find now that neuti-al peptone added to

a neutral solution of malt diastase, similarly increases its amylolytic

action ; the increase being even greater than noticed in the case of

neutral saliva. Two series of experiments were tried with the fol-

lowing results ; the peptone used being made perfectly neutral with

a dilute solution of sodium carbonate.

a. with 15 c. c. of the standard malt extract.

Peptone.
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With 0-5 per cent, neutral peptone.

NaiCO;,
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Neutral peptone.
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the proteid matter in 30 c. c. of the extract, which would then contain

0-0023 per cent, combined HCl in the form of acid-])roteids.*

Our first experiments were made to ascertain the influence of small

percentages of combined acid on the action of the ferment, viz : the

influence of such additions of dilute acid to the neutral malt extract

as would completely saturate the proteid matter present, without

giving any free acid whatever. The results plainly show that the

addition of very small quantities of dilute hydrochloric acid to a

neutral solution of diastase increases the amylolytic action of the

ferment. Following are a few of the results obtained.

A. Malt extract, neutral to test papers, required 2*4 c. c. O'l per cent.

HCl to completely saturate the proteid matter in 30 c. c. ; the

fluid was then acid to test papers but contained no free acid.

a. with 30 e. c. of the malt extract.

Per cent. Total amount
combined HCl. Wt. Cu in ]4. reducing bodies. Starch converted.

0-1630 gram. 0-3332 gram. 29-98 per cent.

00024 0-1749 0-3578 32-19

h. with 1 5 f. c. of the malt extract.

0-1285 gram. 0-2516 gram. 23 54 per ceut.

0-0012 0-1460 0-2976 26-78

B. Malt extract, neutral to test papers, required 3-1 c. c. 0-1 per cent.

IICl to satuiate the proteid matter in 30 c. c. of the extract.

<>.. with 30 c. c. of the malt extract.

Per cent. Total amount
combined HCl. Wl. Ou in %. reducing bodies. Starch converted.

0-1595 gram. 0-3258 gram. 29-32 per cent.

0-0031 0-1761 0-3602 32-41

/'. with 15 (^c. of the malt extracL

0-1319 gram. 0-2686 gram. 24-17 per cent.

0-00155 0-1599 03266 29-39

C. With 30 c. c. of malt extract ; two distinct preparations.

Per cent. Total amount
combined HCl. Wt. Cu in J^, reducing bodies. Starch converted.

0-1575 gram. 0-3214 gram. 28 92 per cent.

0-0023 0-1766 0-3612 32-50

0-1681 0-3438 3094

0-0023 0-1770 0-3620 32-58

* Doubtless, however, it is not wholl.y as HCl-proteid, since the extract frequently

contains a trace of sodium lactate.
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Such a degree of uniformity in the results, makes it evident that

the slight accelerating action of the acid-proteid is a constant one

under the above conditions, and indeed all of our results in this

direction clearly indicate such to be the case.

Although acid-proteid thus accelerates amylolytic action, it is still

able under slightly diflferent conditions to retard the action of the

ferment and even cause destriiction ; thus by warming the amount

of ferment (30 c. e. malt extract), used in the preceding experiment,

at 40° C. for 1 hour with the acid necessary to saturate the proteids,

in a total volume of 50 c. c, thus doubling the percentage of acid,

amylolytic action was found on subsequent neutralization and testing

with starch paste, to be very much diminished. The following results

obtained with the two malt extracts used in C illustrate this point

:

a. h. c. d.

Per cent. H 01 -_ 0-0046 0-0046

Malt extract 30 c. c. 30 c. c.

0-1 percent. HCl 2-3 "

HoO 20 " 17-7 "

50-0 e. c. 50-0 c. c. 50-0 c. c. 50-0 c. c.

These solutions were warmed at 40° C. for 1 hour, then neutraliz-

ing and equalizing mixtures were added, after which amylolytic

action was determined by adding starch paste, diluting to 100 c. c,

warming at 40° C. for 30 minutes, etc., with the following results,

expressed in the percentage of starch converted into sugar.

a. h. c. d.

30-24 21-74 29-25 22-96

Hence, it is apparent that under these conditions, acid-proteids may

exert a destructive action on the ferment. This destructive action

takes place with considerable degree of rapidity, as is shown by the

following experiment, which at the same time illustrates the acceler-

ating action of smaller percentages of combined acid and confirms

the preceding experiments.

The neutral malt extract required 2*4 c. c. 0-1 per cent. HCl to

combine with the proteid matter in 30 c. c.
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The amylolytic action of 4 and 5 was tested directly by warming

the mixtures at 40° C. for 30 minutes and then determining the

amount of reducing bodies. No. 1 (the control) was warmed at 40°

C. for 30 minutes, while No. 2 was warmed at the same temperature

for 15 minutes and No. 3 for 30 minutes. Neutralizing and equaliz-

ing mixtures were added as follows

:

1. 2. 3.

0-1 per cent. NaaCOs ... 3-5 c. c. 3-5 c. c.

3 0-1 per cent. HCl 2-4 c. e.

1 0-1 per cent. NaoCOs... 3-5 "0
All three were then mixed with one gram of starch and made up

to 100 c. c. in order to determine amylolytic action ;
each solution

was neutral and contained the same quantity of sodium chloride as

well as the same amount of ferment and starch. Following are the

results of all five :

No.
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ing experiments, which we have repeated many times, testify to tlie

accuracy of this statement:
Per cent.
Peptone.
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All of these results show acceleration under the influence of small

percentages of comV)ined acid, followed, as the percentages are in-

creased, by decided retardation, thus agreeing with the results pre-

viously obtained with the salivary ferment.

The destructive action of small percentages of acid-peptone on the

ferment is not great in the presence of an excess of peptone, but as

the peptone approaches saturation its destructive power is increased,

and when completely saturated with acid, a moderate amount of

peptone so combined will quickly and completely destroy the fer-

ment. This is plainly shown in the following series of expei'iments :

1. 2. 3. 4-

Malt extract 15 c. c. 15 c. c. 15 c. c. 15 c. c.

Peptone sol* 20 20 20 ' 20

HCl 0-1 per cent 1 2 4-

H2O. 15 14 13 11

50 50 50 50

Peptone 0-1 per cent. 0-1 percent. 01 percent. 0-1 percent.

Combined HCl 0-002 0-004 0008

These mixtures were warmed at 40° C. for 30 minutes. 20 c. c. of

the peptone solution together with 15 c. c. of the malt extract re-

quired 4-0 c. c. of 0*1 per cent, hydrochloric acid to saturate the

proteid matter, consequently in the above mixtures, 2 and 3 contained

a large excess of uncombined peptone, while in 4 the proteid matter

was just satvirated.

Neutralizing and equalizing mixtures were added to, each as

follows :

1. 2. 3. k-

0-1 per cent. NanCO 3 ; ...0 1-5 c. c. 3 c. c. 5-9 c.c.

(0-1 " NaoCOa 5-9 c. c. 44 2-9

\ 0-1 " HCl - 4-0 3-0 3-0

The solutions were now, on being diluted to 100 c. c, in every re-

spect equal. Their amylolytic power on being tested with starch

paste was as follows :

Total amount Starcli
No. Wt.CuinJi. reducing bodies. converted.

1 0-1595 gram. 0-3258 gram. 29-32 per cent.

2 0-1527 0-3118 28-06

3 0-1239 0-2622 22-69

4 trace.

Hence, when the pi-oteid matter present is only one-quarter satu-

rated with acid, the acid-peptone so formed may exert some destruc-

* The peptone solution contained 0*250 gram peptone in 100 c. c. water and was

made neutral to test papers ; 20 c. c. therefore contained 0-050 gram peptone.
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tive action on tlie ferment ; when half saturated, destructive action is

more pronounced ; when wholly saturated it is, under the above con-

ditions, complete.

Frequently, such small percentages of combined acid as the above

will have no retarding effect whatever on amylolytic action, though

if the ferment be warmed for half an hour with the same percentage

of peptone and combined acid, its subsequent amylolytic power will

be much reduced, owing to a partial destruction of the ferment.

This is well illustrated by the following series of experiments :



58 Chittenden and Gtmmiins—Aniylolytic Action

amylolytic action whatever
;
presumably because of the rapid action

of the ferment and the slow retarding action of the acid-peptone.

Influence of free acid on the amylolytic action of diastase.

As might be expected, free hydrochloric acid, even in very small

quantity at once stops the amylolytic action of this ferment, quickly

destroying it. It is interesting, however, to compare the action of

very small percentages of free acid with results obtained in like

manner with the salivary ferment. The first experiment gave the

following results: the malt extract used, required per 30 c. c, 2*4 c. c.

0*1 per cent, hydrochloric acid to saturate the proteid matter.

Per cent. Per cent. Total amount Starch
combined HCl. free HCl. Wt. Cu in ]4. reducing bodies. converted.

0-1378 gram. 0-2808 gram. 25-27 per cent.

0-0024 0-1584 0-3236 29-12

0-0024 0-00] 0-1486 0-3032 27 29

0-0024 0-003 0-0805 01642 1477

With another malt extract not so active, but containing the same

percentage of acid-proteids, the following results were obtained

:

Total amount
Free HCl. Wt. Cu in J4. reducing bodies. Starch converted.

0-0780 gram. 0-1692 gram. 14-32 per cent.

0-0003 per cent. 00719 0-1470 13-23

0-0005 0-0631 0-1294 11-64

0-0020 0-0380 0-0796 7-16

0-0030 O-OO'Jl 0-0222 1-99

From these two series of results it is quite evident that a very small

percentage of free hydrochloric acid will stop the amylolytic action

of this ferment. The main action of the acid is that of destruction,

killing the ferment very quickly. The following is a sample of

several experiments tried, to ascertain how far retardation is due to

destruction of the ferment.
1. 2. 3. 4.

Neutral malt extract 30 c. c. 30 c. c. 30 c. c. 30 c. c.

0-1 per cent. HCl to saturate proteids 2-2 " 22 " 2-2 " 2-2 "

O-I percent. HCl for free acid 05 " 1-0 " 1-5 "

H2O.. 17-8" 17-3 •' 16-8" 16-3"

50 " 50 " 50-0 " 50-0 "

Per cent, free HCl 0001 0-002 0-003

These solutions were warmed at 40° C. for 30 minutes, then neu-

tralizing and equalizing mixtures were added and the amylolytic

power determined. No. 1 converted the usual amount of starch into

sugar, but No. 2 showed only a trace of amylolytic power and Nos.

3 and 4 none at all. Evidently then 0*001 per cent, of free acid had
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all but completely destroyed the ferment by 30 minutes warming at

40° C.

In conclusion then, we have to notice a greater susceptibility on

the part of this ferment to the action of acid-proteids and free acid

than the salivary ferment. Whether this latter point constitutes

any real difference, it is hard to say, since the apparent increase in

amylolytic action noted in the presence of traces of free acid in the

case of saliva (0"0001-0-0006 per cent, free HCl) involve such small

quantities as to make the results somewhat questionable,* since such

very small additions of acid might perhaps be used up by the phos-

phates or other salts present. But taking the evidence of the results

and comparing them with results obtained in like manner with the

diastase of malt, it would certainly appear that the latter is more

susceptible to the action of free acid than the salivary ferment,

though both are very readily destroyed by a few thousandths of one

per cent, of free HCl.

In other respects, the ferment of malt behaves similarly to the fer-

ment of saliva ; both act better in a neutral than .in an alkaline

solution
;
proteid matter too, prevents the retarding action of alka-

line carbonate and thus, as in the case of saliva, the action of a given

percentage of sodium carbonate on diastase is dependent in part,

upon the concentration of the fluid and the consequent amount of

proteid matter })resent. Neutral peptone, moreover, exerts a direct

stimulating effect on the amylolytic action of neutral diastase.

Greatest amylolytic action, as in the case of saliva, is, however, ob-

served in the presence of proteid matter partially saturated with acid,

but larger percentages of acid-proteids may cause complete destruc-

tion of the ferment. The accelerating action of proteid matter is in

great part due to its power of combining with both acid and alkaline

carbonate, but in addition we cannot but recognize a direct stimula-

tion of the ferment, as in the action of neutral peptone on a neutral

solution of diastase.

Lastly, it is evident from these results, that diastase taken into the

stomach must sooner or later be completely destroyed, by either the

free acid or the large percentage of acid-proteids
; but in the first

stage of digestion, in the absence of free acid and under the protect-

ing influence of proteid matter the conversion of starch into sugar

may still go on, though soon destined to feel the effects of the

gradually increasing percentage of combined acid.

* See Chittenden and Smith, Trans. Conn. Acad., vol. vi, p. 370.
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Inflitence of certain Therapeutic and Toxic Agents on

THE AMYLOLYTIC ACTION OF SaLIVA. By H. II. ChITTENDEN AND

H. M. Painter, B.A., Ph.B.

Few attempts have been made to ascertain, experimentally, the

influence of therapeutic and toxic substances on amylolytic action.

Yet in view of the important part which the ferment of saliva plays

in the digestive processes of the body and in view likewise of the

great susceptibility of the ferment, it would seem especially desirable

to obtain accui'ate data regarding the effects of many substances on

its amylolytic power.

While many laborious investigations have, from time to time, been

undertaken to ascertain the influence of some one or more substances

on the metabolism of the body, the influence of the same sub-

stances on the digestive processes has apparently been very little

considered, with the exception, however, of the more common
alkali and alkali-earth salts. Likewise too, the possible action

of many toxic substances on the digestive processes, as in chronic

cases of poisoning, has with a few exceptions been almost entire-

ly ignored
;
yet in both of these instances it is possible that much

light might be obtained by a knowledge of the influence of individual

substances upon proteolytic and amylolytic action.*

With these thoughts in mind, the present investigation was under-

taken, and the results which we present here plainly show the import-

ance of the work.

In selecting substances for study, we have chosen not only those

noted for therapeutic or toxic power, but also those possessed of

antiseptic or germicidal properties ; our object being to see how far

the unformed ferment of the saliva corresponds, in its behavior

towards these bodies, with the formed or organized ferments.f More-

* An interesting table of comparisons by Wernitz shows the relative action of

several therapeutic agents, on the various enzymes of pliysiological interest.—Brun-

ton's Pharmacology, p. 86.

f A difference in action by the same substance upon formed and imlormed ferments

is, as stated by Brunton, a fact of great importance, for upon it may depend a useful

application of the substance in medicine ; thus creosote, whicii has but a slight action

upon pepsine and ptyaline, will Ivill bacteria in a dilution of 1 to J 000, and tlius this

agent can be used to arrest fermentation in the stomach depending on the presence of

low organisms, while the proteolytic action of the digestive ferment is but little

interfered witli.—Brunton, p. 87.
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over, only neutral bodies could be experimented with, since the

smallest quantity of either free acid, or alkali would exert its own
peculiar destructive action on the ferment.* In view of this fact also,

we have invariably used chemically pure salts and those frequently

recrystallized to be sure of the absence of deleterious impurities.

Method employed.

A few preliminary experiments clearly indicated that the presence

of very small percentages of foreign substances exercise a decided

effect on the amylolytic action of saliva, and thus the investigation

resolved itself into a study, not of the percentages requisite to com-

pletely hinder the power of the ferment, under given conditions, but

of the relative action of small percentages on the amylolytic power

of the ferment. This seemed to us the more important, since we soon

found that substances which, present in comparatively large amount

tended to hinder amylolytic action, would when present in small

quantities actually increase the activity of the ferment. Hence, we
deemed it best to use accurate quantitative methods for determina-

tion of amylolytic action ; such as would indicate small variations

with certainty.

The experiments were made in series, in which one digestion of

each series served as a control for comparison. The volume of each

digestive mixture was 100 c. c, in which was present 1 gram of per-

fectly neutral potato starch, previously boiled with a portion of the

water, 10 c. c. of a diluted neutral salivaf and a given qviantity of the

substance to be experimented with. The mixtures were warmed at

40° C. for 30 minutes, after which further action of the ferment was

stopped by heating the solution to boiling. The extent of amylo-

lytic action was then ascertained by determining in one-fourth of the

solution, the amount of reducing substances by Allihn'sJ gravimetric

method. From the amount of reduced copper thus obtained, the

total amount of reducing bodies was calculated (as dextrose), from

which in turn was calculated the percentage of starch converted.

* Ohittendea and Smith, Transactions Conn. Acad. Arts and Sciences, vol. vi, p.

343.

f The sahva was human, mixed saUva, freshly collected. It was prepared for use

by being filtered, made exactly neutral, then diluted in the proportion of 1:5. Thus

in each digestion there were present 2 c. c. of undiluted saliva.

\ Zeitschrift fiir Analytische Cheraie, Jahrgang xxii, p. 448.
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Mercuric chloride.

Sternberg* places mercuric chloride first in the list of germicides
;

its presence to the extent of 0-003 per cent, being sufficient to pre-

vent the development of the micrococcus of pus, while 0*005 per cent,

destroys the vitality of the same bacterial organism.

To our surprise the salt acts even more energetically on the unor-

ganized ferment of the saliva, as the following results show

:

HgCl2
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when present in one percentage and diminishing it when the percent-

age is increased. On account of the insolubility of mercuric iodide

and bromide, these salts were dissolved in water containing potassium

iodide and sodium chloride respectively, in such proportion that the

various digestive mixtures contained the same percentages of these

salts as they did of the mercury salts.* Following are the results

obtained

:

lercnry salt.
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The hindering action of the copper salt is nearly as pronounced as

that of mercuric chloride and even more so than the bromide and

iodide of mercury.

Lead acetate.

With this salt, the smaller percentages experimented with show a

slight stimulating action ; but the larger percentages fail to retard

the amylolytic action of the ferment as the preceding salts.

Pb(C2H30.2)2+3H40.
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ent in these experiments, stimulates the amylolytic action of the

ferment ; a fact which might be expected, assuming that the acid

combines with the proteids of the saliva, for as has been elsewhere*

shown, acid-proteids when present in not too large an amount

increase the amylolytic action of the salivary ferment.

Schafer and Bohmf state that arsenious acid has no influence

whatever on the conversion of starch into sugar by a glycerine ex-

tract of the pancreas. Possibly they sought only for retarding

action, or it may be that the pancreatic ferment differs in this respect

from the ferment of saliva.

Arsenic acid.

This substance being still more acid than the pi'eceding, might

naturally be expected to diminish amylolytic action, when present in

quantities which in the preceding would increase the activity of the

ferment ; and indeed there is to be seen in the results, a slight in-

crease, followed by a rapid decrease of amylolytic action.

H:jA804.
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In a second series, larger percentages were used with the following

results

(NH4).)A804.
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and Eves* make this divergence of action of one and the same sub-

stance a ground for questioning the accuracy of such a view, for, say

they, "since 0-0015 per cent. HCl decreases amylolytic action it

seems very unlikely that O'OOOo per cent, shoiild increase it." The
action of many neutral salts here experimented with, where both

stimulation and retai'dation are obtained, plainly show that such a

double action, dependent simply on quantity is not an impossible one.

Stannous chloride.

With this salt very marked results were obtained as follows:

SnClj

0-0003 per cent.

0-0010

0-0050

Total amount
\Vt. Cu in J|. reducing bodies.

Starcli
converted.

0-1475 gram. 0-3004 gram. 27-03 per cent.

0-1582 0-3232 29-08

The solution became clear, but no reduction.

The starch was not at all altered in appearance.

Here there is stimulation, followed by rapid and complete stopping

of amylolytic action.
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lerric chloride.

With this salt we obtained the following results:

Total amount Starch
FejClfi- Wt. Cu in J^. reducing bodies. converted.

01740 gram. 0-3560 gram. 32-04 per ceut.

0-0005 percent. 0-1597 0-3260 29-34

0-0020 0-0437 00908 8-17

0-0100 0-0095 0-0236 2-12

0-0250

Sternberg states that tincture of ferric chloride is effective as a

germicide (upon micrococcus) when pi'esent to the extent of 4 per

cent. On the unformed ferment of the saliva, it is, as the results

show, ranch more active, its hindering action being directly propor-

tional to the percentage of ii"on salt present.

terrous sulphate.

With this salt of iron quite different results were obtained ; and

as we wished simply to compare its action with that of the ferric

salt, only very small percentages were experimented with.

l''eS04+7H20.
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Magnesmm sxdphnte.

With this salt we obtained the followins; results:

MgS04+7H2 0.
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Here, unlike the cyanide, there is stimulation of the ferment.

Retardation of amylolytic action requires much larger percentages
;

thus I'O per cent, of ferrocyanide completely prevented the formation

of reducing bodies, although soluble starch was apparently formed, as

also in the presence of 5*0 per cent, of the salt.

Potassium ferricyati ide.

The action of this salt is almost identical with that of the ferro-

cyanide.

6Fe2(CN)i4.
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O. Nasse* found increased amylolytic action with human saliva in

the presence of 4*0 per cent, of the salt. Possibly this difference in

our results is dependent in part upon difference in the relative amount

of salt and ferment.

Sodium tetraborate [Na^Bp, + 10H„O].

With this salt experiments were tried with quantities varying from

0*050 to 3*0 per cent, and in each instance the starch was dissolved,

but no reducing bodies whatever were formed. Dumasf has pre-

viously noted a like retarding effect on the diastatic action of emul-

sin, diastase and other like ferments. Sternberg states that this salt

is without germicide value, even though used in a saturated solution
;

its antiseptic power, i. e. its capacity for preventing the multiplica-

tion of bacterial organisms, is, however, considerable.

Potassium bromide andpotassium iodide.

These two common therapeutic agents gave the following results

:

Salt used.
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presence of the salt, in concentrations up to 2 per cent., greatly in-

creased the amylolytic action of saliva.

Our results with different percentages are as follows :

NaUl.
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In accord with Nasse's result we see that 0-05 per cent, increases

the amylolytic action of the ferment. This we verified by an addi-

tional experiment which led to a like result, although not showing so

great a difference as the preceding one; thus, while the saliva alone

converted 23-72 per cent, starch into reducing bodies, the presence of

0-05 per cent, of quinine sulphate led to the conversion of 24-58 per

cent, of starch. Voit, as quoted by v. Boeck,* has stated that qui-

nine is without influence on the ferment of saliva.

Ginchonine sulphate.

With this alkaloid, previous experiments have not to our knowl-

edge been tried. Our results are as follows:

Alkaloid Halt.
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Atropine sulphate.

With tliis alkaloid we obtained the following results

:

Alkaloid salt. '
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testing the amylolytic power of the ferment its action was found to

be much weaker than the control. From this fact, Stolnikow consi-

ders that the septic poison acts Upon the ferment outside the body
in a manner similar to atropine.

Now it is obvious, in view of the extreme susceptibility of the

ferments of the saliva and pancreas to the action of acids and alka-

lies, that the atropine solution must be perfectly neutral. Several

specimens of atropine sulphate that we have examined, have had a

slight acid reaction.

In view of the apparent identity of the amylolytic ferments of the

salivary and pancreatic secretions we have repeated in principle

Stolnikow's experiment with human saliva, using perfectly neutral

atropine sulphate.

To 10 c. c. of the dilute, neutral, saliva hitherto used, 0*3 gram of

pure atropine sulphate was added (=3'0 per cent, of the alkaloid

salt, while Stolnikow's mixture contained but I'O per cent.) and

the solution allowed to stand for 18 hours at the Laboratory tempera-

ture. On now being added to the starch solution, diluted up to 100

c. c. [0*3 per cent, atropine sulphate] and placed at 40° C. for 30

minutes, the starch paste quickly became clear and it was found on

examination that 29'16 per cent, of starch had been converted,

while the control, in the presence of 0*2 per cent, of atropine sul-

phate, showed a conversion of 28'11 per cent, of the starch. Hence

there had been no destruction of the salivary ferment by even 3 '(J

per cent, of pure atropine sulphate, although as our previous experi-

ments show very much smaller percentages may, by their presence,

hinder tlie action of the ferment.

Strychnine sulphate and brucine sulphate.

O. Nasse has previously studied the influence of O'l per cent,

strychnine acetate on the diastatic action of saliva and has noted a

slight increase in amylolytic action in the presence of the strychnine

[109: 100]. Our results with the two alkaloids are as follows:

Alkaloid.
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VV^ith the bruciiie salt a slightly increased action is noticed in all

three of the experiments; while with strychnine a constant diminu-

tion in amylolytic action is to be seen.

In this connection it is to be remembered, that a trace of free acid

in the alkaloid salts would introduce an appreciable error into the

results, and therefore all of the alkaloid salts experimented with,

were especially purified for this purpose, any adhering acid being

removed by repeated crystallization, etc.

The following table shows the relative acceleration and retardation

of the varioiis salts (the percentages more generally used) compared

with their controls expressed as 100.

Table shotcing relative amylolytic action.
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Influence of gases on the amylolytic action of saliva.

The well known analysis by Pfliiger* of the gases of the submax-

illary saliva have shown the presence of both oxygen and carbonic

acid in this secretion ; oxygen to the extent of 0-6 vol. -per cent, and

carbonic acid, by piirap extraction, 22-5 vol.-per cent. It is, moreover,

a well known fact that as the saliva flows into the mouth and

becomes mixed with the food during mastication much air is ab-

sorbed. Do these three gases exert any influence on the amylolytic

action of the ferment with which they are so constantly in contact ?

Again, the amylolytic ferment of the pancreatic secretion, so near

akin, it not identical with the salivary ferment, is subjected to the

influence of the reducing gases of the intestinal canal, among, which

hydrogen maybe present to the extent of 22*0
f vol.-per cent, and

hydrogen sulphide in traces. What likewise is the efiect of these

two gases on amylolytic action ?

The experiments were conducted as follows : 90 c. c. of diluted

starch paste were placed in small, partially stoppered flasks and a

stream of the gas allowed to pass through, until the fluid was thought

to be saturated, then 10 c. c. of dilute saliva were added and the gas

allowed to bubble through the solution for 30 minutes when the

mixtures were boiled and the reducing bodies determined. Follow-

ing are the results

:

Gases. Wt. Cu in U-

0-1319 gram.

Air _.. 0-1365

Oxj-gen. 01511

Carbonic acid 0-1537

Hydrogen sulphide 0-1377

Hydrogen 0-1248

It is interesting to see that air, oxygen and carbonic acid all stimu-

late and approximately in proportion to the extent in which they are

present in the natural secretion, while of the reducing gases hydro-

gen retards and hydrogen sulphide stimulates.

The following table shows the relative acceleration and retardation

of the several gases, compared with the control, expressed as 100.

Air 103-6

Oxygen - 114-7

Carbonic acid — 116-8

Hydrogen sulphide 104.4

Hydrogen - - 946

Total amount
i-L'tlucing bodies.
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In accord with our results, Detmer* has found that the presence

of carbonic acid invariably increases the araylolytic action of the

diastase of malt. The same fact was previously observed by Bas-

witz.f O. Nasse,J however, has stated that the activity of ptyaline

in human mixed saliva is not materially affected by oxygen, hydro-

gen or air. With carbonic acid, however, he noticed acceleration in

amylolytic action,

Nature of the action of the metallic and other salts.

In what manner do the metallic and other salts act when they, by

their presence, retard or completely stop the amylolytic action of

saliva? Is it a process of gradual or sudden destruction of the fei*-

ment, or does the metallic salt combine with the ferment, forming a

compound incapable of ferment action? or again, is the ferment

mechanically thrown down with the precipitate of albumin or globu-

lin produced by the addition of the metallic salt to saliva, or lastly

does the salt by its mere presence introduce a condition unfavorable

to the action of the ferment ? All of these questions are interesting

ones, and possibly all of them might be answered in the affirmative

and be correct for some one or more of the substances experimented

with.

It is obvious that the presence of 10 or 20 per cent, of such a salt

as sodium chloride or potassium nitrate in a digestive mixture might

retard the action of the ferment, since solutions so saturated, even

with the products of digestion, do not admit of vigorous ferment

action. But the larger number of metallic salts decidedly retard

amylolytic action when present to the extent of only a few thou-

sandths of one per cent., consequently their action must be of an

entirely different nature. A number of these salts, such as mercuric

chloride, are well known precipitants of albumin, but the saliva being

so greatly diluted, in great part for this very reason, cannot yield

sufficient precipitate with the mercury salt to mechanically precipi-

tate the ferment. As a matter of fact, when the mercuric chloride

solution is added to the diluted saliva, a very faint turbidity only,

is produced. If now, some of the small percentages of mercuric

chloride are added to the starch solution and then larger quantities

of saliva, thus giving a larger amount of ferment together with a

larger amount of accompanying albumin and globulin, what would

* Zeitschrift fiir pliysiol. Chemie, vol. vii, p. 3.

\ Berichte d. doutscli. chera. Gesell., vol. xi, p. 1443.

^ riiiiger's Archiv, vol, xv, p. 471-481,
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be the effect on the amylolytic action of the ferment ? Might we not

expect, knowing tliat albumin and mercuric chloride readily combine,

that the proteid matter present in the saliva, would serve as a shield

to protect tlie ferment from the action of the mercury or other similar

metallic salt ? At the same time it might be supposed that, the fer-

ment being left intact, any mercury-albumin compound formed might

retard or destroy the ferment, though less energetically than the

metallic salt alone.

In an attempt to throw some light upon these points the following

experiments were tried

:

Action of mercuric chloride in the presence of larger atnounts of

ferment and proteid matter.

a. with 10 c. c. of original saliva.

Total amount Starch
HgCl2. Wt. Cu in J4. reducing bodies. converted.

0-1772 gram. 0-3624 gram. 32-61 per cent.

0-0005 per cent. 0-1735 03548 31*93

0-0010 0-1695 0-3464 31-16

h. with 5 c. c. of original saliva.

0-1720 gram. 0-3516 gram. 31 -64 per cent.

0-0005 per cent. 0-1340 0-2728 24-55

Comparing these results with those previously obtained with the

same percentages of mercuric chloride, but with 2 c. c. of original

saliva, we have

:

HgClo.
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known, increase or decrease in the amount of ferment is not always

followed by a proportionate change in the amount of reducing bodies

formed. Of these two views the former is by far the most probable.

Certainly the ferment is not mechanically precipitated by the formation

of a mercury-albumin prcipitate; if such were the case with 10 c. c. of

saliva and 0-001 per cent, of mercuric chloride, decided retardation

ought to have been observed.

Action of cupric sulphate in the presence of larger amounts of

ferment and proteid matter.

a. witn 10 c. c. saliva.

CUS04+5H20.
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Glancing at the differences in these two series of experiments, we
see that they accord with what was observed in the case of mercuric

chloride, viz : that a given percentage of the metallic salt will pro-

duce a constant result only under definite conditions; increasing the

proportion of albuminous matter diminishes, as in the case of the

mercury salt, although not so greatly, the retarding action of the salt.

Evidently, the metallic salts do not act upon the ferment by their

mere presence, for if sucli were the case the mere combination of the

salt with the albumin present, would not so materially affect the

result. If, on the other hand, they do act by combining with the

ferment, forming it may be an insoluble compound or one incapable

of ferment action, it is fair to presume that the combination would

take place immediately upon mixing the two or very soon thereafter,

and thus we should expect that the length of time the two stood in

contact after the first few minutes, would have no effect on the amyl-

olytic power of the mixture, while a gradual destructive action would

be manifested by a gradual decrease of amylolytic power. With a

view to testing this point we have tried the following experiment.

Three mixtures were prepared as follows

:

A. B. c.

Saliva 2 c. c. 2 c. c. 2 c. c.

HjO 8 7 8

HgClg sol 1 2

10 10 10

Per cent HgClj! 0-005 0-010

These were placed in a bath and warmed at 40° C. for 18 hours,

after which 1 c. c. of the same mercuric chloride solution was added

to A and then starch and water added to all three, making the

volume in each case up to 1 00 c. c. The mixtures were then warmed

at 40° C. for thirty minutes to test the activity of the ferment; A
containing now 0-0005 per cent, mercuric chloride, Ji the same per-

centage and 6' 0-001 per cent.. In ^4, 19-8 per cent, of the starch

was converted into reducing bodies, while in B and G there was no

amylolytic action whatever. Thus by the previous action, for this

length of time, of 0-005 per cent, mercuric chloride, the ferment was

rendered incapable, on subsequent dilution, of exerting any diastatic

action whatever.

Again, in a similar manner it was found that by warming the

saliva for thirty minutes at 40° C. with 0-005 per cent, mercuric

chloride and then adding starch paste and diluting to 100 c. c. so

Trans. Conn. Acad., Vol. VII. 11 Oct., 1885.
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tliat the percentage of mercuric chloride was 0*0005, only 2"0 per

cent, of the starch was converted, while the same quantity of saliva,

m the presence of the same amount of mercury salt (0*0005 per cent.)

converted 19*69 per cent, of starch.

^Yorkillg with larger amounts of saliva, the following results were

obtained

:

A. B. c.

Saliva. 10 c. c. 10 c. c. 10 c. c.

H2O 16 15 15

HgCli sol. 1 1

26 26 26

Per cent.. HgCla 0-002 0*002

S was warmed at 40° C. for 15 minutes and C for 30 minutes; tlien

1 c. c. of the mercuric chloride solution was added to A, and all three

diluted and mixed with starch paste. The three solutions were now

exactly alike; all contained the same percentage of mercury salt

(0*0006 per cent.) but B and C had been previously warmed with

the salt for 15 and 30 minutes respectively. A, converted 31*32 per

cent, of the starch, B 29*48 per cent, and G 27*97 per cent. Here

we have what appears to be a gradual decrease in amylolytic power,

but it does not seem sufficiently j^ronouuced to account for the action

of the mercury salt. It would appear rather, in this instance, as if the

mercuric chloride exercised a selective action, combining with the

proteid matter of the saliva, leaving the ferment free ; but the mer-

cury-pi*oteid compound, being apparently possessed of some destruc-

tive action, exerts its influence, and thus the gradual decrease of

amylolytic power noticed in B and C.

In the previous experiments, on the other hand, where free mer-

curic chloride is present, there not being sufficient albiimin to com-

bine with all of the mercury, there is apparently destructive action.

Experiments of like natui*e as the preceding, tried with cupric

sulphate, gave the following results:

A. B. c. D.

Saliva 2 c. c. 2 c. c. 2 c. c. 2 c. c.

H2O 18 17*8 .
17-8 17-8

CUSO4 sol 0-2 0-2 0-2

20 200 20-0 20*0

Per cent. CUSO4 --- 0-0005 0-0005 0*0005

B was warmed at 40° C. for 15 minutes, C for 30 minutes and Z>

lor 1 hour; 0*2 c. c. of the cupric sulphate solution was then added

\o A and lastly starch paste and water to 100 c. c. The amylolytic
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jjower of the four Biixtures, expressed in the percentage of starch

converted, was as follows:

A. B. c. D.

28-72 22-35 23-04 20-23

With zinc sulphate, somewhat similar results were obtained:

A. B. c.

Saliva 2 c. c. 2 c. c. 2 c. c.

H.,0._- 18 16 16

ZnS04 sol 2 2

20 20 20

Per cent. ZnSOj 005 0-05

£ was warmed at 40° C. for 30 minutes and C for 1 hour; then 2

c. c. of the zinc sulphate solution were added to A, and all three

mixed with starch paste and water to 1 00 c. c. Each now contained

O'Ol per cent, zinc sulphate and all three were then warmed at

40° C. for 30 minutes, to determine the activity of the ferment. A,

converted 22*24 per cent, of the starch, jB 11-88 per cent, and C
10*98 per cent.

These experiments would therefore indicate, on the part of the

metallic salts experimented with, a destructive action towards the

ferment, though loss of amylolytic power under the conditions of the

experiments might also be due to more complete precipitation of the

ferment in the more concentrated solution and under longer exposure

to a temperature of 40° C. At the same time it is to be noticed, that

any metallic-proteid compoimd formed with the above salts, has a far

less destructive or retarding action than the free salt. Of these, the

destructive action of mercuric chloi'ide is most pronounced.

Potassium permanganate acts, doubtless, by direct destruction of

the ferment through oxidation, while many of the alkali and alkali-

earth salts produce their retarding effects by simj^le clogging of the

digestive fluid; but the fact that 0-5 per cent, of one salt, as potassium

antimony tartrate, for example, increases the amount of starch con-

verted 68 per cent., and 0'5 per cent, of another salt, as magnesium

sulphate, diminishes the amount of starch converted by 65 per cent.,

plainly indicates that there is something in the presence of these salts,

dependent upon chemical constitution, that controls the action of the

ferment.
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Influence of Various Inorganic and Alkaloid Salts on

THE Proteolytic Action of Pepsin-hydrochloric Acid. By
R. H. Chittenden and S. E. Allen.

Although many experiments have been tried to ascertain the

influence of various salts on ferment action since 1870, when Liebig*

recorded the statement that the fermentative power of yeast is

somewhat increased by a little potassium or sodium chloride, few

systematic experiments, with a large variety of salts, have been made
with the ferment of the gastric juice.

Alex. Schmidt f in 1876 studied the influence of sodium chloride

on the digestive action of pepsin and hydrochloric acid. WolbergJ

in 1880 studied, with the same ferment, the action of ammonium,

potassium and sodium salts of nitric, hydrochloric and sulphuric

acids and also the action of several alkaloids. Wernitz§ and also

Petit]| have studied the action of several metallic salts. Still later,

Pfeifier^ has examined the influence of several alkali and alkali-earth

salts on the digestive action of pepsin as well as of other ferments.

Isolated experiments with single salts have likewise been recorded

;

these will be noticed later on.

It is thus seen that almost all work in this direction has been done

with salts of the alkali and alkali-earth metals. No systematic

attempt has been made to ascertain the influence on gastric diges-

tion of the large number of metallic salts, in common use as poisons

or therapeutic agents. With the exception of a few isolated cases,

no accurate data are recorded bearing on this question. Observation

has led to the belief that certain metallic salts interfere with diges-

tion in the stomach, but few quantitative results are recorded to

show the truth of such a belief.

* Ueber Gahrung, Quelle der Muskelkraft und Ernahrung. Separatabdruck aus den

Annalen der Chferaie u. Pharmacie, 1870, p. 61.

f Pfliiger's Archiv, vol. xiii, p. ^7. Ueber die Beziehung dea Kochsalzes zii

einigen thierischen Fermentationsprocessen.

:{:
Pfliiger's Archiv, vol. xxii, p. 291. Ueber den Einfluss einiger Salze und Alka-

loiden auf die Verdauuug.

§ Quoted by 13ruuton. Pharmacology, p. 85-86.

II
Etudes 8ur lea fermenta digeatifs. Abatract in Jahreabericht fiir Thiercheniis,

1880, p. 309.

^ UeV)er den Eiiilluss eiuige Salze auf verschiedene kiinstliclie Yerdauungsvorgauge.

Abstract iu Centralbl. med. Wiss., 1885, p. 328.
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Our aim has been, therefore, to study more particularly the com-

parative influence on gastric digestion of various percentages of

those salts, well known as poisons or therapeutic agents, which have

hitherto been overlooked or but imperfectly studied. At the same

time in order to make the work more complete, we have studied

somewhat, the action of the alkali salts, experimented with by other

observers.

Method employed.

The experiments were conducted in series, in which one of each

series served as a control for comparison. The artificial gastric juice

employed, was made from 0-2 per cent, hydrochloric acid and a

glycerine extract of pepsin, in the proportiou of 10 c. c. of the latter

to 1 litre of the former. The volume of each digestive mixture was

50 c. c. ; made up of 25 c. c. of the above-mentioned gastric juice and

25 c, c. of 0'2 per cent, hydrochloric acid, containing the salt to be

experimented with. The material to be digested, consisted of puri-

fied and dried blood-fibrin, prepared by thorough washing with

water, extraction with cold and boiling alcohol and lastly Avith ether.

It was then ground to a coarse powder and dried at 100-110° C. 1

gram of the fibrin was used in each experiment. The digestive mix-

tures were warmed at 40° C. for two hours, then filtered upon

weighed filters by the aid of pumps, the residue washed thoroughly

with water, lastly with alcohol, and finally dried at 100-110° C. until

of constant weight (48 hours). The amount of fibrin digested or dis-

solved, is a measure of the proteolytic action.

Giipric sidphate.

With this salt two series of experiments were made ; one to ascer-

tain the influence of small quantities, the other to show the effects of

larger amounts of the substance.

cnso^+SH^o.
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The action of the salt is very marked ; with even O'OIO per cent,

there is a diminution in proteolytic action amounting to 3*0 per cent.,

while in the presence of 0'5 per cent, of the salt, there is retardation

to the amount of nearly 75 per cent. The copper salt prevents

almost entirely the swelling of the fibrin and doubtless its retarding

action is due in part to this fact.

Lead acetate.

In view of the frequent cases of chronic poisoning with lead salts,

the influence of the acetate on gasti'ic digestion, seems especially

interesting. The results, moreover, show decided action on the part

of the salt; with small fractions of a per cent, pronounced increase

in proteolytic action is to be noticed, while beyond O'o per cent,

there is sudden and almost complete cessation of ferment action.

In this respect, the salt acts very differently from the copper salt,

with which a more gradual diminution is observed. The two largest

percentages of the lead salt prevented entirely the swelling of the

fibrin.

Pb(C.2H;,02)2+3H20.

O'OOl per cent.

0-005

0-010

0-025

0-1

0-3

0-5

0-8

1-5

Undigested
residue.

1936 gram.

1592

1892

1781

1691

2140

2310

4523

7419

9779

0-9938

Fibrin
digested.
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„ „, Undigested Fibrin Relative
tl8<-lf- residue. digested. proteolytic action.

0-3759 gram. 62-41 per cent. 100-0

0-001 per cent. 0-4140 58-60 93-8

0005 0-4210 57-90 92-7

0-1307 86-93 1000
01 0-4765 52-35 60-2

0-5 0-9007 9-93 11-4

10 1-0495

M. Marie* has previously experiniented with mercuric chloride

and has likewise found that small quantities of the salt exercise a

retarding action upon gastric digestion; that as the percentage of

corrosive sublimate is increased, the retarding action is correspond-

ingly increased, although this effect is diminished up to a certain point,

by increasing the strength of the digestive mixture. Marie considers

that this action of mercuric chloride does not depend upon decompo-

sition of the ferment nor upon a contraction of the albuminous

matter, but rather that the salt in an acid solution enters into a

chemical combination with the proteid matter and the latter is thus

rendered impervious to the digestive action of the ferment.

In support of this view we offer the fact that fibrin introduced into

an acid solution of pepsin in the presence of 1 per cent, of mercuric

chloride, increases in weight ; in the experiment given above to the

extent of 49-5 milligrams. This would clearly indicate a combina-

tion of the two. Moreover, that mercuric chloride does not act

by destroying the ferment we have ample proof, as the following

experiment shows :

A. B. C.

H2O sol. glycerine pepsin 5 c. c. 5 c. c. 5 c. c.

HCl (0-2 percent.) 20 20

HgOla 0-025 gram. 0-025 gram.

H2O 20 c. c.

25 25 c. c. 25

Per cent. HgCl, •
0-1 0-1

These three mixtures were warmed at 40° C. for 24 hours ; then to

A was added 0-025 gram HgCl^ dissolved in 25 c. c. 0*2 per cent.

HCl, to B 25 c. c. 0-2 per cent. HCl and to C 25 c, c. 0-4 per cent.

HCI. The three solutions were now exactly alike; in B^ however,

the ferment had been exposed to the action of O'l per cent. HgCl^ in

an acid solution for 24 hours, in C to the action of the same percent-

age of the mercury salt in an aqueous solution, while A served as

* Abstract in Jahresbericht fiir Thierchemie, 1875, p. 168.
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a control. 1 gram of fibrin was added to each of the mixtures, wliich

were then placed at 40° C. for 2 hours. B and C digested the same

amount of fibrin as A, consequently the mercuric chloride could have

exerted no destructive action whatever on the ferment.

Wassilieff",* in Hoppe-Seyler's laboratory, found by comparative

experiments that mercurous chloride (calomel) has no efiect on the

proteolytic action of pepsin.

Mercuric bromide, Mercuric iodide and Mercuric cyanide.

These three salts of mercury were experimented with, only so far

as to compare the action of small quantities, with the action of like

quantities of mercuric chloride. In using the bromide and iodide it

was necessary, on account of their insolubility, to dissolve them with

the aid of an equal weight of sodium chloride, consequently these

two salts of mercury were doubtless present in the digestive mix-

tures, in part at least, as double salts. Marie, however, found that

the action of mercuric chloride with small quantities of sodium

chloride was not different from that of mercuric chloride alone, and

doubtless the same is true of the iodide and bromide of mercury.

Followinsr are the results we obtained:

Mercury
salt.



Fibrin
digested.
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Wood* states, " there is much reason for believing that it acts largely

as a direct stimulant to nutrition." The results obtained in our ex-

periments certainly accord with this statement.

Arsenic acid.

The experiments tried with arsenic* acid, tend to confirm the

accelerating action noticed with arsenious oxide. In the first series

of experiments the following results were obtained:

H3AS04.
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Zinc sulphate.

With this salt, no experiments appear to have been hitherto made.
Our results show a decided diminution in proteolytic action, even in

the presence of 0-01 per cent, of the salt, Avhile with a few thou-

sandths of one per cent, the figures indicate a slight accelerating

action. Three distinct experiments were made as follows

:

ZnS04+7H20.
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Ferrous sulphate and Ferric chloride.

The salts of iron, doubtless on account of their physiological

importance and their great therapeutic value, have been experimented

with by several observers. It has been a prevalent opinion that ii*on

salts tend to produce disturbances in gastric digestion. Petit,* how-

ever, states as a result of experiment, that preparations of iron, in

small quantities, do not hinder the action of pepsin, but in large quan-

tities they retard the action of the ferment, doing so according to

Petit, by the hydrochloric acid of the gastric juice displacing the acid

of the iron salt, thus forcing the pepsin to act with a less energetic

acid. Diisterhoifjt dealing with the same question, came to the con-

clusion that iron salts of the organic acids, exercise the greatest

retarding eifect on pepsin digestion, and moreover, that ferrous

salts are better adapted to the organism than ferric salts. Diister-

hoif also concludes that while the retarding action of iron salts is

doubtless due, in part, to the setting-free of the acid of the iron salt

by the acid of the gastric juice, there is in addition a specific action

of the iron preparation of an unknown nature, prejudicial to digestion.

Lastly, Bubnow \ found that moist ferric hydroxide in small quanti-

ties (not weighed) causes a scarcely recognizable diminution in pro-

teolytic action, while the presence of 1 per cent, of ferrous chloride

and ferrous sulphate causes marked retardation, as does also an

excess of ferric hydroxide. The most intense action was observed on

the addition of 5 per cent, of ferrous sulphate. No quantitative

results, that is, percentages of albumin digested wei*e, however,

obtained.

Our experiments were made only with crystallized ferrous sulphate

and ferric chloride. It appears superfluous to try the action of ferric

hydroxide, which must necessarily, if in sufficient quantity, neutralize

the acid of the gastric juice and thus prevent digestion by with-

drawal of the free acid.

* Quoted by Bubnow in Zeitschrift fiir physiologische Chemie, vol. vii, p. 316; also

abstract by llerter in Jahresbericht fiir Thierchemie, 1880, p. 309.

f Ueber den Einfluss von Eisenpraparaton auf die Magenverdnuung. Jahresbericht

fiir Thierchemie, 1882, p. 257.

X Ueber den Einfluss des Eisenoxyhydrats und der Eisenoxydulsalze auf kiinstliche

Magenverdauung und Fiiulniss mit Pancreas. Zeitschrift fiir Pliysiologische Chemie,

vol. vii, p. 315.
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FeS04+TH
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Magnesium sulphate.

Pfeiffer* alone appears to have studied the influence of magnesium
sulphate on gastric digestion. He found that retarding action com-

menced in the presence of 0*24 per cent, of the salt and was very

great in the presence of 4-0 per cent. Our results show decided

retarding action, even in the presence of 0*005 per cent, of the crys-

tallized salt. At the same time, it is to be remembered throughout,

that probably diiferences in the strength of gastric juice, would cause

some variation in the amount of retardation, produced by any given

percentage.

MgS04-f-7H
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bacteria ; although doubtless, the action of any one percentage is de-

pendent in part, upon the amount of organic matter present. Marcus

and Pinet* found that the permanganate in O'l per cent, would pre-

vent the development of bacteria and in 1-5 per cent, would kill

the fully developed organisms.

Potassium dichrornate.

A single experiment with this salt gave the following results;

showing a decided retarding action on gasti-ic digestion.

K2Cr207.
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4Fe(CN)6+3H
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ence of 3 per cent, of tlie salt caused a diniinution in proteolytic action

amounting, in the quantity of fibrin digested, to nearly 85 per cent.

The only apparent explanation of this difierence in the results [unless

due to difference in the amount of ferment] is in the length of time

the mixtures were warmed at 40° C. ; in Wolberg's 24 hours, in ours

2 hours. This, if the true reason of the difference, would imply on the

part of the ferment, ability to gradually ovei'come the influence of

small amounts of the substance and thus eventually to digest an

equal quantity of proteid matter. This, however, would in turn

imply that the object sought for, viz : the influence of different quan-

tities or percentages of a substance on the action of the ferment is

lost sight of. The length of time best adapted to the experiment, is

naturally that which will bring out most clearly and decisively all

dij^erences of action.

Sodium tetraborate (Borax) and Boracic acid.

Sternberg's experiments* with both of these substances, have

shown that, although possessed of no germicide value, they prevent

the multiplication of bacterial organisms and are thus valuable anti-

septics.

Wolberg, in experiments made with artificial gastric juice, found

that in a 24 hours digestion, 0*5 gram (0-5 per cent.) of borax caused

a slight acceleration in proteolytic action (0"4 per cent.), while with

1 per cent, of the salt, retardation occurred to the extent of 23*3 per

cent., and in the presence of 4-0 per cent, almost complete stopping

of proteolytic action. Our results, however, fail to show any stimu-

lating action on the part of the borate, although retardation is very

pronounced.

Na2B4O7+10H2O.
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power. The influence of boracic acid on pepsin-hydrocliloric acid is

seen from tlie following experiments:

Undigested Fibrin. Relative nroteo-
IIjBO:!. residue. digested. lytic action.

2:J95grum. 76 05 per cent. 100-0

0-1 per cent. 0-2232 77-(58 102-1

0-2049 79-51 1000

0-5 0-1875 81-25 1022

3-0 0-1729 82-71 1042

60 0-1445 85-55 107-6

Evidently then, the action of borax consists simply in withdrawing

from the pepsin the hydrochloric acid of the gastric juice. The low

digestive power of pepsin and boracic acid is shown by the following

experiment

:

A. B. C. D.

H2O sol. pepsin 50 c. c. 50 c.c. 50 c. c. 50 c. c.

HCl 0-2 per cent. 50

HsBOs 0-2 gram. 0-3 gram. 0-5 gram.

H2O -. 50 c. c. 50 c. c. 50 c. c.

100 100 100 100

0-1 % HCl 0-2 % H.BOa 0-3 % H.BOa 0-5 % H3BO3

To each, was added 1 gram of purified fibrin, after which the mix-

tures were warmed at 40° C. for 2 hours. Following are the results

.

A. B. C. D.

Wt. of nudigested residue 0-1180 0-9615 0-9705 0-9620

Per cent, digested 88-20 3-85 295 ' 3-80

Armnonium oxalate.

With this salt the followino- results were obtained:

(Nn4)2Ci04+
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we find that, with like percentages of the two salts, ammonium oxal-

ate has far the greater retarding power, and yet it is well known
that the ferment acts well when combined with oxalic acid. More-

over, our exjDoriments show further on, that ammonium chloride has

no greater retarding power than sodium chloride. Hence, there must

be some reason, other than the one mentioned above, to account for

all of the retarding action manifested by the oxalate.

Petit* states, that the maximum digestive action of oxalic acid,

with 0*2-0*4 per cent, of his pepsin, is attained with 0'5-4-0 per cent,

of tlie acid, according to the amount of pepsin.

The comparative digestive power of pepsin-oxalic acid and pepsin-

hydrochloric acid is shown by the following experiments:!

A. B. C.

H.2O sol. pepsin 50 c. c. 50 c. c. 50 c. c.

0-2 per cent. HCl 50

C2H2O4 - 0-5 gram. 1"0 gram.

H2O 50C.C. 50C.C.

100 100 100

0-1 % HCl 0-5 % C2Ho04 1-0 % C0H2O4

Warmed at 40° C. for 2 hours with 1 gram of pure, dry fibrin, the

following results were obtained :

A. B. c.

Wt. of undigested residue 0-2170 04450 0-4371

Per cent, digested 7S-30 55-45 56-29

A second series, v»^ith larger amounts of oxalic acid, gave the fol-

lowing results:

A. B. c.

H.2O sol. pepsin 50 c. c. 50 c. c. 50 c. c.

0-2 per cent. HCl .50
C2H2O4 1-5 grams. 2-0 grams.

H2O 50c.c. 50C.C.

100 100 100

0-1 percent. HCl 1 -5 per cent. C2H2O4 2-0 per cent. CgH204'

Undigested residue 0-1085 gram. 0-3090 gram. 03640 gram.

Per cent, digested 89-15 69-10 63-60

These four i-esults being placed on the same basis, i. e. compared

with their respective conti'ols (100) show as follows:

* Jahresbericht fiir Thierchemie, 1880, p. 309.

f Made in this laboratory by Mr. R. W. Pinney.
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„ Kelative proteo-
Pcr cent, of acifl. lytic action

0-1 HCl 100-0

0-5 C2II0O4 70-7

1-0 71-7

1-5 77-5

2-0 71-3

This shows|maximum action, with our amount of pepsin, in the

presence of 1-5 per cent, of oxalic acid and shows, moreover, that the

retarding influence of ammonium oxalate on proteolytic action, is not

fully explained by the suggested neutralization of the hydrochloric

acid of the gastric juice, unless it be that the ammonium chloride,

formed by the reaction, efl:ects pepsin-oxalic acid diff^erently than it

does pepsin-hydrochloric acid.

Sodium chloride.

With this salt we obtained, by our method, the following results

:

NaCl.
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PfeifFer* has also called attention to the retarding action of this

substance.

Potassium chloride.

With this salt our results are as follows:

Undigested
KCl. residue.

0-1552 gram.

0-005 percent. 0-1817

0-025 0-1550

0-050 0-2565

0-100 0-2097

0-1930

0-3 0-3997

1-5 0-6815

3-0 0-7282

The only noticeable difference between the action of this salt and

the preceding, is the absence of any acceleration on the part of the

potassium chloride and with larger percentages, a less vigorous retard-

ing action.

Amtnoniiim chloride.

For the sake of comparison a few experiments were tried with this

salt, with the following results :

Fibrin
digested.
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Wolberg in speaking of the relative retarding action of the three

sodium salts of hydrochloric, nitric and sulphuric acids, states that

the sulphate retards the most, then the nitrate and lastly the chloride.

We have noticed the same fact in our work and take it as additional

evidence of the liberation of the acid of the salt added, the retarding

influence of the salt being dependent, in part, on the digestive power of

the pepsin-ac^V? formed.

The following experiments,* showing the relative digestive power
of the several acids in conjunction with pepsin, testify to the proba-

bility of this view.

All of the solutions contained 50 c. c. of an aqueous solution of

glycerine-pepsin, each having a total volume of 100 c. c. and differing

from each other only in the nature and percentage of the acid present.

In testing the digestive power of the solution, 1 gram of pure fibrin

was added and the mixtures warmed at 40° C. for two hours, after

which the amount digested was determined in the usual manner.

Percentage of fibrin digested in the presence of the different per-

centages of acids.
Control.

0-05% 0-1% 0-2% 0-3% 0-4% 0-5% 0-l%RQ\

HNOst ^"20 48-75 73-65 67-20 46-00 87-65

H2SO4 19-50 24-70 25-80 22-55 24-95 88-05

C0H4O2 3-70 2-30 87-50

Comparing these results with their respective controls, figured as

100, we have the following values for sulphuric and nitric acids, ex-

pressive of their relative proteolytic power when combined with

pepsin, as compared with 0-1 per cent, hydrochloric acid under simi-

lar conditions.

Per cent. acid. HNO3. H.2SO4.

0-05 10-5

0-1 55-5 22-1

• 0-2 84-0 28-0

0-3 76-7 29-1

0-4 52-5 25-6

0-5 28-2

From this it is evident, that nitric acid is most active, with our

amount of pepsin, in a 0*2 per cent, solution, while sulphuric acid

attains its maximum action in 0*3 per cent. ; moreover, nitric acid is

* Made in tliis laboratory by Mr. R. W. Pinuey.

f The acids are calculated as pure HNf^a, H2SO4, etc.
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more than four-fifths as active as 0"1 per cent, hydrochloric acid,

while sulphuric acid is only a little more than one-fourth as active as

the liydrochloric acid ; acetic acid being practically worthless.

Henee it is obvious, that, the base being the same, acetates, borates

and other salts, the acids of which are not capable of working with

pepsin, will most readily retard gastric digestion ; then of the other

salts experimented with, sulphates and lastly nitrates.

A glance at the table of comparisons, shows here and tliere, results

which manifestly accord with this view, notably lead acetate, cupric

sulphate, zinc sulphate,* magnesium sulphate and potassium nitrate.

That tliis withdrawal of free hydrochloric from the pepsin, is

only a partial explanation of the mode of action of neutral salts is

plain from the fact that chlorides exert very pronounced retarding

action ; moreover the action of these latter as well as of the others

cannot be due merely to mechanical causes, viz: the semi-saturation

of the digestive fluid, since 3*0 per cent, of boracic acid stimulates

instead of retarding, and even the presence of 10 per cent, of arsenic

acid causes retardation amounting to only 32 per cent. According

to Petitjf moreover, saccharose to the extent of 1 6 per cent, does not

interruj^t gastric digestion. Again, that the base entering into the

composition of the salt has much to do, in many cases, with its re-

tarding proteolytic action, is aj)pareut when we compare the action

of ferric chloride, manganous chloride, sodium chloride, mercuric

chloride and other metallic salts. Tliat this action is due in part to

capability of combining with the proteid matter, thus rendering it

non-digestible, is unquestionable.

Acceleration, ])roduced by neutral salts lias been noticed by other

observers, but no explanation of the cause has been oiFered. It seems

probable, however, that in the case of pepsin-hydrochloric acid, one

plausible reason, at least, may be suggested. If, as has been mentioned,

many of the neutral salts are decomposed by the acid of the gastric

juice, it would follow that the addition of very small amounts of the

salts would diminish slightly the percentage of fi-ee hydrochloric

acid, while the acid liberated from the salt, would be entirely without

deleterious action. Nearly every experimenter in this direction has

employed in the preparation of gastric juice 0-2 per cent, hydrochloric

acid, which is well adapted for the purpose, but the action of the acid

is dependent in part on the amount of ferment. With our solution of

pepsin, the following results, expressed in the percentage of fibrin

* Compare Petit, Jahresbericht fur Thierchemie, 1880, p. 309.

t Jahresbericht fiir Thierchemie, 1880, p. 309.
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digested, were obtained witli different percentages of hydrochloric

acid; tlie amount of pepsin being the same in each case.

Per ceut. HCl 0-05 O'l U'2 OS O'li.

Percent, fibrin dipjested 7:5-8 5.9'J 84-0 81-7 63-8

This shows plainly, that, with the amount of pepsin employed in our

experiments, acceleration of proteolytic action on the addition of

neutral salts, might in some instances be due to slight diminution of

free hydrochloric acid. That this is not the sole cause, however, is

plain from the fact that closely related salts do not act alike.

Potassium bromide and Potassium iodide.

With these two potassium salts, the following results were ob-

tained :

KBr.
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Putzeys,* indeed, found that he obtained practically the same

proteolytic action [retarding] with pepsin and hydriodic acid, as

with potassium iodide and pepsin-hydrochloric acid. The following

results, showing the relative digestive action of pepsin with hydro-

bromic and hydriodic acid respectively, were obtained by Putzeys.

HI.
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per cent,; with quinine sulphate, slight acceleration was obtained.

Strychnine and narcotine, in very small quantity, gave slight accel-

eration. Dr. H. V. Boeck* states, that quinine is without influence

on the activity of pepsin.

In our experiments, using larger amounts of the alkaloid salts,

retardation is very pronounced, doubtless due in part to replacement

of the sulphuric acid of the salts by the acid of the gastric juice.

Undigested Fibrin Eelative proteo-
Alkaloid salt. residue. digested. lytic action.

0-3555 gram. 64-45 per cent. lOO'O

(Sr)2.H2S04+6H20.
0-5 per cent. 0-6825 31-75 49-2

1-0 0-8213 17-87 27-7

(Br)2.H2S04+H,0.
0-5 0-5685 43-15 66-9

1-0 0-7700 23-00 356
(At), . H.SO4.

0-5 0-6412 35-88 55-6

(Q)2.H,S04+7H,0.
0-5 0-6606 33-94 52-6

(Ci)i,+H2S04 + 2H20.

0-5 0-6885 31-15 48-3

(Mo)z.H2S04+5H2 0.

0-5 0-6225 37-75 58-5

(Na),^.H2S04 + H,0.
0-5 0-6365 36-35 56-4

Percentage retardation of the alkaloid salts (0"5 per cent.)

Strychnine 50-8

Brucine 33-1

Atropine 44-4

Quinine 47 4

Cinchonine 51'7

Morphine __ 41-5

Narcotine .- ._ _ 43-6

* Zeitschrift fiir Biologie, vol. vii, p. 428.
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Influence of Various Therapeutic and Toxic Sub-

stances ON THE Proteolytic Action of the Pancreatic Fer-

ment. By R. H. Chittenden and Geo. W. Cummins, Ph.B.

With the proteolytic ferment of the pancreatic juice, few sys-

tematic experiments have been tried to ascertain the influence of

those substances the frequency of whose use, as therapeutic or toxic

agents, renders their action on this ferment a matter of no small con-

sequence. The well known experiments of Heidenhain, Kiihne and

Schmidt have been confined to the action of sodium carbonate, sodium

chloride and kindred salts of physiological importance. Pfeiffer*

has indeed, in addition, experimented with a few of the sulphates of

the alkalies and alkali-earths, but of the large number of metallic

and other salts in common use, few have been tried, while the action

of alkaloids and the gases occurring in the intestinal canal, has not

been studied at all.

Method employed.

It is a characteristic of the proteolytic ferment of the pancreatic

juice, that it exercises considerable digestive power in a neutral

solution. f In view therefore of the fact that the ferment, while in the

intestinal canal, may be obliged to act in an acid-reacting 'medium

(due to acid-proteids) as frequently as in an alkaline or neutral one,

it seemed advisable in the experiments, to employ a neutral solution

of trypsin. Moreover, it becomes necessary to use such a solution,

if salts of the heavy metals are to be experimented with, since in

alkaline solutions, carbonates or oxides of the metals would be formed

and thus affect the results; still, again, the action of all substances

can be best studied in neutral solution, since under such conditions,

no replacements or decompositions of any kind take place to compli-

cate the action of the substance, other than tlie direct action on the

ferment or the proteid matter. Hence, a neutral solution has in every

case been employed as being the most satisfactory, while only such

substances have been experimented with, as contained no free acid

or alkali, the destructive action of which is well known.

* Centralbl. med. Wiss., 1885, p. 328.

\ See Ghitteuden and Cummins, Amer. Chem. Jour., vol. vii, p. 46. Also Trans-

Conn. Acad., vol. vii.
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The solution of trypsin was prepared according to Kiihne's*

method from dried ox pancreas freed from fat ; 40 grams dry pan-

creas in 500 c. c. O'l per cent, salicylic acid, neutralized and diluted to

2 litres.f In each digestion experiment, 25 c. c. of this neutral trypsin

solution were used, to which was added 25 c. c. of water containing

the substance to be experimented with, or in the control 25 c. c. of

water alone, making the volume of the digestive mixture in each case

50 c. c. In testing the proteolytic action of the different solutions, 1

gram of pure dry, pulverized fibrin, described in the preceding

article, was added and the mixtures warmed at 40° C. for six hours,

after which the undigested fibrin was filtered on weighed filters,

washed thoroughly and dried at 100-110° C. until of constant weight.

In this work as in the study of the salivary ptyalin and pepsin, it

has been the effort mainly to ascertain the relative action of small

quantities of the various salts, rather than the percentages necessary

to completely stop the action of the ferment, this to our mind being

much the more important.

Mercuric chloride.

With small percentages of this salt, the following results were

obtained :

HgCl^.
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Mercuric iodide and Mercuric bromide.

These salts dissolved in sodium chloride in such proportion that the

ultimate solutions contained like percentages of both salts, gave the

following results

:

Hgl2.
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Cupric sulphate.

With this salt a more energetic retarding action is to be noticed,

than in the case of the proteolytic ferment of gastric juice; 0*1

per cent, of the salt causing a retardation in proteolytic action of

eS'Y per cent, as compared with a retardation of 38*8 per cent, in the

case of pepsin.

CUS04+5H20.
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pancreas. They find that arsenious acid is without influence on the

action of the ferment. We do not know whether they added arsen-

ious acid to a neutral or alkaline solution of the ferment, as we have

seen only an abstract of their paper, but we find that the addition

of very small amounts of arsenious oxide to a neutral solution of

trypsin, does produce a slight retardation in the proteolytic action

of the ferment. Owing to the comparative insolubility of arsenious

oxide in water, only small percentages could be employed, but these

show, as might be expected from the acid character of the substance,

a decrease in proteolytic action.

AS203.
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Potassium antimony tartrate.

This compound of antimony fails to produce with trypsin the

marked acceleration, noticed with the amylolytic ferment studied.

This difference in action, since both ferments were in neutral solu-

tion, indicates a specific difference in the nature of the two ferments.

Following are the results obtained :

Undigested
K(S1)0)C4H406. residue.

O-SgTS gram.

0-2 per cent. 0-4105

0-5 0-4129

1-0 0-4258

1-5 0-5406

Ferric chloride and ferrous sidphate.

With these two salts of iron the following results were obtained

Fibrin
digested.
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Manyanous chloride.

Following are the results obtained with this salt

:

FiDrin Relative proteo-
dlgested. lytic action.

47-85 per cent. 100-0

47-99 100-3

48-61 101-6

45-17 94-4

3193 66-7

Comparing the influence of this salt on the proteolytic action of

trypsin, with the results obtained with the closely related iron salts,

it is seen that the manganese salt has a far less retarding influ-

ence than the latter ; a fact which agrees with what was observed

in studying its action on pepsin-hydrochloric acid.

Consequently, manganese salts, in so far as they are adapted to

replace iron salts as therapeutic agents, are apparently less liable to

interfere with normal discestive action.

MnClg.
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Here retarding- action is similar in extent to the action of

barium chloride. Compared with zinc sulphate, the difference in

action on trypsin is about the same in extent as the difference found

in the action of the two salts on the amylolytic ferment of saliva.

The retai'ding action of this salt on pancreatic digestion has been

previously noticed by Pfeiffer.*

Potassiiim permanganate.

The retarding action of potassium permanganate is very pro-

nounced. There is, however, a noticeable difference between the

action of the salt on trypsin and its action on pepsin and ptyalin, the

two latter being much more readily affected by the permanganate;

that is, by much smaller percentages.

K^MnaOg.
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amylolytic ferment of saliva and on the proteolytic ferment of

gastric juice was equally decided, even with very small pecentages.

KCN.



on the Proteolytic Action of the Pmicreatic Ferment. 1 1

Y

Here, unlike the action of the salt on the two preceding ferments

studied, there is to be seen a gradual increase in proteolytic action,

which is very pronounced in the presence of 2 per cent, of the salt,

then gradually diminishes ; although even with 5 per cent, of the

crystallized salt, the action of the ferment continues to be increased

far above that of the normal juice.

Sodium sulphate.

Following are the results obtained :

.i2SO4+10HiO.
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The effects of these two salts on the proteolytic action of the fer

raent are very similar, with the exception that potassium chlorate

appears to be a little more energetic in action than the nitrate.

Weiss* has stated that a very small quantity of potassium nitrate

added to a pancreas infusion, causes slight increase in the proteolytic

activity of the ferment. This, however, is not observable in our ex-

perimeut with 0*05 per cent., although retardation is very slight.

Potassinin chloride.

This salt, unlike sodium chloride, appears to cause i-etai'dation of

proteolytic action, and is without any accelerating influence what-

ever. The extent of its retardation, however, is not so great as in

the case of sodium chloride. Following are the results obtained.

KCl.
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causing destruction of the ferment, as after dialysis the ferment' was

again active.

Our results accord in the main with Heidenhain's ; acceleration,

followed by retardation of proteolytic action as seen from the follow-

ing figures.

Undigested Fibrin Relative proteo-
NaCl. residue. digested. lytic action.

0-2993 gram. 70-07 per cent. 100-0

005 per cent. 0-2635 73-65 105-1

0-2 0-3001 69-99 99-8

0-5 0-3372 66-28 94*5

1-0 0-3923 60-77 86-7

2-0 0-4352 56-48 80-6

3-0 0-436] 56-39 80-4

5-0 0-4740 52-60 75-0

Potassium bromide and potassium, iodide.

The action of these two salts is wholly au accelerating one ; more

pronounced, however, in the case of the bromide than in the iodide.

Following are the results of the experiments

:

Undigested
KBr. residue.

0-3881 gram.

0-05 per cent. 03773

0-5 0-3681

2-0 0-3795

5-0 0-3278

KI.

0-3881 gram.

0-05 per cent. 0-3575

0-5 0-3915

3-0 0-3897

Influence of gases on the proteolytic actioii of trypsin.

Podolinski* in Heidenhain's laboratory, has shown that oxygen

gas has the power of converting the zymogen of jaancreas into the

active ferment and that carbonic acid is without such power; more-

over, that carbonic acid added to a sodium carbonate solution of

pancreatin (trypsin) retards the proteolytic action of the ferment,

because the normal carbonate is thus changed into acid carbon-

ate which does not favor the action of the ferment so well as the

simple salt. Hydrogen was found to be without such action. Podo-

linski further found that while oxygen favored the conversion of

zymogen into the ferment, it did not influence the proteolytic action

* Pfiiiger's Archiv, vol. xiii, p. 426.

Fibrin
digested.
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the ferment. Hydrogen was also found to be without marked action

on the ferment, but carbonic acid retarded decidedly the proteolytic

action of the ferment in an alkaline solution.

We have tried the influence of three gases, such as the ferment

would naturally be brought in contact with in the intestinal canal,

and find that they exert a marked influence on the activity of the

ferment. We employed, as in the preceding experiments, a neutral

solution of trypsin, and kept the solutions saturated with the gas

during the experiment, by passing a constant current through the

fluid contained in a small flask. As a control, air was passed

through one digestive mixture, which served to keep the powdered

fibrin in an equal state of agitation and thus make accurate com-

parison possible.

Following are the results :

Undigested Fibrin Uelative proteo-
residue. digested. lytic action.

Air 0-4218 gram. 57-82 per cent. 100-0

Hydrogen (H) 0-3670 63-30 109-1

Carbonic acid (GOj) 0-5665 43-35 74-9

Hydrogen sulphide (H 2 S). 0-4884 51-16 88-5

From this it is seen that hydrogen gas causes a slight acceleration

in the pi'oteolytic action of the ferment, while carbonic acid causes

marked retardation, which fact agrees with Podolinski's results, and

shows moreover, that the action of the gas is the same in neutral and

alkaline solutions. Hydrogen sulphide also causes retardation,

although not so marked as carbonic acid.

Inf/uence of alkaloid salts on the proteolytic action of trypsin.

So far as we know, no previous experiments have been tried on this

subject. Our results show, so far as our experiments extend, a greater

susceptibility on the part of trypsin to the action of alkaloids than the

amylolytic ferment of saliva. Moreover, with trypsin, the alka-

loids in only one case cause acceleration of proteolytic action. Com-

pared with pepsin-hydrochloric acid, however, we find tliat neutral

solutions of trypsin are not so readily affected as the former ferment,

except by one alkaloid, viz: narcotine, where retarding action is very

pronounced. All of the alkaloids experimented with were in the

form of pure sulphates.

Morphine sxdphate.

This salt exerts but little retarding action. The results are as

follows

:



on the Proteolytic Action of the Pancreatic Ferment. 1 2

1

;Mo).2 .H2S04+5HgO.
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Quhiine sulphate, Cinchonine sxdphate and Cinclionidine sidphate.

The followino- table of results shows the action of these three salts :

Undigested
Mkalold Bait. residue.
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in the action of sodium tetraborate on the salivary ferment and on

trypsin.

It is moreover, evident, from a comparison of the results obtained

with the three ferments, that under the conditions of dilution, etc.,

with which our experiments were tried, the salivary ferment is the

most sensitive to the action of the various salts, while of the other

two, trypsin is as a rule most readily affected. Still, it is hardly

possible to draw a direct comparison between the two proteolytic

ferments, since they act under such different conditions ; the fact

that pepsin acts only in an acid medium and that both the strength

and nature of. the acid affect the activity of the ferment, intro-

duces an additional factor which makes direct comparison in the

case of the two ferments impossible. The possible reason for the

slight acceleration of proteolytic action produced by several neutral

salts, in the case of pepsin-hydrochloric acid, has been already referred

to; but why neutral salts, which in large percentages show retarding

action, should in smaller percentages added to a neutral solution of

the ferment (ptyalin or trypsin) produce acceleration, can only be

conjectured. We might assume a simple stinndation of ferment

action by mere contact. That it may become very pronounced, is

evident from the action of borax, potassium cyanide and potas-

sium bromide in the case of trypsin and mercuric cyanide, ammonium
arsenate, ferrous sulphate, potassium chlorate, sodium chloride, tartar

emetic, and alkaloid salts in the case of the salivary ferment.

As to the manner in which the various salts produce retardation

of ferment action, it would appear as if many of the results obtained,

could be accounted for only by assuming, in addition to the views

already offered, a direct influence in many cases, either destructive

or hindering, on the ferment itself

Those substances, which are particularly injurious to animal cells

show in many cases no retarding action whatever, on the unformed

ferments ; this is particularly noticeable in the case of the arsenic

compounds, which affect the ferments only as the solutions become

acid. On the other hand, certain of the metallic salts are alike inju-

rious to both and doubtless for the same reason, viz : on account of

their power of combining with albuminous matter, which fact applies

with equal force to the vegetable organisms (organized ferments).

Nearly all geimicides act injuriously on tiie unformed ferments.

Many salts, however, well known as antiseptics, are without injuri-

ous action, except when present in large (|uantity; notably borax in

the case of trypsiu or boracic acid iu the case of pepsin-hydrochloric

acid.
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Influence or Temperature on the Relative Amyl-
OLYTic Action op Saliva and the Diastase op Malt. By
R. H. Chittenden and W, E. Maetin, Ph.B.

It has long been known that the ferment of saliva and the diastase

of malt, differ from each other in the temperature best adapted to

their amylolytic action. Paschntin* states that saliva ten times dilu-

ted, converts starch into dextrin and sugar most rapidly at 38° to

41° C, while the strongest action of the malt ferment occurs at 70° C.

;

rising slowly from 50° C. up to this temperature. According to

Kuhne,f the amylolytic action of salivary ptyalin is most energetic

at 35° C, while the action of malt diastase is most rapid at 66° C.

;

ptyalin being destroyed at 60° C. Kjeldahlj states that the amylolytic

power of diastase rapidly increases with increase of temperature up

to +50° C. By 54° C, ferment action is more vigorous than at 50°

C, while maximum action lies between +54° C. and +63° C. Above

+ 63° C. amylolytic action rapidly diminishes with increase in tem-

perature.

Exposing diastase for a long time to a temperature below 63° C.

does not, accoi'ding to Kjeldahl, weaken perceptibly the action of the

ferment. Higher temperatures, however, cause a diminution in amyl-

olytic power proportional to the length of time the ferment is heated;

thus Kjeldahl states that long continued warming at +66° C. produces

the same effect upon diastase as heating for a shorter time at + 70° C.

For the ptyalin of saliva, Kjeldahl finds the temperature most favor-

able for amylolytic action to be about +46° C From this tempera-

ture, amylolytic action diminishes on both sides, although somewhat

more rapidly by increase in temperature.

0'Sullivan§ and Brown and IIeron|| have also studied the in-

fluence of temperature on the amylolytic action of malt extract,

more however with a view to ascertaining the relative proportion of

products (maltose and dextrin) formed and the nature of the change

involved, than any comparison of the effect of temperature on the

energy of the ferment.

* Quoted by Hoppe-Seyler, Physiologische Chemie. p. 187.

f Lehrbuch der Physiologischeu Chemie, p. 20-21.

X Abstract in .Jahresbericht fiir Thierchemie, 1879, p. 381-383.

§ On the action of malt-extract on starch, Journal Cliem. Soc, 1876, ii, p. 125.

II

Beitrage zur Geschichte der Starke und der Verwandlungen derselben. Liebig's

Annalen der Ohemie, vol. cxcix, p. 213. Also Journal Chem. Soc.
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Hiippe* likewise, has made a study of the effect of high tempera-

tures on the two ferments, in manner similar to the experiments of

Bull, Hiifner and Salkowski, not, however, to ascertain the effects of

definite temperatures on ferment action, but rather to ascertain the

extent to which the dry ferments can be heated witliout destroying

their peculiar properties.

It has been our purpose to obtain by quantitative methods, definite

expressions of the influence of temperature on the relative amylolytic

action of the two ferments.

Our method of determining amylolytic action, is based upon the

gravimetric determination of the cupric oxide-reducing power of the

solution, resulting from the action of the ferment upon starch paste,

according to the method of Allihn.f This gives very concise and

definite results of admitted accuracy. The cupric oxide-reducing

power of a solution, resulting from the amylolytic action of these two

ferments, must necessarily express the degree of intensity of ferment

action, since the more energetic the action, the larger the amount of

sugar (maltose and dextrose) formed, with higher reducing power;

while the weaker the action, the larger the amount of deitrins

with lower reducing power.

The amylaceous material employed in the experiments, was purified

corn starch. In each experiment 1 gram of the starch was made into

a paste with 50 c. c. of boiling water, then 40 c. c. more water were

added, and lastly, when everything was in readiness, 10 c. c. of the

ferment solution, either saliva or malt extract ; thus making a volume

of 100 c. c. containing 1 per cent, of starch. In every case, the fer-

ment was allowed to act upon the starch at the desired temperature

for exactly thirty minutes, when further ferment action was at once

stopped by the addition of a definite quantity of dilute acid. The

ferment being thus destroyed, the solution was neutralized by adding

an amount of sodium hydroxide equivalent to the acid, after which

the solution was concentrated, then made up to exactly 100 c. c, and

ill 25 c. c, or one-fourth of the filtered fluid, the reducing bodies were

determined. From the weight of metallic copper so obtained, the

reducing bodies are, for the sake of comparison, calculated as dex-

trose, from which in turn is calculated the percentage of starch con-

verted. Naturally the amount of starch digested, is larger than the

figures indicate, since the reducing power of maltose and the dex-

trins is much smaller than that of dextrose, but the above method

of calculation is most convenient and for comparison quite suflicient.

* Jahre8])ericht fiii- Thierchemie, 1881, p. 446. Ueber das Verhalten uDgeformter

Fermente gcgen hohe Temperaturon.

f Zeitschrift fiir Aualytisclie Cliemie, xxii, p. 448.
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The saliva employed in the experiments was filtered, human
mixed saliva, carefully neutralized and then diluted ; 20 c. c. saliva

to 80 c. e. water. As 10 c. c. of this fluid were used in each experi-

ment, 1 gram of starch was exposed to the action of 2 c."c. of normal

saliva in a dilution of 1:50.

IVie malt extract was prepared from coarsely ground, malted barley

by extracting 10 grams with 200 c. c. water at 40° C. for 3-4 hours

;

then filtering, neutralizing and diluting to 500 c. c, a few drops of

thymol being added to prevent acid fermentation. The amylolytic

power of 10 c. c. of this diluted extract was a little more than that of

a similar quantity of the dilute saliva. Each series of experiments,

however, was made with different extracts, each of which showed
considerable variation in amylolytic power.

A. Amylolytic action at definite temperatures.

In all of these experiments, the 90 c. c. of fluid containing the

starch paste was brought to the desired temperature by immersion

in a large water-bath carefully regulated, the thermometer being

immersed in the vessel containing the starch paste. In a similar

manner, the ferment solution was quickly brought to the same tem-

perature, care being taken in the latter case, that the fluid did not go

beyond the requisite point. When the temperature became con-

stant, 10 c. c. of the ferment solution were added and the action con-

tinued for thirty minutes.

The results are clearly expressed in the following series of tables

:

Series I.*

—

Saliva.

Temperature.
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Series III.

—

Saliva.

Temperature.

20' C.

30

40

45

50

55

60

65

70

Temperature.

25° C.

30

40

45

50 .

55

60

65

Temperature.

40° C.

2

Wt. Cu ir
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Series VIII.

—

Malt Extract.

Temperature.
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a result of the action of the malt extract on the stai-ch (a); =163-3°,

while at 50° C. under the same conditions (a)J= 162-7° and at 60° C.

(«),/= 164-1°, or in a second experiment, {a)J = 163-7°. These re-

sults show at 50° C. the formation of a little more maltose than at

40°, although the difference is very slight; while at 60° C. the amount

of maltose formed, is less even than at 40° C, Evidently then, the

maximum amylolytic action of diastase of malt takes place at tem-

peratures far below 60° C; even below 55° C.

At very low temperatures, there is a corresponding difference in

the action of the two ferments, as is apparent from the results ob-

tained at 2° C; the ferment of saliva being compai-atively far more

active at this temperature than the ferment of malt.

Hence it is apparent throughout, that diastase requires a higher

temperature than the salivary ferment, in order to act with equal

vigor ; at the same time it is evident that at the body temperature, say

40° C, the difierenjce in action between the two ferments is not

very great. At 80° C. the diastase of malt still acts upon starch,

although only slightly ; the salivary ferment, however, under the

conditions of our experiments, does not act at all at 70° C. and only

slightly at 65° C. With these higher temperatures, it makes con-

siderable difference in the ultimate result, whether the ferment solu-

tion is quickly bi'ought to the desired temperature or not, and

whether it remains long at the temperature in question, before being

added to the starch solution. Thus, in the action of saliva at 60° C,

if the ferment be warmed quickly to tiearly 60° C, say 59° "C, and

then added to the starch paste at 61° C, as was done in the case of

Series III, amylolytic action is considerably greater than when the

saliva is actually brought to 60° and kept there for a moment or so

to be sure of its constancy. Some variation in the length of time,

required to bring the ferment solution to the desired temperature,

was unavoidable, and doubtless, slight variations in the results at

higher temperatures, occur from this cause. It was not, however,

our purpose at this time, to heat the ferment in order to induce a

change in its character, but simply to prevent any alteration in the

temperature of the starch mixture on addition of the ferment, so

that the action of the ferment on the starch might take place at a

constant tem|)erature.
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The effects., on amylolytic action, of exposing the ferment of saliva to

different temperatures for varying lengths of time.

Brown and Heron* state that a malt extract, warmed quickly to

66° C. and then added at once to starch paste at the same temperature,

dliFers but little, in the first stages of its action, from a malt extract

heated at 60° C; if, however, the malt extract be warmed for say 10

or 15 minutes at this temperature, previous to adding it to the starch

paste, its amylolytic action is very much weakened. Evidently then,

under the influence of the increased temperature, a portion of the fer-

ment is destroyed or else changes are induced, by which the action of

the ferment is modified. Results of like nature were previously

obtained by 0'Sullivan,f with malt extract.

With saliva, we have tried the following experiments, designed

originally to throw light on the comparative destructibility of the

ferment.

Series XI.

—

Saliva.

The saliva was exposed to the designated temperature for the speci-

fied time, then added to the starch paste at the same temperature and

its amylolytic power determined.

Time of Total amount Starch
Temperature. exposure. Wt. Cu In \i. reducing bodies. converted.

60° C. Omin. 0-0409 gram. 0-0852 gram. 7-66 per cent.

60 15 0-0213 00464 4-17

60 30 0-0210 0-0460 4-14

At 60° C. therefore, the coagulating point of albumin and the tem-

perature at which ptyalin is supposed to be desti'oyed, it is apparent

that destruction of the ferment is not complete even by 30 min-

utes exposure to this temperature. The peculiarity of the results,

moi'eover, make it doubtful whether we have to do with destruction

at all. If the reduced amylolytic action is due to simple destruc-

tion of the ferment, we should expect less ferment action after 30

minutes exposure than after 15 minutes; as it is, the action in the two

cases is the same. A certain time, however, is required to produce

the change in the character of the ferment. Similar results are

shown in the follow,ing series of experiments, conducted in the same

manner as the preceding, only at different temperatures.

* Loo. cit., p. 227.
I
Loc. cit., p. Uil
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Series XI I.

—

Saliva.

perature.
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peratm-es above 50° C. we reserve for further investigation. Owing
to the great difficulty in rendering saliva perfectly neutral, it is possi-

ble that the observed low result at 55° C. in Series XII. may be due

to the presence of a trace of either acid or alkaline carbonate.

Finally, it is to be observed that the majority of the results ob-

tained, indicate that the influence of diflerent temperatures, on the

amylolytic action of the salivary ferment, is due rather to change in

the character of the ferment, than to the direct influence of the

various degrees of heat upon the cleavage of the starch molecule

;

similar in character to that indicated by the work of O'Sullivan, and

also of Brown and Heron in the case of malt diastase.



IX.

—

Influence of Bile, Bile Salts and Bile Acids on Amylo-

LYTic AND Proteolytic Action.* By II. H. Chittenden and

Geo. W. Cummins, Ph.B.

The influence of bile and bile acids on the digestive processes of the

intestinal canal has long been considered an important one, still few

experiments have been made to determine the exact influence of these

substances by themselves on ferment action. The form in which the

main constituents of the bile exist in the intestinal canal depends

naturally upon the reaction of the contents of the intestines. If

these have an acid reaction, bile acids must be present ; if alkaline,

salts of these acids ; and it is fair to presume that under these two

conditions the presence of bile may be productive of different effects

on ferment action. Recorded observations tend to show that ordi-

narily the contents of the intestines possess a distinct acid reaction
;

thus Schmidt-Miilheiraf has found that in dogs fed on albuminous

matter, the contents of the small intestines are invariably acid,

although the mucous membrane sometimes possesses an alkaline reac-

tion. It is evident that in such cases the alkali of the bile must

have combined with the acid of the chyme, which would be followed

by liberation of the bile acids and partial precipitation of the same

in combination with the proteid matters of the chyme. Moreover,

the recorded observations of Schmidt-Miilheim tend to show that

this acid condition of the contents of the intestines jaersists through-

out the entire length of the intestinal canal. UffelmannJ has like-

wise found, in corroboration of the above, that the faeces of infants

naturally noui'ished possess a weak acid reaction, while, on the other

hand, Nothnagel,§ as a result of 800 observations, finds that human

excrement, in the case of adults, varies decidedly in its reaction,

being generally alkaline, more rarely acid or neutral. It is hardly

proper, therefore, to conclude that it is only necessary to study the

* Also published in the American ChemicHl Journal, vol. vii, p. 36.

f Archiv fiir Physiologie, DuBois Reymoud, 1879, p. 56.

:]:
Jahresbericht fiir Thierchemie, 1881, p. 305.

§ Jahresbericht fiir Thierchemie, 1881, p. 309.
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influence of the bile acids in their free condition on ferment action,

since in the passage of the ferments through tlie intestinal canal

there are times, doubtless, when the reaction of the mass is more or

less alkaline, especially in the small intestines, for some distance be-

yond the opening of the bile and pancreatic ducts. In either case it

is an interesting point to ascertain whether the bile salts have an

action at all analogous in kind or extent to that of the free acids.

Many observations* are recorded concerning the duo'denal precip-

itate formed in the duodenum by the action of bile on the acid-re-

acting chyme. The precipitate itself has generally been supposed

to consist of a mixture of syntonin, peptone and bile acids, but recent

experiments of Maly and Emichf with pure bile acids tend to show
that only the non-peptonised albuminous bodies are precipitated, \nz :

coagulable albumin and syntonin, and these only by taurocholic acid,

while peptone and " propeptone" remain in solution. This fact lends

favor to the view advanced by Hammarsten, that the object of the

precipitation of albuminous matter on the walls of the intestines

is to prevent its too rapid passage through the intestinal canal, thus

giving ample opportunity for the action of the pancreatic juice.

The addition of taurocholic acid to a solution of peptone, Maly
and Emich find, is followed by the formation of a distinct opal-

escence or fine dust-like precipitate, slowly changing to fine droplets.

This precipitate, however, which is doubtless the same as observed

by Hammarsten and Briicke on the addition of bile to portions of a

digestive mixture, does not contain according to Maly and Emich,

any peptone, but consists of taurocholic acid, possibly in a modified

form.

Both of these precipitations, however, would tend to mechanically

throw down, to a greater or less extent, any ferment present, and

thus diminish ferment action ; but, as Maly points out, the main

reason for a diminished action, in the case of pepsin, is to be sought

for, not in a precipitation of the ferment, but in the formation of a

compound of albumin with the bile acid, not digestible by pep-

sin-hydrochloric acid. But since this precipitation, as a normal reac-

tion in the animal body, must take place in the intestinal canal, it is

equally important to ascertain the extent of its digestibility in pan-

creatic juice, or, in other words, to ascertain the exact influence of

bile and its several constituents on the proteolytic action of trypsin

* See Maly iu Hermann's Handbneh der Physiologie, vol. v, p. 180.

f Monatshefte fiir Chemie, vol. iv, p. 89.
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as well as on the action of pepsin and on aniylolytic action. The

only data bearing on these points are the recent experiments of Maly

and Emich, who have found that 0'2 per cent, taurocholic acid hin-

ders the digestive action of pepsin-hydrochloric acid, while 1 per

cent, of glycocholic acid is without influence. The same investigators

likewise state that O'l per cent, taurocholic or glycocholic acid stops

the amylolytic action of the pancreas ferment, and that 0*2 per cent,

taurocholic acid or 1 per cent, glycocholic acid w^ill completely stop

the amylolytic action of the salivary ferment.

Our experiments on this subject were commenced before the above

results were published, and we have continued them, since we wished

to ascertain likewise the influence of the bile salts, and also the efi"ects

of both salts and acids, as well as the bile itself, on the proteolytic

ferment of the pancreas. The results of Maly and Emich, moreover,

not being quantitative, do not express the relative efiects of the

various percentages of bile acids used, but simply the percentage of

acid necessary to stop ferment action under the conditions de-

scribed by them.

1.

—

Influence on Amylolytic Action.

As amylolytic ferment, we have employed filtered human mixed

saliva made neutral and then diluted to a known volume. In study-

ing the influence of the various percentages of bile salts and acids

on the action of the ferment, we have used a digestive mixture (50

or 100 cc.) containing 1 per cent, of starch previously boiled with

water, and 2 per cent, of saliva, together with the given percent-

ages of bile salts or acids. The extent of diastatic or amylolytic

action under the varying conditions was determined in each case by

estimating the amount of reducing substances, maltose and dextrose,

formed during 30 minutes warming at 40° C. Further diastatic

action was at once stopped by boiling the digestive mixtures,

after which they were diluted to a known volume, and the reduc-

ing substances determined in a given portion of the diluted fluid

by Allihn's gravimetric method.* The reducing substances are

in each instance calculated as dextrose, and the diastatic action is

expressed in the percentage of starch converted into sugar.

We first tried the influence of crystallized ox bile, since bile itself

contains a small amount of a diastatic ferment. A 1 per cent, solu-

tion of nicely crystallized ox bile was made, with which the following

results were obtained :

* Zeitschrift fiir analytische Chemie, xxii, 448.
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Crystallized
bile.
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Thus even ()-14 per cent, ot sodium taurocbolate under these

conditions almost entirely stops amylolytic action. The smaller per-

centage of glycocholate, however, causes the same increased amyl-

olytic action observed with the smaller percentages of crystallized

bile.

With the bile acids the following results were obtained. The

glycocholic acid used was a nicely crystallized specimen prepared

from ox bile, while the taurocholic acid, prepared from the same

source, was amorphous

:

Per cent,
bile acid.
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These results agree exactly with the preceding, and both together

plainly show that only small percentages of bile acids are required

to entirely prevent the amylolytic action of saliva. Assuming that

the amylolytic ferment of the pancreatic juice is similar in its nature

to the ferment of saliva, it would follow from our experiments that

whether the contents of the intestines are acid or alkaline, the pres-

ence, beyond a certain percentage, of taurocholic acid, either as free

acid or as a taurocholate, would tend to diminish amylolytic action.

Very small percentages, however, would have little, if any, retarding

effect, indeed might increase amylolytic action. As to glycocholic

acid, the free acid is much more powerful in its action on the amylo-

lytic ferment than the sodium salt of the acid.

Considering these results in the light of a possible application to

changes in the intestinal canal, it becomes an interesting point to

ascertain whether bile itself exerts the same influence on amylo-

lytic action as the bile salts. Moriggia and Battistini * state that

while bile mixed with chyme gives a precipitate which, among other

things, contains mucin, bile acids and pepsin, thus hindering gastric

digestion, it does not, on being mixed with saliva, hinder its amylo-

lytic action, "This they found to be the case both with bile contain-

ing mucin and with bile from which the mucin had been removed

by acidifying. We have, therefore, made the following experiments

with fresh ox bile containing 7*46 per cent, of solid matter. The

digestive mixtures contained as before 1 per cent, of starch, 2 per

cent, of neutral saliva, and were warmed at 40° C. for 30 minutes :

Ox bile.
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ence of 2 per cent, of bile. Wittich* and also Hofmann have noticed

the occasional diastatic action of bile, Wittich even extracting the

ferment from human bile by his glycerine method. Gianuzzi and

Biifalinif have shown that the action varies considerably in bile

from different animals and individuals, and without any apparent

dependence upon the nature of the food. Ewald;j; states that the

diastatic capacity of bile appears to be slight in all cases, and is not

found in bile which has stood for some time. We have found, how-

ever, in bile from several animals considerable diastatic power ; thus

in one sample of fresh sheep's bile, 25 c. c. (25 per cent.) converted

24*33 per cent, of starch into sugar in 30 minutes at 40° C. We have

likewise found great variation in diastatic power, varjnng, expressed

in the percentage of starch converted into sug.ar under the conditions

described, from 4 to 24 in the case of herbivorous animals. We
have also noticed in bile from sheep and oxen the presence of a

small amount of sugar, or at least a substance capable of reducing

Fehling's solution. In one instance the amount was not inconsider-

able ; 25 grams of ox bile yielding, by Allihn's method, 0*040 gram

metallic copper, equal to 0-0209 gram dextrose or 0*08 per cent,

Naunyn, we believe, has already claimed the presence of sugar in

bile.

While we know then that bile acids and bile salts by them-

selves retard very decidedly the amylolytic action of ptyalin, it

would appear that the retarding influence of the latter may be, in

part at least, counteracted by other substances naturally present in

the bile.

2.

—

Influence on the Proteolytic Action of Pepsin.

It has long been known that bile has a retarding action on pepsin

digestion, and Maly and Emich have recently shown the percentages

of bile acids necessary to bring the action of pepsin to a standstill.

We have, however, in addition, experimented with bile itself, and as

in the case of the amylolytic ferment, have endeavored to study the

influence of the bile acids quantitatively. The method employed for

measuring proteolytic action is one frequently used in this labora-

tory, and which has invariably given satisfactory results. The only

feature which calls for description is the preparation of the proteid

matter to be digested. The material consists of carefully selected

* Jahresbericht fiir Thierchemie, 1872, p. 243.

f Jahresbericht fiir Thierchemie, 1876, p. 197.

:j: Lectures on digestion, Amer. ed., p. 77.
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and thoroughly washed blood fibrin. All soluble matters are re-

moved by successive extraction with boiling water, cold and boiling

alcohol, and finally with cold and warm ether. The fibrin is thus

obtained in a perfectly friable condition and can be easily ground to

a coarse powder. It is then dried at 100-110° C. This material is

well adapted for quantitative experiments with pepsin-hydrochloric

acid ; the residue remaining after a digestion can be rapidly filtered

with the aid of a pump, and can be easily freed, by washing, from

peptones and other soluble products of digestion.

The gastric juice employed in the experiments, consisted of a

hydrochloric acid solution of a glycerine extract of the mucous mem-

brane from a pig's stomach, in the proportion of 10 grams glycerine

extract to 1 litre of 0*2 per cent, hydrochloric acid. 50 or 100 c. c.

of this pepsin-hydrochloric acid were employed in each experiment,

to which was added 1 or 2 grams of the dried fibrin (2 per cent.),

together with the given percentage of bile or bile acids.

We first tried the influence of bile itself, using fresh ox bile,

slightly alkaline in reaction and containing 10*02 per cent, of solid

matter.

The digestive mixtures were warmed at 40° C. for two hours, then

filtered at once, and the undigested residue washed thoroughly,*

and dried at 100° C. until of constant weight. Following are the

results of the first series of experiments, with 2 grams of fibrin and

100 c. c. of gastric juice.

Bile in
digestive mixture.



Bile In
digestive mixture.
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of the ferment; doubtless, due in part to the percentage of free

hydrochloric acid being diminished by decomposition of the tauro-

cholate.
TaurochoUc Weight of Fibrin

acid. ixndigested residue. digested.

per cent. 0'2059 gram. 79'41 per cent.

0-1 0-6198 38-02

0-2 0-6426 36-74

0-5 0-6475 35-25

Maly and Emich found that 0*2 per cent, taui-ocholic acid entirely

stopped the action of pepsin ; in our experiments, however, ferment

action was still manifest even in the presence of 0-5 per cent, of the

acid. Whether this difference in result is due to difference in the

acid used, or to difference in method, we cannot say. Glycocholic

acid we found to be entirely without influence on the action of pepsin,

as did also Maly and Emich.

3.— The Proteolytic Action of Trypsin in Neutral, Alkaline and
Acid Solutions.

The trypsin solution was prepared according to Kiihne's method,*

from dried pancreas freed from fat ; the solution after neutralization

always contained some sodium salicylate, sufficient to prevent putre-

faction during short digestive periods. According to Kuhne,f tryp-

sin acts quite energetically, both in neutral and in salicylic acid solu-

tions, but most energetically when the pancreatic solution contains

0'3 per cent, sodium carbonate. According to Heidenhain,J the action

of definite percentages of sodium carbonate varies with the amount of

ferment.

We have tried quantitative experiments as a preliminary to study-

ing the influence of bile, with the following results ;§ the mixtures

were warmed at 40° C. for 3 hours and 40 minutes, and contained

2 per cent, of fibrin.

Reaction of
the fluid.
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With a larger percentage of fibrin and a longer period of diges-

tion the results are somewhat different. The following were obtained

with 4 per cent, of fibrin in 6 hours and 40 minutes at 40° C.

:

Fibrin
digested.

62-15 per cent.

74-19

86-05

84-12

83-71

86-82

52-72

An average of the two series of results plainly shows that there is

but little difference in digestive action in the presence of 0'2-0-5 per

cent, sodium carbonate, although in a given solution a change in the

percentage of alkali is at once manifest, to a slight extent, in the

amount of fibrin digested. Greatly increased percentages of alka-

line carbonate materially diminish the action of the ferment, as the

following series of experiments indicate ; the mixtures were warmed

for 2 hours at 40* C.

:

leaction of Weijilit of
tlie fluid. undigested residue.
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shown that the addition of 0*1 per cent, hydrochloric acid to an

aqueous extract of the pancreas stops its action. C. A. Ewald* how-

ever, found that while pepsin-hydrochloric acid destroyed trypsin,

trypsin could digest fibrin in the presence of 0*3 per cent, hydrochlo-

ric acid. Maysf likewise found that trypsin digestion could take

place in the presence of OS per cent, hydrochloric acid, but only

when a relatively large proportion of fibrin was present, and in cor-

roboration of Ktihne's statement, he showed that trypsin could be

destroyed both by pepsin and dilute hydrochloric acid. EngesserJ

found that a pancreatic juice did not lose its tryptic power by two

hours warming with a gastric juice containing 0*o per cent, hydro-

chloric acid. Langley,§ on the contrary, has shown that a glycerine

extract of the pancreas loses a very appreciable amount of trypsin

when warmed for two and a half hours with 0"05 per cent, hydrochloric

acid. Lindberger,|| working with an alcohol precipitate from a glyc-

erine extract of ox pancreas, in which there would naturally be

present but a small amount of proteid matter in addition to the tryp-

sin, found that in the presence of 0-1 per cent, hydrochloric acid the

ferment was entirely without action, and even in the presence of

0-012 per cent, hydrochloric acid, fibrin was much moi"e slowly dis-

solved than by a neutral trypsin solution. Lindberger, moreover,

found that Aveaker acids, as acetic and lactic, had a much ditierent

effect than the stronger hydrochloric acid; thus with dilute acetic

acid, digestion of the fibrin was almost as rapid as with a neutral

solution of trypsin, while with small amounts of lactic acid, fer-

ment action was even more energetic than in a neutral solution.

There is, however, no guarantee that in these experiments free acid

was present.^

We have found that free acids, even when present in small per-

centages, completely stop the proteolytic action of trypsin, and that,

when considerable albuminous matter is present, the action of tryp-

sin is much hindered by the addition of acid to a neutral solution,

even before the proteid matters present are saturated with acid. 0*1

per QQUt. free salicylic acid, in the presence of proteids already satu-

* Jahresbericht fiir Thierchemie, 1880, p. 297.

f Untersuehungen a. d, physiolog. Inst. d. Univ. Heidelberg, vol. iii, p. 378, 1880.

I Jahresbericht fiir Thierchemie, 1880, p. 297.

§ Journal of Physiology, vol. iii, No. 3.

I
Jahresbericht fiir Thierchemie, 1883, p. 281.

^ We have seen only the abstract of Lindberger's paper, so cannot speak positively

on this point.

Tbans. Conn. Acad., Yol. VII. 19 Oct.. 1885.
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rated witli the acid, allows no proteolytic action whatever. Further-

more, a sufficient amount of proteid matter just saturated with

hydrochloric acid, no free acid being present, will almost completely

stop the action of trypsin. Proteid matter, however, only partially

saturated with acid has a much smaller retarding action. This,

doubtless, was the condition of the mixtures in Mays' and Enges-

ser's experiments above referred to, for, as Mays states, the ferment

could act in the presence of 0*3 per cent, hydrochloric acid only when

a relatively large proportion of fibrin w^as present.

A pancreatic juice prepared from 20 grams of dried pancreas by

warming it at 40° C. with 200 c.c. 0-1 per cent, salicylic acid, etc.,

was finally made exactly neutral and diluted to 500 c.c. ;
25 'c.c. of

this solution required 7*5 c.c. of a 2*0 per cent, solution of salicylic

acid to completely saturate the proteids present,* the excess of free

acid necessary to give the tropa^olin reaction being deducted.

Three digestive mixtures were made as follows :

1. 25 c.c. of the neutral pancreatic solution + 50 c.c. water.

2. 25 c.c. of the same pancreatic solution + 7*5 c.c. 2*0 percent,

salicylic acid solution + 17*5 c.c. water. The mixture was acid to

test papers, but gave no reaction with tropaeolin 00. It therefore

contained no free acid, but 0*3 per cent, of combined acid.

3. The same as No. 2, but 2'5 c.c. more of 2*0 per cent, salicylic

acid, so that the solution contained, in addition to the acid proteids,

O'l per cent, free salicylic acid.

One gram of fibrin was added to each of these and the mixtures

warmed at 40° C. for 8 lioiirs and 40 minutes. No. 1 digested 88'34

per cent, of the fibrin, No. 2, 13-44 per cent., while No. 3 had no

action whatever.

Much smaller percentages of combined salicylic acid cause an

ecpially diminished proteolytic action ; thus, in the case of a (tare fully

dialyzed juice where the proteid matter was much diminished, the

digestive mixture, with its proteids wholly saturated, contained but

O'OGO per cent, of combined salicylic acid
;
yet this mixture, in 15

hours at 40° C. digested but 17*10 per cent, of fibrin, while the same
amount of the neutral trypsin solution digested 57*80 per cent.

* Tested by tropaeolin 00 according to the method of Danilewsky (Centralbl. med.

Wiss., 1880). One drop of a sohition containing 0-028 per cent, free salicylic acid

gives a reddish-violet color, which is, however, not permanent as in the case of hydro-

chloric acid, hut transient. With hydrochloric acid, one drop of a 0-003 per cent.

Bolntion will give the reaction.
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Combined hydrochloric acid has a greater hindering action than

salicylic acid, as the following results show :

Fibrin digested
Pancreatic solution of trypsin. in 18 hours.

neutral 57-80 per cent.

0-034 per cent, combined HCl + nofreeHCl 3-90

0-034 " " HCl + 005 per cent, free HGl 2-31

0-034 " " HCl + O-OlO " " 0-87

It is thus evident that in an ordinary digestive mixture, or even

where albuminous matter is present only in limited quantity, the

addition of hydrochloric or salicylic acid to a neutral solution of

trypsin reduces its proteolytic action to a minimum before any free

acid is present.

4.

—

Influence of Bile., Bile Salts and Bile Acids on the Proteolytic

Action of Trypsin.

The addition of bile to a neutral pancreatic juice causes but little

change in its proteolytic action, as is seen from the following results

obtained with ox bile containing 8*3 per cent, solid matter :'

Fibrin
digested,

59-82 per cent.

60-93

60-62

A slightly increased action is the only effect produced on the

trypsin.* The addition of bile to an alkaline pancreatic juice does

not produce any very different results. The following were obtained

with a pancreatic juice containing 0*3 per cent, sodium carbonate and

fresh ox bile containing ]0'0'2 per cent, solid matter:

Fibrin
digested.

69-44 per cent.

69-26

65-12

63-67

67-22

63-97

Here there is no increased proteolytic action, neither is there any

very great retarding effect produced. Pure sodium glycocholate

and taurocholate produce results similar to bile, as the following

table shows. The pancreatic juice contained 0*3 per cent, sodium

carbonate :

Bile.



Sodium
taiirocholate.
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—

Absorption of Arsexic by the Brain. By R. H. Chitten-

den AND Herbert E, Smith, M.D.

Some time since one of us* advanced the view that the amount of

arsenic present in the brain, in cases of arsenical poisoning, is an in-

dex to the form in which the poison was taken, viz: whether in a

readily soluble and diffusible form, such as sodium arsenite, or in a

comparatively insoluble form, as arsenious oxide or aceto-arsenite of

copper. The original experiments of Scolosubofff on animals, with

sodium arsenite, plainly showed the capability of nerve tissue for the

absorjjtion of arsenic
;
yet the recorded observations of toxicologists

tend to show, as a rule, the presence of but traces of this metal in

cases of arsenic poisoning, either acute or chronic. ScolosubofF's re-

sults are, however, undoubtedly correct ; arsenic when taken in a very

soluble and diffusible form without doubt does accumulate in the

brain, but in our opinion onli/ loheti in that condition, and thus in

the more common forms of poisoning with the white oxide or other

insoluble forms of arsenic, but a trace of the poison is to be found in

the brain at any one time.

With a fii-m belief in the truth of the above statement, founded on

personal experience and the recorded results of other workers in this

field, it was maintained by one of us in a previous paperj that the

presence of weighable amounts of absorbed arsenic in the brain may
be taken as an indication of the administration of a soluble form of

the poison. Experiments on animals tend to show the correctness of

the theory and the results of toxical investigations, so far as our

knowledge extends, contain nothing contrary to this view. If true,

we ought never to find under any circumstances an accumulation of

arsenic in the brain, after the administration of an insoluble form of

the poison. Hence, the study of arsenic cases, where the form of

poison is knowi>, is of gi'eat importance in this connection.

We have had a recent opportunity of adding two more cases to

* Chittenden, Amer. Chem. Jour., vol. v, p. 8; and Medico-Legal Journal, vol. ii,

p. 237.

f Bulletin de la Societe Chimique de Paris, vol. xxiv, p. 125.

\ Chittenden, loc. cit.
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the list of those which bear testimony to the truth of the above

theory ; two fatal cases of arsenic poisoning, one of which was caused

by the white oxide, the other presumably by Paris green or aceto-

arsenite of copper.

Case A.—L. K., a middle-aged laboring man, ate for his dinner at

noon a quantity of bean soup. Almost immediately after, he was

seized with vomiting and purging, cramps in the legs, and all the

ordinary symptoms of acute arsenic poisoning. There were no

marked cerebral symptoms. At 9 p. m. of the same day the patient

died in a condition of collapse, having thus lived nine hours after

eating the poisoned soup. An autopsy made the following day by

Dr. M. C. White of the Yale Medical School, to whose courtesy we
are indebted for a description of the case, and also for the organs for

analysis, revealed the following points of interest :
" The mucous

membrane of the stomach was very much inflamed, especially around

the cardiac orifice. The duodenum was likewise much inflamed, also

the lower part of the rectum, showing here as a red mottled conges-

tion. The remaining portions of the intestines were normal. The

brain showed marked congestion. The kidneys were normal in ap-

pearance, tlie urinary bladder was nearly empty, and tlie mucous

lining somewhat reddened. The lungs were normal, except the

loAver half of the right one, which was a little congested. The heart

normal ; small fibrinous clot in the right ventricle." In order to

draw deductions of any value from the distribution of arsenic in

the body of the deceased we must know positively as to the Yorm in

which the poison was taken. Fortunately, we were able to obtain

the residue of the soup eaten by the deceased. Microscopic examina-

tion of the sediment plainly showed octahedral crystals of arsen-

ious oxide, and we were able to separate from a small portion of

the solid residue 24 milligrams of the oxide. Plainly the soup was

poisoned by simply mixing with it arsenioiis oxide in substance.

As to the (piantity of arsenic present in the soup we have the follow-

ing data : 125 c. c, oxidized with hydrochloric acid and potassium

chlorate, yielded 314-(i milligrams of arsenious sulphide, equal to

253-2 milligrams of arsenious oxide. As to the amount taken by the

deceased we have no knowledge; we infer, however, since the soup

constituted the main portion of his dintier, that a large quantity was

eaten, which view we think is substantiated by the intensity of the

vomiting and purging so characteristic of large doses of the poison.

Here then, we have an unquestionable case of poisoning with

arsenious oxide, and under conditions most suitable for rapid absorp-
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tion ; a probable empty condition oi" the stomach, togetlier with a

large amount of the poison, a considerable portion of which must

probably have been dissolved in the soup. Added to this, nine hours

intervened between the taking of the poison and death. Certainly

then everything favored an absor|)tion of poison by the brain, if

such is characteristic of this form of arsenic. Naturally the vomit-

ing and purging would remove much of the poison, still the relative

proportion of absorbed arsenic would not be materially altered, and

thus if ScolosubofT's results with soluble arsenites are applicable to

arsenious oxide,- we ought to find in this case, in conformity with his

results, a larger percentage of arsenic in the brain than in the liver

or kidneys.

Following are the results actually found:*

Liver (1259 grams) contaiued 76-0 milligrams As^Oa.

Kidney and bladder (332 grams) contained 0'6 milligram AsoOs.

Brain (^=r328 grams dry) contained simply a recognizable trace.

Case B.—J. G., a young woman, age unknown. Regarding the

details of this case we have less definite knowledge. She was last

seen alive on Friday night, at which time she threatened to poison

herself. The following Monday morning she was found dead, and

near her an open package of Paris Green. She had evidently been

dead some time, and both the condition of her room and person gave

evidence of excessive purging and vomiting. An autopsy by Dr.

White showed an entire absence of inflammation of the alimentary

tract, and also a lack of any abnormal condition sufficient to account

for death. The verdict was therefore, death by poisoning with Paris

green or aceto-arsenite of copper.

Through the kindness of Dr. White we were able to obtain por-

tions of the body for analysis. The contents of the stomach were

entirely free from arsenic, the poison having been wholly removed"

by the purging and vomiting ; the trace found therefore, was the

amount absorbed by the muscle tissue of the stomach. Following

are the amounts of arsenic found in the parts analyzed :

Liver (2984 grams) contained 12'78 milligrams AsoOj.

Kidneys and bladder (515 grams) contained 3-40 milligrams As^Oa.

Muscle of thigh (735 grams) contained 0*97 milligram AS2O3.

Stomach (425 grams) contained a trace.

Brain (1179 grams) contained a trace.

* The method of analysis consisted in the oxidation of the tissue with nitric and

sulphuric acids, the arsenic being weighed as metallic arsenic. See Amer. Chem*

Journal, voL ii, p. 235*
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The trace of arsenic in both the muscle tissue of tlie stomach and

in the brain was very small; the entire brain could not have con-

tained more than 0'2 of a milligram of arsenic.

These results plainly substantiate the views set forth above and

lend favor to the belief that Scolosuboff's results with sodium arsen-

ite are applicable only to that form of poison, and not to the more

insoluble compounds of arsenic. These two cases, therefore, are

additional evidence that in poisoning with arsenic the presence of an

appreciable amount of poison in the brain, is an indication amount-

ing almost to proof positive of the administration of a soluble and

diffusible form of arsenic.
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Influence of Potassium and Ammonium Bromides on
Metabolism. By R. H. Chittenden and W. L. Culbert
Ph.B.

As a question in the physiology of nutrition, it is very desirable to

be able to state something definite regarding the influence of bro-

mides upon the metabolism of the body; particularly their influence

upon the metabolism of proteid matter, as shown in the excretion

of urea and uric acid, and in view of their special application as

therapeutic agents in diseases of the nervous system, their influence

also on the decomposition of nerve substance, as shown in the excre-

tion of phosphoric acid. Two complete investigations appear to

have been made upon this subject; one in 18G8 by Dr. J. H. Bill,*

and one in 1883, by Dr. B. Schulze,f the results of which are more or

less in direct opposition to each other. We have also seen a refer-

ence to two other investigations, quoted by Dr. Wood,J in which

Dr. Rabuteau found the daily excretion of urea slightly lessened

under the influence of bromide, as did also Dr. Bartholow.

Dr. Bill's investigation, which was a very thorough one, had for

one of its objects to ascertain whether bromides reduce the amount

of phosphoric acid excreted, like such known hypnotics as morphine

;

at the same time careful examination was made of the variations in

utea and uric acid under the difierent conditions of the experiments.

The experiments were all conducted on one person with a body

weight of 160 pounds, which remained fairly constant throughout.

The experiments were made in series under known conditions with

uniformity of habits, diet, etc. Unfortunately, however, no data are

given regarding the nature of the diet, the closeness with which it

was adhered to, or whether the body was kept in a state of nitro-

genous equilibrium. Each series of experiments, moreover, covers at

the most, but six days ; three days without bromide and three days

with, consequently slight variations might easily be absorbed in an

average of three results. The urea in Dr. Bill's work was deter-

* Amer. Jour. med. Sciences, July, 1868. Experimental Researches into the action

and Therapeutic value of Bromide of Potassium.

\ Zeitschrift fiir Biologic, vol. xix, p. 301. Einfluss des Bromkalium auf den Stoff-

wechsel.

X Therapeutics, p. 337.

Trans. Conn. Acad., Vol. VII. 20 Nov., 1885.
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raiiK'd witli a "• mercury solution," pliosphoric acid with uranium

solution and uric acid by precipitation and weighing as such. The

results obtained were as follows : With moderate doses of potassium

bromide (3*0-8-0 grams per day) urea was not affected, phosphoric

acid was slightly increased, uric acid likewise, though much more

decidedly; with larger doses of bromide (10-0-14-0 grams per

day, continued for 2-3 days) phosphoric acid was diminished in

amount, but this Dr. Bill intimates could not be attributed to regular

hypnotic action, since the other urinary constituents were likewise

diminished, notably the urea. Both large and small doses of bro-

mide increased the quantity of urine passed in the twenty-four honrs.

This Dr. Bill asserts was not due to the increased drinking of water,

for no thirst, not even with the largest doses, was ever present.

Dr. Schulze, experimenting on his own person, obtained results

quite different fi'om these. This investigator lived on a fixed diet of

the following composition :

220 grams fresh meat =7'13 grams N.

50 grams air-dried wheat bread=0'92 grams N.

30 grams cocoa powder ^1-14 grams N.

30 grams butter.

30 grams sugar.

5 grams salt.

1500 grams water.

9-19 grams N.

The average amount of nitrogen excreted daily was about 11 grams.

Taking this amount of food daily, with unifoi*m habits of sleep,

exercise, etc., Dr. Schulze states that he soon reached a point where

the daily excretion of nitrogen, sulphur and phosphorus remained

fairly constant. Potassium bromide was then taken thi*ee days, in

divided doses of 10 grams each day. Diuretic action was very

noticeable. Phosphorus was diminished, sulphur very much in-

creased, and nitrogen (on two days) apparently slightly increased

under the influence of the bromide. As, however, the increased

excretion of sulphur was not accompanied with a corresponding

increase in the excretion of nitrogen, Schult/e considers that the

increase in sulphur cannot be due to increased metabolism of sim-

ple albuminous matter, and seeks to show that the potassium bro-

mide must have decomposed, to a slight extent, some nitrogenous

phosphorized principle or principles, such as lecithin (glycerine-phos-

phoric acid) and nuclein, so abundant in the brain and nerve sub-

stance in general. Schulze therefore concludes that under the influ-
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ence of potassium bromide there is probably a decided diminution of

metabolic activity in the nervous system, accompanied by decreased

nervous irritability.

By determining the nitrogen of tlie faeces, Schulze concluded that

the bromide exercised no particular influence on the digestibility of

the food.

In our experiments great care was taken first, to insure body equi-

librium and then to obtain sufficient data by analysis, to be sure of

the requisite constancy in the composition of the daily excretions.

The experiments were tried throughout on the person of one of us

(W. L. C), of good physique and vigorous constitution. The diet

was weighed out each day with scrupulous care and was as follows

:

Fresh meal [beef] 142-0 grams.

Potatoes _ -. 283-5 "

Wheatbread 256-0 "

Oatmeal 500 "

Butter 56-1 "

Sugar 28-3 "

Salt 0-7 "

Milk.. 700-0 "

Water 345-5 "

This diet was commenced on the third day of April and continued

for nine days before any attempt was made to ascertain the daily

amounts of urea, etc., excreted. Then the urine was analyzed for

nine successive days, after which doses of potassium bromide were

taken. The above daily amount of food was divided into three por-

tions and taken at the same time each day; at 7:30 a. m., 1 p. m.,

and 6 p. m. Exercise Avas taken regularly and in stated amounts;

consisting of a walk each morning before breakfast and exercise

with dumbbells just before retii-ing at 11 p. m. Care was taken not

to exercise so freely as to induce perspiration. Throughout the day^

routine duties allowed of regular habits. It was thus found possi-

ble to keep even the minor conditions of the experiment constant

throughout. The urine was collected from 7:30 a. m. of one day to

7:30 a. m. of the next, and was at once analyzed. Urea was deter-

mined by Pfliiger's* modification of Liebig's method, with a standard

solution of mercuric nitrate. All the precautions so carefully worked

out by Pfluger; preparation of a mercuric nitrate solution of the

proper specific gravity, a standard solution of sodium carbonate to

neutralize the acid of the former, preliminary determination of

* Pfliiger's Archiv, vol. xxi, p. 248.
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chlorine and removal of the same, before precipitating the urea

;

were carried out with very satisfactory results. Uric acid was

determined according to the older method of Heinlz* with the modi-

fication of Zablins, and being conducted each time under exactly

the same conditions and with a urine of approximately the same

composition, the results are to be considered as strictly comparable.

Chlorine and bromine were determined in the usual manner with a

standard solution of silver nitrate; the results, however, are not

given as they are of value only as essential to the urea determinations.

Total phosphoric acid was determined by means of a standard solu-

tion of uranium nitrate.f Phosphoric acid in combination with alkali-

earths was determined by precipitation with ammonium hydroxide,

allowing the mixture to stand 24 hours, filtering the precipitated

phosphates, washing thoroughly with diluted ammonia, then dissolv-

ing in a definite amount of dilute acetic acid and titrating with

uranium solution. Total amount of solid matter contained in the 24

hours' urine, was calculated by the use of Christison's formula.

The diet specified, was commenced on the 3d day of April ; on the

12tli the urine was collected for analysis, the body weight taken and

the investigation then carried forward without interru|)tion. Table

No. I. gives the results of the analysis of the urine for nine con-

secutive days, and shows the average amount of variation to be

expected under the conditions of the experiment.

On the 21st of April, 60 grains of potassium bromide were taken

in divided doses as seen in Table No. 11. The bromide was taken

about midway between the hours of eating, so that it might not afiect

digestion. On the 22d the dose was increased to 100 grains and then

to 150, the latter amount being taken daily for three consecutive

days. Table No. II. shows the effects of the bromide on the system,

for the six days it was taken.

On the first day, the only apparent influence of the bromide is to

cause a diminution in the amount of phosphoric acid excreted ; seen

both in the total P^O^ and in the P^O^^ in combination with alkali-

earths. On the second day, the diuretic action of the salt is apparent,

accompanied with an increase in specific gravity, and a decided

increase in the amount of urea excreted, together with a slight in-

crease in the amount of uric acid. Phosphoric acid was still dimin-

ished in amount. On the third day, the body weight commenced to

diminish and continued to do so throughout the experiment ; diuretic

* Die Lehre vom Ilaru, SalkowsHi uinl Leube, p. 94-95.

f Die Lehro vom Ham, p. 184,
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action was still apparent as was also increased elimination of urea,

and to a slight extent of uric acid likewise. Indeed, the most notice-

able effect of the bromide, next to its diuretic action is its decided

influence on proteid metabolism as shown by the increased elimina-

tion, of urea. As to phosphoric acid the results are not so striking,

although an average of the two series shows a diminished excretion,

both of total P^O,, and of P20^ in combination with alkali-earths. The
average dilFerence in the two series of results is clearly shown by

the following table :

Average of Table

No.I, without KBr. No. II, with KBr.

Total quantity of urine 926 c. c. 1010 c. c.

Sp. Gr . 1025,8 1026,3

Total solid matters : 56-7329 grams. 63-6252 grams.

Total P,05 - 2-7540 2-5426

P2O0 in combination with Ca and Mg. 0-6022 0-5452

Uric acid 0-6752 0-6858

Urea.- 34-8681 35-9454

Our results therefore plainly indicate, that under the influence of

potassium bromide, nitrogenous metabolism is increased while the

excretion of phosphoric acid is slightly diminished in amount ; not

however, to any such extent as would be expected by an active

hypnotic agent. The bromide taken, the largest doses about 10

grams per day, produced its usual physiological effects ; such as drow-

siness, diminution of the circulation with accompanying coldness and

paleness of the skin. Constipation was not noticed while taking the

bromide, but later on it became somewhat troublesome, once or twice

alternating with a slight diarrhoea. In accord with Dr. Bill, we no-

ticed an increase in the acidity of the urine while taking the bromide,

as also a deepening of the color.

With bromide of potassium therefore, our results agree with those

of Dr. Schulze in showing an increased excretion of nitrogen (urea

and uric acid), although far more pronounced than he found in his

experiments, while the diminution in phosphorus is less pronounced

than found by Schulze.

With Dr. Bill's experiments our results agree in so far as the

diminution of phosphoric acid is concerned, but are entirely different

as regards the urea. Since, however, Dr. Bill retained uniformity in

diet only during the days of the experiments, it is quite possible

that lack of nitrogenous equilibrium may have had some influence on

his results. The increased elimination of urea noticed in our experi-

ments is certainly indicative of increased metabolic activity ; it is,
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however, suggestive that potassium l)romi(le has been recently found

to exercise a very decided accelerating influence on the proteolytic

action of both pepsin-hydrochloric acid* and trypsin ;f v^Oiile, there-

fore, this fact may have something to do with the increased elim-

ination of nitrogen, particularly as the diet used is quite rich in pro-

teid matter, it seems more probable to suppose that the above

changes in the excretion of nitrogen are due rather to changes in the

tissue proteids ; still it would have been interesting if the nitrogen

in the fjeces had been determined each day.

Although the last dose of potassium bromide was taken on the 26th

of April, the same diet was still continued and the urine carefully

examined daily, until the 8th of May, at which time the amount of

bromine in the urine was reduced to a minimum. Dr. Bill states that

bromine usually disappears entirely from the urine in ten days after

the last dose of bromide.

The results of the twelve days analyses are shown in Table No.

III. In examining this table it is interesting to note how quickly

the elimination of urea is changed on stopping the doses of bromide.

On the 26th, the last day the bromide was taken, the excretion of

urea amounted to 37'5 grams; on the 27th it fell to 31'8 grams, far

below what it had been any time before the bromide was taken. It

would thus appear that after withdrawal of the bromide, nutrition

which had been accelerated, rebounded in proportion to the preceding

acceleration. Uric acid, moreover, which had likewise been increased

in amount by the bromide, was now also correspondingly dim'inished.

Furthermore, the diuretic action of the bromide was at once stopped,

and the specific gravity fell to 126"5. In the case of phosphoric acid,

however, the action of the bromide appears to be continued for a

day or two after its withdrawal, and indeed it is noticeable through-

out, that the diminution in phosphoric acid excreted, is not at all

proportional to the amount of bromide taken. In fact pliosphoric

acid, both total P,0^ and alkali-earth P^O^, appears to be more deci-

dedly diminished on those days when the amount of bromide in the

blood was the smallest, notably on the 21st, 24th and 27th of April.

By the 3d day after withdrawal of the bromide, the excretion of

urea had gone nearly back to the daily amount, prior to taking the

bromide; still it is to be seen in Table No. Ill, that the average ex-

cretion of urea, uric acid and phosphoric acid is below the average

excretion recorded in Table No. I. In fact after the continued doses

* ("!hitton(len and Allen. Trans. Conn. Acad., vol. vii.

I
Chittenden and Cmnnuns. Il»id.
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of potassium bromide, the metabolism of the body did not fall back

to its original height ; biit being temporarily accelerated during the

exhibition of potassium bromide, it [the nitrogenous metabolism]

fell back on withdrawal of the same, to a far lower level, and al-

though later somewhat increased in amount, its average was still

lower than recorded in Table No. I. Nutrition had evidently been

disturbed ; the body weight showed gradual diminution, and on the

4th and 6th of May there was slight diarrhoea accompanied with

a decided decrease in the amount of urea and uric acid excreted.

Dr. Bill appeal's to have experimented somewhat wnth sodium bro-

mide, although we find no results recorded, aside from the fact that

this salt, like potassium bromide, caused an increased excretion of

uric acid, and the general statement that " when taken by the

mouth, bi'omide of sodium does not produce the same etfects as bro-

mide of potassium." In view of the increased excretion of urea,

noticed under the influence of the potassium salt, we were interested

in seeing whether ammonium bromide would have a like influence,

especially in view of the fact that v. Schroeder* has shown that ammo-

nium carbonate is directly convertible into urea by passage through

the liver.

The physiological action of ammonium bromide is stated to re-

semble in many points that of potassium bromide, while in other

points it difiers essentially.f As to its influence on metabolism no

experiments whatever appear to have been made.

On the 9th of May, 75 grains of ammonium bromide were taken,

in divided doses, as shown in Table No. IV. In all, 425 grains of the

salt were taken in four consecutive days. The action of the salt on

the system was not as pleasant as that of jiotassium bromide ; caus-

ing a general weakness and indisposition, a slight diminution in the

pulse, an occasional cold perspiration, more marked lividity of the

countenance and a parched, dry taste in the mouth. An habitual

eruption of the skin was moreover much increased and accompanied

with acne on the back and shoulders. Undoubtedly these disagree-

able symptoms were much augmented by the temporary lassitude

which was beginning to be apparent ; doubtless due to the approach

of' warm weather together with lack of the accustomed vigorous

exercise and the long continued use of the somewhat monotonous

diet.

* Archiv f. exp. Pathol., vol. xv, p. 364. Also Report on Progress in Physiological

Chemistry in Amer. Chem. Jour., vol. v, p. 219.

f Wood, Therapeutics, p. 341.
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However this may be, the use of ammonium bromide in our

experiments gave rise to more unpleasant symptoms than the use of

like amounts of the corresponding potassium salt. Like the potas-

sium salt, ammonium bromide caused increased acidity in the urine

and a brighter color. As to its influence on metabolism, a study

of Table No. IV, and comparison with No. Ill, plainly shows a

decided accelerating influence on the excretion of urea ; the average

of the results, moreover, shows a very slight diminution in the excre-

tion of total phosphoric acid, at the same time it would appear, in

accord with what was observed with potassium bromide, that the

diminution was greatest with the smallest amounts of bromide, as on

May 9th and 10th and on the 13th and 14th after withdrawal of the

bromide. With the largest amount of ammonium bromide, on the

other hand, phosphoric acid appeared to be increased in amount,

thus according with what Dr. Bill observed with like quantities of

potassium bromide.

The average difference in the two series of results is shown by the

following table

:

Average of
Table No. Ill No. IV

without (NH4)Br. with (NH4)Br.

Total quantity of urine 915 c. c. 1072 c. c.

Sp. Gr 1024,8 1024,4

Total solid matters 54-3970 grams. 62-3608 grams.

Total P2O6 2-5643 2-5130

P2O6 in combination with Ga and Mg. 0-4972 0-5749

Uric acid .- 0-6599 0-6761

Urea 32-8579 34-6505

It is thus seen that diuretic action is even greater with the ammo-

nium salt than with potassium bromide; likewise the excretion of

both urea and uric acid is greater under the influence of ammonium
bromide than in the case of the potassium salt ; as to phosphoric acid

the table of averages shows practically nothing, but as before ob-

served a study of the individual results does indicate some action of

the salt, although diminution in the excretion of phosphoric acid

under the influence of ammonium bromide cannot be so surely claimed

as with the potassium salt.

After withdrawal of the ammonium bromide, the urine was exam-

ined for two days more ; the results showing the same, or even greater

drop in the excretion of urea, observed under like conditions with the

potassium salt (Table No. V.). Hence, so far as our experiments ex-

tend, the influence of the two salts on the metabolism of the body is

very much alike, differing only in extent of action ; the ammonium
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salt, as might be expected, causing the largest excretion of urea, not,

however, necessarily from any greater influence on proteid metabolism,

but merely as furnishing a certain amount of ammonia to be excreted

as urea. Finally, our results, with both salts, fail to show that dimi-

nution in the excretion of phosphoric acid to be expected from active

hypnotic agents, and in this respect, therefore, our results show noth-

ing antagonistic to Dr. Bill's conclusion "that bromide of potassium

in its legitimate action, is an ahtesthetic to the nerves of the mucous

membranes and a depressor of their action. Its hypnotic effects are

secondary."
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Influence of Cinchonidine Sulphate on Metabolism.

By R. II. Chittenden and Henry H. Whiteiiouse, Ph.B.

While mucli attention has been paid to the physiological study of

the cinchona alkaloids; quinine particularly having been experimented

with by several observers, to ascertain its influence on the metabol-

ism of the body; we have not been able to find any recorded state-

ments bearing on the action of the closely related alkaloid, cinchoni-

dine. In physiological action, quinine is taken as a type of the

group ; cinchonine is stated* to be similar to quinine but less power-

ful, and that its history in the organism is parallel witli that of qui-

nine ; cinchonidine is likewise stated to be weaker than quinine and

in physiological action, apparently its equivalent when taken in doses

one-third larger. Pi-esumably, therefore, its action on the metabol-

ism of the body is similar to that of quinine, although ^apparently no

attempt has been made to determine this point. In view of the spe-

cial action of quinine on nitrogenous metabolism, we have devoted

our attention mainly to a study of the influence of cinchonidine on

the excretion of urea, uric acid, phosphoric acid and chlorine. The

experiments were conducted wholly on the person of one of us (H.

H. W.) under uniform conditions of diet, exercise, etc. Thfe diet,

weighed out accurately each day, was composed of

255 grams meat (beef).

255 grams wheat bread.

149 grama potatoes.

50 grams oat meal.

35 grams butter.

21 grams sugar.

570 grams milk.

;550 grams water.

This diet, divided into three definite portions each day, was taken

for some time previous to the experiments, so that the system might

become accustomed to it and the metabolism of the body brought to

a constant point. Tlie body weight was determined each morning

;

the urine collected from nine a. m. of one day to nine A. m. of the

next, making the 24 hours' urine, the analysis being made the same

* H. C. Wood, Therapeutics, p. 81.
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day. Urea was determined by Pfliiger's * modification of Liebig's

method, chlorine being removed by a standard solution of silver

nitrate. Chlorine was determined by evaporating 10 c. c. of the

urine with a weighed amount of potassium nitrate in a platinum cru-

cible, igniting until the organic matter was completely removed, dis-

solving in water, acidifying with nitric acid, neutralizing with cal-

cium carbonate and then titrating with silver nitrate solution. Uric

acid was determined by Heintz's method as modified by Zablinsf and

phosphoric acid with a standard solution of uranium nitrate.J The
amount of solid matter was calculated by the use of Christison's

formula.

After taking the above diet for some time, the urine was analyzed

for seven consecutive days prior to the exhibition of cinchonidine.

The results, seen in Table No. I, show a very close agreement in the

daily excretions.

On the 11th of May the first dose of cinchonidine sulphate was

taken. The alkaloid salt was a finely crystallized preparation ob-

tained from Powers and Weightman. The daily dose was usually

divided into three portions and taken in tiny gelatine capsules, about

five hours apart. In view of the fact that cinchonidine is a weaker

alkaloid than quinine, it was not deemed necessary to try the influ-

ence of very small doses; on the first day, therefore, 15 grains of the

salt were taken ; on the second day 21*8 grains; on the third day
35 •! grains; and on the fourth 50 grains, making a total of 121-9

grains of cinchonidine sulphate in four consecutive days.§ The re-

sults of the analyses of the four days' urine, as well as those of the

three following days, on which no cinchonidine was taken, are shown

in Table No. II.

Comparing these results with those in Table No. I, and in Table

No. Ill, it is seen that cinchonidine exercises a very decided influ-_

ence on the nitrogenous metabolism of the body. Urea is at once

afiected : its excretion on the first day even, is diminished 6 per cent.,

while on the second day it is diminished 10 per cent,, and on the fourth

day when the largest dose of cinchonidine was taken, the excretion

of urea was 16 per cent, less than in the normal urine. The influence

* Pfliiger's Archiv, vol. xxi, p. 248.

f Die Lehre vom Harn, Salkowski and Leube, p. 94-95.

X Die Lehre vom Harn, p. 184.

§ While taking the larger doses of cinchonidine, an intense ringing in the ears was
temporarily experienced (cinchonism) together with partial deafness and slight

dizziness. On one or two occasions a slight nausea was felt.
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of ciuclioiiidine on the elimination of urea continues to be felt

after discontinuing the use of the alkaloid ; thus even three days

after the last «lose of cinchonidine, the elimination of urea is 6

per cent, less than in the normal urine. On the fourth day it

is nearly back to the normal amount [see Table No. III.], and on

the fifth and sixth days the excretion of urea rises somewhat above

the average. Uric acid does not appear to be correspondingly

aflFected. It is only under the influence of the largest doses, or

rather under the long continued action of the alkaloid that the ex-

cretion of uric acid is diminished ; thus on May 14th, when the final

dose of 50 grains of cinchonidine sulphate was taken, the excretion

of uric acid was for the first time diminished ; its diminution, how-

ever, was very perceptible and it continued for the two succeeding

days, after withdrawal of the alkaloid salt. Phosphoric acid was

o-reatly diminished in amount under the influence of cinchonidine;

the diminution commencing to show, as in the case of urea, with the

first dose of the alkaloid salt, then gradually increasing in amount

with increase in the dose of cinchonidine until maximum diminution

was reached on the day after the final dose of the alkaloid. The

alkaloid salt, moreover, appears to have had a slight diuretic action.

On the 21st of May, cinchonidine sulphate was again taken, the

results of the analyses of the 19th and 20th showing that the urine

had returned to its normal composition. Accordingly, 95-8 grains of

the salt Avere taken on the 21st and 22d, producing the same results

(Table No. III.) as noticed in the first series, viz: diminution 'in the

amount of urea and uric acid excreted, a like diminution in the amount

of phosphoric acid and an increase in the total amount of fluid.

Table No. IV. sliows the average results under the difierent condi-

tions of the experiments.

It is evident tlien, that cinchonidine has the power of lessening very

materiallv the elimination of nitrogen, i. e. the consumption of tissue.

Ranke* first pointed out the retarding influence of quinine on the

elimination of uric acid. Zuntz found by experiment upon himself

that 25 grains of quinine reduced his elimination of urea nearly 40

per cent. A like diminution in the excretion of urea, under the in-

fluence of quinine, was noticed by Rabuteau in experiments upon

dot's and also by Hermann von Boeck.f The most interesting ex-

periments, however, with quinine are those carried out b}-^ Dr. (4.

* Quoted from Dr. H. ('. Wood, Therapeutics, p. 74,

\ Zeitsehril't fur Biologic, vol. vii, p. 122.

I
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Keriier,* and more recently by Dr. Priorf and Dr. Sassetzky.J In

Dr. Prior's article is to be found a very complete account of the liter-

ature of tiie subject. Dr. Kerner found that taking 9"3 grains of

quinine hydrochloride per day in divided doses, for 3 days, making

a total of 27'9 grains, caused a diminution in the excretion of urea,

amounting on an average for the three days to 12 per cent., while the

exci'etion of uric acid iinder like conditions was diminished 54 per

cent. Phosphoric acid, too, was diminished somewhat ; on an aver-

age about 4 per cent, per day. Diuretic action was very slight.

With larger doses of quinine; 77*5 grains of the hydrochloride in

divided doses during tliree days ; diuretic action was quite pro-

nounced, the average increase in volume, amounting to 200 c.c.

Moreover, urea was diminished on an average 23 per cent, per day,

uric acid 82 per cent, and phosphoric acid 15 per cent. Oppenheim,§

however, by a dose of 30*8 grains of quinine found an increase iu the

daily excretion of urea amounting to 4 grams, and he considers that

Kerner's results ai'e due to diminution of digestive action. It is cer-

tain that both quinine and cinchonidine do interfere with the pro-

teolytic action of the gastric and pancreatic juices,
||
but this retarding

action can hardly be taken as explaining in full, the results obtained

by Kerner or those obtained by us with cinchonidine.

Prior, moreover, by very carefully conducted experiments with

quinine, has completely corroborated Kerner's results and has shown

in addition, by a daily determination of niti'ogen in the faeces, that

diminution of urea and uric acid is not due to lack of digestive

action, as suggested by Oppenheim. Prior's results show on an aver-

age, without reference to the size of the "dose, the following effects

of the quinine. •]

Quantity of
urine.
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V. Boeck considers that quinine owes its retarding influence on

proteid metabolism to a direct action of the alkaloid upon the cells and

their activity, although the alkaloid doubtless does unite with albu-

min or alter its constitution so as to render it less readily decompos-

able. Metallic salts, as lead and mercury, certainly form compounds

with albumin difficultly decomposable, as also does arsenic, and v.

Boeck suggests that these metallic poisons unite with the proteid

matter of the various organs of the body, while quinine unites sim-

ply with the circulating albumin, explaining in this manner the ready

elimination of quinine as compared with the slow excretion of mer-

cury or arsenic,- the latter of which v. Boeck* has shown has little if

any influence on proteid metabolism. Prior, moreover, states that

diminution in the urine of the end-products of nitrogenous metabol-

ism is due, not to hindering of their excretion, but to actual hindering

of their formation.

Comparing now Kerner's results, with the results obtained by us

with cinchonidine, we see great similarity of action but decided dif-

ference in extent, particularly so far as the excretion of uric acid is

concerned. With cinchonidine, the greatest average daily diminu-

tion in uric acid amounts to but 15 per cent., and this after taking

about 121 grains of the alkaloid during four consecutive days. Se-

lecting the lowest single result, that obtained on the day 50 grains

of cinchonidine were taken and comparing the diminution then, Avith

the average normal excretion, it is seen to amount to but 26 per

cent. In the case of urea and phosphoric acid, the divergence is not

so great ; thus for urea the average daily diminution was 11 per cent,

for the three days following the last dose of cinchonidine, while the

greatest diminution noticed in any one day w^as IG percent.; with

phosphoric acid the average diminution for the same period amounted

to 19 per cent., while the greatest diminution notioed any one day

was 38 per cent. ; a diminution which at no time was reached in

Kerner's experiments with quinine.

Thus in drawing a comparison between Kerner's results with 77*0

grains of quinine distributed through three days, and our results with

121 grains of cinchonidine extended over four days, we see two strik-

ing points of difterence ; with quinine there is a diminution in the

amount of uric acid excreted of 82 per cent., with cinchonidine an

average diminution of but 15 per cent. ; with quinine there is a dimin-

ution of phosphoric acid amounting to 15 per cent., with cinchoni-

dine, on the other hand, a diminution of 19 per cent. Hence it is to

* Zeitschrift fiir Biologie, vol. vii, p. i'iO.
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be seen that cinchonidine has a far less pronounced specific action on

the exci'etiou of uric acid than quinine, while on the other hand,

diminution of phosphoric acid is ranch more pronounced witli cincho-

nidine tlian with quinine. In Prior's experiments, however, with qui-

nine, diminution of phosphoric acid is more pronounced.

Is this diminution in the excretion of phosphoric acid under the

influence of cinchonidine to be attributed simply to decrease of pro-

teid metabolism, or is it in part due to a special action of cinclioni-

dine on the metabolism of some phosphorized principles, presumably

those of nerve tissue ? If due to general decrease of proteid meta-

bolism, we might expect to find that the addition of any non-nitro-

genous principle to our fixed diet, whereby the decomposition of

albuminous matter would be diminished, would cause a corresponding

decrease in the excretion of phosphoric acid, or in other words that

diminution of urea and phosphoi'ic acid excreted, would be in the

same ratio as noticed under the influence of cinchonidine.

This question we have endeavored to answer by a study of the

influence of pure glucose on the elimination of urea, uric acid, and

phosphoric acid, under the same conditions of diet etc., as observed

in the experiments with cinchonidine.

The influence of carbohydrate food on proteid metabolism has been

illustrated in many ways by various investigators, but so far as we
know, no experiments with pure glucose have ever been tried.

Through the courtesy of Dr. Arno Behr, of Chicago, we have been

supplied with an abundance of chemically pure anhydrous glucose,

which we have used in the following experiment. Before taking the

sugar, the urine was analyzed for ten consecutive days, to insure an

accurate average of the normal excretion under the conditions of the

experiment. The results are shown in Table No. V.

200 grams of glucose were then taken daily in addition to the

fixed diet, for nine consecutive days. The effect on the excretion of

urea, etc., is shown in Table No. VI. At no time was sugar to be

detected in the urine by Trommer's test. A comparison of the two
tables shows the usual effects of carbohydrate matter on the excre-

tion of nitrogen, viz : a diminution in the amount of both urea and

uric acid. The volume of the fluid excreted, appears to be consider-

ably lessened by taking the glucose. The excretion of phosphoric

acid is likewise diminished.
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These points of ditference are all shown more clearly in the follow-

ing table of averages :

Average of

>iormal Urine under the

^
urine. Influence of glucose.

Total quantity urine 10^0 c. c. 938 c. c.

Sp.gr.... 1027-9 1028

Total solid matters. (58-97 grams. 63"62 grams.

Chlorine... ()-78 6-31

TotalP^Os 3-00 2-75

Uricacid.. 0-88 072

Urea 45-47 40*94

Coming now to the point at issue, viz : the relation between the

amounts of urea and phosphoric acid excreted, we find that under

the influence of glucose the average diminution of urea amounts to

10 per cent., while the average diminution of phosphoric acid under

the same conditions is 8'34 per cent.

With cinchonidine, on the other hand, the average diminution of

urea amounts to but 8*8 per cent., while the average diminution of

phosphoric acid under like conditions is 11*9 per cent. Or, if we

take the average of the three days following the last dose of cincho-

nidine, when both urea and phosphoric acid reach their maximum

diminution, and compare these results with the average of the nor-

mal excretion we see that while the diminution of urea amounts to

1 0*4 per cent., the average diminution of phosphoric acid is raised

to 18'97 per cent. Consequently, it would appear that while cincho-

nidine lowers the rate of decomposition of proteid matter' in the

body, it also has an effect upon the decomposition of some phospho-

rized principles, that being the only plausible explanation of the

increased diminution of phosphoric acid noticed under the influence

of the cinchonidine salt.
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The Post-mortem Formation of Sugar in the Liver,

IN THE PRESENCE OF PbPTONES. By R. H. ChITTENDEN AND
Alexander Lambert, B.A., Ph.B.

Claude Bernard's discover}' in 1848, that the liver contains

sugar, both before and after death, led at once to the inquiry as to

the source of the sugar. This was apparently answered by Bernard's

later discovery of glycogen, an amylaceous body readily convertible

into sugar by acids and various ferments. Thus, Bernard's theory

that the liver sugar resulted exclusively from glycogen has long been

an accepted fact. In 1880, however, Seegen and Kratschmer in the

first of a series of investigations,* state that the sugar formed in the

liver does not have its origin, as supposed by Bernard, loholly in gly-

cogen but that it is undoubtedly formed in part from other material.

In a later communicationf the same investigators show, in corrobora-

tion of their previous statement, 1. that the amount of sugar in the

liver is increased very rapidly after death, in one case nearly 50 per

cent, of the entire amount being formed within 10 minutes, while the

whole process comes to an end inside of 24 hours ; 2. that the glyco-

gen formed in the liver is much more resistant to ferment action than

has hitherto been supposed and that consequently the post-mortem

formation of sugar by the action of a ferment upon glycogen could

not take place so rapi<lly as the above. Moreover, direct experi-

ments with dogs and with rabbits showed that in the first few hours

after death, there was but little if any diminution in the amount

of glycogen. Hence, Seegen and Kratschmer claim that the ainount

of glycogen remaining essentially the same, while the amount of

sugar is greatly increased, tends to -show conclusively that the'

liyer sugar must be formed from some other material than glycogen

and they venture the opinion that this source, whatever it may be,

furnishes all of the liver sugar.

Boehm and Hoffmann, J however, take exception to the views of

Seegen and Kratschmer, claiming possible analytical inaccuracies

from the methods of procedui'e. They show, moreover, by experi-

* Ueber Zuckerbildung in der Leber. Pfliiger's Archiv, vol. xxii, p. 236.

f Pfliiger's Archiv, vol. xxiv, p. 467.

X Ueber die postmortale Zuckerbildung in der Leber. Pfliiger's Archiv, vol. xxiii,

p. 205.
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ments on oats and clogs, that after death, contrary to the state-

ments of Seegen, increased formation of sugar is attended with a cor-

responding decrease of glycogen, at least within sucl> limits as are

incident to the errors of experiment ; further that in the case of a

cat's liver 32 per cent, of the liver glycogen disappeared in 24 hours

after death, thus indicating less resistance to the action of ferments

than would be implied by Seegen's and Kratschmer's results.

In a later investigation,* Seegen shows that pieces of finely divided

liver, kept in contact for an hour or longer with a solution of pep-

tone yield a larger amount of sugar and even of total carbohydrates,

than equal weights of the same liver under like conditions of treat-

ment, without peptones. These results were obtained with the

livers of calves, rabbits and dogs. Seegen, therefore, concludes

that the liver is capable of forming from peptones, sugar and carbo-

hydrates which are convertible into sugar.

A study of the analytical data plainly shows that the increase in

sugar and total carbohydrates in the presence of peptone, although

pronounced, is not great. The following experimentf with a calf's

liver obtained from the market shows the most marked increase.

vvith peptone. Without peptone.

Time of the
'~

Total Total
No. experiment. Susar. carbohydrates. Sugar. carbohydrates.

I. 30 miuutes 3-81^ 9-52
Jg 340^ 8-8^

II. 48 hours 3-56 8-92 3-70 8-6

III. 96 " 2-66 8-00 2-82 7-8

Here the increase in total carbohydrates is seen to be only 0"''72 per

cent, and of sugar only 0*44 per cent, after 30 minutes. In Nos. [I

and III, longer standing in contact with the peptone tends to i*educe

the amount of sugar and to diminish the increase of total carbohy-

drates. This is attended with increase of acidity and Seegen con-

siders that a portion of the sugar is decomposed in this long contact

with peptone with formation of acid.

In a still later communication,!. Seegen reports the results of other

experiments tending to confirm his theory of the formation of carbo-

hydrate matter from peptones in the liver. Thus, by feeding peptones

to dogs, Seegen found that the content of sugar in the livers of

eight dogs was considerably greater that in the normal liver, taking

for the latter value the average of a number of determinations.

* Die Einwirkung der Leber auf Pepton. Pfliiger's Archiv, vol. xxv, p. 165.

f Pfliiger's Archiv, vol. xxv, p. 171.

X I'opton als Material fiir Zuckerbildung in der Leber. Pfliiger's Archiv, vol.

xxviii, p. 99.
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Likewise, by the injection of peptone solutions directly into the

portal circulation of dogs, Seegen found the amount of sugar in

the liver increased two and even nearly three times above the

normal amount. Lastly, by warming portions of freshly excised

liver at 40° C, with a solution of peptone in water and some fresh,

defibrinated blood, through which a constant current of air was made
to pass, the amount of both sugar and total carbohydrates was con-

siderably greater than under like conditions, but without peptones.

The following experiment* taken from Seegen's account, illustrates

the average increase of carbohydrates under this method of treatment.

Two portions of a dog's liver taken 15 minutes after death, were

mixed with 50 c. c. of water and 50 c. c. of defibrinated blood. To
one portion 5 grams of peptone were added and air passed through

the mixture for 5 hours. Following are the results obtained in both:

Wt. of portion Liver Total
of liver. Method of treatment. sugar. carbohydrates. Glycogen.

40 grams. without peptone and blood, .
3-04 % 6'9 % 2-12 %

40 " with i^eptone and blood, S'S*? 8"4 2-02

Other experiments indicated that peptones themselves are without

diastatic action and that the blood and air (to form oxj-haemoglobin)

are by themselves without influence on the liver. Hence Seeo-en

concludes that the liver cells, i-etained in a living condition by the

action of blood rendei'ed arterial by a current of air, are capable of

forming from peptone more or less sugar ; thus establishing, if true,

that the animal organism is able to form carbohydrates from albu-

minous material.

This is certaiidy a very important question, for if Seegen's views

ai-e correct they overthrow the long accepted belief in the origin of

liver sugar in the hepatic glycogen. It is true that Bernard himself,

before his discovery of glycogen, thought that the liver sugar orii>-i-

nated in albumin and there have always been, up to the present time,"

difficulties in explaining the origin of liver carbohydrates on the

dehydration theory alone. As is well known, a certain amount of

glycogen is formed during a ]uirely animal diet and in chronic cases

ot Diabetes the excretion of sugar is continued even on a pure albu-

minious diet. Moreover, the suggestion has been before made that

peptones in their passage through the liver undergo change. Thus
Plosz and Gyergyaif noticed that while considerable pei)tone was to

be found in the blood of the mesenteric veins and more or less in

* Pfliiger's Archlv, vol. xxviii, p. 123.

\ Ueber Peptone und Ernahrung mit denselben. Pfliiger's Archiv, vol. x, p. 536.
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tilt' liver, only the merest trace was to be found in the blood of the

hepatic vein, indicatinii; thereby a decomposition of peptone in its

passage through the liver.

Maydl* claims that since the products of the decomposition of all

forms of glycogen are the same, it follows that the glycogens them-

selves are all identical, and since it is extremely improbable that the

various cai'bohydrates with their different chemical constitutions

should give one glycogen, he argues that it all must come from

one source, viz : albumin.

This is not the place, however, to discuss the relative merits of

the dehydration and storage theories, it is enough simply to under-

stand that the possible origin of liver sugar in proteid matter is one

which would make clear many hitherto unexplained points. The

great obstacle, has been to understand where and in what manner

the liver sugar could be so formed. Seegen's views therefore are of

great importance, and are, moreover, in no sense, wholly inconsistent

with previous ideas, but the question at once suggests itself whether

the analytical data on which they are founded are sufficient to war-

rant their adoption.

The determination of sugar in organic fluids is not without diffi-

culty, and where slight variations in results may cause differences of

half a per cent, or more, it becomes an extremely delicate matter to

determine how far such results shall be trusted. Consequently, what-

ever may be said as to whether the formation of sugar in the manner

indicated by Seegen is a natural or an artificial process, we ne^d first

of all to know positively whether the liver under any circumstances

is able to form sugar or other carbohydrate matter from peptones.

This all hinges on the accuracy of Seegen's results, obtained by warm-

ing portions of liver with peptones. If an increase of sugar and total

carbohydrates is found in the presence of peptone, then we must con-

clude that the latter has at least some influence on the formation ol

the liver sugar. Recent expeiimentsf have plainly shown that neutral

peptone has a stimulating influence on the amylolytic action of

ptyalin of saliva and diastase of malt ; both of these ferments convert

more starch into sugar in the presence of peptone than without and it

is natural to suppose that the presence of peptone would similarly

affect the amylolytic ferment which presumably acts upon glycogen.

Seegen's results, however, appear to show that while sugar is increased

* Zeitschrift fiir physiol. Oliem.. vol. iii, p. 19G. Uober die Abstaniniung des

GlykogenH.

f Trans. Conn. Acad., vol. vi, p. :{43, vol. vii, [). 44.
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in the presence of peptone, glycogen remains nearly stationary, or if

diminished, not at all in proportion to the increase in sngar. Boehm
and Hottmann, however, found the liver glycogen much less resistant

and that its decrease was in proportion to the increase in sugar.

Delprat,* too, came to similar conclusions and could obtain no proof

whatever, of the correctness of the views advanced by Seegen and

Kratschmer. We have, therefore, in vieAv of the importance of the

subject, undertaken a study of the question in the hopes of throwing

some additional light upon the matter. In this, however, we have

limited ourselves entirely to a study of the post-mortem formation of

sugar and carbohydrates by the liver in the presence of peptones.

Methods employed.

The animals experimented with, mainly rabbits, were killed by

severing the jugular vein, the blood being collected and 'detibrin-

ated. The liver was quickly taken out, the gall bladder removed

and the liver then converted into a fine pulp by chopping, since it is

probable, as v. Wittich has suggested, that glycogen is unequally

distributed through the liver. Two equal portions of the sampled

and finely divided liver were accurately weighed out and placed in

separate flasks ; one, with a solution of peptone and a known volume

of blood, the other with an amount of distilled water equal in vol-

ume to that of the two former. Both were then placed in a bath

and warmed at 38-40" C. for the time of the experiment. A con-

tinuous current of air was made to pass through the blood solution

in order to render it arterial. At the end of the experiment, the

mixtures were poured into boiling water and extracted as long as a

, trace of glycogen could be detected in the fluids, by the iodine test.

This usually took about two days, working on an average with 40

grams of liver. At the beginning of the extraction, the tissue was

generally boiled with 400-500 c. c. of water for about fifteen minutes

and then filtered through a funnel plugged with absorbent cotton.

By repeating this operation four or five times, the greater portion of

glycogen could be removed, but a complete extraction could be ob-

tained only by long continued boiling with fresh quantities of water

or long heating on the water-bath, the tissue being ground up occa-

sionally in a suitable mortar. The various filtrates were evaporated

on a water-bath and finally united and made up exactly to 500 c. c,

after which the extracts were filtered through dry pajjer filters to

* Jahresbericht fvir Thierchemie, 1881, p. 321.
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remove any traces of suspended matter which might have passed the

cotton. Of these fluids, 200 c. c. of each were used for the deter-

mination of glycogen and sugar, and 200 c. c. also, for the determi-

nation of total carbohydrates.

Determination of glycogen and sugar.—The 200 c. c. of fluid for

the determination of glycogen and sugar were evaporated to a small

bulk and then, when cool, precipitated by a large volume of alcohol.

After standing 24 hours the clear supernatant fluid was filtered from

the precipitated glycogen and peptones. The alcoholic filtrate and

washings, containing the sugar, were then evaporated, the i-esidue

dissolved in water and made up to 100 c. c, in an aliquot portion

of which the sugar was determined gravimetrically, by AUihn's*

improved method.

The precipitate of gly-cogen, with its frequent admixture of pep-

tone, was dissolved in water, the solution made up to 200 c. c. and

then sufticient Id per cent, hydrochloric acid added to make the

solution contain 2 per cent. HCl. The mixture was then heated in a

closed flask at 100° C. for 17 hours in order to convert the glycogen

into dextrose, after which the solution was neutralized, concentrated

somewhat, again made up to 200 c. c. and in an aliquot portion of

this fluid, dextrose was determined by Allihn's method, from wliich

was calculated the amount and percentage of glycogen. Delpratf

states that in attempting to determine glycogen by Briicke's method

he found the results considerably higher than when the isolated gly-

cogen was converted into sugar by boiling with acid and the glyco-

gen calculated from the data obtained. In our own experiments, the

frequent presence of peptone prevented entirely the use of Briicke's

method. 12 hours heating at 100° C, however, with 2 per cent,

hydrochloric acid was found in our case insufficient to completely*

convert the glycogen into dextrose, while 17 hours was found amply

suflicient for complete conversion and at the same time allowed no

decomposition of the sugar formed. This is well illustrated by the

following experiments :

A. 0-7665 gram pure, dried glycogen dissolved in 100 c. c. of

water, was heated at lOO'^ C. for 12 hours with sufticient hydrochloric

acid to make the entire fluid contain exactly 2 per cent. The solution

was neutralized, care being taken that the reaction did not become

alkaline, then concentrated and finally made up to 50 c. c.

14 c. c. gave 0-4215 gram Cu^O-2251 gram dextrose=0-2025 gram glycogen.

14 " " 0-4233 " Cu=0-2263 " " =0-203G "

* Zoitschrift fiir analytische Chemie, xxii, p. 448.

f Jahresbericht fiir Thierchemie, 1881, p. 322.
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The 14 c. c. should have contained 0-2414 gram dextrose, the equiv-

alent of 0'2146 gram of glycogen.

B. 0-6190 gram glycogen dissolved in 100 c, c. of water was heated

at 100° C. for IV hours in the presence of 2 per cent, of hydrochloric

acid. Solution was then neutralized, evaporated a)id made up to 50 c.c.

18 c.c. gave 0'4585 gram Cu=i0'2470 grain dextrose=0'2223 gram glycogen.

18 " " 0-4555 " Cu= 0-2454 " =0-2208 "

The 18 c. c. should have contained 0-24V5 gi-am dextrose, equal to

0-2228 gram of glycogen. Hence, it is seen that 17 hours heating at

100° C. is needed for a complete conversion of glycogen into dextrose,

which was the time invariably employed in the after exjjeriments.

Influence ofpeptone on the conversion of glycogen into sugar by 2

per cent. HCl at 100° 6\—The question naturally suggested itself^ in

this connection whether the presence of peptone would interfere in

any way with the complete conversion of glycogen into dextrose or

whether the peptones by this long heating at 100° C. with the acid,

would undergo any change by which reducing bodies might be

formed and thus endanger the accuracy of the results. The latter

point was tested by heating 2 grams of peptones in 100 c. c. of water

containing 2 per cent, of hydrochloric acid for 17 hours at 100° C,
at the end of which time no reduction at all could be obtained with

Fehling's solution.

The first point was tested by the following experiment:

0-9290 gram of pure glycogen was dissolved in 100 c. c. of water,

then 2 grams of peptone were added and sufficient acid for the solu-

tion to contain exactly 2 per cent. HCl, after which the mixture was

heated at 100° C. for 17 hours. The solution was then neutralized,

brought to a volume of 100 c. c. and the sugar determined.

10 c. c. gave 0-1985 gram Cu=01017 gram dextrose =0-09] 5 gram gl3'cogen.

10 " " 0-2025 " Cu=0-1039 " =0-0934 "

whereas in the 10 c. c. then should be present, according to calcu-

lation 0-1032 gram dextrose, the equivalent of 0-0929 gram of

glycogen. Consequently the presence of peptone does not interfere

with the accurate determination of glycogen by this method.

Influence of the presence of peptone on the determination of sugar

by Allihyi's method.—Seegen* finds that the volumetric determina-

tion of sugar with Fehling's solution is not materially affected by

the presence of peptone. By repeated experiments we have con-

vinced ourselves, that in the use of the gravimetric method, the

* Pfliiger's Archiv, vol. xxviii, p. 115.

Trans. Conn. Acaix, Vol. VII. 24 Nov., 1885.
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presence of peptone may, unless certain precautions are taken, inter-

fere slightly with exact determinations. With the Allihn method,

variations of 2-5 milligrams in the amount of reduced cop])er are

liable to occur if care is not taken in regulating the length of time

the alkaline copper solution is heated after addition of the sugar

solution. Under ordinary circumstances results most nearly in ac-

cord with theory are obtained by adding the sugar solution, as recom-

mended by Allihn, to the previously heated Fehling's solution and

then heating further until bubbles just begin to break upon the

surface of the liquid. If heated longer, even only half a minute, a

slight increase in the amount of reduced copper will generally be

observed. Now whenever peptone is present to any extent in the

sugar solution, we have found by experience that complete reduc-

tion does not take place quite so rapidly ; the loss is not great, some-

times but a milligram or so, still the diiierence is appreciable. This,

however, can be avoided by simply allowing the standard copper

solution to boil for about 45 seconds after the addition of the sugar

solution. Under such conditions, repeated trials have shown us, that

the presence of peptone does not offer the slightest obstacle to accu-

rate determinations of dextrose. Whenever, therefore, in the follow-

ing experiments the solution to be tested contained peptone, the

above rule has been invariably followed.

Determination of total carbohydrates.—For this purpose 200 c. c. of

the liver extract were heated in a closed flask at 100° C. with sufficient

10 per cent, hydrochloric acid to ensure a content of 2 per cent HCl,

for 17 hours. The solution was then nearly neutralized, care being

taken that the fluid did not become alkaline, concentrated and

finally brought to a volume of 200 c. c, in an aliquot portion of

which the total carbohydrates in the form of dextrose were deter-

mined in the usual manner. Seegen* states that in the determination

of total carbohydrates, the fluid, after heating with acid, always

became very dark, which occasionally interfered somewhat with the

determination of sugar. Delprat,f however, states that in his

experiments the solution, under like conditions, became brownish

yellow and generally deposited a flocculent brownish black precipi-

tate of organic matter. Moreover, in some cases, particularly with

the livers of dogs, cats and calves, the cuprous oxide, in determining

total carbohydrates, would remain dissolved to a great extent, thus

interfering with the accuracy of the volumetric determination, sorae-

* Pfliiger's Archiv, vol. xxviii, p. 121.

f Jahresliericht fvir Thierchernic, 1881, p. .•!23-:524.
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times to the extent of even 1-2 c. c. of the sugar sohition. In our

experiments the acid solution was usually yellow or yellowish brown,

and invariably at the end of the 17 hours contained the flocculent

precipitate described by Delprat. By nearly neutralizing the solu-

tion, the amount of this precipitate was considerably increased and

on then filtering the fluid, after having made it up to a volume of

200 c. c, considerable organic matter was removed. This, we found,

had a decided influence on the accuracy of the determination, since

alkaline solutions of this neutralization precipitate appeared to deci-

dedly retard separation of the cuprous oxide. By paying attention

to this point, we had no difficulty in obtaining fairly concordant

results, by the use of the Allihn gravimetric method.

Experiment T.

A large sized rabbit was killed, the blood collected and defibrina-

ted, the liver quickly removed and finely chopped. Two portions of

40 grams each were weighed out and treated as follows :

40 grams liver.

50 c. c. of a 10 ^ solution of peptone.

25 c. c. of blood.

20 c. c. of water.

40 grams liver.

95 c. c. of water.

These were placed in flasks, and warmed at 40° C. for two hours.

The liver was in contact with the peptone 40 minutes after the death

of the animal. A continuous current of air was kept passing through

A. Following are the analytical results

:

Glycogen ; total volume of the resultant sugar solution 200 c. c.

Sugar; total volume of the solution 100 c. c.

Total carbohydrates; volume of the resultant solution 200 c. c.
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Srigar B.

Volume Equivalent
used. Weight Cu. In dextrose. Total amt. Per cent.

25 c. c. 0-2135 gram. 0-1097 gram. 0-4388 gram. 2-74

Total Carbohydrates A.

12-5 c.c. 0-2]60gram. O'llll gram. 1-7776 grams. 11-10

20 0-3367 01768 1-7680 11-05

Total CarhoMjdrates B.

25 c. c. 0-4030 gram. 0-2146 gram. 1-7168 grams. 10-73

25 0-4042 0-2153 1-7224 10-76

The following table shows the average percentage results

:

Amount of Total
liver taken. Method of treatment. Glycogen. Sugar. carbohydrates.

40 grams. With peptones and blood (A), 5-46 % 2-91 % 11-08 %

40 Without peptones and blood (B), 6-21 2-74 10-75

-0-75 +0-17 +0-33

From this it is seen that while in the presence of peptone and blood

there is a slight increase of both total carbohydrates and sugar,

there is also a more than corresponding decrease in the percentage of

glycogen.

Experiment 11.

Liver of a rabbit, removed directly after death and treated in the

same manner as in Experiment I.

A. B.

40 grams sampled liver. 40 grams sampled liver.

50 c.c. of a 10 per cent, peptone solution. 145 c. c. of water. •«

25 grams blood.

70 c. c. of water.

Warmed 2 hours at 40" C, with a current of air passing through -4.

Glycogen A.

Volume Equivalent Equivalent Total Per
used. Weight Cu. iu dextrose. in glycogen. amount. cent.

25 c. c. 0-3170 gram. 0-1659 gram. 0-1493 gram. 1-1944 grams. 7-46

Glycogen B.

25 0. c. 0-3420 gram. 0-1798 gram. 0-1618 gram. 1-2944 grams. 8-09

Sugar A.

25 c. c. 0-2520 gram. 0' 1303 gram. 0-5212 gram. 3-26

Sugar B.

10 c. c. 0-0865 gram. 0-0441 gram. 0-4410 gram. 2-75

Total carbohydrates A.

10 c. c. 0-2205 gram. 0-1134 gram 2-2080 grams. 1415

Total carbohydrates B.

10 c. c. 0-21in gnini. 0-1084 gram. 21680 grams. 13-55
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Amount of Total
live!' taken. Method of treatment. Glycogen. Sugar. caHiohydrates.

40 grams. With peptones and blood (A), 7'46$? 3'26
J^ li-lo %

40 Without peptones and blood (B), 8-09 2-75 13-55

— 0-63 +0-51 +0-00

Mcperiment III.

A small rabbit, treated in the same manner as the preceding :

A. B.

25 grams sampled liver. 25 grams sampled liver.

50 c. c. of a 10 per cent, peptone solution. 125 c. c. of water.

50 grams of blood.

25 c. c. of water.

Warmed for 2 hours at 40" C, with a constant current of air

passing through A.

Glycogen A.

Volume Equivalent Equivalent Total Per
used. Weight Cu. in dextrose. in glycogen. amount. cent.

25 c. c. 0-0435 gram. 0-0226 gram. 00203 gram. 0-1624 gram. 1-62

25 0-0455 00236 0-0212 0-1696 1-69

Glycogen B.

25 c. c. 0-0425 gram. 0-0221 gram. 00198 gram. 0-1584 gram. 1-58

25 0-0405 0-0211 0-0189 0-1512 1-51

Sugar B*
25 c. c. 0-1413 gram. 0-0719 gram 0-2876 gram. 2-87

25 01400 0-0713 0-2852 2-85

Total carholiydrates A.

25 c. c. 0-1560 gram. 0-0796 gram. 0-6368 gram. 6-36

25 0-1585 0-0809 0-6472 6-47

Total carholiydrates B.

25 c. c. 0-1445 gram. 0-0736 gram. 0-5888 gram. 5-88

25 0-1427 0-0726 0-5808 5-80

Following are the average percentage results

:

Amount of Total
liver taken. Method of treatment. Glycogen. Sugar. carbohydrates.

25 grams. With peptones and blood (A), 1-65^ 6-42^

25 Without peptones and blood (B), 1-54 2-86 % 5-84

+ 0-11 +0-58

In this experiment there is the same slight increase of total carbo-

hydrates in the presence of peptone noticed in the two preceding

experiments. The increase, however, is not great, and it suggests at

once the question, whether the differences, although constant, are

* Sugar A was lost.
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beyond the ordinary limits of error. Tl)is question we have en-

deavored to answer in the next experiment.

Experiment IV.

A rabbit's liver removed from the body immediately after death,

was prepared in tlie usual manner. Two mixtures, exactly alike,

were then made as follows :

25 grams of liver.

100 c. c. of water.

25 grams of liver.

100 c. c. of water.

These were rn the bath 23 minutes after the death of the animal

and were warmed at 40" C. for 2 hours. The two portions were

then extracted and analyzed as in the preceding experiments; the

object being to see how great a variation would be* obtained by this

like treatment of the two portions of sampled liver. Following are

the results

:

Glycogen A.

Volume
used.

25 c. C.

Weight Cu.

0-1575 gram.

Equivalent
in dextrose.

Equivalent
in glycogen.

25 c. c. 0-1585 gram.

10 c. c. 0-0433 gram.

10 c. c. 0-0430 gram.

00802 gram. 0-0721 gram.

Glycogen B.

0-0809 gram. 0-0728 gram.

Sugar A.

0225 gram

25 c. c. 0-2340 gram.

25 c. c. 0-2335 gram.

Suga/)' B.

0-0224 gram

Total carbohydrates A.

0-1207 gram.

Total carbohydrates B.

0-1203 gram

Total
amount.

0-5768 gram.

0-5824 gram.

0-2250 gram.

0-2240 gram.

0-9656 gram.

Per
cent.

5-76

5-82

2-25

2-24

9-65

A.

B.

Glycogen.

5-76 per cent.

5-82

-0-06

Percentage results.

Sugar.

2-25 per cent.

2-24

+ 0-01

0-9624 gram. 9-62

Total carbohydrates.

9-65 per cent.

9-62

+ 0-03

These results plainly show that when the conditions of the exper-

iment are exactly the same, the average variation in results will be

considerably less than O'l per cent. Consequently variations greater

than this must have their origin in something other than the ordinary

errors of analysis. Hence, in the three preceding experiments we

have to account for an average increase of about 0"6 per cent, in
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total carboliydrates in those cases where pejitone and blood are both

present.

A comparison of Seegen's results* show that wliile an aqueous solu-

tion of peptone alone in contact with fresh liver increases somewhat

the percentage of both sugar and total carbohydrates', the addition

of blood, kept arterial by the passage of a current of air through

the fluid, appears to still further increase the percentage of sugar

and carbohydrates. Seegen, moreover, shows by a blank experi-

ment, that blood alone in contact with the liver has no more influence

on the formation of carbohydrates than distilled water.

Experiment V.

Tliis experiment was tried mainly to see what influence peptones

by themselves in the absence of blood, would have on the forma-

tion of sugar and total carbohydrates. Two portions of sampled

liver from a large rabbit were treated as follows :

A. B.

50 grams liver. 50 grams liver.

50 c. c. of water containing 2 grams of peptones. 50 c. c. of water.

The solution of peptone was poured over the liver just 45 minutes

after the death of the animal. The mixtures w^ere placed in a bath

at 40° C. for 3 hours, after which they were allowed to stand at the

temperature of the room for 21 hours. They were then extracted

and analyzed in the usual manner, with the following results

:

Glycogen A.

Volume Equivalent Equivalent Total Per
used. Weight Cu. In dextroBe. in tjlycogen. amount. cent.

25 c. c. 0-1900 gram. 0-0973 gram. 0-0875 gram. 0-7000 gram. 3-50

25 0-1915 0-0980 0-0882 0-7056 3-52

Glycogen B.

25 c. c. 0-1785 gram. 0-0913 gram. 0-0821 gram. 0-6568 gram. 3-28

Sugar A.

25C.C. 0-4085 gram. 0-2177 gram. 0-8708 gram. 4-35

10 0-1735 0-0887 0-8870 4-43

Sugar B.

10 c. c. 0-1745 gram. 00892 gram. 0-8920 gram. 4-46

Total carbohydrates A.

10 c. c. 0-1985 gram. 0-1017 gram. 2-0340 grams. 10-17

Total carbohydrates B.

10 c. c. 0-1830 gram. 0-0937 gram 1-8740 grams. 9-37

* Pfli^ger's Archiv, vol. xxv, p. 172; ibid, vol. xxviii, p. 125.
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Average percentage results.

Amount of Total
liver taken. Method of treatment. Glycogen. Sugar. carbohydrates.

50 grams With peptoue.s (A), i}'51 per cent. 4-39 per cent. l(i-17 per cent.

50 Without peptones (B), 3-28 4-46 !)-37

+ 0-23 -007 +0-80

Eit'periment VI.

This experiment is practically a repetition of the preceding one,

excepting that the temperature throughout the experiment was about

18-20° C. and the length of time 24 houi's. This latter point we deem

of considerable importance, lor as the results show, the same increase

in total carbohydrates in the jjresence of peptone is apparent here,

after 24 hours treatment and also in the preceding experiment after

21 hours treatment, as has been observed at the end of 2 to 3 hours

in the pi-esence of peptone and blood. For Seegen lays considerable

stress upon the fact that in many animals the newly-formed carbo-

hydrates and sugar, supposed to have their origin in the peptones,

are after a time decomposed, so that at the end, say of 24 hours, the

content of sugar and total carbohydrates fall back to their original

amount, that is, the amount found in the control. Seegen further

claims that this point speaks strongly in favor of the action of the

liver, as such, on the conversion of peptone, and rabbits' liver accord-

ing to his experiments is no exception to the rule.* The experiment

was as follows:
A. B.

40 grams fresh Hver (rabbit). 40 grams fresh liver.

55 c. c. of water containing 2 grams of peptone. 55 c. c. of \^ater.

These two mixtures stood at the temperature of the room for 24

hours, when they were extracted and analyzed Avith the following-

results:
Glycogen A.

Volume Equivalent Kquivalent Total Per
used. Weight Cu. in dextrose. in glycogen. amount. ocnt.

25 c. c. 0-27G7 gram. 0-143G gram. 0-1292 gram. 1033(; grams. 6-46

Glycogen B.

25 c. c. 0-2515 gram. 0-1299 grain. 0-1168 gram. 0-9344 gram. 5-84

Sugar A.

25 c. c. 0-2745 gram. 0-1424 gram." 0-5G96 gram. YS-56

25 0-2055 0-1375 0-5500 3-43

Suijtir B.

25C.C. 0-3210 gram. 0-1681 gram. .. .. 0-6724 gram. 4-20

25 0-3260 01709 0-6836 427

Total carbohydrates A.

10 c. c. 0-2100 gram. 01079 gram 2-1580 gram.«. 13-48

Tiildl carbohydrates B.

10 c. c. 0-2013 gram. 0]032gram 2-0640 grams. 12-90

* Pfliiger's Archiv, vol. xxv, p. 175.

f In tliis determination, difficulty was experienced in obtaining a good reduction.
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Average percentage results.
Amount of Total
liver taken. Method of treatment. Glycogen. Sugar. carboliydrateB.

40 grams With peptones (A), 6-'lG per cent. .3-49 per cent. 1."5-48 per cent.

40 Without peptones (B), 5-84 4-23 12-90

+ 0-62 —0-74 +0-58

Both of these experiments tend to show that the presence of blood

has no especial influence on the percentage of total carbohydrates

;

fully as great an increase is to be noticed in the presence of peptone

without blood, as when the latter is present. Evidently then, if the

increase in total carbohydrates noticed in all of our experiments is

really due to the post-mortem formation of carbohydrate matter from

peptone it is quite certain that blood is not at all essential to the

reaction, at least in the livers of rabbits.

It is to be noticed, moreover, in the two last experiments that, in

the absence of blood, the sugar is not increased in amount in the

presence of peptone. On the contrary, the presence of peptone

under such conditions appears to diminish the formation of sugar,

glycogen being correspondingly increased. In all of the experiments

with rabbits, it is apparent from the results, that any increase of

sugar in the presence of peptone is in every instance counterbalanced

by a corresponding decrease in glycogen. In the last two experi-

ments, the same relationship between the amount of glycogen and

sugar is to be noticed, only here the greatest percentage of sugar is

to be found in that portion of the liver which was treated without

peptones. This would suggest that blood either facilitates in

some manner the action of such amylolytic ferment as is present in

the liver, or else that it introduces an additional ferment which causes

increased amylolytic action. Blood certainly does not contain any

substance convertible into sugar by the action of boiling acids,

since the increase in total carbohydrates is no greater in the presence

of blood than in the presence of peptone alone.

We have therefore tried the following experiment in order to as-

certain whether blood by itself, in the absence of peptone, has any

influence whatever on the foi'mation of sugar.

Experiment VII.
A. B.

50 grams of sampled liver (rabbit). 50 grams of sampled liver.

27 grams of blood. 92 c. c. of water.

65 c. c. of water.

The blqod from the same rabbit was poured over the liver 35 min-

utes after the death of the animal and the two flasks containing the

Trans. Conn. Acad., Vol. YII. 25 Nov., 1886.
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mixtures were then placed at a temperature of 40° C. for 2 hours.

A constant current of air was kept passing through the blood during

this time. Following are the results obtained :

Glycogen A.

Volume Equivalent Equivalent Total Per
used. Weijiht Cu. In dextrose. in ulyrogcn. amounl. cent.

25 c. c. 0-1270 gram. 0-0 647 gram. 0-0582 gram. 0-465G gram. 2-32

Glycogen B.

25 c. c. 0-1947 gram. 0-0997 gram. 0-0897 gram. 0-7176 gram. .^-58

Sugar A.

10 c. 0. 0-1635 gram. 0-0845 gram. 0-8450 gram. 4-22

Sugar B.

10 c. c. 0-1420 gram. 0-0723 gram 0-7230 gram. 3-61

TO 0-1415 00720 0-7200 3-60

Total carbohydrates A.

20 c. c. 0-:!800 gram. 0-2014 gram 2-0140 10-07

Total carbohydrates B.

20 c. c. 0-3785 gram. 0-2005 gram. 2*0050 10-02

Average percentage results.

Amount of Total
liver taken. Method of treatment. Glycogen. Sujjar. carbohydrates.

50 grams. With blood (A), 2-32 per cent. 4"21 per cent. 10-07 per cent

50 Without blood (B), 3-58 3-61 10-02

— 1-26 +0-G0 +0-05

Total carbohydrates are not at all afiected by the presence of

blood, but the percentage of sugar is considerably increased, and in

accord with the increase of sugar, is to be noticed a decided de-

crease in the percentage of glycogen. Evidently then the percent-

age of sugar in the rabbit's liver is increased in the presence of blood,

which increase is due wholly to a more vigorous decomposition of

glycogen. Moreover, whenever increase of sugar has been observed

in our experiments a corresponding decrease in glycogen has as a rule,

also been seen. In this respect, therefore, our results agree with

those of IJoehm and HoffVnann, as also with those of Delprat. See-

gen, however, states in a later communication,* that in rabbits,

glycogen is more rapidly changed than in the case of dogs, or in

other words that the liver-glycogen of rabbits is less resistant to the

action of ferments.

In all of the preceding experiments with the livers of rabbits, it is

to be noticed that the sum of glycogen, calculated as dextrose, and

* Pfliiger's Archiv, vol. xxiv, p. 467,
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the sugar, is not at all equal to the figures representing total carbohy-

drates, being in every instance considerably less than the latter.

Thus in Experiment V, the amount of total carbohydrates is in A
(with peptones) lO-lV per cent., while the sum of sugar and glyco-

gen calculated as dextrose is but 8*29 per cent.; a deficit of 1*88 per

cent._ In B, likewise, where peptones are not present, there is a sim-

ilar deficit, amounting in this ease to 1"27 per cent. It is not to be

supposed that such a deficiency could in any manner arise from

errors of analysis and the most natural supposition is that the sugar,

determined and calculated as dextrose, might be of lower reducing

power ; or in other words that it might consist of maltose instead of

dextrose, or rather, of a mixture of maltose and dextrose or of a

soluble dextrin. O. Nasse* has stated that the dead liver contains

dextrose, or a sugar whose reducing power is not increased by heat-

ing with dilute sulphuric acid. Seegen and Kratschmerf also state

that the dead liver contains dextrose, and further, that the liver sugar

is exclusively dextrose. This opinion is based mainly upon the fact

that the fluid obtained from a calf's liver by pressure, yielded by

dialysis and subsequent treatment with alcohol, a saccharine body,

•vhich on the addition of an alcoholic solution of potash was converted

into the known dextrose-jiotash compound. Musculus and V. Mering,J

however, claim that in addition to dextrose, the dead liver also con-

tains maltose. This sugar they detected twice ; once in the dead

liver of a dog, 1 hour after death, and again, also in a dog's liver, 5

hours after death. In both cases dextrose was likewise present. Dex-

trin they were not able to detect with certainty, but they consider

that the liver ferment also forms this body, intermediate between

glycogen and the sugars. E. Kiilzg has also prepared from the dead

livers of dogs pure dextrose, but he does not conclude definitely as

to the 2:)resence of dextrin and maltose. It is to be seen, therefore,

that while thei'e is unanimity of opinion regarding the presence of

dextrose, there is less certainty regarding the presence of the lower

reducing sugar, maltose.

We have therefore, carefully examined the nature of the sugar

remaining in the alcoholic filtrate after the precipitation of glycogen,

and we find, in almost every instance, that the saccharine body there

* Bemerkungen zur Physiologic der KohleliA'drate. Pfliiger's Archiv, vol. xiv, p. 473

f Die Natur des Leberzucker. Pfliiger's Archiv, vol. xxii, p. 214.

X Ueber die Umwandlung von Starke und Glycogen durcii Diastas, Speichel, Pan"

creas und Leberferment. Zeitschrift fiir physiologische Ghemie, vol. ii, p. 417.

§ Ueber die Natur des Zuckers in der todtenslarren Leber. Pfliiger's Archiv, vol.

xxiv, p. 52.
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present, has its reducing power considerably increased by heating for

a short time with 2 per cent, sulphuric acid. Moreover, the sum of

glycogen calculated as dextrose, and the liver sugar converted wholly

into dextrose by boiling with dilute acid, exactly equals the total

carbohydrates in those cases where peptones are not present. Thus

in Experiment V, A and B, the final sugar solution amounted in

each instance to 100 c. c; 50 c. c. of these solutions were mixed with

sufficient 10 per cent, sulphuric acid to insure a content of 2 per cent,,

after which the two solutions were boiled for two hours, evaporation

being prevented by an inverted Liebig's condenser. On cooling, the

solutions were - made nearly neutral, concentrated somewhat and

finally brought back to a volume of exactly 50 c. c. Following are

the analytical results both before and after boiling with the dilute acid.
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three fermentation experiments tliat we have tried, the sugar solu-

tion has never contained dextrin. It would of course be more
natural in seeking for dextrin to look in the glycogen precipitate.

Finally, it is interesting to notice in connection with this same exper-

iment, that in B the sum of glycogen calculated as dextrose and the

sugar after boiling with sulphuric acid equals the total carbohydrates

found ; while in A where peptones are present, the total carbo-

hydrates more than equal the sum of glycogen and sugar, as is shown

by the following figures from Experiment V.

Sugar not boiled with acid. Sugar boiled with acid.

Glycogen calculated as dextrose,

Sugar calculated as dextrose.

A.
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Glycogen as dextrose, 7-80 per cent. 7 80 per cent.

Sugar, '2-91 After boilin.o- witli II.,SO.,, 3-63

10-71 11-43

It is evident that here, as in the preceding experiment, the sum of

glycogen calculated as dextrose and the sugar equals the total car-

bohydrates actually found, only when the sugar has been boiled with

dilute sulphuric acid, in which case the agreement is, as before,

almost exact. Plainly then, dextrose is not the only sugar formed in

the liver, and if, as seems probable from our experiments, the sugar

has its origin in the hepatic glycogen, it Avould be quite in accord

with analogy to expect the presence of both maltose and dextrose.

The relative reducing power, before and after boiling with acid,

is mucli tlie same as in the preceding experiments, viz ; 79'9 : 100,

and indicates the presence of considerable of the body with lower

reducing power. This portion of the experiment was duplicated

with another 40 grams of liver from the same rabbit under exactly

the same conditions as to time and temperature, with results almost

identical with those obtained from the preceding portion, thus testi-

fying to the accuracy of the methods.

Sugar solution before boiling with dilute acid.

10 c. 0. gave 0'0865 gram Cu=0"0444 gram dextrose=:2-78 per cent.

Sugar solution after boiling ivith dilute acid.

10 c. c. gave 0-1080 gram Cu=00550 gram doxtrose=:3-4-l per cent.

The relative reducing power before and after boiling with dilute

sulphuric acid is in this case 80*0 : 100.

Experiments were now tried, to ascertain the influence of peptone

on the formation of carboliydrates in the livers of other animals.

Experiment IX.

A large cat in full digestion, fed mainly on proteid matter, was

chloroformed, blood collected from the jugular vein and the liver at

once removed. Two mixtures were then prej)ared as follows:

.1. B.

50gr;inis s,inii>led liver, 50 grams sainpKd liver.

20 grams blood, 100 c. c. of water.

50 c. c. of a 10 per cent, solution of poptone.

40 0. c. of water.

These were placed in a bath at 38-40° C. 50 minutes after the

death of the animal, and were kept there for '2k hours, with a con-

stant current of air passing through ,1 in urdei- to render llie bluod
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arterial. At the end of this time further action was prevented by

boiling the mixtures, after which they were extracted in the usual

manner. Neither of the two extracts contained enough glycogen for

estimation. Following are the other results :

Sugar A.

Volume
used.
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empty and the small intestines likewise. The sampled liver was in

the bath at 40° C, 25 minutes after the death of the animal.

A. B.

40 grains of liver. 40 grams of liver.

25 grams of blood. 135 c. c. of water.

100 c. c. of a 2 per r:eiit. solution of peptone.

1 e. e. of water.

These mixtures were warmed at 40° C. for 2 hours, with a current

of air passing through A, after which they were extracted and treated

in the usual manner. Glycogen was not found in sufficient quantity

for determination in either A or B. An accident happened to the

sugar solutions, so that the absolute amount of sugar could not be

estimated, but the relative reducing power of the sugar solution,

before and after boiling with dilute sulphuric acid, was accurately

determined.

Total carbohydrates A.

Volume Equivalent Total
used. Weight, of Cn. in dextrose. amount. Percent.

25 c. c. 0-1070 gram. 0-0545 giam. 0-4;u;0 gram. 2-72

Total carhoTnjdraies B.

25 c. c. 0-08()5 gram. 00441 gram. 0-3528 gram. 2-20

Sugar A.

25 c. c. 0-1045 gram. 0-0529 gram. Before boiling with dilute acid.

25 0-1479 075.3 After boiling with acid.

Sugar B.

25 c. c. 0-1453 gram. 0-0740 gram. Before boiling with dilute acid.

25 0-1925 0-0986 After boiling with acid.

In this case, the total carbohydrates show an increase of 0-52 per

cent, in the presence of peptone. The sugars, unlike the result in

the preceding experiment, show a very great increase in reducing

power, on being boiled with dilute sulphuric acid. In A, the rel-

ative reducing power before and after boiling with the acid, is

70-6 : 100 and in B 75*4 : 100. Hence in this experiment it would

appear that the lower reducing body, presumably maltose, is present

in great excess.

Kxperhnent XI.

In this experiment, a liver was taken from a freshly killed lamb,

sampled in the usual manner and then warmed at 40° C, with and

without ])eptone, for 4 hours. The liver was in the bath and mixed

with the peptone solution just one hour and 20 minutes after the

death of the animal. In this experiment no blood was used.
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A. B.

50 grams of liver. 50 grains of liver.

50 c. c. of a 4 per cent, solution of peptone. 50 c. c. of water.

Glycogen could not be detected in sufficient quantity for estima-

tion. Following are the other results:

Sugar A.

Volume Equivalent Total
used. Weiffht of Cu. in dextrose. amount. Per cent.

25 c. c. 0-2440 gram. 012G0 gram. 0-5040 gram. 2-52

After boiling ivith dilute Yi.JiOi.

25 c. c. 0-2495 gram. 1280 gram. 0-5156 gram. 2-57

Sugar B.

25 c. c. 0-24.S0 gram. 0-1255 gram. 0-5020 gram. 2-51

After boiling with dilute H0SO4.

25 c. c. 0-2445 gram. 0-1262 gram. 0-6048 gram. 2-52

Toll 1 1 carbohydrates A.

25 c. c. 01185 gram. 006O3 gram. 0-4824 gram. 2-41

Total carbohydrates B.

25 c. c. 0-12iagram. 0-0616 gram. 0-4928 gram. 2-46

Here there is neither increase in total carbohydrates iu the pres-

ence of peptone, nor is there any change in the reducing power of

the«sugar solutions after boiling with dilute acid. Total carbohy-

drates, moreovei', fall a trifle below the percentage of sugar, although

the diiference is within the limits of error.

Experiment XII.

With a sheep's liver, 24 hours after death.

A. B.

50 grams of sampled liver. 50 grams of sampled liver.

100 c. c. of a 2 per cent, solution of peptone. 100 c. c. of water.

These were warmed at 40° C. for \\ hotxrs, then extracted and

tested. No glycogen was found.

Sugar A.

Volume
used.
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Amount of Total
liver taken. Mi'tluxl of treatment. GlycoKcn. Sugar. carbohydraleR.

50 grains. Witli [)eptones (A), IMO per cent. TS:! per cent.

50 Without peptones (B). 084 090

+ 0-2G +0-57

Increase in Lolli sugar and total carbohydrates is to be noticed

in A. The increase in total carbohydrates, moreover, is twice as

great as the increase in sugar.

Experiment XIII.

With a calf's liver, from a freshly killed animal, obtained at the

slaughter house.

A. - B. c.

50 grams of liver. 50 grains of liver. 50 grams of liver.

100 c. c. of water. 100 c. c. of water. 100 c c. of a 2 per cent, solution of peptone.

A was warmed at 40° C. for 1 hour and 20 minutes, after which it

was extracted and analyzed; J? and C on the otlier hand, were heated

for 1 hour and ;50 minutes at the same temperature, after which they

Avere alloAved to stand for 16 hours at about 18-2U° C. before being

extracted. The special object in view was to ascertain the influence

of time on the disappearance of glycogen.

Following are the results obtained :

Glycogen A.

Volume Equivalent Equivalent Total • Per
used. Weifflit of Cu. in dextrose. in glycogen. amount. cent.

25 c. c. 0-0230 gram. 0-0125 gram. 00112 gram. 0-0896 gram. 0-44

Glycogen B.

2oc. c. 0-0105 gram. 0-00(53 gram. 005(5 gram. 0-0448 gram. 0-22

Glycogen C.

25 c. c. a mere trace only.

Sugar A.

25 c. c. 0-1900 gram. 00973 gram 3892 gram. 1-94

After boiling luith dilute HoSOj.

25 c. c. 0-2100 gram. 0-1079 gram 0-4316 gram. 2-15

Sugar B.

25 c. c. 0-2445 gram. 0-1262 gram 0-5048 gram. 2-52

After boiling with dilute HoS04.

25 c. c. 0-2535 gram. 0-1310 gram 0-5240 gram. 2-62

Sugar C.

25 c. c. 0-2315 gram. 01198 gram. . ... 0-4792 gram. 239

After boiling wiOi dilute H-jS04.

25 c. c. 0-2G2O gram. 0-1357 gram 0-5428 gram. 2-71

Total carbohydrates A.

25 c. c. 0-1210 gram. 0-0616 gram 0-4928 gram. 2-46

Total carbohydrates B.

25 c. C. 01410 gram. ()071Mgram 0-5744 gram. 2-87

Total carbohydrates 0.

25 c. c. 0-1405 giam. 00715 gram. 0-5720 gram 286
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A. B. C.
Without peptones, Without peptones, With peptones.

1 hour 20 niin. IJ^ hours at W- 0. IJtg hours at 40° O.
atlO°C. and 16 h. at 20" C. and 16 h. at 20° C.

Glycogen 44 per cent. 0-22 per cent.

Sugar before boiling with HoSO,, 1-94 2-52 2-39 per cent.

Sugar after boiling witli HoSOj. 2-15 2-62 2-71

Total carbohydrates 2-46 2-81 2-8fi

A comparison of these results shows no increase whatever in total

carbohydrates in the presence of peptone {B and C) Somewhat
strange is the apparent increase of 0'41 per cent., in the absence of

peptone after standing 24 ])ours. The percentage of glycogen is

diminished one-half after standing 24 liours, and, as has been noticed

several times before, it is still fuilher diminished in the presence of

peptone. Consistent with the theory of the formation of liver sugar

from the hepatic glycogen, is the fact that in this experiment increase

in sugar accompanies decrease in glycogen. This is shown best in

the i^ercentages of sugar, after boiling with dilute sulphuric acid.

The relative reducing power of the sugar solutions, before and after

boiling with dilute acid, is in A 90*1 : 100, in B 96-4: 100, and in C
88"3 : 100. In othei- words the liver sugar in B after standing 24

hours is composed mainly of dextrose, the lower reducing body

present in larger quantity in A having been gradually changed by

longer contact with the liver tissue. In C, however, although the

time was the same as in B, the presence of peptone, while it appears

to increase the decomposition of glycogen and thus the actual amount

of sugar formed, tends to prevent apparently the conversion of the

lower reducing sugar into dextrose ; hence in G the percentage of

sugar before boiling with acid is less than in B, while after treat-

ment with acid it is greater.

Following is a res^tme of the various results obtained tcith jyeptones.

Experiment I.—Rabbit's liver.
Liver Total
takeu. Treatment. Glycogen. Sugar. carbohydrates.

40 grams. With peptones and blood. 5-46 ^ 2-91 ^ 11-08 jg

40 Without " " 6-21 2-74 10-75

2 hours at 40° C. -0-75 +0-17 +0-33

Experiment II.—Rabbit's liver.
Liver 'I'otal

taken. Treatment. Glycogen. Sugar. carl)ohydrates

40 grams. With peptones and blood. 7-46 j^ 3-26 ^ 14-15 %

40 Without " " 8-09 2-75 13-55

2 hours at 40° C. -0-63 +0-51 +0-60
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Liver
taken.

25 grams.

25

Experiment III.—Rabbit's liver.

Treatmeut. Glycogen. Sufjar.

With peptones and blood. V^^f
Without " " 1-54 2-86

2 hours at 40° C. + 0-11

Liver
talcen.
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Experiment XII.—Slicop's liver.
Liver Total
taken. Treatment. Glycogen. tfufiar. carbotiydrates.

50 grams. With peptones. I'lO,^ 1-53^

50 Without " 84 0-96

U hours at 40' C. f 0-26 + 0-57

Experiment XIII.—Calf's liver.
Liver
taken.
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changing peptone into carbohyfl rates is the fact that in our experi-

ments tiie same increase of carbohydrates is to be noticed after 24

liours' contact with peptone as after a shorter time ; in fact in our

experiments, time appears to have no noticeable influence on the total

carbohydrates whatever, unless the like results in Experiment XIII

are taken as confirmation of Seegen's statement that after a time the

newly formed sugar is decomposed and thus the content of total car-

bohydrates falls back to its original amount ; but in this experiment

there is no evidence that the total carbohydrates ever were larger in

amount. While our results therefore corroborate Seegen's and Krat-

schraer's statements regarding an increase of carbohydrates in the

presence of peptone, we cannot consider that the slight increase in

question, far less than that recorded in their experiments, is sufii-

ciently pronounced to decide conclusively upon such an important

theory. Furthermore, the noticeable lack of increase in sugar in the

presence of peptone, excepting such increase as is attended with de-

crease in glycogen, is an additional reason for not attaching as much

importance to the slight increase in total carbohydrates alone, as

might otherwise be done. Consequently we must conclude that, in

our opinion, the results obtained in these experiments do not warrant

the adoption of this theory regarding the origin of the liver sugar,

and that without further proof to the contrary we must siill adhere

to the formation of liver sugar from the hepatic glycogen.



XIV.—Globulix and Globulose Bodies.* By W. Kuhnk, Pro-

fessor of Physiology in the University of Heidelberg, and

R. H. Chtttexdei^^.

The following investigation is a continuation of our previous

work with the albumose bodies, f and constitutes the commencement
of a study of the various primary cleavage products, formed by the

action of pepsin from the better characterized and purer albumins.

Our work in this direction was at first begun with the albuminous

bodies occurring in blood serum, egg albumin, and in fibrin and

from the results then obtained we were led to the conviction^ that an

extension of the work to the single albumins was necessary, particu-

larly to serum albumin, globulin and myosin. In the meantime, our

first conjecture that hemialbumose might possibly be a mixture, had

been established and led finally to the isolation of the albumose

bodies of fibrin.§ At this stage of our work, fibrin was the only

albuminous material employed because it was the simplest to prepare,

was easily digestible, and hitherto had been mostly used in diges-

tion experiments. These practical considerations, to which must be

added the fact that fibrin albumose was later found as a commercial

article, were joined with the advantage of being able to make use of,

and at the same time extend, the discoveries in the chemistry of

digestion which liave for decades been made with this particular

albuminous material. Other advantages for the use of fibrin in this

connection cannot well be claimed, since its peculiar position be-

tween tlie genuine and the coagulated albumins, its contamination

with globulin and the presence of nuclein and other components of

the white blood corpuscles tend to render it perhaps least fitted for

use in an exact study of albumin cleavage; and since fibrin is of

importance as a food stuff mainly in the form of the commercial so-

called peptone, there are many reasons for proceeding to the study

of other discestible substances for further results.

* This and the following article were originally published in the Zeitsehrift fiir

Biologie, Band xxii. They are republished hei'e to render the series complete iu

Rnglish. f See Amer. Chem. Jour., vol. vi, [>. 3.

X Zeitsehrift fiir Biologie, Band xix, p. 159. § Ibid., xx, p. 11.
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As we hope to show, however, the results gained in the study of

the albumose bodies from fibrin are by no means to be considered as

valueless, but on the other hand as quite advantageous in the treat-

ment of the single albumins, i)articu]arly as an aid in the separation

of the individual albumose bodies. Thus in our study of globulin,

now to be described, we were able to use methods already tested.

The new method of precipitating albumose bodies by ammo-

nium sulphate, which has meanwhile been discovered and wliich is

certainly ])articularly advantageous, has not been used in our

study of the globulose bodies, since these experiments were con-

cluded before the introduction of that method. According to obser-

vations made by Dr. Neumeister in the Physiological Institute at

Heidelberg, ammonium sulphate a|>pears particularly well adapted

to the purification of deuteroalbumose, since after complete removal

of protoalbumose by sodium chloride and acid, deuteroalbumose

alone is precipitated by addition of the ammonium salt. As, how-

ever, we had accomplished a separation of the difterent globulose

bodies in another manner, it seemed unnecessary to use, in addition,

the new method,
Globiiihi.

From the list of albuminous bodies which occur in sutficient quan-

tity, and which at the same time admit of isolation without too great

difficulty we have chosen for our first study, globulin. The substance

was prepared from the serum of ox blood by the method of Hammar-

sten, in which repeated quantities of fresh serum were treatM with

an excess of crystallized magnesium suli)hate at a temperature of

30° C. The precipitate so obtained was collected on a filter, washed

with a saturated solution of the salt, pressed, dissolved in water, and

reprecipitated a second time by the addition of magnesium sulphate.

The precipitate was then dissolved in water, a little thymol added,

and the solution dialyzed in running water in order to remove the

magnesium salt. The final solution was then concentrated at 40° C,

after which the globulin was preci})itated with alcohol, washed with

alcohol and finally extracted with ether. The substance so prepared,

and which still contained some magnesium sul])liate, was employed

in the digestion experiments. A portion of the preparation, dried

at 110° C. in vacuo, gave by analysis the results contained in

the following table. The methods of analysis were the same as

those employed in our previous work.*

* Compare Zoitschiift fiir Biologie, Band xx, p. 11, and Amer. Chem. Jour., vol

vi, p. 3.
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Digestion of Globulin.

The preparation proved to be extremely difficult of digestion ; this

fact, however, enabled us to remove from the- globulin the magnesium

sulphate still remaining, since the large quantity of dilute hydro-

chloric acid added with the small amount of pepsin, failed at first to

dissolve any of the albuminous matter. The undigested residue was

then finally treated with an artificial gastric juice much richer in

pepsin. 250 grams of the powdered globulin were at first warmed

with 5 Hires of 0*2 per cent, hydrochloric acid for 24 hours, whereby

the substance swelled up to double its former bulk, but only a trace

was dissolved ;. barely enough for a filtered portion to give with

nitric acid and heat a slight turbidity. By the addition of 200 c. c.

of normal gastric juice* to the swollen mass and warming it at

40° C. for 24 hours longer, the albuminous matter was not appreci-

ably changed ; a filtered portion, however, became turbid on neu-

tralization and a small amount of albumose could be detected both

with sodium chloride and with nitric acid. The entire mass of swollen

globulin was then collected on a cloth filter, washed thoroughly with

0'2 per cent, hydrochloric acid and warmed again at 40° C. for six

days with 4 litres of a particularly active gastric juice, contain-

ing 0"4 per cent, hydrochloric acid and 0*45 per cent, of solid matter.

By this last treatment, a large amount of globulin was dissolved.

As the digestive mixture would not filtei- through cloth it had to be

neutralized directly with sodium hydroxide, which gave an abundant

neutralization precipitate of so-called parapeptone, easily collected,

and from which the fluid filtered perfectly clear. In order to obtain

more material for study, the neutralization precipitate, together with

the unaltered globulin, was treated a second time with 3 litres of the

same active gastric juice for several days, by which the amount of

globulin was reduced more than half, as shown by repeated neutrali-

zation.

The two neutralized, digestive fluids obtained in this manner, were

alike in all respects ; noticeably so in the remarkable fact that when

weakly alkaline, they became turbid at 53° C, which turbidity

increased as the solutions were heated to boiling. Furthermore,

when made faintly acid*, heat produced in both solutions an abundant

flocculent precipitate which had the properties of coagulated albu-

min. This coar/idutn from digested globulin was purified by succes-

sive washings with boiling water, alcohol and ether. The following

table shows the composition of the substance.

* See Zoitschrift fiir Biologie, Band xix, p. 184.
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Glohulose Bodies.

After removal of the above mentioned coagulum, the solution re-

mained perfectly clear at all temperatiires up to 100" C, even when
rendered more strongly acid and also on subsequent neutralization.

On the addition of nitric acid, however, to the cold solution, a pre-

cipitate was formed which disappeared on the application of heat,

reappearing as the mixture became cool.

Crystals of salt alone, produced a heavy precipitate in the solution,

while salt and acetic acid gave a still further precipitate, and when
these reagents failed to cause any further precipitation, nitric acid or

metaphosphoric acid would still give a noticeable turbidity.

In order to separate the globulose bodies from one another, the

entire solution was concentrated on a water bath to the consistency

of a thin syrup and then rubbed up in a mortar with salt in sub-

stance (the fluid being perfectly neutral), complete saturation being

insured by long standing with an excess of salt crystals. The pre-

cijiitate so formed being separated by filtration, the filtrate was par-

tially precipitated by the cautious addition of 30 per cent, acetic acid

saturated with salt, whei'eby a mixture of proto- and deutero-

globulose was separated. After removal of this piecipitate the

filtrate was finally treated with more of the above acetic acid until

nothing fuither was precipitated.

The various precipitates were then subjected to strong pressure to

remove as much of the salt-saturated fluid as possible, then dissolved

in water and dialyzed for the complete removal of the salt and to

separate heteroglobulose.

Protoglohulose.

This body, precii)itable by sodium chloride alone, was purified by

saturating the first dialyzed solution again willi salt, then dialyzing

a second time under repeated changes of reaction, by the alternate

addition of acetic acid and sodium carbonate and finally by neutral

reaction, until all chlorine was removed from the solution and the

admixed heteroglobulose completely sejjarated. The clear filtered

fluid was tlu'u concentrated, after which the protoglohulose was pre-

ci[)italed with alcohol, washed witli alcohol and ether and so ob-

tained as an almost white powder. The substance, so ]>repared, gave

when rubbed up with cold Water, a filtrate not <piite clear and with a

noticeably alkaline reaction. It difli-'red from a solution of i)roto-

albumose from fibrin in one respect, viz : that on boiling in the i)res-

ence of a small amount of sodium ehloride it became quite turbid,
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the turbidity, however, disappearing completely as the solution be-

came cool, (the opposite of the albumose reaction : compare Zeitschrift

fiir Biologie, Band xx, p. 45), We think it may be assumed that this

sinole deviation from the reactions of fibrin-protoalbumose is not

due to the presence of impurities (heteroglobulose, etc.), because no

heteroglobulose whatever separated from a portion of the sample,

even after dialyzing a week longer. If the solution was made even

very slightly acid or alkaline, the turbidity did not then occur on

heating. Further, the small content of ash (0-4 per cent.), which con-

sisted only of calcium sulphate with a trace of ferric oxide, testifies

to the purity of the preparation and the completeness of the dialysis.

The preparation was analyzed with the results shown in the accom-

panying table.

Deuteroglohidose.

This body is about as difficult to purify from the preceding one as

deuteroalbumose from protoalbumose. We succeeded, however, in

separating it by rejecting the first portions of the precipitate pro-

duced by acetic acid and sodium chloride and using only the last

portions precipitated ; or after the acetic acid failed to give

any further precipitate, by using the small precipitate produced

by the moderate addition of alcohol. This last precipitate naturally

enclosed considerable sodium chloride, but the deuteroglobulose

was obtained perfectly pure after removing the salt by dialysis,

since the globulose solution, even when noticeably acid, gave

no turbidity whatever on the addition of salt in substance. The

quantity, however, was unfortunately too small for analysis. It suf-

ficed only for determining the reactions, which agreed with those of

the substance obtained by the later precipitation with acetic acid

except in one particular, viz : that the latter preparation in a neutral

or slightly alkaline solution showed an extremely slight turbidity on

the addition of crystals of sodium chloride. All other I'eactions were

identical and corresponded so completely with those of deutero-

albumose that it is only necessary to call attention to the latter (see

Zeitschrift fiir Biologie, Band xx, pp. 26-28, or Amer. Chem. Jour.,

vol. vi, pp. 46-47) and to especially mention the non-precipitation of

deuteroglobulose in a solution free from salt, by nitric acid in any

quantity and at any temperature.

Since no heteroglobulose whatever separated from the solution of

the last acetic acid precipitate during dialysis, even with repeated

change of reaction, the substance was therefore prepared for analysis,
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simply by concentration of the solution freed from clilorine, pre-

cipitation with alcohol and washing with ether. The ash (ri7 per

cent.) consisted only of calcium phosphate and a trace of sulphate.

IIeteroglohulose.

This body was obtained from the gummy precipitate which sepa-

rated, during dialysis, from the solution of the first precipitate

thrown down from the neutralized digestive fluid by salt alone.

The sticky mass was separated from the sides of the parchment

tubes, dissolved in sodium chloride of from 3 to 5 per cent., repre-

cipitated by saturation of the solution with salt, the precipitate again

dissolved in dilute salt solution and the substance finally separated

by long continued dialysis in running water. After thorough wash-

ing with water, alcohol and ether it appeared as a light, white

powder, not unlike heteroalbumose in general behavior and reac-

tions. After each precipitation and treatment with dilute sodium

chloride, heteroglobulose left a residue, which like dysalbumose was

readily soluble only in dilute acids. From the following analysis

it is to be seen that the preparation, in spite of its long continued

and repeated dialysis, contained 2*03 per cent, of ash, which con-

sisted mainly of calcium carbonate with a small amount of phos-

phate and sulphate.

The composition of the three globulose bodies shows the same

slight differences as noticed in the case of the various alburaose

bodies (from fibrin). Unlike the latter, however, the content of car-

bon in the globulose bodies never falls below 51 per cent., and fur-

thermore it is always higher than that of the globulin from which the

globulose was derived. The percentage of nitrogen, which in the

albumose bodies was found a little higher than in fibrin, exceeds that

of the globulin more yet, in some cases by more than 1 per cent.,,

and the same holds true of the percentage of sulphur. In contrast

to the albumose bodies, the percentage composition of the globulose

bodies gives no grounds whatever for the assumption that they arise

Irom the digested globulin by simple hydration. It must not be for-

gotten, however, that the digestion of globulin by gastric juice is a

process quite different from that of fibrin digestion and one hitherto

much less clearly understood, since besides the globulose bodies

there is formed a large quantity of a substance which is separated by

boiling and Avhich resembles ordinary coagulated albumin. Some-

thing similar, indeed, has been known ever since Briicke's study of

fibrin digestion, but it has long been accepted that the coagulum
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obtained by Briicke on boiling the neutralized digestive fluid, arose

from the globulin present in the fibrin employed, which had not been

previously washed with salt water. Globulin, moreover, yields this

body in much greater quantity, even after several days' exposure to

the action of an energetic gastric juice and it was still found abund-

antly among the products of a second digestion of the first neutral-

ization precipitate.

Comparison of the Analyses.
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which had been dissolved in water after driving off the alcohol,

became simply a little darker, but not rose-colored or violet. Hence
heteroglobulose is to be considered as belonging to the anti group.

2. Protoglobulose, which still contained some heteroglobulose,

when treated in the same manner with trypsin, behaved similarly

but afforded besides an abundance of leucin, also some tyrosin and

an extract which became deep violet on the addition of l:)romine

water. Hence protoglobulose gives evidence of belonging to the

hemi group.

Finally, we submitted to the digestive action of trypsin the third

and filth precipitates (so-called parapeptone) which were separated

in continually decreasing quantities by neutralization, after renewed,

energetic pepsin digestion of the original globulin. Both failed to

yield any coagulum during their digestion with 0"3 per cent, sodium

carbonate, and after the trypsin had acted for fourteen days, neu-

tralization with acetic acid yielded a heavy precipitate, while consid-

erable antipeptone was found in the solution. Although the diges-

tion of the third neutralization precipitate still afforded a trace of

leucin and tyrosin without giving any reaction with bromine, no

leucin, tyrosin or a substance colored by bromine water could be

obtained from the precipitate separated after the fifth pepsin diges-

tion.

Hence globulin, like fibrin and other albuminous bodies, yields dur-

ing pepsin digestion at the last only bodies of the anti group, which

are peptonized, though slowly, by trypsin, but yield no further cleav-

age products.



XV.

—

Peptones. By W. Kuiine and R. II. Chittenden.

Since there has been discov^ered in iieutval ammonium sulpliate a

means for the complete precipitation of the albumose bodies, we

have been induced to take up anew our former investigations on the

beliavior and composition of peptones. As these latter bodies are

not precipitated by the ammonium salt, we had expected to obtain

peptones free from tlie primary cleavage products of albumin and

thereby advance another stej) in our knowledge of the definite prod-

ucts of the proteolytic action both of pepsin and of trypsin. Re-

newed investigation was demanded by the probability thai hilherio

pepsin-peptones entirely free from albumose have never been ob-

tained, for such peptones as are to be found in commerce or in the

hands of the most careful investigator of gastric digestion can

readily be shown to contain albumose by saturating a solution of

the preparation with auimonium sulphate. There will result an

abundant precipitate of albumose and a surprisingly small residue

of non-precipitated pep' ones or the entire absence of such a residue.

Oidy antlpeptone obtained by trypsin digestion will occasionally

form an exception, and even then in most cases we cannot but doubt

that the peptones so formed are wholly free from albumose.

In order to be certain of the presence of peptones in a digestive

fluid, it must be made slightly acid with acetic acid, rubbed

up WMth ammonium sulphate till saturated and then filtered from

the excess of salt and the albumose precipitate. If the filtrate

is thereui)on treated with a large excess of strong sodium hydrox-

ide and then a few drops of very dilute cupric sulphate be added,

the a])pearance of the rosy red color of the biuiet reaction will

indicate the presence of peptones. If peptones are absent the

fluid will be pure blue without a tinge of violet, since the solution

can contain no other albuminous body. Even after an apparently

energetic pepsin digestion the latter result is not at all rare, and a

heavy precipitate by the ammonium salt is so fre(piently seen, that it

is still to be doubted whether there is a pepsin-acid digestion which

causes the disai)pearance of all albumose. On the contrary, the albu-

mose precipitate after a sufliciently long and energetic trypsin diges-

tion is very slight and peptone is to be found abundantly in the

solution.
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We have endeavored to prepare pure peptones in quantity irom

the solution saturated with ammonium sulphate. For this purpose

the solution was first freed from the greater part of the salt by con-

centration and crystallization. During this process a small amount

of a nitrogenous substance separated, perhaps albumose formed

again from peptones when the solution was vigorously boiled and

the temperature rose to 110° C. The mother liquor, after suitable

dilution, was boiled with hot saturated baryta water until all ammonia

was expelled, during Av.iich operation the precaution was taken to

use no excess of barium hydroxide and thus decompose the peptones.

From time to time, therefore, portions were filtered, tested for

sulphate, and when this became small in amount the last portions of

sulphuric acid were removed by barium carbonate. From the fil-

trate, which always contained much barium, the latter was entirely

removed by dilute sulphuric acid, either immediately or after a pre-

vious ]jurification of the barium peptone compound. Tiie peptones

were then precipitated with alcohol and occasionally further purified

with phosphotungstic acid. Naturally the large amount of ammo-
nium sulphate to be removed formed a correspondiuglj^ troublesome

quantity of barium sulphate, which could be handled only in large

filtering bags, and occasioned a large loss of peptone in spite of a

most careful washing of the precipitate with boiling water and the

application of pressure. On evaporating the peptone solution, which

contained but little salt, no resinous precipitate resembling albumose

was to be seen.

1. Amphopeptone.

We have designated as amphopeptone the end product of the

digestion of albumin by pepsin and acid. The first attempt to obtain

this peptone free from albumose and in a quantity in some degree

proportionate to our wants, showed us that there was needed not

only the most active digestive fluid jiossible and long exposure to a

temperature of 40° C. but also a very large amount of pepsin. Such

a quantity of the ferment could be procured, however, only by first

dissolving considerable quantities of the mucous membrane of the

stomach in acid
;
quantities which must be taken into consideration,

in addition to the fibrin to be digested, since something is formed in

the self-digestion of the mucous membrane which necessarily remains

mixed with the peptone. It is known that mistakes have already

been committed by not distinguishing the products arising from

the material of the mucous membrane, from those derived from the

digested substance. For example, Hoppe-Seyler's erroneous asser-
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tion tliat pepsin digestions yield leuciii and tyrosin, rests wholly

upon this circumstance, for since the digestion of the mucous mem-
brane always comn)ences with the disappearance of a mucilaginous

substance, the derivatives of the hitter must necessarily be expected

in the resultant solution. Probably for this reason, artificial gastric

juice which has been prepared from mucous membrane and is no

longer mucilaginous, gives a precipitate when -treated with alcohol

which differs much from the precipitates of albumose and peptone in

being almost as elastic as rubber and, as a rule, forming when shaken,

a single ball in which the pepsin is then ordinarily inclosed. We
have not yet examined this substance closely, since in the course of

the investigations to be described, another more suitable method for

precipitating and isolating the ferment has been discovered. We
shall designate this elastic body for convenience, mucin-peptone.

This mucin-peptone might possibly conceal the whole amount of pep-

tone expected from the digested fibrin, or remain mixed with the

latter in considerable quantity. In spite of this objection, which we

at no time lost sight of, we prepared a quantity of fibrin-peptone

without attempting to remove oi- to prevent the mixture in question.

The observations made by Dr. Pollitzer* in the Physiological Insti-

tute at Heidelberg, on the influence of pepsin-peptone free from albu-

mose on coagulation of the blood, were performed with such ampho-

peptone, which is not perfectly pure.

Supported by the following analyses of this peptone in our pre-

sumption that it was rendered impure by mucin-peptone, we sought a

process that would exclude this impurity. This was found almost of

itself after we had noticed that ammonium sulphate invariably

precipitated from the acid solutions, in addition to albumose, the

entire quantity of active pepsin. While, therefore, nothing capable

of dio-estion with acids could in any way be obtained from the fil-

trates, an exceedingly active juice was formed by dissolving the pre-

cipitate in dilute hydrochloric acid. Hereafter, we accordingly pre-

pared the strong pepsin solution, by simply precipitating large quan-

tities of very concentrated gastric juice containing 0-5 per cent,

hydrochloric acid with ammonium sulphate and dissolving the resin-

ous precipitate, which did not contain an objectionable quantity

of albumose bodies, in fresh dilute acid. By this means the

mucin-peptone was gotten rid* of, since it could not be precipitated

by ammoni\im sulphate and thus a new method was fttund for prepar-

ing and isolating pepsin, which we shall enter upon at another time.

*Verhandl. d. Naturhist. med. Verein zu Heidelberg, N. F. III. p. 293.
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1. Am^jhopeptone prepared until ordinary fjastric juice.

Gastric juice, prepared from 145 grains of isolated mucous mem-
brane from the fundus of pigs' stomachs by two days self-digestion

in two litres of 0-+ per cent, liydrochloric acid, was added to 585

gi'ams of well washed and boiled fibrin, previously swollen in four

litres of acid of the same strength and the whole warmed for two

days more at 40° C. The thin fluid-like mixture so obtained, was

neutralized with sodium hydroxide and then filtered from the undis-

solved residue of the mucous membranes (nuclei of tbe gland cells)

and the slight neutralization precipitate. After being made slightly

acid with acetic acid, the fluid was heated to boiling, evaporated to

two litres, then saturated with neutral ammonium sulphate, separated

from the slight coagulum and preci])itated albumose, again concen-

trated to one litre and freed from a large portion of the ammonium
sulphate by crystallization at 0° C. In order to still further separate

the salt, the solution was treated with one litre of absolute alcohol,

again placed in the cold, and finally strained through linen to remove

the fine pow^dery salt, which was wholly free from pi'ecipitated pep-

tone. After having been freed from alcohol, by vigorous boiling and

concentration to the consistency of syrup and from much salt by

crystallization, the thick fluid was filtered by suction, boiled after

much dilution with a large amount of barium carbonate until the

odor of ammonia had vanished. From the solution, separated from

the barium sulphate and again much concentrated, alcohol precipi-

tated the peptone as a barium compound which could be freed from

salts (especially sodium chloride) by repeated precipitation and boil-

ing Avith alcohol. Finally the barium-peptone was decomposed as

much as possible with dilute sulphuric acid. As was seen later from

the concentrated peptone solution, there remained dissolved a trace

of sulphuric acid, but only enough to make the fluid assume a slight

opalescence after boiling with barium chloride and hydrochloric acid.

An attempt was made to purify the isolated peptone by eva])oraling,

precipitating with alcohol, dissolving in water and reprecipitating

with alcohol. This did not succeed well, as shown later by the high

percentage of ash. By drying first on a water bath, then in an air

bath at 105° C. with frequent stirring, which destroyed the firm

resinous surface, the peptone gradually became solid, and changed

to a puffed up mass. The resulting product could be ground, when

cold, to a light, very hygroscopic powder and weighed in this condi-

tion 25 grams.
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Ill an ixttoinpt to dry the substance for analysis, duriiifr which the

temperature was allowed to rise to 110° C. it was found impossible

to obtain a constant weight, perhaps on account of decomposition

setting in, as suggested by an unpleasant odor which had begun to

develop while on the water bath. Portions of 8-10 grams lost daily

0'03-0*04 gram. The analyses were accordingly made only after

drying many days. Portions purified with alcohol, dissolved in

boiling water with addition of hydrochloric acid, gave no reaction to

be distinguished when heated with barium chloride.

Carbon, hydrogen and nitrogen were determined as before, the

sulphur by a method already used by us to some extent,* viz : by

fusion with potassium hydroxide and potassium nitrate according to

the method distinguished by Hammarsten as \a.\

The results of the analysis (Amphopeptone A), shown by the

following table, were hardly satisfactory and the low percentage of

cai'bon, particularly, was quite a surprise to us, hence we proceeded

at once to the previously mentioned preparation of a peptone, which

would probably be rendered less impure by derivatives of the

mucous membrane and which would, moreover, be easier to purify

further.

2. Amphopeptone prepared with purifiedpepsin.

Preparation of the pepsin.—1220 grams of isolated mucous mem-

brane from the fundus of ten pigs' stomachs were warmed at 40° C.

with seven litres of 0'5 per cent, hydrochloric acid for six days. The

mixture was then satui'ated directly with ammonium sulphate, by

which a resinous j)recipitate, with large, sticky lumps was formed,

easily collected on a cloth filter. After pressing out the salt solu-

tion as much as possible and washing with water, the gummy mass

was dissolved in five litres of 0-4 per cent, hydrochloric acid and

warmed again at 40° C. for a few days. Then for the first time it

was filtered through paper. As preliminary experiments had shown

that gastric juice which contains small quantities of ammonium sul-

phate molds easily, the second digestion and the following fibrin

digestion were carried on in the presence of 025 per cent, of thymol,

which wholly prevented the formation of mold. The mass sub-

mitted for the second time to self-digestion, gave now with the ammo-

nium salt a much smaller precipitate, which contained only a very

* Compare our earlier papers. Zeitschrift fiir Biologie, vols, xix and xx.

f Zeitsulirift liir physiol. Chein.. vol. ix, |t. 288.
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small amount of alljumose bodies, while a portion digested as a test

for the third time, gave in the filtrate from the precipitate produced

by the ammonium salt, so faint a biuret reaction for peptones that it

was plainly evident, that the slight residue of albumins from the

mucous membrane now remaining, could be overlooked without

danger.

Digestion of the fibrin.—3800 grams of washed but not boiled

fibrin were digested with the twice precipitated pepsin, which

was dissolved in ten litres of 0*4 per cent, hydrochloric acid. To
obtain as little albumose and as much peptone a& possible, the mix-

ture was allowed to remain at 37*'-40** C. for two weeks. At the end

of that time, filtered portions gave only slight precipitations by neu-

tralization, but a heavy precipitate was obtained with ammonium
sulphate, with sodium chloride, with sodium chloride and acetic acid,

and still further by sodium chloride and nitric acid or metaphos-

phoric acid. Nevei'theless the filtrate saturated with ammonium
sulphate contained much peptone.*

Preparation and purification of the peptone.—For this purpose the

filtrate was neutralized with sodium hydroxide, filtered through

linen, especially for removing the impurities of the fibrin, the filtrate

slightly acidified with acetic acid, concentrated to about four litres,

precipitated with an excess of ammonium sulphate, filtered and

pressed, the solution boiled with barium hydroxide and finally with

barium carbonate and a large quantity of water, until ammonia could

no longer be detected. The barium sulphate was then remoVed by

filtration through cloth bags which were repeatedly washed and

pressed, the solution evaporated to about four litres, the barium-

peptone decomposed with a very slight excess of sulphuric acid, the

new precipitate of barium sulphate filtered ott', the solution concen-

trated to two litres, the free acid neuti-alized with ammonia and after

cooling, six per cent. English sulphuric acid (previously diluted)

was added ; then the sulphuric acid-peptone solution was precipitated

with a large excess of phosphotungstic acid, the precipitate washed

first with six per cent, sulphuric acid, then with a large quantity of

water, after which the compound was decomposed with excess of

barium hydroxide and the excess completely removed from the fil-

* Later experiments have shown that pepsin acts unich more euorgetically if the

amiiionium sulphate is completely removed by dialj-sis, before each new solution and

digestion of the pepsin-containing precipitate in hydrochloric acid, and further, that

riMrly prhre pepsin becomes wholly inactive by being warmed with dilute liydrocliloric

acid in the presence of even small quantities of ammonium sulphate.
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trate with sulphuric acid. The peptone solution thus obtained had a

distinctly acid reaction, and strange to say, contained hydrochloric

acid, which was hardly to be expected after the very careful washing

which the precipitate had received. The solution was neutralized

with ammonia to render the acid harmless on concentration. Then
we succeeded in obtaining the evajjorated residue free from ammo-
nium chloride by repeated precipitation and boiling with alcohol.

As already mentioned, the method gives rise to much loss and the

same holds true of the otherwise excellent precipitation of peptone

by phosphotungstic acid according to the method of Hofmeister, for

so far as our experience extends, peptones cannot be comj)htehj pre-

cipitated in this manner. There arises in the filtrate, containing

excess of phosphotungstic acid, not* only additional turbidity and

precipitation due to peptone, but considerable quantities of peptone

are still found in the liquid, which has perhaps remained clear for

months, if treated with barium hydroxide ;—a circumstance which

we were not able to prevent even by strongly acidifying the solu-

tion to be precipitated with phosphotungstic acid, with either sul-

phuric or hydrochloric acid.

Behavior of the peptone.—This peptone was also difficult to con-

vert into a dry state, although we did succeed ultimately in bringing

it to a constant weight as a fine, exceedingly hygroscopic powder,

by heating for some time at 105° C. in vacuo. The first difficulty

was found in commencing the drying, for although we treated the

glue-like mass repeatedly with absolute alcohol, then for a long time

with ether and finally boiled it again with alcohol, thereby changing

it into an almost dvj, crumbling condition, we were compelled at last

to stop its further direct drying, since at 100° C. the preparation

took on the consistency o( pitch and formed a bulky foam from which

alcohol vapor continually escaped. Therefore the alcohol was first

driven out by thorough boiling with water and the latter removed as

much as possible at 100° C. This was also a tedious performance for,

although the substance no longer foamed up so violently, it did not

become dry until after many days of stirring and breaking the cover-

ing which continually bubbled up. The same proceeding was re-

peated, although in a less degree, on transferring the substance to

the air bath at 105° C, and only the single portions taken for analysis

could be brought to a constant weight without puffing up further at

105° C.

While drying, the unpleasant odor noticed from amphopeptone A
was also observed here, although only in a slight degree.
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The peptone thus obtained appears (when dried at 105" C.) as a

dry, light yellowish powder. It can be preserved in this form only

when most tightly stoppered. In the air it soon forms large balls,

becomes sticky like pitch and melts to a tough mass which does not

become visibly thinner. What is truly surprising is tlie behavior of

the peptone towards water. A bit of the powder wet vnth a Hincdl

drop of 'water hisses and steams like pliosplioric anhydride when

7noistenedy and lohen this, or the powdered hut not absolutely dry prepa-

ration which no lonyer hisses, is dissolved in water, a. development of

heat is to be noticed. We have observed the same remarkable pecu-

liarity in anti-p-eptone to be described later.

Analysis of the preparation (Ainphopeptone B) dried at 105° C.

in vacuo, gave the results tabulated in the accompanying table.

Amphopepjtone (b).

After these results were obtained, an attempt was made to reduce

the ash content of the preparation by repeated precipitation w ith

alcohol, w^hich succeeded so well that the substance when dried iti

vacuo over sulphuric acid, later at 106° C. until of constant weight,

contained then 2" 15 \}er cent, of ash instead of :5*25 per cent.

I. 0'5500 gram of this preparation gave 0*3400 gram H„0 = 6*86

per cent. H and 09566 gram CO^ = 47"4.3 per cent. C.

II. 0-7)21 gram of substance gave 98-4 c. c. N at 16-4* C. and

765'5mm. pressure = 16'49 per cent. N.

III. 0-7839 gram substance gave 0*0169 gram ash = 2-15 per cent, of

ash.

Therefore in the ash-free substance (Amphopeptono b) there are

—

48*47^ C, 7.02^ H, 16*88^ N.

II. Ayitipeptone.

As with am]ihope]>tone, we have formed in various digestion exper-

iments several ])re])arations of antipe])toiie by the action of trypsin.

These ])re])ai'ations have been studied both after purification with

alcohol and after further purification with ])h()spliotungstic acid, but

in every ease after complete removal of the albumose bodies. We
have not attempted to meet the objection that the antipeplone

is not formed exclusively ti-oin the digested fibrin, but in part from

the albumins of the pancreas. This would have neca'ssitaled experi-

ments with pure trypsin, which seemed too costly to undertake. In-

stead of tliis we liave studied a peptone which we shall distinguish
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as gland peptone., being derived exclusively from the self-digestion of

the albuminous bodies of the gland substance, without any addition

of fibrin or otlier albumin.

IIow suj»erior the action of trypsin is to that of pepsin, is seen not

alone in the total decomposition of heraipeptone which is accom-

plished only by the former, but also in the incomparably more rapid

and perfect change of albumose to peptone. Hence the particu-

larly troublesome and tedious treatment of antipeptone with ammo-

nium sulphate may well seem superfluous when there is no albu-

mose present. We must however be perfectly sure, by a pre-

liminary test with that salt, that albumose is absent and its use is

unavoidable where impure trypsin is employed in large quantities;

that is, where an infusion of the pancreatic gland or the so-called arti-

ficial pancreatic juice is used. From the latter, ammonium sulphate

precipitates a mixture which contains besides unaltered, highly active

trj^psin, whose isolation we propose later to study in this way, vari-

ous other bodies, such as albumose, whose removal is necessary in

the preparation of pure peptojie.

Antipeptone (C).

Preparation of the pancreatic juice.—100 grams of dried ox pan-

creas, purified with alcohol and ether, wei-e warmed at 40° C. with

oOO c. c. of 0-1 per cent, salicylic acid for 12 hours, and filtered

through muslin. The residue was then mixed with 500 c. c. of 0'25

per cent, sodium carbonate, a little thymol added and the mixture

again warmed at 40" C. for 12 hours. The acid solution, after it had

been neutralized, was brought to the same degree of alkalinity with

sodium carbonate, a little thymol added and also warmed at 40° C.

for the same length of time. After filtering and pressing the residue

of tissue, both filtrates' wei'e united. The weight of the und^^solved

residue, dried at 100° (I, amounted as usual to 12 grams. Thus the

nuclei of the cells, the collagen and the portion of elastin undigested

under these conditions, is e<iual to 12 percent, ol the dry pancreas,

freed from fat.

THf/entiov ofthcjihrin.—300 grams of dry fibrin, purified by wash,

ing and l)oiling with water, then with alcohol and finally by extrac-

tion with etliei- were softened with boiling water (when the weight

amounted to 970 grams after sqiieezing with the hands), then

vVarmed at 40° C. with 3 litres of 0-25 per cent, sodium carbonate

containing 0*5 per cent, of tliymol. To this was added the whole
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infusion obtained from the 88 grams of self-digested pancreas, after

which the mixture was continued at 40° C. for six days. At the end

of the first day nearly all of the fibrin had disappeared, although a

considerable portion appeared to float on the surface of the fluid.

When examined more closely, however, this residue proved to be

extremely light, hollow, easily crushed and with a somewhat greasy

feeling. A similar residue, the amount of whicli we did not deter-

mine, remained at the end of six days and consisted mainly of

antialbumid with much tyrosin.

Preparation of the antipeptone.—The solution resulting from the

above digestion was made slightly acid with acetic acid, boiled,

passed through a filtering bag, concentrated to 1 litre, and freed

from a large amount of leucin and tyrosin by crystallization and fil-

tration. The resultant, brownish-looking syrup was treated with

alcohol until peptones began to precipitate, and after the latter had

been redissolved by boiling the solution, it was ])laced aside for

crystallization. The filtrate, which now contained only a small

amount of amido acids, was freed from alcohol by boiling, diluted

with a saturated solution ol' ammonium sulphate, whicli had also

served for washing out the mass of crystals on the filters, and then

completely saturated with the ammonium salt in substance. After

separating the slight precipitate so formed, in which some leucin and

tyrosin was detected, the greater portion of the ammonium salt was

removed from the filtrate by repeated concentration and crystalliza-

tion, while the remainder was gotten rid of, as before, with barium

hydroxide and barium carbonate. Since in this case, precipitation

with phosphotungstic acid could not yet be employed, we attempted

to purify the peptone as much as possible from other |>roducts of

digestion (amido acids), first, as a barium compound by repeated

precipitation and boiling with alcohol, after which the barium-pep-

tone was exactly decomposed with sulphuric acid and the free pep-

tone purified in a similar manner by repeated precipitation and extrac-

tion with alcohol, once or twice in the presence of a little acetic acid.

The peptone thus obtained, when dried at 105° C, weighed 120 grams.

Assuming that albuminous bodies by complete typsin digestion, split

up into 50 per cent, of products arising from the wholly decompos-

able hemipeptone and 50 per cent, of antipeptone not further

changed by typsin, then the amount obtained—120 grams—agrees

with this so far as it is possible, with the unavoidable losses which

the treatment of large quantities in this manner implies. The 388

grams of dry albumin (300 grams of fibrin and 88 grams of self-
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digested material from the pancreas) would have had to yield 194

grains of antipeptone if there were no loss. The loss, however, of

74 grams noticed in our experiment is suffictiently explained by the

noticeable solubility of peptone in the water contained in alcohol,

and by the conversion of a portion of the peptone into antialbumid.

Behavior of the aniipeptone.—This peptone was still more difficult

to dry than the araphopeptone formed by pepsin digestion, and it

could only be accomplished after the removal of all alcohol by

thorough boiling with water. As the solution became very concen-

trated on the water-bath, hydrogen sulphide, as shown by reaction

with lead acetate, was given oif together with a strong odor of valeri-

anic acid, which was also evolved quite noticeably at 105° C. In

order to obtain a constant weight it was necessary to dry the mass

at 110° C.

The analysis of the product is shown in the accompanying table.

Antipeptone (D).

The behavior of the preceding preparation while being dried, nat-

urally suggested the suspicion that the substance was either decom-

posable at 100° C. or less in the air, or else that it contained some

decomposable admixture. We therefore attempted a further purifi-

cation of antipeptone and at the same time a more cautious method

of drying.

For this purpose another preparation of antipeptone was made in

the following manner.

230 grams of commercial dry pancreas, somewhat less active than

that employed in the preceding preparation, were wavmed at 40° C.

for three hours Avith 1200 c. c. of 0*1 per cent, salicylic acid, after

which the mixtui-e was neutralized with sodium carbonate and to it

was added directly 1920 grams of boiled, moist fibrin, 82 grams of

dry sodium carbonate and 32 grams of thymol. This mixture was

warmed at 40° V. for seven days, at the end of which time the residue

of the pancreas, the antialbumid i>roduce(l, and considerable sepa-

rated tyrosin, formed a noticeable sediment, which was filtered off

and pressed, after the residue had been thoroughly washed Avith

water warmed at 40° C. The filtrate was made slightly acid, heated

to boiling, and as this produced only a slight precipitate it was imme-

diately concentrated to about three litres. On cooling, an abundant

slate-colored pi-eci])itate sei)arated, composed almost entirely of tyro-

sin. After removing this by filtration, the solution was saturated

with ammonium sulphate and tlie resultant filtrate treated as in the
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previous case; that is, a Itariiim peptone compound was formed, puri-

fied with ali'oltol and this exactly decomposed with sulphuric acid.

In order to separate the free peptone, the solution was concentrated

at a gentle heat with the addition of a little ammonia, precipitated

and boiled with alcohol, the almost liquid precipitate dissolved in

water, the solution acidified with acetic acid, concentrated again, pre-

cipitated and extracted hot with alcohol, repeatedly washed and

kneaded with ether, kept for a long time under ether and then slowly

dissolved in as small an amount of cold water as possible. When
filtered, a small residue of tyrosin appeared in the preparation. The

new^ solution was concentrated at a gentle heat, precipitated again

with alcohol, the peptone boiled and washed with alcohol, allowed

to stand for some time with a large quantity of absolute alcohol,

again treated with ether as before, and as it had now become friable,

it was immediately dried in vacuo over sulphuric acid. On attempt-

ing to dry it at 100° C. the melting mass foamed so much that it ha<l to

be dried in the air. When this had been done with frequent stirring

on the water bath for several days, the mass was finally dried com-

pletely in vacuo, first at 100° C, then at 105° C. A few weeks of

this drying were needed to bring the substance to a constant weight,

and in order to prepare the various quantities for analysis they had

to remain ^« vacuo over sulphuric acid and at 105° C. for some time.

Probably in consequence of the thorough treatment with ether, the

preparation when warmed gave much less odor than the former one.

Composition of Antijjeptone (D).

I. 0-5061 gram substance gave 0-28V5 gram H.^0 = 6*31 per cent.

H and 0-V937 gram CO^ = 42-76 per cent. C.

II. 0-4449 gram substance gave 0-2527 gram H^O — G"3\ per cent.

H and 0-7024 gram CO, = 43*05 per cent. C.

III. 0*5010 gram substance gave 0*2870 gram H^O = 6*36 per cent.

H and 0*7885 gram CO, = 42*91 per cent. C.

IV. 0*4414 gram substance gave 56*0 c. c. N at 21*0° C. and

759-2 mm. pressure = 14*91 per cent. N.

V. 0*5870 gram substance gave 76*5 c. c. N at 21 6° C. and

7580 nmi. pressure = 15-13 per cent. N.

VI. 0*6930 gram substance gave 0*0694 gram ash ~ 10*01 per cent.

VII. 0*5017 giam substance gave 0-0504 gram ash— 10*04 percent.

VIII. The ash from 5017 gram substance gave 0*0325 gram BaSO^

=0*89 per cent. S calculated on the original substance.
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On account of the large percentage of ash and the large amount
of sulphates, the sulphur of the organic matter was not determined.

Percentage composition of the ash-free substance.
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and long continued action. However this may be, the albumins of

the pancreas naturally cannot be classified with the substances ordi-

narily used in digestion experiments, such for example as fibrin,

without further investigation, for although there may be substances

in the gland cells like serum-albumin, globulin and myosin, there are

also many bodies quite different from these, as, for example, the leu-

coid precipitated by excess of acetic acid, zymogen and trypsinogen,

all of which are decomposed by self-digestion and yield amido acids

and peptones. So long as trypsin digestions are not ordinarily con-

ducted with pure trypsin, it is of especial interest to find out the

composition of the gland peptones, which, as a rule, have invariably

been mixed in greater or less quantity with the antipeptones hitherto

investigated.

Preparation.— 1,000 grams of dry pancreas were warmed at 40° C.

for twelve hours with five litres of 0*1 per cent, salicylic acid and

0*25 per cent, of thymol, filtered through muslin, the residue

warmed another twelve hours with two litres of 0"25 per cent,

sodium carbonate and 0"5 per cent, of thymol, again filtered and

pressed, the two fluids united, brought up to an alkalinity of 0"25

per cent, of sodium carbonate and then warmed at 40° C. for three

days.

After filtering through paper, the whole solution was slightly acidi-

fied wath acetic acid and then saturated with five kilos, of ammo-
nium sulphate, by which means there was precipitated a little albu-

mose and all of the trypsin, the further treatment of which is of no

interest here, while the gland i^eptone remained in solution. It is

to be noticed in the separation of this peptone that it was treated

exactly like preparation (C), excepting that the second purification

with ether could be omitted. The preparation, after drying for some

time, left a small residue of tyrosin when dissolved in cold water. It

was therefore precipitated from this solution with alcohol, then freed"

from alcohol by boiling with water, dried directly over a water-bath

and finally in vacuo at 100" C. until a constant weight was obtained.

The analysis of the product is seen in the following table.

Antipeptone (G). (Gland peptone.)

This preparation was obtained from the preceding product by the

following process; the solution of the peptone was acidified with 6

per cent, of sulphuric acid, precipitated with a large excess of phos-

photungstic acid, the precipitate carefully washed, then decomposed

with barium hydroxide, the latter exactly removed with dilute sul-
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phurie acid, the solution concentrated, the peptone precipitated and

washed witli alcohol and finally boiled with alcohol. The partially

dry proflnct was then dissolved in cold water, leaving a small amor-

phous residue which gave no reaction for tyrosin. The solution

was then concentrated on the water-bath and again precipitated

with alcohol, after which it was dried finally, over sulphuric acid in

vacuo and at 106° C. in vacuo, until ol constant weight.

The following table shows the results of the analysis.

Antipeptone (H). (Gland peptone.)

This product was prepared and purified in exactly the same manner

as the former one (G), but was made from another trypsin prepara-

tion, in which a smaller amount of dry pancreas was used. When
dissolved for the last time in cold water, some little insoluble matter

remained (from which it was freed) which, however gave no reaction

for tyrosin.

The following table shows the results of the analysis.

General properties of the Peptones.

We should have liked to study more accurately the physical be-

havior of the ditferent samples of peptones, especially their optical

properties as determined by specific rotary power. It was easy to

show that they were all laevo-rotary, but we have not yet succeeded

in making any quantitative determinations of sufficient accuracy to

be of value. The decidedly brown color of the solutions prevented

the use of a sufficiently long tube, or a solution of the proper concen-

tration, necessary to determine specific rotation.

It would be of still greater importance to investigate the rate of

diffusion of peptones, it being more necessary from the fact, that pre-

vious observations on the diffusion of the products of digestion can

have but little reference to pure peptones, but rather to the albumose

bodies so long overlooked. We have, however, not as yet begun these

investigations owing to lack of material. All of the peptones obtained

by us in the dry state, showed considerable rise of temperature when

moistened with, or dissolved in water.

It is worthy of notice, physiologically, that according to observations

made in the physiological Institute at Heidelberg, by Dr. Pollitzer

of New York, no one of the peptones would hasten or retard coagu-

lation of the blood, either when injected into the veins or added to the

shed blood, such action being due wholly to certain of the albumose

bodies.
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A few observations on the taste of peptones are of interest, Wliile

the genuine albumins and tlie alburnose bodies exeite practieally no

sense of taste, tlie less so the purer they are, it appears as if peptones

belong to the most olFensively lasting bodies. In order to see what

an important change the taste of an albuminous body undergoes on

digestion, and at the same time what the taste of peptones is, warm

50 c. c. of fresh milk to 40" C, and tlien add to it a small fragment of

soluble trypsin (prepared from ox ])aiiereas), which excites no taste of

itself The milk at first coagulates, tiien regains its former appearance

by solution of the coagulnra, but tastes no better than gall. Never-

theless we belie.ve that the especially objectionable taste proceeds not

from peptones, but from certain compounds heretofore only acci-

dentally separated from them. For, among our ]»reparations, which

as a whole tasted something like roast meat, as it burnt, Itut above all

nauseatingly bitter and astringent even in a 2 per cent, solution, we

found one that in a 10 per cent, solution was free from this dis-

agreeable peculiarity and had a pleasant, sweet taste like meat.

It is to be noticed that this was the jtreparation of antipeptone (F)

which had not been purifie(l by phosphotungstic acid. Only l)y

taking a large swallow was there noticed a nol unpleasant taste,

peculiar lo certain cheeses after becoming alkaline.

The most important property for the separation and treatment of

peptones is for the present, the lack of precipitation by a great

number of reagents, which i)reeipitate more or less perfectly albumins

and alburnose bodies, especially sodium chloride, either alone, or Avilh

the addition of acid. We have repeatedly confirmed the observations

mf.de by Wenz that even sodium chloride and acetic acid, socyum

chloride and nitric acid or metaphosphoiic acid do not completely

precipitate the alburnose bodies. In whatever proportion these addi-

tions may be made, there always remains at the end a solution which

gives with alcohol a precipitate of salt, in which alburnose is still to

be found, or fiom which alburnose may be separated by dialysing and

concentrating, according to the method already used. The only per-

fect precipitant of these substances is ammonium sulphate. It is how-

ever an error to attribute to this salt the same action on peptones.

Wherever pei)tones occur, they will always be found in the filtrate

from a solution saturated with ammonium sulphate, and we must

conclude fiom some opposed statements that in the experiments on

which they are based, albumose bodies instead of peptones were pres-

ent, since we are certain that by means of our new method, it can be

generally shown what an unexpected difference exists between the ap-
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parently vigorous action of a poorly prepared gastric juice, or com-

mercial preparation of pepsin and the action of solutions actually rich

in pepsin. Even where the fibrin almost instantly disappears, the

amount of ferment may still be quite insuificient to produce noticeable

traces of peptones. Therefore care must be taken not to conclude

immediately from a speedy solution, that digestion has been com-

plete, since this is to be determined only by the disappearance of the

primary cleavage products of digestion, that is, the change of albumose

into peptones.

It was especially interesting to ascertain whether peptones iso-

lated according to the methods already described, were likewise pre-

cipitated by ammonium sulphate or by other reagents that precipi-

tate the albumose bodies, a question which was interesting considering

the oft-asserted formation of albumin or albumose from peptones.

To our surprise we noticed in the beginning that both autipep-

tone and amphopeptone after complete purification, under certain

circumstances gave rise to a turbidity or even a resinous precipitate,

not only with ammonium sulphate, but also when their solutions were

saturated with salt or when treated with acetic acid, nitric acid

or metaphosphoric acid, just as if albumose had been formed or the

albumose not completely removed by the previous treatment. Even

if these precipitates concerned only a small part of the material in

solution, their appearance would need explanation. So far as we can

now determine, the occasion of this behavior is a circumstance con-

cerning which we do not care to decide whether it really depends on

the formation of albumose from peptone or not. It is to be ob-

served that if the purification of the peptone by sulphuric acid is

conducted incautiously, either on decomposing the barium-peptone or

on acidifying before precipitation with phosphotungsiic acid, the

appearance afterward of albumose is avoided provided the solutions,

when warm, are never exposed to an excess of acid. That a resinous

precipitate appears, while boiling the solution saturated with ammo-
nium sulphate at 110° C. has already been mentioned, but this can-

not cause any impurity of the peptone remaining in solution, any

more than the well known precipitation ol antialbnmid during trypsin

digestion can occasion an impurity of the antipeptone.

iSince the fact is proved that peptones are not precipitated by am-

monium sulphate, these bodies are then characteiized more than ever

by the property long attributed to tliem of being rendered turbid by

very lew reagents and completely precipitated by a still more lim-

ited number. A list of the latter reagents includes only tannin
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and mercuric iodide in potassium iodide, while imperfect precipitants

of peptones are phosphotungstic acid or phosphomolybdic acid and

picric acid.

The following list shows tlie further action of various reagents.

MeactioHS of Peptoties free from albumose and purified by phos-

photiingstic acid.

In 5 per cent, solution, after being made noticeably alkaline with

a trace of sodium carbonate.
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concentrated sulpburic acid. Likewise, the reaction with sulphuric

acid and glacial acetic must be described as almost unsuccessful. As

this, however, is nothing other than Pettenkof'er's test for bile acids,

for which its discoverer has recommended concentrated acetic acid

as a substitute for sugar, we have also tried the reaction with sugar,

without however obtaining any better result, particularly not the

beautiful violet-red which albumin and the alburaose bodies give.

Finally, the poor result of Millon's reaction with antipeptone, in con-

ti'ast to the brilliant red obtained with amphopeptone, is also to be

remarked. To this reaction we shall return later.

It has already been observed by many investigators that among

the products of the digestion of albumin, bodies are not infrequently

met with, which give little or no lead sulphide on boiling with sodium

hydroxide and lead acetate. This is not at all strange, since the pep-

tones prepared by us show on analysis less than one per cent, of sul-

phur, in striking contrast to the albumins and albumose bodies, all of

which contain much larger percentages. In the gland peptones

(F, G, H,) the sulphur amounted to only 0-50, 0*81 and 0*57 per cent,

respectively. The peculiarity of peptones in giving up a part of

their sulphur when warmed with alkali, apparently stands in no direct

connection with the percentage amount of sulphur. Indeed, solutions

of the antipeptones G and H, of which the first possessed the lowest

percentage of sulphur found, showed no browning with this test,

and only a trace of it when solid particles of the peptone were heated

with a concentrated solution of alkali containing lead. But the gland

peptone (F) not purified by phosphotungstic acid and with only 0*15

per cent, of sulphur became slightly darkened in solution. On the

other hand, the purest amphopeptone (B) with 0*77 per cent, of sul-

phur gave the reaction very faintly, while antipeptone C with 0"73

per cent, of sulphur gave it very plainly. Probably the reaction is

not to be attributed to the peptones themselves, but proceeds from

contamination with an easily decomposed substance containing sul-

phur, whose removal still depends on chance.

It may be assumed as completely proved that the rose or violet

coloration, which the products of pancreatic digestion assume with

bromine or chlorine water, is due to some special body and not to

antipeptone. We had previously shown this to be the case with the

antipeptone obtained by the action of trypsin from antialbumid,

and have now also found in all antipeptones purified with phospho-

tungstic acid, the absence of all color on addition of bromine water,

either in large or small quantity.
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Finally, not to overlook tlie most striking reaction of peptones,

we mention further the brilliant so-called biuret reaction which is to

be seen, if possible, still more intense in the purer peptones, -what-

ever their origin, than in those formerly used.

Coiiijjosition of the Peptones.

For the sake of comparison we present in the following table the

percentage composition of the various samples of peptones, calculated

on the ash-free substance. The ash found, consisting in every case

of calcium, a little sodium, potassium, traces of barium and iron, car-

bonic acid, phosphoric acid and sulphuric acid, is placed at the

foot of the columns.
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purified pepsin, tlien the figures obtained from B and h may be con-

sidered as representing tlu; first gastric peptone prepared free from

albumose. The correspondence between the two, in spite of the fact

tliat by continued purification of b we succeeded in reducing the ash

by more tlian 1 per cent., we think may be considered as grounds for

tliis assumption. In o|)position tlierefore to the majority of pre-

vious statements, including our own, whicli as now easily understood

referred to mixtures of allnimose and peptones, there is to be noticed

in pure amph<)])eptone about 1 per cent, lower content of carbon,

about as much higher a percentage of nitrogen and 0-8-0"4 per cent,

lower content of sulphur.

With anti peptone, the variation from the previous results was
less expected, for we are not inclined to believe that in our former

long and thorough ty]jsin digestions, any appreciable quantity of

albnmose remained and in the more recent ones, the jjrecipilate pro-

duced by ammonium sulphate was never abundant if the matter

separated by boiling in a slightly acid solution was previously

removed. The diffeiences Ibund, however, might be readily explained

by the fact that the purification of the peptone had this time been

more complete, o^'ing partly doubtless to the formation of the

barium compound, and partly also to the precipitation with phospho-

tungstic acid. The content of carbon is seen to be about 1 per cent,

lower, the content of sulphur likewise lower and the percentage of

nitrogen decidedly higher, in one case as much as 4 per cent, more

than before. The real reason for this difference in composition

appears to us to lie in the use of much larger quantities of trypsin,

which formerly was only possible by using large quantities of the

gland substance, so that the fibrin-antipeptone would naturally be

obtained mixed with the gland peptone. It is well for the future

that we know" the composition of these gland peptones, for they

difier essentially, in the lower content of carbon (in one case 42*96

per cent.), from all other peptones hitherto investigated. These

bodies might be pronounced troublesome intruders with the same

right as the mucin-peptone arising from gastric digestion, although

we found in it, aside from the percentage composition, no reaction

and no proj^erty which would serve to distinguish it from the other

peptones.

After these considerations, little stress can be laid on the differences

between the composition of pepsin and trypsin peptones. We have

found, however, another difference which we will examine more
closely.
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Cleavage of the peptones.

As already mentioned, Millon's reaction appears very brilliant with

aniphopt'ptone, but more or less imperfectly with antipeptone. As
the reaction is sure only under certain circumstances we have not

neglected to perform it in every possible way, either by using the

same concenti-ation of solutions of the two peptones under exactly

the same conditions, or by trying the most successful variations of the

experiment for antipeptone. Thus it was found that the preparations

C, D, E,and F, treated in a suitable way, gave an appreciable reaction,

but in no case so that more than a dirty, generally orange red pre-

cipitate was obtained. On the contrary, all trials with gland pep-

tone purified with phosphotungstic acid, failed to give more than a

simple yellow color. Since Millon's reaction for albumin corresponds

with the so-called Hoffmann's test for tyrosin, and since with albu-

min it })roV)ably depends on the separation of tyrosin by boiling

with the acid solution of murcuric nitrate, if not by the formation of

further decomposition products of tyrosin (hydroparacumaric acids)

which likewise redden with the test, it might be presumed that anti-

peptone, in contrast to the amphopeplone of pepsin digestion, forms

no tyrosin by cleavage. So far as the action of trypsin is concerned,

this was already known, since the real difference between gastric and

pancreatic peptones consists in the fact that only the former, when

treated with trypsin, yield tyrosin together with leucin and other

decomposition products—in our opinion because they contain hemi-

peptone capable of further cleavage (together with antipeptone).

It was also known to us, however, that antipeptone during cleavage

with boiling sulphuric acid yields the amido acids, and among them

also tyrosin. Renewed investigations on this subject appeared called

for now, since we thought ourselves in possession of much purer pre-

parations of antipeptone.

First, we established the possibility of decomposing with trypsin,

arapbopeptone entirely free from albumose. A few hours' digestion

in a small test tube, of 1 gram of peptone in 10 c. c. of water, contain-

ing 0*25 per cent, of sodium carbonate with a little thymol and a

fragment of purified pepsin, sufficed for this purpose. By concen-

trating the neutralized solution and boiling the residue with alcohol,

a decided residue was obtained in which balls of leucin and bundles

of tyrosin were to be seen under the microscope without further

))reparation. The residue was also colored a beautiful violet with

bromine water. We also sacrificed a large quantity of ampho-

peptone to the same experiment and obtained the tyrosin pure (free
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from peptone) and tested it, both by INIillon's reaction and Piria's

test. Further, a few grams of the same preparation were heated for

several days with six times its weight of sulphuric acid (2 : 3 water),

and after removing the acid with barium hydroxide, tyrosin and

leucin were found among the decomposition products.

Antipeptone was now likewise submitted to the above treatment.

The method of conducting this experiment with albuminous bodies

which we have used successfully, even with 2-3 grams of substance,

is as follows. The substance is placed in a small, strong flask stand-

ing on an asbestos plate, and five or six times the weight of sulphuric

acid of the above mentioned strength is added and the mixture kept

boiling as long as desired. The loss of water by evaporation is pre-

vented by connecting to the neck of the flask a glass tube I metre

long and 1 centimetre in diameter, so that the lower end cannot be

closed by a drop of water. The upper end of the tube is drawn out

to a capillary point and as it does not become warm at the top dur-

ing the boiling of the fluid, all loss 6f water is prevented.

To be as sure as possible, we have treated the antipeptone in this

manner for 48 hours. The contents of the flask were then much
diluted with water, filtered from the sticky residue always present,

made alkaline with a concentrated solution of barium hydroxide, the

barium separated from the filtrate by sulphuric acid, after which the

clear fluid was concentrated and allowed to crystallize. It is not

advisable to remove the sulphuric acid with barium carbonate, since the

latter is unavoidably used in excess, for it is very undesirable to have

the barium precipitate unnecessarily increased in bulk, as the cleav-

age products of albumin are difficult to remove even with hot water.

Further, the mixure is made alkaline by barium carbonate and

soluble barium compounds always appear, which must be removed

by sulphuric acid in every case.

In the strongly concentrated solution finally obtained, in case

leucin and tyrosin have really been formed, as with most albuminous

bodies, their presence may be readily shown microscopically and

after suitable separation of the mother liquor, or if necessary, after

re-crystallization from dilute alcohol, their chemical reactions may
likewise be obtained. We have succeeded after this manner in showing

the presence of leucin always in antipeptone ; tyrosin, however, only in

a few cases, and even then only after repeated crystallization. When-
ever tyrosin occurred it was in exceedingly small quantities. From
the antipeptones (gland peptones H and G) with which Millon's test

had hitherto failed, tyrosin could not be obtained at all, and that

Trans. Conn. Acad., Vol. VII. 32 Nov., 1886.
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tyrosin was really absent in this case was shown by the final exam-

ination of the whole united residues by Hoffman's test, which was

absolutely negative, while it appeared plainly with the products of

the remaining antipeptones.

Although we do not wish to consider the behavior of the gland

peptones as a criterion for antipeptone in general, still this result,

united with the small amount of tyrosin obtained from the latter,

seemed to call for further investigations concerning the decomposi-

tion of those primary cleavage products of albumin related to the

antipeptones, especially antialbumid. We began this extension of"

our work because during our treatment of the subject an article of

Maly's* appeared, in which he described a very interesting cleavage

and oxidation product, obtained by treating albumin with potassium

permanganate, which product possesses the essential properties of the

albumins, and yet on further decomposition does not yield tyrosin.

It is questionable, therefore, whether this property is not the one

directly distinguishing the bodies of the anti- group from the pri-

mary cleavage products of the albumins.

A few preliminary experiments were made with samples of anti-

albumid prepared by the action of boiling dilute sulphuric acid, both

on fibrin and Thiry's neutralization precipitate from egg-albumin,

also with the antialbumid remaining from the digestion of fibrin

with trypsin, and finally with a small neutralization precipitate

of so-called parapeptone from an incomplete pepsin digestion of fibrin,

which we regarded as antialbumose. After these experiments as a

whole, had resulted contrary to our expectations, in that a moderate

amount of tyrosin appeared after boiling the substance for a long

time with sulphuric acid, we submitted to decomposition a prepara-

tion from which we thought we could expect a decisive result.

This preparation was an antialbumid from egg albumin, made in one of

our former investigations as follows : \yhite of egg freed from mem-

brane, was coagulated by heat in an acid solution, the coagulum fil-

tered, thoroughly washed and then heated for a long lime at 100° C.

with dilute sulpliuric acid, the residue filtered, washed thoroughly

with water, dissolved in sodium carbonate, precipitated by neutraliz-

ation, the precipitate dissolved in 0"2 per cent, hydrochloric acid and

the antialbumid freed from all other other albuminous bodies by long

continued digestion with pepsin. The antialbumid was then separated

Irom the solution by neutralization, washed, dissolved in 0-5 per

Wieuer Acad. Sitzuugsber., xci, Abth. 5, F'ebruary, 1885.
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cent, sodium carbonate, warmed with trypsin at 40** C, and after the

antialbumid had partially separated as a jelly-like mass, it was

filtered and washed with water, finally with alcohol and ether. This

product could not possibly contain any known albumin, albumose or

peptone and undoubtedly formed the purest sample of antialbumid

yet prepared.

By decomposing this body with sulphuric acid, a residue was

finally obtained which to our surprise gave but the slightest reaction

for ty rosin with Millon's and Hoffmann's test, with Piria's test no

reaction whatever, and in spite of endeavors continued for weeks not

a single crystal of tyrosin could be detected. Leucin was found in

very small quantity and in addition there were seen large lustrous

balls of crystals of some nitrogenous substance, too small in quantity

to be identified.

Heidelberg,
i December, 1885.New Haven,
)

'



XVI.—Ox THE DEHYDRATIOX OF GlUCOSE IX THE StOMACH AND
Intestines. By R. H. Chittenden.

In a series of interesting eommunications* " On the physiology of

tlie carbohydrates in the animal system," Dr. F. W. Pavy has

brouglit forward evidence to show that glucose, generally considered

as the final product of amylolytic action, can be converted within the

animal body into a product of less cupric oxide-reducing power;

that there exists particularly in the stomach and intestines of rabbits,

a ferment which has a dehydrating action upon glucose or dextrose,

transforming it into a body akin to maltose in reducing power.

Hitherto, it has been generally supposed that the transformations

which carbohydrates undergo in the animal system are in the nature

of gradual hydration changes, in which each step forward toward

the final product is attended with the formation of bodies of in-

creased cupric oxide-i-educing power. Dr. Pavy's results, however,

would tend to show that transformations in the opposite directicn do

occur and this notably in the stomach and intestines of rabbits.

Dr. Pavy's conclusions concerning this dehydration of glucose in

the animal system, are based upon changes in the cupric oxide-reduc-

ing power of the carbohydrate, after contact with portions of the

stomach and intestines for short periods of time at 48'8° C. It is a

Avell known fact that the reducing power of pure glucose is not

affected by boiling with dilute sulphuric acid, while under like treat-

ment, maltose and similar bodies are readily converted into glucose

or into a body of like cupric oxide-reducing power.

Dr. Pavy finds, as the result of a large number of experiments,

that a solution of glucose or grape sugar, by mere contact with the

stomach and intestines of a rabbit at 48'8° C. is changed into a body

of less cupric-oxide reducing power, and that by boiling with dilute

sulphuric acid this product is carried back again into glucose. Thus,

in one experiment, 0'138 gram of glucose in contact with strips of

stomach from a rabbit for one hour and a half at 48*8° C. showed,

after removal of the dissolved albumin by boiling with sodium sul-

phate, a reducing power calculated to the entire amount equivalent

to only 0080 gram of glucose ; while after boiling with dilute sul-

* Chemical News, 1884, vol. xlix, pages 128, 140, 155, 162, 172 and 183.
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phuric acid (the solution containing two per cent. H^SOJ the cupric

oxide-reducing power was increased to the equivalent of 0"134 gram

of glucose, or nearly equal to the amount started with.

It is to be noticed in the experiment just quoted, that the cupric

oxide-reducing power, before and after treatment with sulphuric acid,

stand to each other in the proportion of 58 : 100, or in about the rela-

tion of maltose (61) to glucose (100). In some experiments, how-

ever, the reducing power before boiling with dilute acid, was so low

as to warrant the belief that dextrins were also formed. This result

is a type of many similar ones obtained by Pavy with the stomach

and intestines from various animals and in no instance, in the case

of rabbits at least, so far as reported, were negative results obtained.

The discovery of such a dehydrating ferment, hitherto unsus-

pected, appeared to be a matter of so much importance that experi-

ments have been tried in this laboratory from time to time during

the past two years, with the view of confirming in part at least some

of Dr. Pavy's results. To our surprise, however, in no case, have

we been able to obtain results corresponding to those of Pavy's,

although the animals experimented with (rabbits and cats) were

taken in various stages of digestion. We therefore record here,

some of the results simply in the hope that some light may be thrown

upon the cause of this discrepancy ; or if, as may be, the ferment is

not invariably present, some reason may be found for its constant

absence in the tissues of the animals experimented with, and thus

light be thrown upon the conditions which control its presence.

The glucose used in the following experiments was a sample of

crystallized anhydrous glucose presented to the laboratory by Dr.

Arno Behr. The sugar was quite pure, as was ascertained by testing

both its reducing power and specific rotary power, and more import-

ant still, was not at all affected by boiling with dilute sulphuric acid.

Thus 50 c. c. of a one per cent, solution of the glucose, mixed with

sufiicient 10 per cent, sulphuric acid to have the mixture contain two

per cent, of H,SO^, was boiled for one and one-half hours, the flask

being connected with an inverted Liebig's condenser to prevent con-

centration. The solution was then neutralized, diluted to 100 c. c.

and tested with Fehling's solution according to the method of Allihn,

25 c. c. yielded 0*2414 gram of metallic copper, corresponding to

0'1246 gram of glucose, whereas the 25 c. c. of solution should have

contained 0-1250 gram of sugar. Evidently then, the reducing

power of the sugar is not affected by treatment with dilute acid.

First experiment.—A rabbit in full digestiou was killed, the stom-
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ach emptied of its contents and then divided into two longitudinal

halves along the curvatures. One-half, after being cleansed, was

finely divided and placed in a small beaker with 70 c. c. of water con-

taining 0200 gram of glucose. An equivalent amount of the small

intestine, similarly cleaned and divided, was placed in a second beaker

in contact with 70 c. c. of water containing 0"loO gram of glucose.

In both cases the entire walls, including nmscularis and mucosa^

were taken, since Pavy has indicated that the converting principle is

situated not on the surface of the mucous membrane, but in the deeper

part. Tiie two mixtures were then placed in a bath and warmed at

48'8° C. for nearly two hours; after which they were boiled, crystals

of sodium sulphate being added to aid the i-emoval of the dissolved

albumin. The individual filtrates and washings were concentrated

and finally brought to a volume of 100 c. c. Of this, 25 c, c. were

used to determine the cu[)ric oxide-reducing power of the solution

directly, while 50 c. c. of each solution were mixed with sufficient

ten per cent, sulphuric acid to insure a content of two per cent, and

then boiled for two hours, in connection with an inverted Liebig's

condenser to prevent concentration. The acid solutions were then

neutralized, concentrated somewhat and finally brought back to a

volume of 50 c. c. Following are the analytical results obtained

with the two solutions, the reducing power being determined by

Allihn's gravimetric method.*

Stomach.

a. Before treatment with suljihuric acid.

25 c. c. gave 0-0746 gram Cu=0'0381 gram de.xtrose x 4=0"1524 gram dextrose.

h. After treatment with sulphuric acid.

25 c. f. gave 0728 gram Cii=0'0372 gram dextrose x4=0"1488 gram dextrose.

Intestine.

a. Before treatment with sulphuric acid.

25 c. c. gave 00512 gram Cu=00265 gram dextrose x4=:0-1060 gram dextrose.

h. After treatment with stdjilmric acid.

25 c. c. gave 00520 gram Cu=^"0269 gram dextrose x 4=0'1076 gram dextrose.

Here, there is no evidence whatever that the glucose was affected

by its two hours' contact with the stomach and intestine of the rabbit

at 48*8° C, the temperature specified by Pavy as that best adapted

for the reaction. Certainly llie reducing power of the glucose solu-

tion is essentially the same before and after treatment with sulphuric

* Zeitsclirifl fiir Analytische Chemie, 22. Jahrgang, p. 448.
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acid. Somewhat in accord witli Pavy's results, however, is the fact

that while 200 milligrams of glucose were introduced into the stom-

ach mixture and 150 milligrams with the intestines, only 152"4 milli-

grams were recovered from the former and 106 milligrams from the

latter, although the residues after heating with sodium sulphate, were

repeatedly and thoroughly washed with hot water. Assuming that

this loss of sugar in tlie two cases is really due to change of glucose

into lower reducing bodies, the relative reducing power of the sugar

before and after contact with the stomach and intestines would be

100:76-2 and 100:70-6 respectively. But if there had been any

such change in reducing power, the treatment with sulphuric acid

Would certainly have indicated it.

Second ej'2)erimeut.—A rabbit in full digestion was killed and half

of the stomach and a portion of the small intestine were cleaned and

finely divided. The stomach tissue was then heated at 48*8° C. for

one and one-half hours, with 70 c. c. of water containing 0'200 gram

of glucose and the portion of intestine for the same length of time,

with a like amount of glucose. Treated then in the same manner as

the preceding solutions, the following results were obtained:

Stomach.

a. Bsfore treatment with sulphuric acid.

25 c. c. gave 0901 gram Cii =00460 gram dextrose x 4=0-1840 gram dextrose.

h. After treatment with sulphuric acid.

25 c. c. gave 00882 gram Cii =0-0450 gram dextrose x4=0-1800 gram dextrose.

Intestine.

a. Before treatment ivith sulphuric acid,

25 c. c. gave 0-OG90 gram Cu =0-0353 gram dextrose x 4=0-1412 gram dextrose.

b. After treatment with sulphuric acid.

25 c. c. gave 0-0726 gram Cu =0-0.371 gram dextrose x4= 01484 gram dextrose.

In this experiment, a largei- amount of sugar was recovered in the

case of the stomach tissue than in the preceding experiment, but in

neither the stomach or intestine is there any evidence of change in

the reducing ])Ower of the sugar before and after treatment with sul-

phuric acid. In this connection it is to be remembered, that the only

ground for belief in tlie existence of a dehydrating ferment in the

stomach is the change, noticed by Pavy, in the reducing power of

the sugar under the above method of treatment. Our method of

treatment with sulphuric acid, moreover, both as to the length of

time the mixtures were heated and the strength of acid employed, was

in accord with the method used by Pavy. In addition, the same
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method of treatment was applied to a known solution of maltose with

satisfactory results, viz : a rapid and complete change into dextrose

as attested by the proper proportional increase in reducing power.

Furthermore, we are led to infer from Pavy's results that the action

of the ferment is to be seen to the best advantage in the rabbit.

Thus Pavy states,* that without having made any precise compara-

tive observations, 'I am under the impression that the stomach and

the intestine of the rabbit act more energetically than the stomach

and intestine of the other animals I have tried. It also appears to

me that the stomach acts more energetically than the intestine, and

in some instances I have noticed that the effect produced, has stood

in relation to the amount of ferment material used." The latter half

of this statement would tend to indicate that the main reason, for our

not recovering all of the glucose is to be found either in a lack of

sufficient washing of the tissue residue at the end of the experiment,

or else in a slight fermentation by wiiich a portion of the sugar

might be decomposed ; for as is to be noticed in nearly all of the ex-

periments recorded here, far less sugar is lost in the stomach than in

the intestine, whereas if due to change in reducing power from the

action of a dehydrating ferment, the greatest loss, Pavy's statement

being correct, would be observed by contact with the stomach tissue.

On the contrary, our results show greatest loss in the intestine, which

if due to mechanical reasons would be naturally explained, since the

glairy mass of tissue, even after boiling, affords mechanical obstacles

to a thorough extraction. That this is doubtless the true explana-

tion, in part at least, is evidenced by the fact that a portion of the

stomach or intestine, previously boiled with water to destroy its

vitality, yields results after the same order as those already given,

except that the amount of sugar recovered is greater, as would nat-

urally be expected since the tissue being already coagulated would

not enclose the sugar so completely. Thus, on warming one-half of a

rabbits' stomach, previously divided and boiled with water, with 0-200

gram of glucose for two hours, there was recovered ()-1910 gram of

the glucose; while from a portion of the small intestine, likewise

boiled and treated with the same amount of glucose, there was recov-

ered only 0-1840 gram of the sugar. Furthermore, fermentation of

the sugar would naturally occur more quickly in the intestines than

in the more compact stomach tissue. Be that as it may, the reduc-

ing power of neither solution was affected by boiling with dilute sul-

])huric acid.

* Chemical News, vol. xlix. p. 141.
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Third experiment.—A rabbit in a, condition of hunger was killed,

the stomach divided longitudinally along the curvatures, and one-half

after being cleaned and finely divided, was placed in contact with

0'200 gram of glucose dissolved in 70 c. c. of water, and warmed at

48*8° C. for one and one-half hours. The mixture was then heated

to boiling with the addition of some crystals of sodium sulphate, the

tissue and coagulated albiunin filtered off and the residue washed

with about 300 c. c. of hot water. The fluid was concentrated,

brought to a volume of 100 c. c. and then treated as in the preced-

ing experiments. Following are the results obtained :

Stomach.

a. Before treatment with sulphuric acid.

25 c. c. gave 0-0834 gram Cu —0-0425 gram dextrose x 4=0-1700 gram dextrose.

h. After treatment with sulphuric acid.

25 c. c. gave 0-0798 gram Cu =0-0407 gram dextrose x 4=0 1628 gram dextrose.

Here, as before, there is no evidence of any change in the charac-

ter of the glucose ; still in spite of the comparatively large volume
of wash-fluid used, the sugar was not wholly recovered.

Fourth eocperim-ent.—A cat killed in full digestion was employed

in this experiment. One-half of the stomach, finely divided, was
placed in contact with 0*200 gram of glucose in 75 c, c. of water. A
portion of the small intestine was also treated with a like amount of

sugar, in the same manner. Both were warmed for three hours at

48-8° C, then treated by the same method as used in the preceding

experiments.
Stomach,

a. Before treatment vjith sulphuric acid.

25 c. c. gave 0-0879 gram Cu =00449 gram dextrose x4=01796 gram dextrose.

h. After treatment with sulphuric acid.

25 c. c. gave 0-0886 gram Cu = 0-0452 gram dextrose x 4=0-1 808 gram dextrose.

Intestine.

a. Before treatment vnth sulphuric acid.

25 c. c. gave 0-0668 gram Cu =0-0342 gram dextrose x 4^0-1368 gram dextrose.

6. After treatment with sulphuric acid.

25 c. c. gave 0-0684 gram Cu =0-0350 gram dextrose x 4=0-1400 gram dextrose.

Here again, there is no evidence whatever of any change in the

reducing power of the sugar solution.

Pavy has also pointed out that the stomach and intestine of the

rabbit, as well as of other animals, have a transformative action on

saccharose as well as on dextrose. The transformative energy how-
Traks. Conk. Acad.. Vol. TTT. 33 Nov.. 1886.
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ever of the inlestine, is much greater in this case than tliat of tlie

stomach; which, according to Pavy, accounts for the early discovery

by Bernard of the well known action of the intestine on cane sugar.

Bernard supposed dextrose to be formed, but Pavy shows that maltose

or a body i-eserabling maltose in reducing properties, is the usual

product and that glucose or dextrose is formed only in the presence

of considerable ferment. The ferment which produces this change,

unlike the fenneut which acts upon glucose, is situated on the surface

of the mucous membrane and thus fre(]uently the contents of the

stomach are likewise found to possess transformative power.

Fifth experiment.—A rabbit with stomach partially filled with

food was killed, the stomach rinsed with water, then minutely divided

and separated into two equal parts. One portion was placed in con-

tact with 0'195 gram of glucose in 75 c. c. of water, while the other

portion was mixed with a like amount of pure saccharose, also in 75

c. c. of water. A portion of the small intestine was likewise finely

divided and one portion placed in contact with 0'195 gram of glucose

in 75 c. c, of water and the other portion with 0"200 gram of saccha-

rose dissolved in 75 c. c. of water. All four mixtures were warmed at

48"8° C. for two hours, then heated to boiling with the addition of

sodium sulphate and finally each bi'ought to a volume of 100 c. c.

25 c. c. of the saccharose solution, which had been in contact with

the stomach tissue, gave no reduction whatever with Fehling's solu-

tion. 25 c. c. of the saccharose-intestine solution, however, gave

0*0726 gram Cu, equivalent to 0-0371 gram dextrose.

With the glucose solutions, the following results were obtained

:

Stomach.

a. Before treatment with sulphuric acid.

25 c. c. gave 0-0906 gram Cu =0-0462 gram dextrose x 4=0'18-18 gram dextrose.

b. After treatment with sulphuric acid.

25 e. c. gave 0-0889 gram Cu =0-0454 gram dextrose x 4=0-1816 gram dextrose.

Intestine.

a. Before treatment with sulphuric acid.

25 c. c. gave 0-0712 gram Cu =0-0364 gram dextrose x 4=0-1456 gram dextrose.

h. After treatment tvith sidi)hurir acid.

25 o. c. gave 0-o689gram Cu =0-0353 gram dextrose x 4=01412 gram dextrose.

With glucose, the same results are to be observed here as in the

preceding experiments; the only variations in reducing power, before

and after treatment with sulphuric acid, being such as would come

within the ordinary limits of error. In one single case, a transforma-
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tion of saccharose was noticed when the sugar solution was warmed

for two hoiars witli a portion of stomach tissue from a rabbit killed

in full digestion. The reduction with Fehling's solution was quite

strong.

With glucose, however, many experiments have been tried in addi-

tion to those given above, and invariably with the same negative

result. The conditions of the experiments, moreover, are in many

cases identical with those of Pavy's except in the method of deter-

mining reducing power. There seems, therefore, to be no plausible

explanation of the results obtained, other than that in the above

experiments there was no dehydrating ferment present. Pavy states

that the ferment in question, or rather " the active principle con-

cerned in the transformation of glucose is susceptible of being de-

stroyed by the agency of gastric digestion," so that there is the pos-

sibility of such destructive action having taken place in the stomach

of the animals experimented with. It is further stated, however,

that the converting principle is situated in the underlying portion of

the raucous membrane, so that destruction could hardly be expected,

except perhaps in the slow self-digestion occurring after death. Cer-

tainly, the carefully rinsed tissue could not have retained sufficient

gastric juice to affect the results. Furthermore, such decomposition

would apply only to the stomach mixture and not to the intestines,

unless sufficient proteolytic ferment from the pancreatic juice should

adhere to the wall? of the intestines to exert destructive action ; but

in the last experiment given, it is to be noticed that the saccharose

ferment, which is presumably equally sensitive, showed vigorous

action while the glucose was unaffected.

It seems strange, therefore, if such a dehydrating ferment is norm-

ally present in the alimentary tract, that we have not been able to

obtain some tangible evidence of its presence, either in the stomach

or intestines.

Since the above was written, the writer has noticed that M.

Ogata,* experimenting with dogs, has also been unable to confirm

Pavy's results, both in the dehydration of glucose and in the inver-

sion of saccharose.

*See Jahresbericht fiir Thierchemie, xv, 275.
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Influence of Uranium Salts on the Amylolytic
Action of Saliva and the Proteolytk: Action of Pepsin

AND Trypsin. By' K. H. Chittenden and M. T, Hutch-

inson, Ph.B.

Little is known regarding tlie physiological, or even toxical action

of the uranium salts. In 1825, Gmelin* reported upon the results of

some experiments on the toxic action of uranic nitrate, but aside

from the work done at that time, little is known regarding the action

of uranium. It is our purpose, therefore, to carry out in this Lab-

oratory, as opportunity offers, a series of experiments on the physio-

logical and toxical action of uranium salts, and we have commenced
the work by endeavoring to ascertain the influence of the above salts

on the amylolytic and proteolytic action of the ferments occurring in

the digestive fluids of the body. In this connection we wish to ex-

press our obligations to Professor H. Carrington Bolton, of Trinity

College, for his kindness in supplying us with an abundance of

chemically pure uranium compounds.

1. Influence on the amylolytic action of saliva.

The method employed in determining the extent of amylolytic

action was much the same as that previously! used by one of us,

except that the amounts of reducing substances formed under the

diflerent conditions of the experiments, were determined volumetri-

cally by Fehling's solution, instead of by Allihn's gravimetric

method. The experiments were made in series, in which one dio-es-

tion of each series served as a control for comparison.

The volume of each digestive mixture was 100 c. c. and contained

1 gram of perfectly pare potato starch, previously boiled with a por-

tion of the water, 10 c. c. of a diluted neutral saliva and a given per-

centage of the uranium salt to be experimented with. The mixtures

were then warmed at 40® C. for 30 minutes, at the end of which

time, further ferment action was stopped by heating the solutions to

boiling. The saliva employed in the experiments was human mixed

saliva, freshly collected, filtered and made as neutral as possible with

0"2 per cent, hydrochloric acid, then diluted with water in the pro-

* Edinb. Med. Surg. Gaz., xxvi.. 136.

f Studies from this Laboratory, vol. i, 1884-5, p. 2 and 53.

Trans. Conn. Acad., Vol. Yll. 33a Nov., I88d.
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portion of 1 : 5, Hence, each digestive mixture contained 2 c. c. of

undiluted saliva.

The amount of reducing substances, which for the sake of conven-

ience are calculated as dextrose, were, as already mentioned, deter-

mined voluraetrically and from the data so obtained, the percentage

of starch convei'ted was likewise calculated.

TJranyl nitrate.

With this salt the following results were obtained :
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proteid matter of the saliva. Uranium is a well-known precipitant of

albuminous matter and hence the larger the amount of albumin and

globulin contained in the saliva, the weaker the retarding action of

the uranium salt. Previous experiments have shown that saliva

varies somewhat from day to day in its content of proteid matter, as

well as in the amount of ferment, and although the former difficulty

is obviated as much as possible by diluting the saliva, still this point

must be borne in mind in making comparisons of the different series

of experiments.

Uranyl acetate.

This salt appeared somewhat more inhibitory in its action than the

nitrate, due possibly to its greater acidity, The two following series

show the extent of action :
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Here there is to be seen both stimulating and inhibitory action,

both quite pronounced; and further, the salt is perfectly neutral, so

that such action as is exerted must be due to the salt itself.

Sodio uremic sulphate.

This salt, which like the preceding was exactly neutral to test

papers, shows both stimulating and retarding action, but in extent

somewhat smaller than that of the uranous salt. Following are the

results obtained

:

UO.2SO4 + NaoSOi.
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(1100)3(0611507)2 + Total amount Relative
(NH4)3C6H:50i. reducing bodies. Starch converted. amyloiytic action.

0-4117 gram. 37-05 per cent. IGO-Q

0-004 per cent. 0-2378 21-40 57-7

0-005 0-2144 19-29 .52-0

0-006 0-2316 21-39 57-7

0-007 0-1845 16-60 44-8

0-008 0-1765 15-88 42-8

0-010 trace

The action of this salt is mainly a restraining one, but the action

is pronounced only with the larger percentages.

As to the way in which these nranium salts diminish the amyloiytic

action of the ferment, we cannot say definitely. What has previously*

been written regarding the action of other metallic salts, under like

conditions, is doubtless true here. Loss of amyloiytic power is due

in part, no doubt, to partial direct destruction of the ferment, as

well as to change in the reaction of the fluid. Coupled with this

destructive action, however, there must be in addition something in

the mere presence of these salts, dependent on chemical constitution,

that controls the action of the ferment.

The following table shows the relative acceleration and retardation

of the various salts, compared with their respective controls expressed

as 100.

2. Influence on the proteolytic action ofpepsin-hydrochloric acid.

The influence of nraniiim salts on the proteolytic action of pepsin-

hydrochloric acid, was determined by ascertaining the amount of

fibrin digested or dissolved in a given time, by a definite volume of

a standard, artificial gastric Juice, in the presence of varying amounts

of the uranium salts. The gastric juice was made by dissohdng 10

c.c. of a glycerin extract of pepsin in one litre of 0*2 per cent, hydro-

chloric acid. The volume of each digestive mixture was 50 c.c.
;"

composed of 25 c.c. of the above mentioned artificial gastric juice

and 25 c.c. of 0*2 per cent, hydrochloric acid, containing the neces-

sary amount of uranium salt. The proteid material consisted of

purified fibrin, coarsely powdered and dried at 100° C. One gram of

fibrin was used in each experiment. The digestive mixtures were

warmed at 40° C. for one hour and then the undissolved residue was

collected on weighed filters and finally dried at 100-110° C. until of

constant weight. The amount of fibrin dissolved is taken as a meas-

ure of the proteolytic action,

* See Studies from this Laboratory, vol. i, 1884-5, pp. 70-75.

Trans. Conn. Aoad., Vol. VII. 34 Nov., 1886
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Following are the results obtained with the various salts :

«

Uranyl nitrate.

Relative

U02(NO:i)2 + 6H0O. Undigested residue. Fibrin digested. proteolytic action.

0-1353 gram. 86-47 per cent. 100-0

0-025 per cent. 0-1365 86-35 99-8

0-050 0-1378 86-22 99-7

0-100 0-2397 76-03 87-9

0-500 0-5003 49-97 57-8

1-000 0-6638 33-62 38-8

Uranyl
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acetate and the reason doubtless lies in the fact that the acid in these

two salts is wholly incapable of forming an active compound with

pepsin, and thus when a percentage of the salt is added sufficient to

use up all of the hydrochloric acid of the gastric juice, digestive

action comes to a full stop.

Potassio icranie ojiychloride.

Relative
Fibrin digested. proteolytic action.

UO2GI, + 2KC1
+ 2H2O.
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3. Infrience on the proteolytic action of trypsin.

The method employed in determining the extent of proteolytic ac-

tion in this case was much the same as in the preceding. The trypsin

solution was made as neutral as possible and was prepared from dried

ox pancreas, previously extracted with alcohol and ether; 20 grams

dry pancreas, extracted with 200 c.c, O'l per cent, salicylic acid and

ultimately diluted to 1 litre. A little thymol was added to prevent

decomposition. 50 c.c. of the trypsin solution were used in each ex-

periment, together with 1 gram of prepared fibrin and the necessary

amount of uranium salt.

The first experiment was tried with uranyl nitrate, the mixtures

being warmed at 40° C. for six hours. Following are the results :
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2S04+3H20

0-010 per



Uranium Salts on Ferment Action. 273

With the exception of ammoiiio iiranic citrate, the four last salts

experimented with, show about the same degree of inhibitory action;

the citrate, however, appears less pronounced in its action than the

others. As to the manner in which the uranium salts retard the

proteolytic action of the pancreatic ferment, it is probable that the

main explanation is to be found in the power possessed by the former

of combining with proteid matter in general ; combining with

and rendering indigestible the albuminous material added to the

digestive mixture and perhaps precipitating^ or even destroying, the

ferment itself. Further, the reason why certain salts appear less

active than others is perhaps to be found in the fact that in the pre-

cipitation of albuminous matter by uranium salts, the uranium com-

bines directly with the proteid matter, thus liberating the acid of

the salt ; and as trypsin is inactive in the presence of free mineral

acids, and only partially active in the presence of combined acids

(combined with proteids), it follows that an organic salt, such as

a citrate, would naturally be less active as a retarding agent, than

the nitrate or sulphate.

The following table shows the relative retardation of the various

salts expressed in terms of relative proteolytic action :

Table showing relative Proteolytic Action.

Percentage of Salts

Uranyl nitrate

Uranyl acetate

Uranyl sulphate

Ammonio uranous sulphate

Sodio ui-anic sulphate

Ammonio uranic citrate

Potassio uranic oxychloride

.

0-01

94-3

93-8

98-8

99-7

97-4

83-8

95-4

0-02O

92-4

78-7

80-1

96-4

94-8

78-0

82-8

0-05

82-0

67.7

63-3

86-6

89-5

55-9

75 -9

0-1

70-6

31-6

30-8

72-9

82-1

37-8

50-8

0-5

46-8

It is thus seen that uranium salts, in the main, like most other

metallic salts, exert a decided retarding influence on the action of the

digestive ferments.

Trans. Conn. Acad., Vol. VII. 35 Nov., 1886.



XVIII.

—

The Relative Distribution of Antimony in the

ORGANS AND TISSUES OF THE BODY, UNDER VARYING CONDITIONS.

By R. li. Chittenden and Joseph A. Blake, B.A., Ph.B.

Orfila, many years ago, proved that salts of antimony, like the

salts of other metallic poisons, are absorbed and can be detected in

the animal tissues and secretions, especially in the liver and kidneys;

and further that the absorbed antimony is slowly discharged from

these quarters through the medium of the urine. These early results

were confirmed by other investigators, notably Danger and P"'landin

and by Panizza and Kramer, the latter of whom detected antimony,

not only in the urine, but also in the blood of a man during a course

of tartar emetic* Orfila's work also indicated that while the elimina-

tion of absorbed antimony commences very quickly, it is a compara-

tively slow process; thus in one instance he stated f that he found

antimony in the fat, liver and bones of a dog that had taken, three

months and a half before its death, 46"5 grains of tartar emetic dur-

ing a period often days, and that similar results were obtained in a

second case in which the interval was four months. Presumably,

however, elimination is much more rapid than these figui'es would

seem to indicate.

Dr. Richardson, however, found antimony in abundant proportions

in the liver, and in smaller proportions in the kidney and heart,

twenty-one days after the last dose of antimony had been taken. As

to the relative distribution of absorbed antimony, the experiments of

Drs. Nevins and Richardson are the only important ones recorded.

Dr. Nevins,J experimenting ou rabbits, with tartar emetic in doses of

0'5, 1 and 2 grains four times daily, found that the weakest rabbit

died after taking 12 grains, the strongest after taking 72 grains of

the poison. Other rabbits were killed at varying lengths of time

after taking the last dose of poison (31, 14, 4, and 3 days), and in

every case antimony was found in large quantity in tlie liver, in

smaller quantities in the spleen and stomach. Antimony was

likewise found in the kidneys and urine of those animals that survived

for some time, also in the lungs and in those that lived 15 days, in

* See Christison on Poisons, p. 372. f Traits de Toxicologie.

I See Reese, Manual of Toxicology, p. 259-260 and Woodman & Tid)^ Forensic

Medicine and Toxicology, p. 128-129.
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the bones likewise. Dr. Nevins further states, that it was difficult

to detect the poison in the muscles and in the blood, but it was

found in the bones as late as the thirty-first day after discontinuing

the poison.

Dr. Richardson* in 1856, examined the tissues of a dog that died 1

hour and 40 minutes after a solution containing a drachm of tartar

emetic had been injected into the cellular tissue. The antimony was

found in the following parts, in the order given as to quantity ; blood,

vomit, rectum, lungs, liver, stomach, bladder, kidneys and small in-

testines. In a second experiment, a wound in a dog's neck was

dressed every morning with tartar emetic ointment, the dog dying

at the end of the seventh day. In this case no antimony was found

in the brain, but it was found in larger quantities in the liver and

spleen than in the other organs. It is very evident, therefore, that

tartar emetic, and presumably other salts of antimony likewise, will

penetrate all the tissues of the body and that at the same time the

antimony is constantly being eliminated by the kidneys. Further

than this, the few results recorded indicate nothing definite. As Dr.

Richardson well says, "the election of antimony by different parts of

the body is as yet an oi)en question ; that the liver, however, would
appear to be the structure in which it is most collected when the ad-

ministration is slow and in small doses; and that the elimination of

the poison is attempted by all the secreting surfaces." No positive

statements can therefore be made regarding the relative distribution

of antimony, other than in a general way.

Hence, it has been our object in the present investigation to study

somewhat in detail, the relativedistribution of antintony in the dif-

ferent tissues of the body under varying conditions ; both as to the form

of the poison and the manner of its introduction. As with arsenic, so

with antimony, the relative proportion of poison found in the different

tissues after death may become of considerable medico-legal importance,

provided we have sufficient confirmatory data from which to draw

conclusions. Particularly is it of importance to know the way in

which the form of the poison will influence its distribution. Whether
as with arsenic,f the administration of a soluble and diffusible form of

the poison will lead to a noticeable accumulation in the brain or nerve

tissue in ojeneral.

*See Woodman & Tidy, p 129. Also Dr. "vV. B. Richardson, Abstract iu Amer.

Jour. Med Sciences, 1857, vol. 33, p. 26G, andB. and F. Med. Chirurg. Rev. Oct 1856.

f See Amer. Chem. Jour., vol. v, p. 8, also Studies from the Lal:)oratory of Phys-

iological Chemistry, S.S.S. of Yale College, 1884-85, p. 141.
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1. llie quantitative estimation of antimony.

There are many inethods by which antimony may be detected, even

when present in quite small quantities ; but there are only a few which

yield accurate quantitative results, particularly in the presence of or-

ganic matter. In attempting to find a method sufficiently accurate

for our purpose, we first tried the method recommended by Orfila, of

introducing the final antimony solution into the Marsh apparatus

;

using for this purpose the form of apparatus and mode of procedure,

found so efftcacious in the case of arsenic* In every trial, however,

there was a loss of at least 40 per cent, of the antimony ; thus in the

first case, with an amount of tartar emetic equivalent to 6 milligrams

of metallic antimony, only 8-4 milligrams of the metal were recovered,

and under exactly such conditions as with arsenic would lead to the

recovery of the entire amount. And since in tiiis trial experiment,

the antimony was introduced directly into the Marsh apparatus, as

tartar emetic dissolved simply in dilute sulphuric acid and without

the presence of any organic matter to act as a hindrance, it follows

that the loss must be due to retention of a portion of the antimony

by the zinc and platinum. A second trial, with the same amount of

antimony salt, gave a decided deposit of metallic antimony in the

heated tube, but weighing only 3-5 milligrams. In this case the ap-

paratus i-an for three hours, but as before, it is evident that only a

portion of the antimony was converted into antimoniuretted hydro-

gen, the remainder undoubtedly being retained either by the plati-

num used lo alloy the zinc, or by the zinc itself. The presence of a

small amount of platinum fused in with the zinc, previous to its granu-

lation, does not appear to offer any obstacles to the complete evolu-

tion of arsenic as arseniuretted hydrogen. Nuniei'ous results obtained

by one of usf testify to the accuracy of this statement. Bernstein had

also noticed that alloying zinc with platinum or silver, did not hinder

the complete evolution of the arsenic, while the addition of a little

platinic chloride solution to the acid fluid from which arsenic was be-

ing evolved, led to the precipitation of even 50 per cent, of the

arsenic present. J This probably is the explanation of the low results

obtained by Hedden and Sadler in the estimation of arsenic by the

Marsh apparatus, in the presence of platinum.^ But with antimony,

* See Amer. Chem. Jour., vol. ii., p. 235. f See Ainer. Chem. Jour., vol. ii, p. 235.

\ See Dragendorflf, Gerielitlich chemische Mittheiluiig voti Giften, p. 334, foot note.

^ See Amer. Chem. Jour., vol. vii, p. 342.
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either tlie platinum alloyed with the zinc is sufficient to retain fully

50 per cent, of the metal, or as is very probable, the zinc itself causes

a precipitation of a portion of the antimony. That this is a point

overlooked by most writers on chemical toxicology, is evident from

a perusal of the literature on the subject.

Whether it would be possible to obtain all of the antimony as anti-

moniuretted hydrogen, in the absence of any metal other than per-

fectly pure zinc, we cannot say. Certainly as a method for quantita-

tive purposes, it would be too tedious a pi'ocess to admit of general

use, especially where sucli small amounts of antimony, as in our own
experiments, would limit galvanic action to a minimum. That the

method is capable of showing the presence of vei-y small amounts of

antimony, is unquestionable. Wormley's experiments* are very de-

cided on this point, but evidently only a portion of the antimony will

be recovered.

Precipitation of the antimony by hydrogen sulphide and final oxi-

dation by fuming nitric acid and weighing as Sb„0„ gave fairly satis-

factory results, when the weight of antimony was not less than 10

milligrams of Sb^O^, With smaller amounts, the results were far too

high, owing probably to the far greater proportional increase of sul-

phur. Attempts to weigh as sulphide, after fusion of the first hydro-

gen sulphide precipitate with potassium nitrate and carbonate, like-

wise gave too high results when the amount of antimony was small.

Further, the two latter methods are somewhat unsatisfactory, in that

when the amount of antimony is very small, the nature of the final

products is such, it is difficult to be certain of the purity of the mat-

ter weighed.

Owing to this reason partly, we next turned our attention to the

electrolytic method for the separation and determination of antimony,

as in this case the appearance of the metallic mirror is in itself a fair

guarantee of the nature of the deposit, and its purity is easily proved*

Alex. Classenf has shown the accuracy of the method in general

quantitative work, where moderate amounts of antimony are present

(0*15— 0-2 grams Sb), In his experiments, the antimony, in the iorm

of sulphide, was dissolved in ammonium sulphide and the solution

then exposed to electrolytic action. The ammonium sulphide solu-

tion must be free both from polysulphides and from free ammonia.

* Micro-Chemistry of Poisons, p. 229.

f Quantitative Analyse durch Eleklrolyse. Berichte d. deutsch, chem. Gesell., xvii,

p. 2474. See also Alex. Classen and Rob. Ludwig, ibid., xviii, p. 1104. .
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Classeu also found that antimony was deposited quantitatively,

when the sulphide was dissolved either in potassium or sodium mono-

sulphide, or in potassium or sodium hydrosulphide. Polysulphides

must also be absent in this case, and the potassium and sodium must

be quite free from both iron and aluminum, as by long continued

electrolytic action, sulphide of iron and aluminum hydroxide may be

deposited upon the antimony. Classen also recommends the use of

ammonium sulphydrate and a weak current; a strong current tending

to cause the separation of the antimony in a pulverulent form, not

closely adherent to the platinum.

As it would "be necessary in our work, after oxidation of the or-

ganic matter, to separate the antimony as sulphide, the above method

seemed particularly advantageous, and experiments were therefore

tried to ascertain its value when applied to very small quantities.

We employed a battery of four moderate sized gravity cells, giving a

weak current, and as a rule, exposed the solution to the action of the

current for at least 15 hours, as we found better results were ob-

tained by the long continued action of a weak current, than by the

quicker action of a more rapid one; ])articularly in such solutions as

we usually had to work with, containing considerable excess of sul-

phur and some organic matter. The negative pole of the battei-y was

either a small platinum crucible or a platinum dish, while the posi-

tive pole was a large piece of platinum foil welded onto a good sized

platinum wire. The deposition of the antimony was much more

complete, more tightly adherent to the platinum, and as a rule less

mixed with sulpljur under this arrangement, than when the dish was

made to serve as the positive pole; due, doubtless, simply to the

broader surface for the deposition of the metal.

Using ammonium sulphide as a solvent for the antimony sulphide,

did not give us very good results by electrolysis, the loss being con-

siderable. Much better results were ol)t:iined by using a solution, of

sodium monosulphide, made by saturating one-half of a 15 per cent,

solution of sodium hydroxide with hydrogen sulphide, and then add-

ing the remaining half of the sodium hydroxide solution.

The method was tested by precipitating definite volumes of a

standard antimony (tartar emetic) solution with hydrogen sulphide,

dissolving the metallic sulphide in tiie sodium monosulphide and then

exposing the solutions to electrolytic action. When tlie separation of

the metal was complete, it was found best to wash the deposit with

considerable water, without breaking the current; as sometimes, as in

the presence of tartaric acid, llie separated metal rajjidly dissolved
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ou discontiuuing the current. The antimony was then finally washed
with alcohol, any adherent sulphur lightly brushed off and the dish

dried and weighed.

Following are some of the preliminary results obtained :

Standard Sb
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many times, 30 to 40 hours with our slow current. A more rapid

current, would, to be sure, bring about a change in reaction much
more quickly, but occasionally under such conditions the antimony

would be less closely adherent and loss occur. Then again as the

sulphur present was gradually changed into sulphuric acid, the final,

strongly acid-reacting fluid, became a good conductor and so at the

last, even with our four cells, electrolytic action was quite strong.

In washing the deposited antimony, the acid fluid was syphoned out

and water continuously added, without breaking the current, until

the original fluid was entirely removed.

Following are a few of the results obtained, the antimony being

added to 100 grams of tissue in each case.

Standard Sb
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this method to antimoniacal urine, we found it possible to recover the

antimony without loss. The following results testify to the accuracy

of the method

:

In each experiment 25 c.c. of normal urine were employed, to which

was added a number of cubic centimetres of the standard antimony

solution and then 1 c.c. of pure dilute sulphuric acid, after which the

solution was connected with the battery.

Standard Sb
Solution in

15 c. c. urine.

10 0. c.
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3:10 p. ni.. solution injected.

3:16 " vomited copiously.

3:20 " " again, simply mucus.

3:23 " " mucus and bile.

3:38 " " and purged.

3:45 " partially paralyzed.

3:54 " vomited again.

4:30 " much prostrated.

5:10 " dead.

The various organs were then separated and the absorbed antimony

determined, according to the method already indicated. Following

are the results

:

SI. per 100

Total weight, Weight of Sb, grams of tissue,

grams. milligrams. milligrams.

Liver 52-0 6-35 12-21

Brain 27-5 0-60 2-18

Heart and lungs 32-0 0-70 2-18

Kidneys 12-0 0-15 1-25

Stomach and intestines 74-0 0-80 1*08

Muscle from back 138-0 1-25 0-90

335-5 9-85

These figures show the greatest absorption by the liver; the brain

stands next, while the muscle tissue appears to have absorbed but a

relatively small amount of the antimony. In this connection it must

be remembered that two hours only, intervened between the intro-

duction of the poison and the death of the animal, hence it is evident

that the brain tissue must have a decided tendency to hold absorbed

antimony. The antimony, however, was introduced in the form of a

readily soluble salt and under conditions directly favoring rapid and

wide-spread distribution. That there is certainly some decided selec-

tive action, is evident from the fact that the muscle tissue, which

must truly have had as good an opportunity as the brain tissue,

retained per 100 grams of substance far less of the poison. Elimin-

ation had evidently commenced, for the kidneys contained a decided

amount of antimony.

EXJ'ERIMENT II.

Hypodermic injection of a solution of tartar emetic.

In this experiment, a smaller amount of tartar emetic was used

tiian in the preceding ; and further, the poison was introduced in

three distinct doses, thus allowing longer time for absorption. In

fact, the animal lived 22 hours after the first dose, hence the experi-



Antimony hi the orcfans and tissues. 283

raent stands in striking contrast to No. 1, in which tlie animal lived

bnt two hours; while the results, contrasted with the preceding,

show plainly the influence of time on the distribution of the poison.

Following are the results of the experiment on a rabbit weighing

1295 grams.

Mar. 31. at 5:20 p.m., injected under the skin of leg, 0-012 grm. tartar emetic.

April 1, " 8:45 a.m., " " 0-035 "

April 1, "12:45 p.m., " " 0-035 "

Total, 0-082

Animal died at 3:05 p. m.

Following is the distribution of the antimony:
Sb per 100

Total weight, Weight of Sb, grams of tissue,

graais. minigiams. milligrams.

Kidneys 11-5 0-60 5-21

Liver 63-0 1-50 2-38

Brain 9-0 0-20 2-22

Stomach and intestines 98-0 2-00 2*04

Heart and lungs 17-0 0-25 1-47

Muscle from back 106-0 0-70 0-66

304-5 5-25

As might naturally be expected, the results indicate a more

even distribution of the poison than in the preceding experiment.

Although two-thirds as much antimony was used as in experiment

No. 1, the liver contains a far smaller proportional amount of the

poison than in the preceding experiment, while the kidneys stand

first in their content of antimony. Between the brain and the liver,

there is but little diflerence and the experiment plainly substantiates

the preceding in showing the tendency of bi-ain tissue, under these

conditions, to absorb and retain antimony. In the muscle tissue the

percentage of absorbed antimony is almost exactly the same as in

No. 1, that is, proportional to the amount of antimony introduced.

The animal had evidently lived long enough to admit of a fairly

complete distribution of the poison, and elimination having been

going on for some time, those parts which had originally contained

the most, particularly the liver, had been drawn on to the greatest

extent; so that at the time death intervened, the excretory organs,

notably the kidneys, were the richest in poison. This fact further

indicates that the elimination of absorbed antimony proceeds some-

what rapidly.
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Experiment III,

Hypodermic injection of a solution of tartar emetic.

In this experiment, a cat weighing 1613 grams, had injected under

the skin of its hind leg 0'150 gram of tartar emetic in one dose.

There was some purging and vomiting, and the animal died in 4:^

hours after the administration of the poison. The object sought in

this experiment, which is virtually a repetition of No. 1, with a some-

what larger dose of antimony, was simply to see whether there

would be found the same relative absorption of antimony by the

liver and kidney as in No. 1, and if by chance there should occur a

longer interval of time between the introduction of the poison and

death, what then would be the relative amounts of antimony in the

two organs. As stated above, the animal lived 4:^ hours after the

administration of the poison, or 2:^ longer than the cat in No. 1.

Following are the results of the analysis of the two organs

:

Sb per 100

Total weight, Weight of Sb, grams of tissue,

grams. milligrams. milligrams.

Liver.. 63-0 2-50 4-03

, Kidneys 14-5 0-25 1-72

These confirm to a certain extent the results of No. 1, while at the

same time the smaller difference between the amount of antimony

contained in the liver and kidneys, as compared with the difference

found at the end of two hours (see experiment I), would -seem to

indicate that the liver had already' absorbed its maximum amount,

and that at the time of death, elimination was well under way; or in

other words, that the removal of the absorbed antimony from the

liver had already commenced.

Experiment IV.

{a.) Hypodermic injection of a solution of tartar emetic,

{h.) Injection of a solution of tartar emetic per rectum.

These two experiments were undertaken to ascertain whether the

avenue by which the poison was introduced, would influence materi-

ally the relative absorption of the antimony. The results, however,

although interesting, do not definitely answer the question. Absorp-

tion by injection per rectum is so much slower than by hypodermic

injection, or the effects produced are so mucli slower in manifest-

ing themselves, that it is impossible to have the conditions exactly

alike in the two cases. Either the tin)e required to produce a given
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effect, in the case of injection per rectum, will be longer than by

hypodermic injection, or else the amount of poison must be corre-

spondingly increased ; either of which introduces an objectionable

element into the experiment.

(a.) Rabbit weighing 1485 grams had injected under its skin 0-80

gram of tartar emetic dissolved in a little water. Injection made at

11:35 a. m. At 3:45 p. ra,, 4 hours and 10 minutes after the first

injection, 0*08 gram more was injected in the same manner. At 4:05

p. m. the animal died.

{h.) Rabbit weighing 1512 grams bad injected per rectum 0*08

gram of tartar emetic dissolved in a little water. Injection made at

11:45 a. m. At 3:50 p. m. the animal apparently not being affected

at all, whereas I'abbit {a) was strongly under the influence of the

poison, 0*160 gram more of the salt was injected per rectum as

before. At 5:30 p. m. the animal was still alive, but evidently feel-

ing the effect of the poison. The animal died during the night.

Following are the results of the analysis of the pai'ts from the two

rabbits

:

Rabbit (a) hypodermic injection.

Total weight,

grams.

Kidneys . . . . 10-2

Brain 5*5

Liver 54*0

Heart and lungs 15 "5

Stomach and intestines 174'0

Muscle 110-0

369-2

Weight of Sb,

milligrams.

0-65
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Comparing first, the results obtained from rabbit {a) with those

of tlie three preceding experiments, we see at once that the distribu-

tion of the antimony is much the same as in No. 2, in which, how-

ever, the animal lived nearly 22 hours after the introduction of the

first dose of poison and somewhat over two hours after the last.

The fatal dose, moreover, in this case was nearly the same in amount

as the first dose in experiment TV a.

The conditions, however, of this experiment (IV a) do not exactly

accord with any of the preceding, hence close comparisons cannot

well be made. The brain, as in all of the experiments with tartar

emetic, contains a proportionally large amount of antimony, while

the muscle contains a very small amount. The only thing in this

experiment not exactly in accord with the preceding experiments, is

the proportionally large amount of poison in the kidneys, as com-

pared with the liver. The only apparent explanation seems to be

that, the first dose being small, the liver had quickly reached its

maximum absorption and elimination had been rapidly going on; so

that at the end of the four hours intervening between the first and

second doses of the poison, the kidneys had drawn extensively from

the liver, rapidly diminishing its content of the poison. Further,

after the second dose of poison, the time before death was so short

that the additional absorption by the liver was not sufficient to make

up the deficiency, and hence the results found. In this connection, it

must be remembered that tartar emetic is very readily soluble and

diffusible, and that being injected in solution directly under the skin,

its absorption must necessarily be very complete and rapid.

In Rabbit {h) the conditions are wholly different from those of the

preceding experiments. In all, 0*24 gram of tartar emetic, dissolved

in water was introduced into the rectum and 8-10 hours, at least,

must have intervened between the administration of the first dose of

the poison and death. That the stomach and small intestines should

contain the largest proportional amount of antimony is perhaps not

at all strange, since the antimony solution would naturally pass

rapidly by osmosis through the entire alimentary tract. That this,

however, is not the full explanation, is evident, when we compare

the amount found in the large intestine with the former. If due

simply to osmosis, the percentage amount of antimony would be

about the same all through the intestines ; hence we must look to

some selective action for explanation of the increased amount found

ill the small intestines. In all of the preceding experiments, the

amount of antimony found in the stomach and intestines has been
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considerably greater than in the muscle tissue. Undoubtedly, the

greater vascularity of the former has much to do with its greater

content of the metal, but even this is not sufficient to account for all

of the antimony found ; for whenever blood itself has been analyzed,

the amount of antimony has not been large. Unquestionably then,

we must assume special absorptive action on the part of the epi-

thelial cells of the stomach and small intestines. In this connection

it is well to notice the work of Brinton, who proved that when

tartar emetic was injected into the vein of an animal, it was very

freely and rapidly eliminated by the stomach. This was also cor-

roborated by Dr. Richardson who, in addition, found that a simi-

lar elimination followed the inhalation of antimoniuretted hydro-

gen.* In addition, it may be that absorption of antimony from

the alimentary tract goes on slowly and that hence only a por-

tion was removed. This idea has considerable to support it,

when we consider the distribution of the absorbed antimony.

Remembering that in this experiment, a larger amount of anti-

mony was used than in any of the preceding ones, and that there

was apparently ample time for absorption, one cannot help but think

that the content of antimony in the remaining tissues and organs is

very small. This is very evident, and must be due to one of two

causes ; either there has been a lack of absorption or else elimination

has been going on very rapidly. The brain contains a noticeable

amount of antimony, larger than found in any preceding case, while

the liver and kidneys both contain a comparatively small amount.

The amount of antimony in the kidneys and particularly the amount

in the urine, plainly indicates that elimination was going on rapidly;

but the fact that the percentage content of antimony in the liver is

greater than in the kidneys, would perhaps indicate that at the time

of death, absorption was not completed. Such being the case, the

only inference to be drawn from the two preceding experiments, is

that the introduction of tartar emetic into the rectum leads simply

to a much slower absorption and distribution of the antimony than

by hypodermic injection, but that there is no essential difference in

the relative distribution of the poison under these two conditions.

* Quoted by H. C. "Wood, Therapeutics, p. 159.
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Experiment V.

(«.) Tartar emetic in substance, introduced into the stomach,

[b.) Anthnonious oxide (Sb^Oj) introduced into the stomach.

In this experiment there were two objects in view ; one was to see

the effect of tartar emetic in substance, as compared with the action

of the same salt introduced into the system by hypodermic injection

or per rectum ; the second, to com^sare the absorption of an insoluble

compound of antimony (Sb^Og) with that of the more soluble tartrate.

In this experiment two dogs were used and the poison was fed to

them at regular interA^als, in small doses, for a period, in each case, of

17 days. Tlie animals were then killed and the various parts anal-

yzed. The two experiments were exactly alike in every respect,

except in the amount of poison administered.

{a.) Dog weighing 7 '75 kilos was fed 0*762 gram of tartar emetic

during a period of 17 days, in two or three doses daily, the individ-

ual doses being small enough not to induce vomiting. The first two

days, the dose was 0-016 gram per day, the third 0-020 gram, the

fourth 0-030 gram and so on, increasing each day until the last daily

dose was 0-085 gram of the poison. The dog was then killed by

chloroform, just six hours after the last dose of poison was adminis-

tered.

{h.) Dog weighing 14-2 kilos was fed 2-073 grams of antimonious

oxide, during a period of 17 days, in two daily doses of from 0-032

to 0-125 gram per day. The dog was then killed by chloroform, 18

hours after the last dose of antimony was given.

Following are the results of the analysis of the various parts:

Dog (a) vnth tartar etnetic—(0-762 gram).
Sb per 100

Total weight, "Weight of Sb, grams of tissue,

grams. milligrams. milligrams.

Liver 304 17-80 5-85

Salivary glands 11 0-25 2-27

Kidneys ^-.-- 58 1-25 2-15

Brain .-.- 76 MS 1-51

Tongue-... 36 0-40 Ml
Muscle (thigh).. 150 1-60 1-06

Spleen 19 0-15 0-80

Heart.. 77 0-50 0-66

Lung 140 0-50 0-36

Bone (femur and tibia)-...-.-. 43 0-10 0-23

Blood 130 0-20 0-15

Testes 12 trace

Pancreas 23 trace

1079 24-05
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Dog {b) loith antimonious oxide—(2-073 gi'ams).

Sb.per 100
Total weight. Weight of Sb, grams of tissue,

grams. milligrams. milligrams.

Liver 452 23-70 5-24

Lungs. 140 1-80 1-28

Muscle (fore leg) 157 1-20 0-76

Brain 79 0-40 0-50

Muscle (thigh) 200 0-90 0-45

Kidneys 82 0-10 0-12

Heart 117 trace

Blood 440 trace

1667 28-10

In considering these results, we notice first that in clog («) the dis-

tribution of the poison is much the same as in the preceding experi-

ments with tartar emetic, viz : the livei-, kidneys and brain stand

first in their content of antimony. That the liver should contain

moi'e per 100 grams than the kidneys, although the animal lived full

eight hours after the last dose of poison was taken, is here to be

expected, since absorption as a whole would naturally be slower

than in some of the preceding experiments ; and, further, in this case

probably all of the antimony would be absorbed through the portal

circulation. In the case of dog (i), the conditions are different from

any heretofore; we have here an insoluble form of antimony con-

trasted with a readily soluble and difiusible salt. Solution must
necessarily be somewhat slow in this case, but the acid juices of the

stomach unquestionably do dissolve and render diffusible, at least a

portion of, this form of the poison.

We notice first that the total amount of antimony administered, is

fully three times as much as the amount of tartar emetic given, and

yet the amount of antimony recovered from the different tissues and

organs is but 4 milligrams more than in the case of tartar emetic.

This suggests that either considerable antimony is excreted by the

kidneys (more than in the case of tartar emetic) or else that consid-

erable passes through the alimentary tract unabsorbed. The dog
being confined in a cage of suitable construction, the 24 hours' urine

was collected on several occasions and the amount of antimony deter-

mined. Thus on one day, when 0-097 gram of antimonious oxide had

been administered, following after a daily dose of 0-064 gram, the 24

hours' urine contained 13-5 milligrams of antimony (Sb). Later, at a

time when the daily dose was 0-130 gram of the oxide, the 24 hours'

m-ine contained 22*5 milligrams of antimony. Hence it is plain that

Trans. Conn. Acad., Yol. VII. 37 Nov., 1886.
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considerable of the antimony given was being absorbed ; but bearing

in mind that this latter amount was the largest excreted by the kid-

neys in any one day, and further that the daily dose of antimony was

being increased each day i-ather than diminished, it is also plainly evi-

dent from the amount of absorbed antimony found, that a certain por-

tion must pass through the alimentary canal unabsorbed. Fui'ther, the

small amount of antimony found in the kidneys supplements this

view, as does also the noticeably small amount of absorbed antimony

found throughout the body, aside from the liver.

One of the main objects in trying this last experiment was to see

what influence the form of the poison would have on its absorption

by the brain. With arsenic, it has been plainly demonstrated by

one of us,* as well as by other workers in this field, that soluble and

readily diffusible forms of arsenic are absorbed by the brain in

appreciable quantities, while arsenious oxide for example, no matter

whether taken in large or small doses, single or oft-repeated, is never

found in the brain other than in mere ti'aces. With antimony we

had expected to see something of the same kind. The results, how-

ever, although tending in that direction, are not quite as decisive as

we should have liked. The antimony found in the brain in the anti-

monious oxide case is, to be sure, considerably smaller in amount tlian

that found in (a), although the dose of antimony given in the former

was much larger than in the latter case. But it is also to be seen in

the antimonious oxide case, that the amount of absorbed antimony in

the brain, although very small, is still greater than the amount found

in the kidneys or muscle.

We attempted another experiment in the same direction with rab-

bits, but as the amounts of antimony found in the brain in both ani-

mals were hardly more than mere traces, the results do not give us

any additional light on the matter. In spite of the fact that tlie

experiment was a failure, so far as its nuiin object was concerned, we

venture to describe it, since it well illustrates in other respects, the

greater virulence and diffusibility of tartar emetic. Two rabbits of

nearly equal weight were selected, and to one potassium antimony

tartrate was fed in gradually increasing doses for a period of 17

days, at the end of which time the animal died with all the symp-

toms of antimoniacal poisoning. To the other rabbit, antimonious

oxide was fed for tlu' same period of time, in doses the same as given

to the first rabbit; that is, doses equivalent to the antimony (Sb)

contained in the tartar emetic. Each rabbit, therefore, received

* See Studies from tliis Laboratory, vol. i, for the year 18^-85, p. 141.
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twice a clay, the same equivalent of antimony, and at the end of the

11 days the one rabbit had taken 2 •34 grams of tartar emetic, the

other I'OS grams of antimonious oxide. While each rabbit had

taken the same amount of antimony, the one which had taken it in

the form of potassium antimony tartrate was much more severely

affected by the poison. In this case there was severe purging and

finally death on the 1 7th day. In the case of the rabbit fed with

antimonious oxide, the only apparent effect of the poison was a loss

of appetite and great thirst. This animal was killed with chloro-

form on the death of the first rabbit. Both forms of antimony were

administered as powders, by way of the mouth, in small gelatin

capsules.

Following are the results of the analysis of the various parts

from the two rabbits:

Rabbit (a) fed with tartar emetic.

Sbper 100

Total weight, Weight of Sb, grams of tissue,

grams. milligrams. milligrams.

Liver 50-0 4-8 9'60

Kidneys - 6-7 0-5 " 7-40

Heart and lungs 18-0 0-4 2-32

Muscle from back 55-0 0-5 0-91

Muscle from legs 79-0 0-3 0-38

Brain . 7*7 trace

216-4 6-5

Rabbit (b) fed with antimonious oxide.

Sb per 100

Total weight, "Weight of Sb, grams of tissue,

grams. milligrams. milligrams.

Liver 57-0 1-3 2-28

Muscle from back 77-0 0-7 0-90

Muscle from legs 100-0 0-7 0-70

Kidneys... 8-0 trace

Heart and lungs 16-0 trace

Brain 8-5 trace

266-5 2-7

Looking at these results and remembering that each animal re-

ceived the same amount of metallic antimony, it is evident that

tartar emetic is much more completely absorbed than the oxide.

With tartar emetic, however, the results are not exactly in accord

with the previous ones, obtained with this salt ; thus the amount of

antimony absorbed by the brain is far smaller proportionally than
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found hitherto. To be sure, the compound was not in the previous

experiments introduced into the stomach of a rabbit in the form of

powder, and it is possible that the reason for the difference in the

amount of antimony found in the brain in tliis case and that in the

brain of the dog similarly treated, lies in the fact of a slower

absorption from the stomach of a herbivorous animal.
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—

Influence op Antimonious Oxide on Metabolism. By
R. H, Chittenden and Joseph A. Blake.

The physiological action of antimony has been studied mainly wiili

potassium antimony tartrate, the form in which antimony is most

commonly used therapeutically. No experiments, however, appear to

have been made, even with this salt, to ascertain the influence of an-

timony on the metabolism of the body. Giithgens, however, as

quoted by Dr. H. C. Wood,* found in some incomplete experiments

an increase in the elimination of urea after repeated non-toxic doses

of antimony. It is further reportedf that antimonic acid or other

preparations of the metal, when taken in half gram doses daily for

about two weeks, cause a diminution in the amount of glycogen in

the liver and even a total disappearance of it, and that the liver, kid-

neys and heart undergo fatty degeneration. Grohe and Moslerj

have confirmed the latter and state that in the production of the

famous fatty livers, a certain amount of the white oxide of antimony

is fed to the geese daily. Aside from these facts, there appears lit-

tle definite regarding the action of antimony on the physiology of

nutrition.

What we have, therefore, endeavored to ascertain in the present

experiment is the influence of antimony on metabolism ; or particu-

larly, on proteid metabolism as manifested in the excretion of nitro-

gen, sulphur and phosphorus. Previous experiments§ have shown that

potassium antimony tartrate has a noticeable retarding action on

pancreatic digestion ; we have not, however, deemed it best in the

present experiments to use tartar emetic, as the ready solubility and

difiusibility of the compound might cause too rapid absorption and

thus lead to speedy toxic action. In spite, therefore, of the fact that

we have not made any experiments on the influence of antimonious

oxide on digestive action, we have preferred to use the latter in the

present experiments, because of its probable slower toxic action and

also because it has been so extensively used as a means to induce, or

to aid in the production of, fatty degeneration.

* Therapeutics, Materia Medica and Toxicology, p. 156.

f See Virchow's Archiv., 1865, Band xxxiv, p. 78.

X Compare H. C. Wood. Therapeutics, p. 161.

§ Studies from this Laboratory, 1884-85, p. 105.
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Our experiments were made on a setter clog, weighing 12 "6 kilos.

The animal was confined in a suitable cage, so that the excretions

could be collected daily without loss. The food consisted of fresh

beef and crackers, together with a suitable amount of water. The
beef was prepared as follows : About 40 lbs. of fresh beef, freed from

fat, tendons, etc., was finely divided by passing through a sausage

machine and then dried at a low temperature until it had lost about

75 per cent, of water, and was in a condition suitable for preservation.

50 grams of this preserved meat, together with 75 grams of the sam-

pled crackers, soaked in 300 c.c. of water, were fed to the dog twice

daily. The meat, as determined by Kjeldahl's method, contained

]2"4 per cent, of nitrogen, while the crackers contained 1'9 per cent.

Hence the dog was fed daily 15-25 grams of nitrogen.

On May 11th, the dog was put upon this diet and from the 17th on,

the 24 hours' urine was collected daily and analyzed. After a period

of two weeks, during which daily analysis of the urine had shown a

fairly constant composition, antimonious oxide was added to the diet

in the quantities indicated in the table of results ; the diet of course

continuing the same throughout the length of the experiment.

We deemed it better, as well as more accurate, to measure the in-

fluence of the antimony by a daily determination of the total nitro-

gen, sulphur and phosphorus of the urine, rather than to attempt a

determination of urea, uric acid, phosphoi'ic acid, etc. Nitrogen, we
determined, according to the method of Kjeldahl,* modified slightly

as suggested by Dr. E. H. Jenkins, of the Agricultural Experiment

Station, viz: 5 c.c. of the acid urine were placed in along pear-shaped

bulb and evaporated to dryness quickly on a water bath. The resi-

due was heated dii'ectly over a small flame Avith 10 c.c. of pure con-

centrated sulphuric acid and 0*7 gram of oxide of mercury, until oxi-

dation was almost complete. Then, a little finely powdered potassium

permanganate was added, to render the oxidation quite complete.

The solution was then diluted, an equivalent amount of potassium

sulphide added to convert the mercury into sulphide, and lastly a

standard solution of sodium hydroxide, after which the ammonia was

driven ofl'by boiling and collected in standard acid.

Total phosphorus and sulphur were determined as follows : 50 c.c.

of urine were evaporated in a capacious silver dish with 10 grams of

potassium hydroxide and 10 grams of potassium nitrate and the resi-

* Neue Metliode zur Bestimmung des Stickstoffs in organischen Korpern. Zeitschrift

fiir analvtisclie clieinie, xxii, 360.



Antimonious Oxide on Metabolism. 295

due heated carefully until the organic matter was completely oxidized.

The fused mass was then dissolved in water and diluted to 250 c.c.

Of this, 100 c.c, representing 20 c.c. of the original urine, were used

for the suljihur, while the second 100 c.c. were used for the

phosphorous, determination. For sulphur, the 100 c.c. were acidi-

fied with hydrochloric acid and evaporated to dryness on a water

bath in order to remove all nitrate and nitrite. The residue was then

dissolved in water acidified with hydrochloric acid, and the sulphuric

acid precipitated with barium chloride in the usual manner. For

phosphorus, the 100 c.c, were acidified with nitric acid, evaporated

to dryness, the residue dissolved in water, acidified with nitric acid

and the phosphoric acid precipitated with molybdenum solution.

This precipitate was then dissolved in a dilute solution of ammonia,

the phosphoric acid reprecipitated as amraonio-magnesium phosphate,

and the phosphorus finally weighed as magnesium pyrophosphate.

Chlorine was determined volumetrically in the usual manner, with

a standard solution of silver nitrate, after destruction of the organic

matter by fusion with potassium nitrate, etc.

The results, expressed in grams per 24 hours, are shown in the ac-

companying tables. The 24 hours' urine represents the quantity passed

from 9 A. M. of one day to 9 a. m. of the next. As, however, the ani-

mal was not always regular in its passage of urine, it frequently

happened that the quantity on one day would be very small, while on

the next it would be correspondingly increased, Avithout any change

in specific gravity, and with a daily average corresponding to the

normal, as for example on May 25th and 26th.

In order, therefore, to obviate the difficulty which this irregularity

tends to introduce into the results, we have added to the table a daily

average of each three days results ; a study of which shows plainly

that antimonious oxide, in the present experiment at least, does

not have any noticeable influence on the excretion of any of the ele-

ments determined. Numerically, there is a slight increase in the

amount of nitrogen excreted during the taking of the antimony, but

the increase is noticeable only in the grand average and is altogether

too small to be of much significance. Further, it is to be noticed that

the average for the two series does not show any corresponding in-

crease in sulphur. If antimony causes an increased excretion of

nitrogen, it means an increase in proteid metabolism, which should in

turn give rise to an increased excretion of sulphur and phosphorus.

It is to be noticed in the daily results, that the excretion of sulphur

nd phosphorus runs parallel with the excretion of nitrogen
;
an in-
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crease in the latter is always accompanied by an increase in the two

former. In the grand average of the results, however, the slight in-

crease in nitrogen is not accompanied by a corresponding increase in

sulphur. In fact, the two series of results, indicate plainly that the

antimony was without any material action. Tlie total amount of an-

timony given, 16 grains of the oxide during 13 days, was certainly

sufficient in quantity to have exerted its peculiar influence. if possessed

of any. The antimony was certainly absorbed, and that too in con-

siderable amount. Thus on the Ilth of June the 24 hours' urine con-

tained 13"5 milligrams of metallic antimony; on the 17th, 22*4 milli-

grams; on the 18th, 17*6 milligrams and on the 20th of June, lo"l

milligi'ams of metallic antimony. These quantities of absorbed anti-

mony would certainly indicate the presence of sufficient antimony for

some decided influence on metabolic action, if any existed. The

amount of nitrogen excreted daily, is seen to be considerably below

the amount of nitrogen ingested. We did not make daily examina-

tions of the faecal matter, but such as were made showed plainly that

the deficiency in nitrogen was contained mainly in the faeces ; thus on

the 5th of June the 100 grams of faeces exci'eted, contained 2-42

grams of nitrogen. At that date, the average amount of nitrogen

excreted by the urine was 12-36 grams jDer day ; this amount, added

to the faecal nitrogen makes a total of 1478 grams excreted, against

16*25 grams ingested; a difference to be found mainly in the hair

thrown off, and in part, in the ordinary errors of analysis.
^

We must conclude, therefore, that small repeated doses of anti-

monious oxide are without influence on the excretion of nitrogen,

sulphur and phosphorus, and that consequently this compound, at

least when taken in non-toxic doses, has no action on proteid meta-

bolism.
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On Some Metallic Compounds op Albumin and Myosin.

By R. H. Chittenden and Henry H. Whitehouse, Ph.B.

Ever since Lieberktihn, in 1852, attempted to establish the molecu-

lar weight of albumin by preparing and analyzing the copper com-

pound i-esulting from the action of a soluble copper salt on a solution

of egg-albumin, various investigations have been published bearing

on the nature and composition of the compounds of albumin with the

heavy metals. Before this time even, F. Rose, in 1833, had published

an analysis of a copper compound of albumin in which he had found

from 1"50 to 1"70 per cent, of cupric oxide, and Mitscherlich, in 1837,

published an analysis of a similar albumin compound, in which he

found from 2*8 to 3 '3 per cent, of cupric oxide, while Lieberkiihn's

compound contained 4-6 percent. CuO. Compounds of albumin with

other metals have also from time to time been prepared, such as zinc,

lead, silver and mercury, and in one or two cases provisional formulae

have been given. The results, however, are to be considered as

quite uncertain. With platinum chloride a compound appears to

have been formed* of somewhat more certain composition. Aside

from the more recent experiments of Ritthausenf on the vegetable

albumins (gluten-casein, legumin, etc.), egg-albumin has been the

chief albuminous body experimented with, and copper the main

metal.

Recent work by one of us (C) on the albumose and globulose

bodies, together with work on the products formed from casein and

myosin, has led to a partial study of the metallic compounds of these

bodies. As a preliminary, however, we found it necessary to study a

few of the compounds of egg-albumin, and as the results thus obtained

were not in accord with the more recent results of Harnack;|; we have

continued our work with egg-albumin and with myosin, the results

of which we now present.

* See Commaile, Moniteur Scientifique, 1866, and Fuchs, in Annalen der Chemie,

vol. cli, p. 372.

f Die Eiweisskorper der Getreidearten, etc. Journal fiir prakt. Chera., vol. xii, p. 361.

t Untersuchungen iiber die Kupferverbindungen des Albumins. Zeitschrilt fiir phy-

fiiologische Chemie, vol. v, p. 198.
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I, Egg-albumin.

(a) Cop2)er Compounds.

In looking over the literature of the subject, it becomes evident at

once that the older investigators, owing either to the nature of the

compound, to adherent impurities or to faulty methods, were not

able to obtain concordant results, since the copper compound of egg-

albumin, as prepared and analyzed by six distinct investigators, was

found to contain from 1-50 to 5-19 per cent, of CuO. In all of these

cases the preparation of the copper compound was essentially the

same; a solution of egg-albumin was precipitated with a solution of a

copper salt, the precipitate collected, washed thoroughly with water,

dried, and the copper determined by simple ignition. Naturally this

method, as suggested by Harnack, might be expected to give too

high results, since the copper precipitate would unquestionably re-

tain considerable of the inorganic matter of the albumin. Treated in

this manner, however, F. Rose,* as already stated, found the copper

compound to contain from 1'50 to 1'69 per cent, of CuO. Mitscher-

lich,f who held that the copper px-ecipitate was a compound of egg-

albumin with the copper salt, found in his preparations 2"8-3'3 percent.

CuO, while Bielitzki,J who demonstrated that the precipitate was an

actual compound of albumin with cupric oxide, found in his preparations

4'75-5'20 per cent, of CuO. Lassaigne, as quoted by Harnack, found

4-95 per cent, of CuO, Mulder§ 4-44 per cent., while Lieberkuhn's|

preparation contained 4*6 per cent, of CuO. Further, Kitlhausen's

copper compounds of the vegetable albumins were found to contain

from 11 "5 to 17"0 per cent, of CuO. These results collectively, would

therefore seem to indicate that when egg-albumin is precipitated by

a soluble copper salt, the resulting compound does not contain a defi-

nite proportion of albumin and cupric oxide, or else that there are a

large number of albumin-copper compounds. More recentlj% how-

evei', E, Harnack, 1^ from analysis of fifteen separate preparations,

comes to the conclusion tliat there are two distinct . compounds of

albumin with copper; one containing r35 per cent, of Cu, the other

2*04 per cent, of Cu, indicating as Harnack suggests, a copper albu-

minate in the first case of the formula C„„ II„,„N,„0„„S„Cu, in which Cu

replaces two atoms of hydrogen in the albumin molecule, and in the

second case, an albuminate of the formula Cj^^Hgj^N^OggS^CUj, in

* Poggendorji's Annalen, vol. xiviii, 1833. f Miiller's Archiv. for 1837, p. 91,

:j: Dissertation, Dorpat, 1853. § Physiologische Chemie, 1844-51.

II

Poggendorfl"'s Annalen, vol. Ixxxvi, 1852. ^f Loe. cit.
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which two atoms of Cu replace four of hydrogen. The results ob-

tained by this investigator would certainly seem to warrant this con-

clusion, for the analytical data of the different jireparations show but

slight variations ; l-34-r3Y per cent, in the one case, and 2-48-2-V4

per cent, in the other. Further, Harnack worked with nearly ash-free

preparations, the compounds after their first precipitation and wash-

ing being dissolved in sodium carbonate and reprecipitated by care-

ful addition of acid. By repeating this process several times, the ash

of the preparation was almost entirely removed, while the relative

proportion of copper and albumin was not affected. As to the condi-

tions which determine the formation of one or the other compound,

there seems to be little definite other than that in general, the com-

pound with smaller content of copper was obtained when the precipi-

tation took place in the presence of a slight excess of albumin, and

the compound with larger content of copper when in the presence of

an excess of the copper salt. In no case were the copper salt and albu-

min solutions mixed in definite proportions, yet in every case one of

the two compounds was formed ; further, Harnack states that when

an amount of copper salt exactly sufficient to form the albuminate

is added to a given quantity of albumin, no precipitate results ; in

other words an excess of the copper salt is necessary to insure a

separation of the compound,

Harnack's results, therefore, difi'er from those of the preceding in-

vestigators in that definite compounds appear to have been formed in

every case, and further, in that the compounds contain a lower per-

centage of copper than found by any other investigators aside from

F.Rose. This latter, it will be remembered, found 1-50-1-69 per

cent, of CuO ;
1-69 per cent, being equal to 1-34 per cent, of Cu, one of

the percentages found by Harnack. Harnack further states that the

average of the analyses made by other investigators, aside from Rose,,

show about 4-4 per cent, of CuO, and assuming that the various prep-

arations contained an amount of ash equivalent to about 1 per cent,

(which amount Harnack found in his preparations before purification)

the percentage amount of cupric oxide would be reduced to about 3*4

= 2-7 per cent. Cu, or the amount found by Harnack in his highest cop-

per compound. But as Rose's preparation was made by the simple ad-

dition of an aqueous solution of egg-albumin to the copper salt and the

copper determined as oxide by simple ignition, it would seem neces-

sary to make the same deduction of 1 per cent, also in this case,

which would make Rose's compound contain far less CuO than found
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by Harnack. Further, Rose* found that the serum of ox blood

yielded a similar compound with cupric sulphate, which contained

only ri4 per cent, of CuO or 0'88 per cent, of Cu. Hence there

would seem to be little in these earlier investigations to substantiate

the results obtained by Harnack. Morner,f however, working with

alkali-albuminate, found that on precipitating a solution of alkali-al-

buminate with cupric sulphate, in the presence of an excess of alkali,

he obtained a copper albuminate containing a percentage of cupric

oxide corresponding closely with that found by Lieberkiihn. When,

on the other hand, he precipitated a nearly neutral solution of alkali-

albuminate with cupric sulphate, then the percentage of copper in the

copper albuminate amounted to only one-third that found by Lieber-

kiihn, or an amount about equivalent to that found by Harnack in his

lowest copper compounds. Morner further found that by precipitat-

ing a calcium albuminate solution with cupric chloride, the albumin-

ate combined on an average with 2-33 per cent, of CuO, or just one-

half the amount required by Lieberkiihn's formula, and considerably

less than the amount contained in Harnack's largest copper com-

pounds.

Preparation of the albumin solntion.—In our experiments it was

thought best, as far as possible, to avoid exposing the albiirainate to

the action of alkalies, hence especial care was taken to prepare

the egg-albumin as free from salts as possible, so that it would not

be necessary to puinfy the albuminate by reprecipitation. The whites

of a large number of eggs were finely divided by scissors and by

shaking with glass, then mixed with an equal volume of water and

thoroughly shaken with air, after which the solution was strained

through cloth. Globulin was then precipitated by the addition

of dilute acetic acid (the acid added as long as a precipitate

formed), the solution finally filtered through paper, after which the

filtrate was made exactly neutral with sodium carbonate and again

filtered. The fluid so obtained was then dial yzed in running water

for many days, a little thymol being added to prevent putrifaction.

The fluid finally obtained was perfectly neutral, clear and contained

but a small amount of inorganic salts.

In forming the albuminate we employed both cupric acetate and

cupric sulphate, using in each case the same volume of albumin solu-

tion, but varying the amount of copper salt. The copper salt was

generally added as long as a precipitate formed. The albumin-

* Loc. cit., p. 139. f Jahresbericht fiir Thierchemie, 1877, p. 8.



Compounds of Albumin and Myosin. 305

ate was washed on a pump with water, until no reaction could be

obtained with potassium ferrocyanide for copper or with acetic acid

and potassium ferrocyanide for albumin. The preparations wei-e

dried at 100** C, then powdered and further dried at 110° C, until of

constant weight. The percentage of copper was first determined by
simple ignition and weighing as cupric oxide. The oxide was then

dissolved in dilute nitric acid, the copper precipitated as sulphide with

hydrogen sulphide and weighed as subsulphide by ignition in hydro-

gen gas with a little sulphur. Each series was made from a distinct

preparation of albumin and nearly every compound made, was

analyzed in duplicate.

Following are the analytical results :

Series I.

With CuSO,.

Xo. Am't sub. taken. "Wt. CuO. Per cent. Cu.

la 0-5621 gram. 0-0081 gram. 1-.13

6 0-5176 0-0078 1-19

Wt. CuaS. Per cent. Cu

0-0070 gram. 0-97

0-0065 0-98

2ff

h

0-5479

0-5703

With Cu(C,H30J,

0-0088

0-0091

1-27

1-26 0-0078 1-08

b

la

h

0-5273 gram.

0-7075

0-5697

0-5005

Series II.

With CuSO,

0.0067 gram. 1-00
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Harnack states* that he was able to obtain the copper albuminate

quite free from ash by dissolving the freshly precipitated albuminate,

after it liad been thoroughly washed, in sodium carbonate, filtering

and reprecipitating the compound by careful addition of acid. By
repeating this process several times the adhering inorganic matter

was entirely removed. It seemed questionable, however, whether

this treatment might not induce some alteration in the compound.

The two following series of experiments were tried with the inten-

tion of throwing some light upon this point.
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the mixture was made as near neutral as possible with dilute sodium

carbonate and the compounds then filtered and washed tlioroughly

with water. The copper in this series was determined simply by

ignition.

Series VIII.
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amount of copper salt to obtain any separation of the albuminate.

As a result, the filtrate contains considerable albumin and copper, but

even after several hours washing on the pump (the filtration is slow

at the best) the precipitate still gives up traces of albumin, as shown

by acetic acid and potassium ferrocyanide, long after all traces of

copper have disappeared. It is not impossible to wash the compound

and reach a point where the wash-water contains neither copper nor

albumin, but when the washing goes on slowly and the water remains

more or less in contact with the albuminate for 24 hours, then fre-

quently the washings will show traces of albumin continuously, with-

out our being able to reach a point whei-e the test fails to give any

reaction whatever, or to show any special change in the intensity of

the reaction.

The following series of experiments would appear to substantiate

this view. The first six were washed for about twelve hours, when

no copper reaction could be obtained in the washings and only the

slightest reaction for albumin. The last six were washed for sixteen

hours, and finally stood over night on wet filters with more or less

water on them. At the end of this time, the washings continued to

show a reaction for albumin with acetic acid and potassium ferro-

cyanide, and indeed the reaction appeared to increase rather than

diminish in intensity on further washing. The washings contained

no copper.

Following are the results of the analyses :

Series IX.— With CuSO,.

^0.
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While the difference is not very great, it is a constant difference,

and it is to be remembered that the last six compounds differ in no

respects whatever from the first six, except in being subjected to the

longer action of water.

In comparing now these different results, it is seen that we have

not been able to obtain a copper albuminate with a higher content

of Cu than 2*19 per cent., and this only as a result of two reprecipi-

tations ; a condition, which, from our experience, tends to alter mate-

rially the composition of the original precipitate. The average of

the results obtained by simple precipitation, show a content of 0*94

per cent, of Cu. A study of the individual results, however, shows

too great a variation to believe wholly in the existence of a single,

stable copper albuminate. Either there are one or two definite com-

pounds, which, being more or less unstable, are jsrone to change under

varying conditions and thus give rise to the variations in the content

of copper noticed, or else there are a number of definite compounds

liable to be formed as the conditions are varied, all of which, how-

ever, must be more or less unstable. Glancing over the individual

results, it is plain that an amount of Cu approximating to 0*96 per

cent, is found altogether too frequently to be the result of chance.

Doubtless this figure represents most closely the content of copper in

the ordinary copper albuminate obtained by simple precipitation,

while the majority of the variations from this figure are due mainly

to dissociation.

Taking Lieberktihn's formula of albumin, the following copj)er

albuminates would be possible

:

(C72H112N1 88022)3 +Cu-H2=l -29 per cent. Cu.

(C,2H„oN:eSO22)4 + Cu-Ho=0-96 " "

(C,oH„2N,6SO22)5 + Cu-H2=0-77 " "

For the first, in which Lieberktihn's formula for albumin is treb-

led, the percentage of cojDper corresponds nearly to the lowest results

obtained by Harnack, while in the second formula the percentage of

copper accords closely with the average of our results. Whether

the weight of the albumin molecule is represented more nearly

by the second formula than by the first we have not sufficient data to

determine, but certainly our results with the copper albuminate show

a lower percentage of copper than would correspond with the first

formula. Further, it would appear that the copper albuminates are

readily prone to change under slight provocation and that this point,

in part, undoubtedly explains the reason for the great variation in

the results obtained by so many workers.
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(h) Lead Compounds

.

Lieberktihn* states that the lead salt of albumin cannot be obtained

pure ; that the insoluable precipitate formed by the addition of either

lead nitrate or basic lead acetate to a solution of albumin, is simply a

mixture. With basic lead acetate, Lieberkiihn obtained a precipitate

containing 17'86 per cent, of lead oxide, while the precipitate formed

with lead nitrate contained 12*'78 per cent, of lead oxide.

With protein, Mulderf obtained precipitates on the addition of

neutral lead acetate and lead nitrate, which contained respectively

12'45 and 12.68 per cent, of lead oxide, while basic lead acetate gave

a precipitate containing 30*63 per cent, of lead oxide. BerzeliusJ

states that neutral lead acetate precipitates both albumin and blood

serum, but that the greater portion of the albumin remains dissolved

in the fluid united with acetic acid. Basic lead acetate on the other

hand precipitates the albumin completely.

These last statements accord with our own results ; with a neutral

lead salt only a small precipitate was obtained, the compound being

soluble apparently in both excess of the lead salt and of albumin,

while Ivith basic lead acetate the albumin seemed completely precipi-

tated.

Further, Berzelius|| states, on the authority of Mulder, that if a

solution of potassium albuminate be made as neutral as possible with

acetic acid and then precipitated with lead nitrate, the lead albu-

minate so obtained contains on thorough drying 5*84 per' cent, of

lead oxide.

Following are some of the results of our analyses. The compounds

were made from thoroughly dialyzed albumin and were washed free

from both lead and any excess of albumin. The preparations were

dried at 110° C. until of constant weight and the lead was deter-

mined first by simple ignition, with addition of a little ammonium

nitrate. The lead oxide, alter being weighed, was then dissolved in

dilute nitric acid, the solution evaporated to a small volume, the lead

precipitated with a little sulphuric acid, two volumes of alcohol added,

and the lead sulphate finally filtered and washed with 95 per cent,

alcohol. The sulphate was then ignited with proper precautions and

from the weight obtained, the percentage of lead again calculated.

* Poggendorif's Annalen, Band Ixxxvi, p. 1 24.

f Lehrbuch der Chemie, Berzelius, ix, p. 29. \ Lchrbuch der Chemie. ix, p. 43.

II

Lehrbuch, ix, p. 49.
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Series I.

With neutral lead acetate.

Xo. Amt. Sub. taken. Wt. PbO. Per cent. Pb. Wt. PbSOj. Per cent. Pb.

la 0-4972 gram. 0-0188 gram. 3-49 0-0209 gram. 2-85

h 0-3992 0-0150 3-48 0-0166 2-83

Series II.

With neutral lead acetate.

\a 0-5341 00183 3-16 0-0216 2-75

h 0-5381 0-0198 3-'40 0-0222 2-80

With basic lead acetate.

2a 0-5832 0-0460 7-30 0-0580 6-77

b 0-5008 0-0391 7-22 0-0487 6-62

Series III.

With neutral lead acetate.

0-0262 3-01 0-0274 2-32

0-0211 2-98 0-0226 2-36

With basic lead acetate.

0-0593 7-55 0-0615 5-74

0-0631 7-66 0-0609 5-45

Series IV.

With neutral lead acetate.

\a 0-4121 0-0153 3-42 0-0136 2 25

& 0-4823 0-0176 3-37 0-0178 2-50

With basic lead acetate.

2a 0-7234 0-0651 8-34

b 0-5365 0-0482 8-33

Series V,

With a large excess of basic lead acetdte.

\a 0-6822 0-2119 2881

6 0-5429 0-1714 29-28

2a 0-5836 0-1933 30-56
.

b 0-5913 0-1960 30-76

3a 0-5478 0-1896 32-11

b 0-5427 0-1873 32-02

Trans. Conn. Acad., Yol. VII. 40 Nov., 1886.

la
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Tliese results plainly indicate that more than one compound of

lead is formed, especially so with basic lead acetate, the composition

being dependent in this case on the amount of lead salt added. With

neutral lead acetate, the variations in composition are not so marked

and as it is hardly possible to prepare a lead albuminate free from

salts, or to eliminate them wholly in the calculations, it is question-

able how far the results should be trusted, except in a general way.

The formula (ajI^.N^^SOJ.-f-Pb-H, would require 3-10 per

cent. Pb, wliile (C„H„^N,,SO,J, + Pb-H, would require 2-50 per

cent. Pb. In the case of the albuminate formed with basic lead

acetate, it is to be noticed that the compound made by the addition

of a large excess of the lead salt, contains about five times as much

lead as the ordinary basic lead compounds.

(c) Iron Compounds.

F. Rose* has made iron albuminate, both from egg-albumin and

from the serum of ox-blood, by the simple addition of ferric chloride

to the albumin solution. Two preparations made from egg-albumin

yielded respectively 2-79 and 2-88 per cent, of ferric oxide. Rose

found the albuminate, when freshly precipitated, easily soluble both

in excess of ferric chloride and in excess of the albumin solution.

Our preparations were made Avholly from dialyzed albumin, and

when so prepared and thoroughly washed the compound was found

almost wholly free from adhering salts, so much so that after a

few trials we deemed it unnecessary to make the determinations

of iron other than by simple ignition and weighing as ferric

oxide.

Following are some of our results

:

Series I.

With FeX'l,,

No. Amt. sub. taken. Wl. FejOa. Per cent. FcaOa. Per cent. Fe.

la 0-7033 gram. 0094 gram. 1-33 0-92

6 0-6430 0-0086 133 0-93

Series 11.

la 0-4683 0-0052 Ml 0-76

h 0-3854 0-0042 108 0-75

PoKgondorfl's Annalon, xxviii, p. 140, ISi!."}.
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Series III.

No.
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(fl) 7jinc Compounds.

With zinc we made but a few experiments and those mainly to see

whetlier the low percentage of iron found in the iron albuminate

would be substantiated by a corresjionding percentage of zinc in the

zinc all)uminate. Lieberkuhn has prepared and analyzed a zinc

albuminate, made by the action of zinc sulphate on a neutral solu-

tion of alkali albuminate, and he found the compound to contain 4-66

per cent, of zinc oxide.

Our preparations were made by the action of a similar zinc salt on

a solution of purified and dialyzed albumin. Following are the

results obtained with two preparations made from two distinct lots

of albumin :

No.



Compounds of Albumin and Myosin. 317

Our preparations Avere made by adtling uranyl nitrate to the pre-

pared albumin solution and washing the precipitated albuminate

until all excess of uranium was removed. The uranium in the dried

preparation was determined as uranoso-uranic oxide (U^OJ by simple

ignition. The results show a fairly close agreement, but they are

undoubtedly somewhat too high, owing to a small amount of

adherent ash.

^V^th U0,(N03),.

No.
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rained by ignition in a combustion tube with quick lime, with a pos-

terior laj'er of calcium carbonate and sodium bicarbonate.*

The mercury distilled, was collected in water and after thorough

washing with alcohol to remove hydrocarbons, etc., was dried and

weighed.

Following are the results of our analyses of the several prepara-

tions made.

No.
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solution purified simply by three days' dialysis, Loew found that a

1 per cent, solution of silver nitrate gave no precipitate whatever

in a 5 per cent, solution of albumin. On adding a little dilute

sulphuric acid to the albumin solution, however, and then pourinf

the mixture into the silver solution a precipitate was obtained

which on thorough washing and drying was found to contain 2 "17

per cent, of Ag; while a second preparation made by using a little

less sulphuric acid contained 2-40 per cent, of Ag. By precipitat-

ing the albumin solution directly with a 5 per cent, solution of silver

nitrate, Avithout the addition of any acid, the albuminate was found

to contain in one case 439 per cent. Ag, in a second case 3-91

per cent. Ag. Dissolving the freshly precipitated albuminate formed

in this manner, in dilute ammonia and then reiDrecipitating it by the

addition of dilute sulphuric acid to slight acid reaction, the albumin-

ate was found to contain 4"64 per cent, of Ag.

Loew sees in these results a confirmation of Harnack's views as to

the copper albuminates, and an assurance that the molecular weight of

albumin corresponds to Lieberkiihn's formula three times enlarged.

Using an albumin solution purified as in our previous experiments

and adding to it a 10 per cent, solution of silver nitrate as long as a

precipitate was formed, four distinct series of albuminates were made*
i-epresenting four distinct preparations of egg-albumin. These were
all washed free from silver and also from any adhering albumin, dried

at 110° C. until of constant weight and the silver determined by
simple ignition.

Series I.

No.
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Examining now, all of the results obtained, we find the following

average composition of the albuminates studied :

Copper compound,



322 Chittenden and Whitehouse—Metallic

had been thoroughly freed from salts and soluble albumin by long

continued extraction with water. The myosin was separated from the

ammonium chloride solution by dialysis, being obtained in this man-

ner as a semi-gelatinous mass, readily soluble in salt solutions. In

order to form compounds with the various metals, it was found best

to use a solution of myosin in 5 per cent, ammonium chloride, the

metallic compound when formed being washed with water until the

washings gave no reaction for chlorine with silver nitrate. The com-

pounds were then dried, first at 100° C, then at 110° C, until of

constant weight. Control experiments with the metallic salt and

ammonium chloride alone, invariably failed to give any precipitate

whatever.

No systematic attempt has apparently been made to study any of

the metallic compounds of myosin ; in fact, few statements are to be

found regarding the existence of such compounds. Danilewsky*

some time ago, showed that myosin would combine with free mineral

acids, uniting with them so that with tropseolin 00 no reaction for

free acid could be obtained. With strong bases, however, according

to Danilewsky, myosin does not probably combine, and the state-

ment is further made that a small amount of calcium oxide ordinarily

exists loosely combined with myosin, which calcium by coagulation

of the myosin is liberated. Further, Danilewsky found that on

adding platinum chloride in excess, to a dilute hydrochloric acid

solution of myosin, a myosin-platinum chloride compound-.was pre-

cipitated, which after washing with water and alcohol and then

drying at 100-105° C, contained 9-46 per cent, of platinum and 7'26

per cent, of chlorine. With copper, iron and similar salts we have

not been able to obtain any precijjitate in a hydrochloric acid solu-

tion of myosin. By adding, however, a solution of a metallic salt

of such a nature that it does not react with ammonium chloride,

to an ammonium chloride solution of myosin, a precipitate is pro-

duced, which as our experiments show, is ordinarily a compound of

myosin with the metal or metallic oxide. This is readily seen

by adding either zinc sulphate or ferric chloride to such a solution

of myosin and then washing the precipitates with water, until the

washings give no reaction for chlorine or for sulphuric acid. On

now warming the iron precipitate with dilute nitric acid, a solu-

tion will be obtained, giving a distinct iron reaction but no reaction

with silver nitrate for chlorine. Similarly on warming the zinc pre-

* Zcilscliril'r fiir pliysi()loKi>*clie Clieniie, v, p. 160.
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cipitate with hydrochloric acid, the solution gives no reaction for

sulphuric acid with barium chloride.

With cupric sulphate and cupric acetate the same is ordinarily

true. It is possible, however, to prepare a myosin-copper compound
in which cupric sulphate appears to unite directly with the myosin.

{a.) Copper compounds.

By adding either cupric sulphate or cupric acetate to a neutral

ammonium chloride solution of myosin, a heavy greenish colored

precipitate is obtained, which when freshly formed and after thor-

ough washing with water, so that the washings ai'e entirely free

from chlorine and from copper, shows the following reactions. It is

insohible in moderately strong nitric, hydrochloric or sulphuric acid.

The compound, however, is immediately broken up by the action of

acids, the copper being completely removed, leaving the myosin as an

insoluble residue having in the case of nitric acid a yellow color, and

in the case of hydrochloric and sulphuric acids a white color. In acetic

acid, the compound is more soluble, first, however, becoming semi-

gelatinous. In ammonium hydroxide, the compound dissolves slowly

or partially, taking on a blue color. In dilute sodium hydroxide, the

compound swells up, takes on a purple color, but does not dissolve.

In dilute sodium carbonate, the substance is likewise insoluble, but

swells up and turns of a bluish color.

Following are the results of the analyses of the various prepara-

tions made. The compounds were in every case composed simply of

the metallic oxide and myosin. Copper was determined, as in the case

of the albumin compounds, by simple ignition and weighing as oxide.

In order to ascertain how much ash was retained by the myosin

compound, a few duplicate determinations of copper were made by

dissolving the oxide after ignition, and precipitating the copper as

sulphide and weighing as subsulphide, after ignition with a little

pure sulphur in a current of hydrogen gas.
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No.

3a

h
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The molecular weight of CuO and SO, being the same, it is evident

that the two are present in just the proportion to form cupric sul-

phate.

h. Iron compounds.

By adding a solution of ferric chloride to an ammonium chloride

solution of myosin, a serai-gelatinous precipitate is formed of a red-

dish yellow color, and consisting of a combination of myosin and

oxide of iron. The compound when thoroughly washed contains no

chlorine. When freshly precipitated, it is partially soluble in

dilute ammonium hydroxide, as also in sodium hydroxide, the residue

becoming gummy or gelatinous and brownish yellow in color. It

swells up in sodium carbonate, but is insoluble. In nitric acid the

compound turns yellow, but is wholly insoluble and does not swell

up. In hydrochloric and also in sulphuric acid the compound is like-

wise insoluble. In acetic acid, however, it is soluble completely,

forming a semi-gelatinous fluid. In this, as in other metallic com-

pounds of myosin, acids simply dissolve out the metal and then

exert their usual action on the myosin. The various preparations,

washed free from iron and chlorine, and dried at 110° C. were

analyzed with the following results :
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I

No.
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e. Uraninnx com.pounds.

The addition of uranyl nitrate to an ammonium chloride solution

of myosin produces a heavy gelatinous precipitate of a uranyl-myosin

compound, which in solubility resembles the other myosin prep-

arations. Washed free from excess of uranyl nitrate and from

ammonium chloride and then dried at 110° C, the various prepara-

tions yielded on analysis the following results, the uranium being

determined by simple ignition and weighing as uranoso-uranic oxide:
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son of the two series shows plainly that there is something in the

nature of the second myosin solution, which tends to raise the content

of uranium in the uranyl compounds
;
probably, the greater concen-

tration or dilution of the solution. Evidently, then, the composition

of the compound is, in part at least, determined by the conditions

under which the uranyl salt and the myosin solution are brought

together. The average amount of uranium contained in the prepa-

rations is V'49 per cent.

f. Mercury compounds.

By adding a solution of mercuric chloride to an ammonium chlo-

ride solution of myosin, a heavy gelatinous precipitate is formed

which soon changes to a flocculent one. Freed Irom the excess of

mercury salt and ammonium chloride, the compound is found to be

entirely free from chlorine. The substance is somewhat soluble in

sodium hydroxide, swelling up first and then gradually dissolving.

Dried at 110° C. and then analyzed, the following results were ob-

tained. The mercury was determined as already described under

mercury albuminate.
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The average content of mercury (Hg) is 2-43 percent. The results

of each series show a fairly close agreement, but the two series do not

compare with each other at all. Thus^ the average amount of mer-

cury in the compounds of the first series is 1-99 per cent,, while in

the second series the average amount rises to 2-87 per cent. This is

another good illustration of the influence of the strength of the solu-

tion on the composition of the precipitate, and as in this case the

presence of any ash could not interfere with the ultimate result, since

the mercury Avas separated by distillation, it follows that the appar-

ently higher content of mercury in the second series must be due to

combination of the myosin with a larger amount of the metal. Fur-

ther, it has been claimed* that in the case of the silver albuminate,

it is possible under certain circumstances for the albuminate, when

formed in a concentrated solution, to inclose a variable amount of

albumin mechanically, and thus the apparent percentage of silver in

the albuminate be reduced. If such was true of the myosin-mercury

compounds, a far greater variation would be expected in the per-

centage of mercury in the different preparations of the same series.

The following table of comparisons shows the average content of

metal in the albuminates formed, from the two kinds ot proteid

matter.

Copper compound,

Egg-albumin.
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Egg-Albumin and Albumoses. By R. H. Chittenden
AND Percy R. Bolton, Ph.B.

Ever since the albumose bodies were tirst separated from the pro-

ducts of fibrin digestion* with pepsin-hydrochloric acid, it has been

our intention, already expressed, to subject the various individual

albuminsf to the action of purified pepsin under like conditions, and

thus ultimately to acquire a comparative knowledge of the albumose

bodies obtainable from these different sources. Already the albumose

bodies from fibrin and the globulosesj have been subjected to a care-

ful study and we present here the result of a study of the albumoses

from egg-albnmin.

In doing this, we have to report at the same time, the results of a

study of the coinjsosition of egg-albumin itself. For we have made

it a rule, in the series of experiments shortly to be described, to

analyze a sample of each lot ofalbumin prepared for digestion. In this

manner we have obtained data for a direct comparison of composition

between the original sample of albumin and the products formed by

its digestion. Tliis we have deemed of considerable importance, for

the data so obtained may throw considerable light on the nature of

the changes involved in the formation of the albumoses ;' particu-

larly, as to whether they are hydrolytic in their nature.

Four distinct samples of albumin were prepared, three of which

were prepared in large quantities and served as material for the subse-

quent digestions.

Albwniii A.

This was a preparation of coagulated egg-albumin, prepared espec-

ially with the view of obtaining a product wholly free from globulin.

The method employed was essentially that recommended by Ilam-

raarsten.g The whites of 120 eggs were freed from the yolks, then

* W. Kuhiio and "R. H. Chittenden, Ueber Albumosen, Zeitschrift fiir Riologie, Band

XX, p. 11.

fW. Kiihue and R. H. Chittenden, Ueber die uiichsten Spaltungsproduete der

Kiweisskorper, Zeitschrift fiir IMologie, Band xix, p. 159.

^ W. Kiihne and R. H. Chittenden. Globulin iind Globulosen, Zeitschrift fiir Biologie,

Band xxii, p. 409.

^ See K. V. Starke, Beitrage zur Kenntniss des Seniin- and Kialbnmins, .Tahres-

liericht fiir Tbiorcbemic, 1881, p. 18.
.

'
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finely divided by shaking with glass, the fluid mixed with an equal

volume of water or more, then shaken vigorously with air and

finally filtered through cloth. The solution so obtained, was then

saturated with crystals of magnesium sulphate at 20° C, for the com-

plete removal of the globulin. The mixture was filtered through

paper and the clear filtrate saturated with sodium sulphate. The
precipitated albumin was then filtered and washed with a saturated

solution of sodium sulphate, after which it was dissolved in water and

dialyzed in running water until the magnesium and sodium sulphates

were entirely removed. The fluid was then again filtered and the

albumin finally coagulated by being poured into eight litres of boil-

ing water, slightly acidified with acetic acid. The great bulk of the

coagulnm so obtained was at once placed in four litres of 0*4 per

cent, hydrochloric acid, while a small sample for analysis was washed

with 95 per cent, alcohol, finally with absolute alcohol and then

dried, first at 100° C, and finally at 106° C, in vacuo, until of con-

stant weight. The following table shows the results of the analysis

of the product. The various determinations were made as described

in the previous articles on these subjects, the sulphur being deter-

mined by fusion with potassium hydroxide and potassium nitrate in

a silver crucible, according to the method designated by Hammar-
sten* as la.

Albumin B.

This albumin was prepared from the whites of 120 eggs by a some-

what different method. The albumin solution, after dilution with

water, was made very distinctly acid with acetic acid, and the heavy

precipitate of globulin, after it had well settled, removed by filtration.

The acid fluid was then made exactly neutral with sodium carbonate

and again filtered ; it was then thymolized and dialyzed in running

water for eight days. A little globulin, not precipitated by the acetic

acid, was found in the bottom of the dialyzers when tlie salts had

diffused out. This was filtered ofl*and the perfectly clear fluid evap-

orated at 35-45° C, to perfect dryness. A sample of this preparation

was ground fine, dried at 106° C. in vacuo and analyzed. It is perhaps

questionable, whether all of the globulin is removed by this method.

The precipitate with acetic acid was quite heavy, and as H. Dillnerf

has recently shown that the amount of globulin in egg-albumin, as

* See Zeitschrift fiir physiolog. Chemie, Band ix, p. 289.

f Ueber die Globuline im Hiihnereiweiss, Jahresbericht fiir Thierchemie, 1885,

p. 31.
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determined by the magnesium sulphate method, never readies 1 per

cent., but averages only 0*667 per cent., it seems probable that the

greater portion is separated by the acetic acid. Further, Dillner has

found that on the dialysis of a neutralized egg-albumin solution, the

matter which separates out after a few days dialysis, is only in part

globulin, but consists, in addition, of a somewhat insoluble body rich

in sulphur. Hence, the substance which separated in our dialyzers,

after precipitation with acetic acid and neutralization, may not have

been composed wholly of globulin. The following table shows the

composition of the uncoagulated albumin B.

Albumin C.

This preparation was much the same as albumin B, except that it

was finally coagulated. Globulin was separated by acetic acid, the fil-

trate neutralized, again filtered and the fluid dialyzed in running water

until all soluble salts were removed. The albumin was then coagu-

lated by being poured into a large volume of boiling water acidified

with acetic acid. A sample, after drying at 106** C. in vacuo, was

found to have the composition shown in the accompanying table.

Albumin D.

This sample of albumin was prepared in exactly the same manner

as albumin A ; the globulin removed by magnesium sulphate, the

albumin precipitated by sodium sulphate and after dialysis, coagu-

lated as already described. Its composition is shown in the follow-

ing table.

Comparing now, the results of the analysis of these four samples of

albumin, it is seen that the first three agree almost exactly in com-

position, while the fourth ehows a somewhat lower content of carbon.
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to albumin the formula C„^„H3g2^^^0,jS3, which requires a content of

carbon not far different from the average of our results, but which

on the other hand demands a content of nitrogen nearly 1 per cent,

higher than we found. The well-known Lieberktihn's formula requires

53'59 per cent, of carbon, or 1 per cent, more than was found in our

highest result. Harnack's formula for albumin,* C^^^Hg^^N^^OggSj, with

a molecular weight of 4618, based on a study of the copper compounds

of albumin, requires too high a content of carbon and altogether too

low a percentage of sulphur. Lieberktihn's formula requires 1*98 per

cent, of sulphur, while Harnack's formula requires only 1-39 per cent.

;

and as this was one of the main points on which Harnack based his

formula, it is well to consider it. Our lowest result on sulphur is 1 -69

])er cent., and as the other three show a close agreement, it is proba-

ble that the former is somewhat too low. The average of our results,

however, is but 0-04 per cent, higher than found by Lieberkiihn. O.

Loewf has recently considered this question, and he found on deter-

mining the sulphur in coagulated egg-albumin by a modification of

Piria and Schiff's method, 1*70 and rSV pei- cent, of sulphur respect-

ively. O. Nasse,;j; likewise, found in coagulated albumin a content of

1'72 per cent, of sulphur, and lastly, Hammarsten§ found in non-

coagulated albumin 1 '93 per cent, of sulphur. There would seem to

be plenty of confirmatory evidence, therefore, that the content of

sulphur in egg-albumin is much larger than indicated by Harnack's

formula.

The nitrogen, as determined in our preparations, is seen to be

somewhat higher than found by Hammarsten, with whose results in

other respects ours most closely correspond. Dumas, however,

found nearly the same percentage of nitrogen as contained in our

preparations. The accompanying table of analyses shows the aver-

age of our results, compared with those of others.

Albumoses.

Three distinct digestions of albumin (preparations A, B and C)

were made with pepsin-hydrochloric acid, and the albumose bodies

isolated. In this way it was possible to prepare the bodies under

somewhat different conditions, and to notice the influence, if any, on

the nature and composition of the products. The pepsin-hydrochloric

acid used in two of the digestions was prepared with a special view

* Zeitschrift fiir Physiolog. Chemie, Band v, p. 207.

f Pfliiger's Archiv fiir Physiologie, Band xxxi, p. 395.

X Jahresbericht fiir Thiercheinie, 1873. p. 13. |< Ibid, 1881. p. 19
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to removing all traces of albumose bodies, formed by the self-digestion

of the mucous membrane, and was prepared as follows : VOO grams of

raucous membrane from the cardiac portion of six pigs' stomachs,

freed from the muscularis, were finely divided and warmed at 40° C.

for fourteen days, in two and a half litres of 0"5 per cent, hydro-

chloric acid. At the end of this time, all albumose bodies presumably

having been converted iuto peptone, the. solution was filtered from

the residue of nuclein, antialbumid, etc., and the filtrate saturated

with ammonium sulphate. The precipitate, consisting mainly of

pepsin, with perhaps some albumose, was filtei-ed oflT, washed with a

saturated solution of ammonium sulphate, and then dissolved in tAvo

litres of 0*2 per cent, hydrochloric acid. The acid solution was then

thymolized and dialyzed in running water, until the ammonium sul-

phate was entirely removed. On opening the dialyzing tubes, quite

a precipitate was found, which on being dissolved in 0'2 per cent,

hydrochloric acid showed marked proteolytic action. The filtrate

also, on being acidified, showed vigorous digestive power. These

two solutions of purified pepsin were used in the digestion of two of

the albumins, while with the third a pure glycerin extract of pepsin

was employed.

The general method of procedure, both in the digestions them-

selves and in the separation of the various albumoses, was much the

same as that previously employed by Ktlhue and Chittenden,

Digestion of Albumin A.

The albumin, as previously described, was placed in four litres of

0'4 per cent, hydrochloric acid and the mixture raised to a tempera-

ture of 45° C. Then 600 c. c. of the purified pepsin-hydrochloric

acid solution were added and the mixture kept at a temperature of-

45° C. for three hours, after which it was neutralized with sodium

hydroxide and filtered. The pepsin solution, although quite active,

did not act very vigorously on the coagulated albumin. The neu-

tralization precipitate, therefore, together with the unaltered albumin,

was again treated with a fresh quantity of the pepsin-hydrochloric

acid, under like conditions as the preceding, for four hours. The two

neutralized fluids were then united and ti-eated together. The total

volume was about six litres. The clear fluid was saturated in the

cold with crystals of sodium chloride, by which a precipitate was

obtained, which irom analogy should consist of proto-, dys- and

heteroalbumose.
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In making these separations of tlie albnmose bodies, we intention-

ally avoided raising the temperature of the fluid above 45° C, for

fear that heat might induce some change in the character of the

bodies; hence the first neutralized fluid was saturated directly with

salt, in spite of its large volume, and the bodies were ultimately all

separated without having been exposed to a temperature higher than

that above-mentioned. The use, however, of such a large quantity

of rock salt introduced into the solutions some calcium sulphate,

which adhered very tenaciously to the albumose bodies and thus

unavoidably raised the content of ash in the preparations.

The precipitate produced by the addition of sodium chloride in

substance was filtered, washed with a saturated solution of sodium

chloride, then extracted successively with a ten per cent, solution of

sodium chloride, a five per cent, solution of the same salt, and lastly

with water. The residue remaining undissolved after these succes-

sive treatments witfi dilute salt solutions and water, presumably con-

sisted of dysalbumose, while the solutions contained a body precipi-

table by acetic acid and soluble in excess, and also precipitable by

potassium ferrocyanide
;

presumably protoalbumose together with

heteroalbumose. The original salt-saturated filtrate contained all of

the deuteroalbumose, together with considerable protoalbumose and

some heteroalbumose.

A. Protoalbumose.

The five and ten per cent, sodium chloride solutions of the first salt

precipitate, together with the aqueous solution of the same, were

united and then dialyzed in running water for removal of the hetero-

albumose. The solution, partially freed from the latter, was concen-

trated somewhat and the protoalbumose again precipitated by satu-

rating the solution with sodium chloride. This precipitate was again

dissolved in water, dialyzed until the greater portion of the salt was

removed, the solution then concentrated and the albumose precipi-

tated by alcohol. This precipitate was redissolved in water, dialyzed

until no chlorine reaction could be obtained with silver nitrate, the

solution concentrated on the water bath to a syrup and finally pre-

cipitated with alcohol, washed with alcohol and ether and then dried

at 106° C. in vacuo until of constant weight. In the last dialysis,

there was no separation whatever of heteroalbumose, hence the pro-

toalbumose is to be considered as quite pure. The composition of

the substance is shown in the accompanying table. Tlie ash fon-

tained no sulphate.
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The protoalbumose was readily soluble in water and, unlike the

protoalbuniose from fibrin, dissolved to a perfectly clear solution

with a neutral or very faintly alkaline reaction. The aqueous solu-

tion was rendered somewhat turbid by the addition of a little acetic

acid, the turbidity disaj^pearing, however, on the addition of an excess

of acid. The aqueous solution, strongly acidified with acetic acid,

was precipitated by the addition of potassium ferrocyanide ; the pre-

cipitate, however, dissolved on heating the mixture, reappearing as

the solution became cool.

An aqueous solution of the albumose, acidified with acetic acid to

such an extent that the first turbidity was re-dissolved, was not ren-

dered at all turbid by the addition of a little sodium chloride ; the

addition of more salt, however, gave a very strong turbidity which

disappeared entirely on warming, reappearing on cooling. As with

the protoalbumose from fibrin, it is possible to add such a quantity

of sodium chloride as to induce a very heavy precipitate, yet have it

wholly disappear on boiling the mixture, separating out again, how-

ever, as the solution becomes cool. Finally the addition of a larger

amount of sodium chloride gave a precipitate in the acidified solution,

which was not at all aflTected by even boiling.

An aqueous solution of protoalbumose, when treated drop by drop

with concentrated nitric acid, was rendered noticeably turbid at the

point of contact, the turbidity disappearing as the mixture was shaken.

On adding just the right proportion of nitric acid, a point was reached

where the solution showed a permanent turbidity, which disappeared

on the application of a little heat, returning as the solution cooled.

A slight excess of nitric acid produced even in the cold, a very

distinct reddish yellow coloration of the fluid, the turbidity disappear-

ing. By adding crystals of salt to the acid solution, a precipitate

was again formed, which disappeared on the application of heat, and

reappeared as the solution cooled.

By saturating an aqueous solution of protoalbumose with salt, a

heavy precipitate was formed, but in the filtrate more albumose was

always found on the addition of a little acetic acid. In fact, each

time protoalbumose was precipitated by sodium chloride in substance

there was always a loss; a certain proportion of the substance re-

maining in the filtrate, precipitable only by the addition of a lit-

tle acetic acid. Protoalbumose heated with acid, or treated in the

cold with dilute alkalies was not apparently converted into acid

albumin or alkali-albuminate-like bodies, for on neutralization, no

precipitation whatever occurred. Heated with potassium hydroxide
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and plumbic acetate, there was a decided blackeniug of the fluid.

The protoalbuniose likewise gave the characteristic reddish violet

color with potassium hydroxide and cupric sulphate. Cupiic sul-

phate alone, added to an aqueous solution of protoalbumose, gave a

heavy greenish colored precipitate, not very soluble in excess of the

copper salt. Mercuric chloride and lead acetate also precipitated

the albumose.

In its reactions, therefore, the protoalbumose formed from egg-

albumin does not differ, essentially at least, from fibrin protoal-

bumose.

A. Deuteroalhumose.

This body was obtained from the first salt-saturated fluid, by the

addition of a little acetic acid (sp. gr, 1042) also saturated with salt.

As Kiihne and Chittenden have already pointed out, all of the proto-

albumose is not precipitated by saturation of a neutral fluid with

sodium chloride. Hence, it is to be expected that the deuteroalhu-

mose solution would contain some protoalbumose, which latter would

be likewise precipitated by the salt-saturated acetic acid. We en-

deavored to make a separation, however, by rejecting altogether the

first precipitate produced by the addition of a little acetic acid, and

then to obtain the deuteroalburaose fairly free from the former, by

the subsequent addition of more acetic acid. The final precipitate

so obtained, was dissolved in a small amount of water and then

dialyzed for several days. The solution, in which was noticed a small

deposit of heteroalbumose, was concentrated and finally precipitated

by alcohol. The precipitated deuteroalhumose was then redissolved

in water, the solution made exactly neutral with sodium carbonate

and dialyzed in running water for many days, after which the

solution was concentrated to a syrup, the albumose precipitated with -

alcohol and finally, after washing with ether, dried at 106° C. in

vacuo until of constant weight. The composition of the product is

shown in the accompanying table. The ash was composed mainly of

ferric oxide and calcium phosphate ; it contained no sulphate.

The pure white powder, after being dried at 106° C. was found

readily soluble in water. The solution was not rendered at all turbid

by saturation with sodium chloride, but the substance was more or

less completely precipitated by the addition of a little acetic acid to

the salt-saturated fluid. Nitric acid added to an aqueous solution of

the substance gave no precipitate whatever, but colored the solution

decidedly yellow even in the cold. A little sodium chloride added to

Trans. Conn. Acad.. Vol. VII. 44 Nov., 1886.
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the nitric acid solution gave a decided turbidity, which disappeared

on warming the solution and reappeared on cooling.

The addition of acetic acid to an aqueous solution of the alburaose

gave no precipitate whatever, nor was any change to be observed on

heating the fluid ; neutralization, at least, caused no precipitation.

The addition of a little sodium chloride solution to a solution of

deuteroalbumose acidified slightly with acetic acid gave no precipi-

tate whatever, but as with deuteroalbumose from fibrin, the applica-

tion of a little heat induced a slight turbidity, which disappeared on

raising the temperature still higher. Again, on the further addition

of sodium chloride, a heavier precipitate was produced which disap-

peai'ed completely on heating the solution and reappeared on cooling;

and lastly, by adding more sodium chloride, a precipitate was ob-

tained which was permanent even on heating the mixture to boiling.

In these, as in nearly all other respects, the deuteroalbumose showed

itself the same in nature as the deuteroalbumose from fibrin, and the

reactions given for that body can well be applied here. In one reac-

tion only was there any very noticeable difference ; viz : in the

reaction with cupric sulphate. Deuteroalbumose from egg-albumin

gave only a slight precipitate with cupric sulphate, even on the addi-

tion of a minimum amount of the copper salt.* With acetic acid and

potassium ferrocyanide, the reaction was much the same as with pro-

toalbumose. Boiling with sodium hydroxide and lead acetate gave

a decided blackening of the fluid, from the presence of sulphur.

A. Heteroalhum,ose.

The greater portion of the heteroalbumose was obtained by the

dialysis of the 5 and 10 per cent, sodium chloride solutions of the

first salt precipitate, viz : in the purification of protoalbumose.

Some, too, was also found in the dialysis of the precipitated deuteroal-

bumose. In both cases, the albumose was left as a more or less gummy
precipitate, closely adherent to the parchment of the dialyser, sepa-

rating out as the sodium chloride left the solution. The product

was purified by solution in 5 per cent, sodium chloride, re-precipitation

by the addition of salt in substance, re-solution in 5 per cent, sodium

chloride and separation by dialysis, continued until all chlorine was

* This fact simply shows the greater purity of this preparation of deuteroalbumose

or rather its freedom from protoalbumose, for as Dr. Neumeister has recently shown,

perfectly pure deuteroalbumose gives no precipitate whatever with cupric sulphate.

Later, we were able to prepare deuteroalbumose entirely free from protoalbumose.
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removed from the solution. Like heteroalburaose from fibrin, this

product each time it was re-dissolved in dilute sodium chloride, left

a residue soluble only in dilute acids
;
presumably dysalburaose.

After being washed with water, alcohol and ether, the product

was dried at 106° C. in vacuo aud then analyzed with the results

shown in the accompanying table.

The ash consisted mainly of calcium phosphate and a little ferric

oxide, but did not contain any sulphate. The reactions of the body

were found to be almost identical with those described as character-

istic of heteroalbumose from fibrin.* Suspended in water or dis-

solved in 5-10 per cent, sodium chloride solution and then heated to

boiling, the heteroalbumose was changed into a body, coagidated

heteroalbumose, insoluble in sodium chloride but slowly soluble in 0*2

per cent, hydrochloric acid, from which it was precipitated by neu-

tralization, apparently reconverted again, in part, into soluble hetero-

albumose and in part into a body resembling dysalburaose. Thus

on neutralizing the acid solution, a decided precipitate was obtained

which was in part soluble in 5 per cent, sodium chloride (heteroalbu-

mose), while the residue insoluble in the salt solution was soluble in

dilute acids and in dilute alkalies (dysalburaose). In the filtrate

frora the neutralization precipitate, acetic acid showed the presence

of still raore heteroalburaose, which could be separated from the

solution by dialysis.

Further, the heteroalburaose was found to be soluble in dilute

acids, alkalies and alkaline carbonates, and from the solutions thus

formed, it was reprecipitated by neutralization, but never completely
;

the amount remaining in solution being dependent naturally on the

araount of neutral salt contained in the fluid.

Nitric acid precipitated the albnraose, the extent of the precipita-

tion depending on the amount of sodium chloride present. Acetic"

acid likewise gave a precipitate, soluble in excess of the acid. With
acetic acid and potassium ferrocyanide, a precipitate was formed also

soluble in excess of acid. With cupric sulphate, on the contrary,

a heavy precipitate was obtained in a sodium chloride solution of the

alburaose, insoluble in excess of the copper salt. The substance gave

the so-called biuret reaction with cupric sulphate and potassium

hydroxide quite plainly, and also gave evidence of the presence of

sulphur on boiling with potassium hydroxide and plumbic acetate.

* See Zeitschrift fiir Biologie, Band xx, p. 32-36.
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Digestion of alhnrain B.

340 grams of the dry albumin, non-coagulated, were soaked in 2

litres of 0-4 per cent, hydrochloric acid for 24 hours, then warmed up

to 45* C. and 1 liti*e of the purified pepsin-hydrochloric acid added,

also warmed at the same temperature. The mixture was kept at

45" C. for 16 hours, then neutralized and filtered. The filtrate, con-

taining the albumose bodies formed from the non-coagulated albu-

min, was then treated as already described under Albumin A.

B. Protoalburaose.

The protoalbumose isolated from this digestion, was purified in

much the same manner as A protoalbumose, and did not difier from

it in its reactions, except that with water it did not dissolve to quite

so clear a solution ; in fact its solution in water resembled more

closely the aqueous solutions of protoalbumose from fibrin. During

its final purification, it was dialyzed in running water until no chlorine

reaction could be obtained with silver nitrate. In spite of this fact,

howevei", the preparation contained a large percentage of ash, con-

sisting mainly of calcium sulphate, ferric oxide and a little calcium

phosphate.

The accompanying table shows the composition of the substance

after drying at 106° C, in vacuo, until of constant weight.

In the purification of this protoalbumose, the substance was repre-

cipitated three times by saturating the aqueous solution of the pre-

cipitate with sodium chloride. By this treatment, as already stated,

there is considerable loss, inasmuch as the precipitation of proto-

albumose with salt in this manner is never complete, considerable

remaining each time in the salt-saturated fluid. By adding a very

little acetic acid, however, the protoalbumose is completely precipi--

tated from the salt-saturated solution. The filtrates therefore, from

the second and third precipitations of protoalbumose with salt

alone were united, and the albumose remaining in them precipitated

by the addition of a little acetic acid, saturated with sodium chloride.

Our object was to see whether the protoalbumose which had at one

time been precipitated by salt alone and then had finally become

soluble in the salt-saturated fluid, differed at all in composition or in

reaction from the protoalbumose still insoluble in the salt solution.

The albumose separated in this manner was purified by being dis-

solved in water, the solution made exactly neutral with sodium car-

bonate and dialyzed for several days. The fluid was then con-
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centrated to a syrup and the albumose precipitated by alcohol. This

precipitate was again dissolved in water, the solution made exactly

neutral and again dialyzed.

After suitable concentration, the albumose was again precipitated

by alcohol, washed with alcohol and ether and finally dried at 106° C.

in vacuo.

The results of the analysis are seen in the accompanying table.

The ash in this preparation is seen to be much smaller than in the

protoalbumose precipitated by salt alone. In other i-espects the two

analyses are closely comparable, particularly the carbon and sulphur.

The reactions were in almost every case the same as with the pre-

ceding preparation, excepting perhaps a somewhat greater solu-

bility.

B. Deuteroalhumose.

This body was separated and purified in exactly the same manner

as in the preceding digestion. The analysis of the product is shown

in the accompanying table. The ash contained some calcium sul-

phate and a little ferric oxide. The reactions of the body were the

same as those of A deuteroalhumose.

From this digestion, more or less heteroalbumose was separated

but no analysis was made of the product, as the amount was rather

small for the necessary purification.

Digestion of Alhximin C.

In the digestion of this sample of coagulated albumin, a much

more vigorous pepsin-hydrochloric acid was employed than in the

preceding digestions. The freshly coagulated albumin was placed

in .3 litres of 0-4 per cent, hydrochloric acid and brought to a tem-

perature of 45° C, then 400 c. c. of a pepsin solution, made from a

pure glycerin extract of pepsin, were added and the mixture kept at

45° C. for 24 hours. The fluid was then neutralized, filtered and the

clear filtrate saturated with sodium chloride. The albumose bodies

were then separated and purified according to the methods already

described.

The several bodies showed the same reactions as observed in the

preceding preparations.

Protoalbumose and deuteroalhumose were analyzed. The results

are shown in the accompanying tables. The ash of the deutero-

alhumose contained no sulphate, but was composed almost entirely

of ferric oxide.

Trans. Conn. Acad.; Vol. VII. 45 Nov.. issu.
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DysalbumoHP.

This form of albumose was found in all three digestions, but tlie

amount was much smaller than noticed in the fibrin digestions. The

substance was obtained as an insoluble residue, after extracting the

first sodium chloride precipitate successively witli 10 and 5 per cent,

salt solutions and with water. It was then dissolved in 0*2 per cent,

hydrochloric acid, and after filtration precipitated by neutralization.

After precipitation in this manner, a portion of the substance was

found soluble in sodium chloride and on dialysis of the solution, sep-

arated in much the same manner as heteroalbumose. The portion

still insoluble in salt solution was then washed thoroughly with

water and lastly with alcohol and ether. Not enough of the albu-

mose was separated from any one digestion for analysis, but by unit-

ing the products from all three, sufficient was obtained for the

following analytical data:

I. 0*2537 gram substance gave 0-1500 gram H^Ozre'S*? per cent. H
and 0-4550 gram 00^=48-92 per cent. C.

II. 0-3700 gram substance gave 46-3 c. c. N at 13-«° C. and 761-3™'^

pressurerr 14-96 per cent. N.

III. 0-1354 gram substance gave 0*0069 gram ash=5-09 per cent.

The ash-free substance therefore contained 51-52 per cent. C, 6-92

per cent. H, 15*79 per cent. N. The ash was composed wholly of

ferric oxide.

The peculiar behavior of dysalbumose after solution in either

dilute acids or sodium carbonate and neutralization, shows plainly

that the substance is simply heteroalbumose rendered insoluble by
action of the sodium chloride. Dysalbumose, wholly insoluble in

sodium chloride, is readily dissolved by sodium carbonate of 1 per

cent., and on neutralization of the alkaline fluid is in great pait pre-

cipitated. The substance however, is now soluble in sodium chlor-

ide and has evidently been reconverted into heteroalbumose. It

is very apparent, however, from our results that heteroalbumose

from egg-albumin is not so readily converted into dysalbumose by
the action of sodium chloride, as heteroalbumose from fibrin. In

all three of our experiments, the amount found was very small.

Further, it would seem as if heteroalbumose from albumin was

somewhat more resistant to the action of alcohol and ether than

heteroalbumose from fibrin. Still the former did become quite

rapidly insoluble in sodium chloride after standing under alcohol
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for a short time. The reactions of dysalburaose, aside from its

behavior towards sodium chloride, were found to be much the same

as those of heteroalbumose.

Relation of the albumoses to albumin.

In composition, the albumoses from albumin are seen to differ from

each other somewhat more than the albumoses from fibrin ; collec-

tively, however, there is less difference in composition between the

albumose bodies and the albumin from which they are formed, than

noticed in the case of the albumose bodies from fibrin.* In the

latter, however, there is no guarantee that the fibrin employed in

the experiments had the actual composition assigned to pure blood-

fibrin. The fibrin-albumoses collectively contained about 50*6 per

cent, of carbon and 17"1 per cent, of nitrogen, while Hammarsten

found fibrin itself to contain 52 '6 per cent, of carbon and 16*9 per

cent, of nitrogen. In our experiments, on the other hand, we have

for comparison the composition of the albumin actually used in the

experiments, and in the accompanying table the differences in com-

position of the various products ^re plainly to be seen.

Examining these in detail, we see that all of the products show a

somewhat smaller content of carbon than albumin itself. With

nitrogen, however, there is a very close agreement throughout, and

with sulphur likewise. In the case of the fibrin-albumoses it was

considered that the diminished percentage of carbon indicated plainly

that the albumoses were hydration products, and that they were

formed from fibrin by simple hydrolytic action. The results

obtained with the globuloses did not appear to confirm this view,

but in this case it must be remembered that the digestion of globulin

by gastric juice may be quite a difterent process from albumin diges-

tion. With albumin, however, the results, although less pronounced,

also indicate hydrolytic action and that the products formed are

hydration products.

The following table shows the extent of these differences, and also

shows the close agreement in composition between proto-and deutero-

albumose and the so-called soluble and insoluble hemialbumose from

egg-albumin, isolated and analyzed by Kiihne and Chittenden at the

commencement of their study of these bodies.*

* See Zeitsclirift fiir Biologie, Band xix. p. 174.
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us to take advantage of his method of separation. Our preparations

of deuteroalbumose unquestionably were not wholly free from proto-

albumose, but that they did not contain much of this body is evi-

denced by the small precipitate obtained with cupric sulphate ; for,

as Dr. Neumeister has recently shown, deuteroalbumose entirely free

from protoalbumose gives no precipitate whatever with cupric sul-

phate.

Trans. Conn. Acad., Vol. VII. 46 Nov., 1886.
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Casein and its Primary Cleavage Products. By .

R, H. Chittenden and H. M. Painter, B.A., Ph.B.

Following out the general plan of procedure indicated some time

ago with other albuminous bodies,* we have endeavored to prepare

and study the primary products formed in the digestion of pure casein

with pepsin-hydrochloric acid. Assuming that casein in its conver-

sion into peptone by artificial gastric juice, passes through certain

intermediate stages, in which bodies akin to the albumose bodies

are formed, we have applied the methods of separation used so suc-

cessfully in the past and have been able to isolate a class of bodies

bearing the same relationship to casein that the albumoses do to

albumin. For this class of bodies we propose the name of caseoses.

In studying these substances and particularly their composition,

we deemed it essential to be certain of the purity and composition

of the casein to be digested
;
particularly in view of the recent con-

troversy between Hammarstenf and A. Danilevvsky as to the single

nature of this albuminous body. Assuming, as claimed by Dan-

ilewsky,^ that casein is a mixture of two albuminous bodies and that

the numerous analyses recently made by Hammarsten of various

preparations of casein are incorrect, particularly in the percentage

of sulphur, made it incumbent on us to obtain some data on these

points confirmatory of one or the other view, before advancing to a

study of the products formed by the digestion of casein.

Of the various methods used for the preparation of pure casein,

that depending on repeated precipitation by acids and re-solution

in alkalies has been the most in vogue ; for although theoretical

objections might be advanced as to the possibility of change in the

nature of the substance under the influence of acids and alkalies, the

results obtained have in some respects, at least, been very satisfac-

tory. Alex. Schmidt, in conjunction with Kapeller,§ showed plainly

that dialysis of milk and then precipitation of the casein by acetic

acid, while it gave fairly good results, was not suflicient in itself to

* Sec the preceding articles on globuloses and albumoses.

f See Zeitschrift fiir physiologische Chemie. Band vii, p. 227. Zur Frage, ob das

casein ein eiuhcitlicher stolV sei. Also same volume, p. 427.

:j: See Zeitschrift fiir physiologische chemie, Band vii. p. 43,'5.

§ Beitrag zur Konntniss dcr Milch, Jahresbericht fiir Thiercheuiie, 1S74, p. 154.
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wliolly remove the inorganic salts, and thus recourse was had to

repeated precipitation by acids, after solution in dilute alkalies. By
this method, Hararaarsten* came to the conclusion that milk con-

tains but two albuminous bodies, viz : casein and lacto-albumin, and

the same investigator has repeatedly made use of this method for the

preparation of pure casein. Lundbergf has plainly shown the notice-

able resistance of casein to the action of acids, and Hanimarsten has

indicated the possibility of using acetic acid, if necessary, in place

of the stronger hydrochloric acid. Millon and Commaille, however,

have claimed that in the precipitation of casein with either acid, the

precipitate does not consist of free casein, but is a compound of

casein with the acid used.

This erroneous view, Hammarsten shows depends simply on the

great difficulty of washing the precipitated casein completely, and

he suggests that it is perhaps impossible to prepare large quantities,

of casein absolutely pure. For the preparation oi the substance,

however, Hammarsten recommends acetic acid in preference to

hydrochloric acid and final drying of the compound at a temperature

of 110° C.

Danilewsky and Radenhausen,;]; however, prefer to use hydrochloric

acid in the preparation of pure casein, and for this puipose they use

skimmed milk, diluted with 4-5 volumes of water, to which the dilute

acid is added little by little, until a good precipitate is obtained.

After filtration and repeated washing with distilled water, the casein

is rubbed fine, then dissolved in water to which a little ammonia

has been added, the fluid filtered and the clear filtrate again precipi-

tated by the addition of a little dilute hydrochloric acid. Casein, so

prepared, after being washed with distilled water, reacts acid to test

papers and shows the usual reactions of this body ; but if when

freshly precipitated, the substance is boiled with perfectly neutral"

50 per cent, alcohol and filtered hot, according to Danilewsky and

Radenhausen, the casein is separated into two bodies, one of which

is partially soluble in hot alcohol and separates out on cooling, while

the other is insoluble. The soluble portion is termed caseoprotalbin,

the insoluble portion caseoalbumin. The former, it is stated, gives

* Zur Keimtniss des Caseins iind der Wirkung des Labfermentes, .Taliresbericht

fiir Thierchemie, ISt?, p. 158.

f Kleinere Beitrage zur Kenntniss des Caseins, Jahresbericht fiir Thierchemie,

1876, p. 11.

X Untersuchungen iiber die Eiwelsstoffe der Milch, Jahresbericht fiir Thierchemie,

1880, p. 186.
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no sulphur reaction when boiled with 2 per cent, sodium hydroxide,

but contains ri3 per cent, of sulphur, while caseoalbumin is stated to

contain 1-2.3 per cent, of sulphur. Hence, according to these investi-

gators, casein is a mixture of two bodies, one of which is rich in sul-

phur, while the other contains a somewhat smaller amount. The
objection which these investigators make to the use of acetic acid in

the preparation of casein, is that from a sodium acetate solution,

casein itself is not precipitated, or only in part, but that the precipi-

tate consists mainly of the protalbin body. Further, Danilewsky

and Radenhausen claim that caseoalbumin dissolved, in 1 per cent,

sodium hydroxide and allowed to stand for 24 hours at the tempera-

ture of the room, is changed almost completely into caseoprotalbin,

with loss of sulphur and calcium phosphate. In a similar manner,

protalbin dissolved in lime water, with addition of alcohol and phos-

phoric acid, can be changed into caseoalbumin.

Hammarsten,* however, takes exception to these views and points

out that the peculiar behavior of Danilewsky's casein towards boiling

hO per cent, alcohol, depends in part upon its content of calcium phos-

phate, the presence of which impurity depends upon the use of hydro-

chloric acid in the precipitation of the casein, which acid does not

favor the removal of the salt as well as acetic acid. Using acetic

acid as the precipitant and then employing a casein three times so

precipitated, and which analysis showed to be almost entirely free

from calcium phosphate, Hammarsten, by treatment with boiling

alcohol, was unable to obtain anything more than a trace of sub-

stance corresponding to caseoalbumin. Further, casein is unques-

tionably changed by boiling with alcohol, as Hammarsten clearly

shows; in fact it is well known that heating an albuminous body in

water is liable to change its nature, at least its solubility, and there

is no reason why treatment with 50 per cent, alcohol should not lead

to a like result. Again, Hammarsten points out clearly another

inconsistency in the reasoning of Danilewsky and Radenhausen in

connection with the so-called conversion of caseoprotalbin into caseo-

albumin. The former body is stated to be poorer in sulphur than

the latter, and yet we are told that the protalbin body can be con-

verted into caseoalbumin by simple solution in lime water and addi-

tion of phosphoric acid, with or without alcohol. Yet how it is

possible by this method of treatment to convert a body with a small

* Zur Frage, ob das Casein ein einheitlicher Stoff sei. Zeitschrift fiir physiologische

chemie, Band vii, p. 227.
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content of sulphur into a body richer in sulphur, is hard to see.

Much more plausible is it, as suggested by Hamniarsten, that in

these two bodies we have to deal with the same substance, in the

one case united with calcium phosphate, and in the other uncora-

bined with this salt ; or in other words that the so-called protalbin

body in the absence of calcium phosphate is soluble in boiling 50 per

cent, alcohol, while in the presence of that salt it is insoluble.

This view being correct, and Hammarsten's observations would

tend to show that it is, it is obvious that the caseoprotalbin of Dan-

ilewsky is simply a portion of the casein, which, owing to lack

of a sufficient amount of calcium phosphate, passes into solution on

being boiled with dilute alcohol ; while caseoalbumin, on the other

hand, is likewise a portion of the casein, insoluble on account of the

presence of calcium phosphate ; changed, however, more or less by

action of the boiling alcohol. Further, the reason why casein

precipitated several times by acetic acid does not contain as much
calcium phosphate as when precipitated by hydrochloric acid, and

thus reacts differently with alcohol, depends on the far greater insol-

ubility of freshly precipitated casein in excess of acetic acid than in

hydrochloric acid. In the precipitation of casein with hydrochloric

acid only the slightest excess of acid can be added, on account of the

ready solubility of the precipitate in this dilute acid. With acetic

acid, however, a moderate excess can be added without solution of

the precipitate, and thus in the latter case, a larger proportion of

mineral salts are removed at each re-precipitation.

Danilewsky and Radenhausen have further called attention to the

fact that casein precipitated with hydrochloric acid yields a larger

amount of alkaline suli)liide than when precipitated by acetic acid.

This statement, Hammarsten has several times been able to verify,

but the latter investigator seeks an explanation for this fact in the-

occasional presence of a second albuminous body, richer in sulphur,

presumably serum-globulin, precipitable like casein by acids. Serum-

globulin too, is readily soluble in excess of acid, even more so

than casein, and hence by the acetic acid method of precipitation,

which allows a far greater excess of acid, the casein would be much

less liable to contamination by this hypothetical globulin than by the

hydrochloric acid method. In this connection it may be well to

notice that Musso and Menozzi* claim the presence in milk of a

peculiar albuminous body containing 53-74 per cent. C, 15-52 per

* Studien iiber das Eiweiss der Milch. Jaliresbericht fiir Thierchemie, 1878, p. 139.
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cent, N and I'oS per cent. S, for wliich they claim a position

midway between serum-albumin and casein. It can be partially pre-

cipitated from fresh milk at ordinary temperatures by the addition of

acetic acid. Further, Lebelien* has proved the presence in milk of a

globulin-like body, lacto-globulin, which can be precipitated by satu-

rating the fluid remaining after removal of the casein with sodium

chloride, with magnesium sulphate. The substance appears to be

identical with paraglobulin, and thus this fact, just discovered, would

seem to confirm Haramarsten's theory as to the cause of the greater

content of sulphur sometimes noticed in casein precipitated by hydro-

chloric acid.

Accepting then, Hammarsten's views as correct, it is obvious that

casein precipitated by acetic acid, if not a single body, must be com-

posed of two bodies, more or less alike and both precipitable by

dilute acids. In attempting to settle this point definitely, Hammars-

teii has sought by analysis of a large number of preparations made

under different conditions, to obtain data as to the exact composition

of casein variously prepared. Naturally in this connection, consider-

able attention was paid to the content of sulphur, since, Danilewsky

and Radenhausen's views being correct, variations in the content of

sulphur would naturally be expected. If casein is a mixture of equal

parts of caseoprotalbin and caseoalbumin with ri3 per cent, and

1-23 per cent, of sulphur, respectively, then casein itself would nat-

urally contain 1"18 percent, of sulphur; an amount somewhat higher

than has been found heretofore.

Recently, Dainlewskyf has modified his views somewhat, and now

considers casein, as before, to be a mixture of two distinct bodies,

but of nucleoalbumin with nucleoprotalbin instead of caseoalbumin

and caseoprotalbin. As the reactions of these two bodies are appar-

ently much the same as those given as characteristic of the caseo-

bodies, this change of view appears to be mainly a change of name.

Danilewsky still claims the correctness of the high content of sul-

phur in casein and assumes that the variation in the results obtained

by different workers is due simply to difference in the methods of

determination, and that unquestionably pure casein contains over TO

per cent, of sulphur.

The content of sulphur in casein as determined 30-40 years ago by

* Bcitrag zur Kenntniss der Eiweisskorpcr der Kuliuiilcli. Jahresboriclit fiir Thier-

chemic, 1885, p. 184.

I See Zeitschrift fiir physiologische chemie, Band vii, p. 433.
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Lehmann, Riihling, Volckel and others,* varies from 0-85 per cent, to

1*10 per cent. Kitthausen,f from several analyses of the copper

compound of casein, found a content of sulphur equivalent to 0*80-

1*12 per cent, in the free casein. Schwarzenbach,J by a study of the

platinum cyanide compound of casein, ascribed to casein itself a con-

tent of 0'19-1*10 per cent, of sulphur. Hammarsten, however, found

by analysis of eight distinct preparations of casein, some of which

had been reprecipitated even ten times with acetic acid, a content

of sulphur ranging from 0"619 per cent, to O-VZS per cent.§ Later,

Hammarsten
II

analyzed four other preparations of casein and each

by six distinct methods. Omitting two or three results, which were

altogether too low on account of inaccuracies in the method, Ham-
marsten found in these different preparations of casein, as a result

of twenty-nine distinct determinations by five difierent methods,

0-'798 per cent, as maximum, 0-726 per cent, as minimum, or 0-758

per cent, as the average, content of sulphur. Taking, however, the

results obtai«ed by what Hammarsten considers as the more correct

methods the average content of sulphur is raised to 0'77-0-78 per

cent. In no case did Hammarsten obtain results in any way con-

firmatory of Danilewsky's views. Hammarsten further made a large

number of phosphorus determinations, and these as well as the results

obtained for carbon and nitrogen showed too little variation to war-

rant the idea of a mixture of two bodies of unlike composition.

While therefore, Hammarsten's results would seem to point conclu-

sively to the unit-like nature of casein, we have, however, made quite

a number of different preparations of the substance, both from fresh

milk and from skimmed milk, with the idea of obtaining confirmatory

data, with which to make direct comparisons between the composi-

tion of casein and its primary cleavage products.

Preparation and composition of Casein.

The casein was precipitated in some cases by acetic and in others

by hydrochloric acid. In both cases the acid used was very dilute,

* See Gmelin-Krauts' Handbuch der Organische Chemie, Band iv, Abtheilung, iil,

1870, p. 2254.

f H. Ritthausen und R. Pott, Untersuchungen iiber Verbindnngen der Eiweisskorper

mit Kupferoxyd. Journal fur prakt. Chemie, 1873, Band vii, p. 361.

X Annalen der Chem. u. Pharmacie, Band cxxxiii, p. 185.

§ Zeitschrift fiir physiologisehe Chemie, Band vii, p. 259.

I
Ueber den Gehalt des caseins an Schwefel und iiber die Bestimmung des Schwefels

in Proteinsubstanzen. Zeitschrift fiir physiologisehe chemie, Band ix, p. 273.
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the hydrochloric acid being 0*2 per cent. In dissolving the casein

for re-precipitation, a very dilute solution of ammonium hydrox-

ide was employed ; in fact so dilute as to consist of hardly more than

water with a trace of ammonia. We used ammonia, in preference to

sodium or potassium hydroxide, as this alkali would seem less liable

to induce any alteration in the content of sulphur. Further, in dis-

solving the casein in ammonia, the solution at no time became more

than very faintly, if at all alkaline; usually being hardly more than

neutral to test papers.

The general method of procedure was to dilute fresh cow's milk

with about four volumes of water (skimmed milk diluted considerably

less) and then to precipitate the casein with either hydrochloric or

acetic acids, adding the precipitant cautiously, until complete precipi-

tation was obtained. The precipitate was then washed as completely

as possible with large quantities of water, both by decantation, tritura-

tion with water in a mortar and on a cloth filter. The casein was

then dissolved in the ammonia water, filtered through paper and

reprecipitated, each time being thoroughly washed with water. In

the portion used for analysis, the final precipitate was further washed

with alcohol and ether and lastly soaked in a mixture of alcohol and

ether for the more complete removal of any fat. The preparations

were then dried in the air and lastly on a water bath at a gentle heat.

When dry, they were powdered and extracted with boiling ether

in a fat extractor for several hours, to insure complete, freedom

from fat. Ultimately, the products for analysis were dried at 106° C.

in vacuo until of constant weight.

In all, seven preparations of casein were made for analysis, as

follows:

No. I. From fresh milk, precipitated twice with hydrochloric acid.

" II. From fresh milk, precipitated twice with acetic acid.

" III. From skimmed milk, precipitated three times with acetic acid.

" IV. A portion of No. Ill, precipitated a fourth time with acetic acid.

" V. From skimmed milk, precipitated three times with hydrochloric

acid.

" VI. A portion of No. V, precipitated a fourth time with hydrocliloric

acid.

" VII. From skimmed milk, precipitated four times with hydrochloric

acid.

The methods of analysis were essentially the same as those em-

ployed by Ktihne and Chittenden in the analysis of the various albu-

raose bodies. Carbon and hydrogen were determined by combus-
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tion with oxygen in an open tube, the gases passing over a long layer

of granular oxide of copper at a bright red heat, a layer of lead chro-

mate at a dull red heat and a roll of freshly reduced metallic copper.

Nitrogen was determined as nitrogen gas by combustion wath oxide

of copper, the gases passing over a long anterior layer of heated

oxide, a short layer of metallic copper and a final layer of oxide of

copper. The tube was exhausted with a Sprengel pump before and

after the combustion and the nitrogen was collected in a Schiffs' azo-

tometer, provided with a jacket tube for rapid cooling of the gas to a

constant temperature. In the determination of sulphur and phospho-

rus, the substance was fused with a mixture of potassium hydroxide

and potassium nitrate (10 grams of the former and Vo grams of the

latter) in a silver crucible, according to the method designated by

Hamraarsten * as Iff. In order to economize time, a single fusion was

made to serve for both a sulphur and phosphorus determination ; in

other words, a sufficient amount of casein (usually 1-2 grams) was

fused with potassium hydroxide and nitrate, the fused mass dis-

solved in water, the solution made up to a known volume and then

one-half, representing one-half of the original substance, was used for

the sulphur, the other half for the phosphorus determination. Both

the alkali and the nitrate were fi-ee from sulphur and phosphorus ; at

least to such an extent that in a blank experiment, the resultant

solutions gave no precipitate whatever, with either barium chloride

or with molybdic solution. The oxidations were made at as low a

temperature as possible, except towards the end when the temperature

was raised, and occasionally a little more nitrate added, to facilitate

complete oxidation.

As the percentage of sulphur was quite an important point, we

took particular pains to have the final acid fluid entirely free from

nitrate and nitrite, as well as from any excess of hydrochloric acid,-

so as to avoid as much as possible any solvent action on the

barium sulphate. For the determination of sulphur, therefore, the

alkaline solution of the fused mass was acidified distinctly with hy-

drochloric acid and the acid solution evaporated to perfect dryness

on the water-bath. In this way the objectionable nitrate and nitrite

were removed. The residue was then moistened with hydrochloric

acid, taken up in water, and the solution allowed to stand until any

chloride of silver present, had settled out. The fluid was then fil-

tered and precipitated as usual with barium chloride. For phos-

* ZeitHchnft fiir physiologische Chcmie, Band ix, p. 289.

Trans. Conn. Acad., Vol. VII. 47 Nov., 1886,
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phorns, tlie alkaline fluid was acidified with nitric acid, evaporated

to dryness, the residue dissolved in a little water acidified with nitric

acid, filtered, and the phosphoric acid precipitated in the usual man-

ner with ammonium molybdate. After standing 24 hours at 40° C.

this precipitate was filtered off", dissolved in ammonium hydroxide

and the phosphoric acid re-precipitated as ammonio magnesium phos-

phate and ultimately weighed as magnesium pyrophosphate. The
accompanying tables show the results of the analyses of the different

samples of casein.

Comparing now the average composition of these different prepa-

rations of casein, it is to be seen that they all show a very close

agreement throughout. Thus the percentage of phosphorus in the

seven preparations varies only from 0-84 to 0-89, sulphur from 0-75

to 0-89, nitrogen from 15-75 to 16-08, hydrogen from 7-01 to 7-11 and
carbon from 58-19 to 53-53

; or leaving out one preparation which for

some reason showed a high content of carbon, from 53-19 to 53-39

per cent. The results therefore show a constancy in composition

fully as marked as observed by Hammarsten and thus tend to confirm

the latter in the view that casein is a single body of definite com-

position.

Comparing our results collectively, with those obtained by Ham-
marsten (see table showing average composition), we find a fairly

close agreement throughout, although minor differences are to be

observed. First, all of our preparations show a content of carbon

somewhat higher than found by Hammarsten. The latter investiga-

tor found the carbon in his preparations to vary from 52*78 to 53-09

per cent., while in all of our preparations, the content of carbon cal-

culated to the ash-free substance is above 53 per cent. The possi-

bility of our preparations still containing some fat was rendered

imj^robable by the thorough treatment with ether which they had

received, and further by the fact that the nitrogen in our preparations

was also somewhat higher than found by Hammarsten. One of the

preparations, however, with a high content of carbon, was extracted

again for several hours with boiling ether, but on analj^sis the con-

tent of carbon was found unchanged. The content of phosphorus

agrees exactly with Hamraarsten's results, while the sulphur is, on an

average, 0-1 jier cent, higher. There is nothing in the content of sul-

phur, therefore, to even suggest confirmation of Danilewsky's views.

The amount of ash in our preparations was somewhat larger than

found by Hammarsten and further, there is no especial connection to

be seen between the content of ash and the precipitant used; the

Trans. Conn. Acad.. Vol. VTI. 48 Nov., 1886.
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amount in the acetic acid precipitate being fully as large as in the

casein precipitated by hydrochloric acid.

Compared with Ritthausen's results (see table showing average

composition), obtained by analysis of the copper compound of casein,

the percentage of carbon comes very much too high. It is question-

able, however, how close a comparison should be drawni between

indirect results obtained by analysis of a metallic compound of

casein and those obtained by analysis of casein itself.

In conclusion then, we must affirm that our results accord closely

with those of Hammarsten's, while the two together make it very

improbable that in casein we have to do with a substance composed

of two bodies of unlike composition.

Digestion of Casein and Formation of Caseoses.

In the digestion of casein with pepsin-hydrochloric acid, the casein

was prepared by precipitation and reprecipitation with acetic acid,

and rendered as pure as possible by thorough washing with water.

While still moist it was placed in 0*4 per cent, hydrochloric acid, as

preliminary to its treatment with pepsin. Pure pejjsin solution, free

from peptone and albumose, was prepared from the mucous mem-
brane of pig's stomachs by the method already described.*

Digestion A.

1300 grams of moist casein in 4 litres of 0*4 per cent, hydrochloric

acid were brought to a temperature of 45° C. and 600 c.c. of pure

pepsin solution added. The mixture was kept at a temperature of

45° C. throughout the digestion. The casein began almost immedi-

ately to swell up and in less than an hour the entire mixture was con-

verted into a semi-solid, jelly-like mass. Thereupon, one litre more

of 0-4 per cent, hydrochloric acid was added, together with a little

more pepsin solution. At the end of three hours, the mixture was

quite fluid, but contained considerable gelatinous matter in suspension.

Neutralization of a filtered portion, produced no precipitate whatever.

The addition of crystals of sodium chloride gave a heavy white pre-

cipitate and the filtrate from this precipitate gave a furthei- precipi-

tate on the addition of acetic acid. At the end of four hours, the

entire mixture was made neutral with sodium hydroxide and then

filtered through paper. The undigested residue, when dry, amounted

to about 30 or 40 grams. This residue of so-called casein dyspeptone.

* See the preceding- article on egg-albiimiu and albumoses.
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which aijpearecl in every digestion in greater or less quantity, was

apparently wholly insoluble in fresh portions of gastric juice and

was similar in its reactions to the like-body previously described by

Lubavin.* When fresh, it appeared as a more or less jelly-like

mass, much like starch paste. It was readily soluble in dilute alkalies

and precipitated by neutralization, but insoluble in excess of acid.

It was precipitated from its solution in dilute sodium hydroxide by

addition of salt in substance. This body we did not attempt to

study further, but hope to do so later.

The filtrate from the undigested residue, when cold, was not per-

fectly clear but became so on the application of a gentle heat. On
boiling the solution, a very slight precipitate was fbrined. The addi-

tion of acids, hydrochloric, nitric or acetic, either concentrated or

dilute, caused a heavy white precipitate, not wholly soluble in excess

of acid, even of concentrated hydrochloric. The precipitate was

likewise more or less permanent when warmed or even boiled with

the acid. In the filtrate from the precipitate produced by acetic

acid, the addition of potassium ferrocyanide gave no precipitate.

The precipitate produced by acids was readily soluble in dilute

alkalies. On addition of nitric acid, of any strength, and the appli-

cation of heat even to boiling, the mixture turned first rose color then

reddish, and as the boiling was continued the color deepened and

finally became brownish red. The change from rose color to brown

also takes place in the cold. With concentrated nitric acid the color

is nearer the yellow of the xanthoprotein reaction, but still shows

plainly the brown or reddish tinge.

For separation of the individual caseoses, the entire solution with-

out being concentrated, was saturated with sodium chloride, by

which an exceedingly heavy precipitate, more or less curdy, was

obtained, which was finally filtered off" and washed with saturated

salt solution. The washing was made more thorough by grinding

the mass with the salt solution in a mortar. This precipitate, by

analogy, would naturally be composed mainly of a body correspond-

ing to protoalbumose with possibly something corresponding to hete-

roalbumose. The precipitate was washed thoroughly with saturated

salt solution, dissolved in water, filtered, and again precipitated by

saturation of the fluid with sodium chloride. All of the substance,

however, was not reprecipitated; quite a little remained in the salt-

* Ueher die Kiinstliche Pepsiu-Verdaming des caseins, etc., Hoppc-Seyler's Med.

Clieniisclie TTtitersiichungcn, p. 4Cy1.
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saturated fluid and was thrown down as a white curdy precipitate

by the addition of a little acetic acid, evidently some protocaseose

not precipitated by salt alone. The main precipitate of protocaseose,

etc., twice precipitated by salt, was treated with 3 litres of 10 per

cent, salt solution, the residue with 3 litres of 5 percent, salt solution

and the residue still remaining, with 3 litres of water. In this man-

ner, all of the proto and heterocaseose was dissolved, leaving a

small residue wholly insoluble in dilute salt solutions and in water;

presumably dyscaseose. The latter, however, was in exceedingly

small quantity. It was dissolved in 0'2 per cent, hydrochloric acid

and reprecipitated by neutralization of the solution with sodium

carbonate.

A. Protocaseose.

The b and 10 per cent, salt solutions of protocaseose together with

the aqueous solution, were united and the mixture saturated with

sodium chloride. Here, as before, all of the protocaseose was not

precipitated ; a portion remained in the filtrate and was precipitated

only on the addition of a little acetic acid. The main portion of the

protocaseose precipitated for the third time with salt in substance,

was dissolved in water, the solution filtered and divided into two

parts. One part was thymolized and dialyzed in running water

until all chlorine was removed from the solution (Protocaseose A 1).

The other part was again saturated with salt, the precipitate washed

with saturated salt solution, then dissolved in water and like the

former dialyzed until all chlorine was I'emovcd from the solution

(Protocaseose A 2). In protocaseose 2, there was more evidence of

the presence of a body resembling heteroalbumose than in No. 1.

Thus in No. 2, quite a little gummy substance separated from the

solution on dialysis, but the amount even here was not lai'ge. When.
the dialysis was finished, both solutions were perfectly neutral to

test papers and in both cases the protocaseose was separated from

the clear fluid by evaporation and precipitation with alcohol. For

analysis, both products were washed thoroughly with alcohol and

ether and finally dried at 105° C. in vacuo.

Their composition is shown in the accompanying tables.

As already stated, every time protocaseose was dissolved in water

and reprecipitated by saturating the solution with sodium chloride,

a certain amount of the subsfcance remained in solution, precipitable

only on addition of a little acetic acid, Protocaseose precipi-

tated from the salt-saturated solution in this manner by acetic acid,
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was found to be q^uite different in its nature from protoalbumose or

protoglobulose. The two latter undoubtedly combine with acetic

acid, Avhen precipitated from a salt-saturated fluid; the compound,

however, is readily and completely soluble in water. With proto-

caseose on the other hand, acetic acid produces a precipitate, not

only insoluble in the salt-saturated fluid, but also more or less insolu-

ble in water containing a little acid. It is easily soluble in dilute

alkali and alkali carbonate, and is not precipitated b}' neutralization

with hydrochloric or acetic acid. Addition of acid, however, beyond

neutralization immediately causes precipitation of the caseose.

Protocaseose once precipitated with salt and which on the second

precipitation, failed to separate from the salt-saturated fluid, was

precipitated by a little acetic acid, washed somewhat with watei-,

dissolved in very dilute sodium carbonate solution, neutralized and

then dialyzed in running water for nearly a week. The solution

was then perfectly neutral to test papers and was likewise perfectly

clear. It was evaporated to a syrup and the caseose precipitated

by alcohol. After being washed with alcohol and ether, it was

dried at 105° C. in vacuo until of constant weight, and then analyzed

with the following results:

Protocaseose A 3.

I. 0-3703 gram substance gave 0-2160 gram HoO = 6-48 percent. Hand
0-6500 gram CO, =47-86 per cent. C.

II. 0-4200 gram gave 50*9 c. c. N at 21-2° C. and 765-0"'™ pressure = 14-21

per cent. N.

III. 0-7053 gram fused with KOH and KNO3 gave 0-0418 gram BaSO.

= 0-81 per cent. S.

IV. 4076 gram gave 0-0386 gram ash = 9-47 per cent.

The ash-free substance therefore contained

52-59^^0. 7-17,'^ H. 15-70^,' IT. 0-90^' S.

Like all of the caseose bodies, this contained a large percentage of

ash in spite of its long continued dialysis. The ash was mainly cal-

cium phosphate with some oxide of iron, obtained in part doubtless

from the salt used in precipitation. It is not difficult to see how
protocaseose, piecipitated by salt alone, should take up and retain

semi-mechanically considerable inorganic malter. But in the pres-

ent case, where the great mass of the albuminous substance has been

precipitated by the salt added, it seems somewhat surprising that

the caseose should separate from the clear fluid in the presence of
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considerable acetic acid with such a large percentage of adherent

mineral matter, unless the latter is chemically combined with the

albuminous substance. Oft-repeated and long continued dialysis

appears to have but little influence in diminishing the amount of this

impurity. Our experience has taught us that where the caseoses

have once been brought in contact with lime salts, reprecipitation

and other methods of purification avail but little.

But very little heterocaseose was found in this digestion, not as

much as was found in some of the others, later on. Still, during the

first dialysis of the protocaseose, some little heterocaseose separated

from the fluid, as the last traces of salt dialyzed out.

A. Deuterocaseose.

Deuterocaseose was separated from the filtrate from the first sodium

chloride precipitate of protocaseose, by acetic acid. As a study ol' the

reactions of protocaseose had show^n plainly that this body is never

completely precipitated by salt alone, a little acetic acid was added

to the salt-saturated filtrate, and the precipitate, presumably a mix-

ture of proto and deuterocaseose, thrown away. The remaining deu-

terocaseose was then precipitated by adding about 200 c.c. of a salt-

saturated acetic acid (30 per cent, acetic acid) to the fluid. The total

volume of the mixture was nearly 16 litres. In this manner an abund-

ance of a finely divided precipitate was obtained, which ai first, seemed

insoluble in water and in dilute sodium chloride. It was readily soluble

in water containing a trace of alkali and was not precipitated by

neutralization. On being washed, however, with a saturated salt

solution for some time, the washings were found to have dissolved

considerable of the substance, which could be precipitated from the

solution by strong acetic acid. Further, after being washed with

salt solution, the substance remaining appeared quite noticeably solu-

ble in water. Evidently then, this body on being washed more

or less free from acid, becomes soluble in water to a certain extent,

its aqueous solution then giving a strong reaction with acetic acid

and potassium ferrocyaliide. The great bulk of the precipitate was

therefore washed with saturated salt solution until the washings were

nearly free from acid ; then, having become partially soluble in water,

it was placed in about 2 litres of water, the solution ultimately

saturated with sodium chloride and the caseose again precipitated

by addition of about 20 c, c. of acetic acid. This second precipi-

tate was washed somewhat with salt solution and finally with a

large volume of water. At first, the washings gave no reaction with

Trans. Conn. Acad., Vol. VIL 49 Nov., 1886.
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acetic acid and potassium ferrocyanide, but later on, these reagents

gave a heavy precipitate, showing plainly that the substance was

dissolving. The entire precipitate was thereupon dissolved in very

dilute sodium carbonate, the solution made exactly neutral with

hydrochloric acid and then dialyzed. After remaining in the dial-

yzers for nearly a week the fluid was removed, filtered from some
heterocaseose which had separated, evaporated to a syrup on

the water-bath and precipitated with alcohol. This precipitate

was re-dissolved in water, the solution made exactly neutral to

test papers and again dialyzed. From this solution, the caseose

was finally precipitated by alcohol, after suitable concentration of

the fluid, washed wnth alcohol and ether and dried at 105° C.

in vacuo. The final solution, prior to precipitation by alcohol,

was perfectly neutral and quite clear, showing no evidence of the

presence of any heterocaseose.

The composition of the substance is shown in the accompanying

table.

Digestion B.

In this digestion, 750 grams of freshly prepared casein were mixed

with 4 litres of 0-4 per cent, hydrochloric acid, the mixture warmed

at 45° C, and then 800 c. c. of pure pepsin solution added. The mix-

ture was warmed at the above temperature for one hour and a half,

then neutralized and filtered, and the clear filtrate saturated with

sodium chloride. This precipitate, as in the preceding digestion,

was washed thoroughly with saturated salt solution, then succes-

sively extracted with 10 and 5 per cent, salt solution and finally

with water, leaving a small residue of dyscaseose soluble only in

0*2 per cent, hydrochloric acid. The united filtrates, containing

proto and heterocaseose, were again precipitated with salt and then

treated as described under protocaseose B.

B. Protocaseose.

The protocaseose formed in this digestion and twice precipitated

by salt, was dissolved again in water, filtered through paper and

then dialyzed until no chlorine reaction could be obtained with

silver nitr;?,te. Quite a little heterocaseose separated from the solu-

tion during dialysis, which was removed by filtration. The fluid

was then concentrated, the substance precipitated by alcohol, again

dissolved in water and dialyzed. This time, as no heterocaseose

separated from the fluid, the solution was concentrated, precipitated



388 Chittenden and Painter— Casein and its

4^ O*^'

5^P
« ^M a

^ BO

fq

^^

5 S «
^5 &b

Jz;^-.

£ a
Cm

o g

Wvt



Primary Clear)age Prodxicts. 389

^



390 Chittenden and Painter— Casein and its

with alcohol and the substance finally dried at 105° C. i7i vacuo

(Protocaseose B 1). Its composition is shown in the accompanying

table.

Such portion of the protocaseose as was not precipitated the

second time by salt alone, was precipitated by a little acetic acid.

At first, the precipitated substance was insoluble in water (no reac-

tion with acetic acid and potassium ferrocyanide), but after being

washed with salt solution until the acid reaction had nearly disap-

peared, it then dissolved quite appreciably in water, as evidenced by

the reaction with acetic acid and potassium ferrocyanide. The bulk

of the precipitate, after being washed, was dissolved in a little very

dilute sodium carbonate, the solution made exactly neutral with

hydrochloric acid and then dialyzed until all chlorine was removed

from the solution. The caseose, after concentration of the solution,

was precipitated by alcohol, washed with alcohol and ether and

finally dried at 105° C. in vacuo. The composition of the substance

(Protocaseose B 2) is shown in the accompanying table.

B. Deuterocaseose.

Deuterocaseose was separated from the filtrate from the first

sodium chloride precipitate, in the same manner as in the preceding

digestion. Like A. deuterocaseose, this precipitate was at first in-

soluble in salt solution and in water, but after being washed for

some time with saturated salt solution, it was found to be gradually

dissolved, as shown by the rapid disappearance of the precipitate

and the pronounced reaction with acetic acid and potassium ferrocy-

anide in the wash-fluid. Evidently the acid is easily removed from

the compound by simple washing and when that has been effected,

the substance becomes soluble, or else the acid compound is more

insoluble in water containing a little free acid, than in water or

salt solution alone. Hydrochloric acid and acetic acid seem to

act alike. The substance is readily soluble in dilute sodium car-

bonate and is not precipitated by neutralization, but is quickly

thrown down by a slight excess of hydrochloric or acetic acid. This

compound was not analyzed, but was used in studying the reactions

to be described later. .

Digestion C.

In both of the preceding digestions, the products formed resulted

from the action of an exceedingly vigorous pepsin mixture. In the
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present case, the pepsin solution employed was much weaker and the

pepsin-casein mixture was warmed at 45° C. for several days instead

of hours.

750 grams of casein were employed and 4 litres of 0*4 per cent,

hydrochloric acid, to which was added a reasonable amount of pure

. pepsin solution. About an hour after the addition of the latter the

mass began to gelatinize, and at the end of 18 hours the whole mix-

ture was a perfectly stiiF jelly. Thereupon, 2 litres more of 0*4 per

cent, acid were added together with a little pepsin. The mixture was
then kept at 40-4.5° C. for three days longer. Quite a large residue

of undigested matter remained, semi-gelatinous and soluble only in

alkalies. The mixture was then neutralized and filtered. The
filtrate contained considerable caseose, as evidenced by the heavy

precipitate obtained on saturating a portion with sodium chloride.

In the preceding digestions, the caseoses were separated directly

from the dilute solutions, without previous concentration, thereby

avoiding any possible change due to the action of heat. In the pre-

sent case, however, the perfectly neutral solution was evaporated to

a small volume and then all of the caseoses wore directly precipitated

by saturating the fluid with ammonium sulphate. The precipitate

produced was exceedingly gummy, but was washed as thoroughly

as possible by trituration with a saturated solution of ammonium
sulphate. The caseoses were then dissolved in water, the solution

filtered from the small residue of insoluble matter and saturated

with sodium chloride. The protocaseose so separated was freed from

heterocaseose, etc. by repeated precii^itation and dialysis.

Carbon and hydrogen were determined in a portion of the dried

substance (Protocaseose C 1) with the following results

:

I. 0-5107 gram substance gave 0"3101 gram H20=6'74 per cent. H and
0-9386 gram CO2=50-ll per cent C.

II. 0*4038 gram gave 00194 gram ash = 4-80 per cent.

The ash-free substance would, therefore, contain 52 'Ol per cent, of

carbon and 7*08 per cent; of hydrogen.

In the filtrate from the first salt precipitate, the protocaseose re-

maining was precipitated by the addition of a little salt-saturated

acetic acid. The precipitate after being washed was dissolved in a

little dilute sodium carbonate, the solution neutralized and dialyzcd.

As no heterocaseose separated from the solution, it was concen-

trated and then precipitated by alcohol. After purification by re-

solution, dialysis, etc., it was dried at 105° C. in vacuo and analyzed

with the results shown in the accompanying table (Protocaseose C 2).
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Deuterocaseose was then separated from the filtrate from tlie acetic

acid precipitate, by saturation of the fluid witli ammonium sulphate,

as recommended by Neumeister* for deuteroalburaose. It was then

purified by dialysis, etc., and its reactions carefully studied. So far

as we could see, it diflfered from deuterocaseose A and B in two

respects only, but these points showed so marked a difference it

was plainly evident that the deuterocaseose separated by ammo-

nium sulphate was quite different from deuterocaseose A, separated

by acetic acid. Thus deutero C was not precipitated at all in an

aqueous solution by acetic acid, nor by acetic acid and potassium

ferrocyanide, neither was its aqueous solution precipitated by cupric

sulphate. The significance of these points of difference will be dis-

cussed later on. After studying the reactions, there was not enough

substance remaining for analysis.

Digestion D.

In this digestion, 2 kilos of freshly prepared casein were used,

together with 6 litres of 0*4 per cent, hydrochloric acid and an appro-

priate quantity of strong pepsin solution. The mixture was warmed
at 45° C. for five hours, then neutralized and filtered from the semi-

gelatinous residue.

D. Protocaseose.

The neutral fluid was concentrated to about 1| litres and then

filtered from the slight flocculent precipitate Avhich had formed.

Saturation of the fluid with sodium chloride gave an exceedingly

heavy preci))itnte, somewhat more gummy than usual. The entire

fluid, however, was only partially saturated with salt, with a view

to see whether the precipitate produced iu this manner would agree

wholly with the precipitate produced on complete saturation. Thus

a fractional precipitation was made, in which the first fraction

represents that portion of the caseose precipitated by about two-

thirds saturation ol the fluid with salt. This precipitate was there-

fore filtered oft', washed as usual, dissolved in water and re-precipi-

tated with salt. As dyscaseose was generally foiuid only in traces,

the jnecipitate, after being washed, was dissolved at once in water

and dialyzed until all chlorine was removed from the solution. On
opening the dialyzing tubes, quite a large quantity of heterocaseose

was found adherent to the sides ol' the paper. The clear solution of

* See Zeitschrift fiir Biologic, Band xxiii, p. 381.

Trans. Conn. Acad., Yol. VII. 50 Nov., 1886.
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protocaseose was concentrated, precipitated with alcoliol, tlio precipi-

tate dissolved in water, again precipitated with salt in substance, the

precipitate dialyzcd, this time without showing any heterocaseose,

and finally precipitated with alcoiiol, washed with alcohol and ether

and dried at 105" C. in vacuo (Protocaseose D 1). The product was

analyzed witli the results shown in the preceding table.

On adding more sodium chloride to the first filtrate from the above

precipitate, thereby completely saturating the solution, a second

precipitate of protocaseose was obtained, which was purified in the

same manner as the preceding preparation. The only difference

noticed while" purifying the substance was that, on dialysis, nothing

corresponding to heterocaseose separated from the fluid. After final

washing with alcohol and ether, the substance was analyzed with the

results shown in the accompanying table (Protocaseose D 2).

The difference in the results will be discussed later on.

The original salt-saturated filtrate was precipitated with a little

acetic acid, and the protocaseose so precipitated dissolved in dilute

sodium carbonate. The solution was then neutralized and dialyzed

in ruiniing water until all chlorine was removed. The substance was

then separated by precipitation with alcohol, and ultimately purified

as described previously (Protocaseose D 3). The addition of a little

more acetic acid to the acetic acid and sali-saturated filtrate from the

above, gave a still further precipitate of caseose
;
presumably proto-

caseose with ])erhaps a trace of deuterocaseose, which was filtered

off, washed with saturated salt solution and then freed from acid and

purified in the same manner as the preceding preparation (Proto-

caseose D 4).

The two last products, after beijig diied at 105° C. in .vacno, were

analyzed with the results shown in the following tables.

Comparing these two tables, it is seen that the difference in per-

centage composition of the two ash-free substances is not very great,

and taking into consideration the large percentage of ash, it is proba-

ble that tlic two latter precipitates have approximately the same

composition,

D. Deuterocaseose.

The iiltrate, from which certainly all protocaseose had been re-

moved by acetic acid, and in fact nearly everything precipitable by

acid from the salt-saturated fluid, was treated with ammonium

sulphate in substance. A gummy precipitate resulted, which natu-

rally enclosed considerable salt, and which for purification was dis-
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solved in water and dialyzed until the greater portion of tlie salt was

removed. The solution was tlien coneentrated and the substance

reprecipitated by saturating the neutral solution with ammonium
sulphate. This precipitate, after solution in water, was then dialyzed

until all of the ammonium sulphate was removed, after which the

solution was concentrated and precipitated with alcohol. When
dry, the substance gave by analysis the results shown in the accom-

panjnng table.

This body dilFers from all of the preceding pre])arations, in that it

is not precipitated from an aqueous solution by acetic acid. Neither

is it precipitated at all by the addition of salt in substance ; but the

addition of a little acetic acid to the salt-saturated fluid gives a heavy

precipitate which, however, does not represent all of the deutero-

caseose, since the filtrate gives an additional precipitate with

ammonium sulphate. Apparently about one-half of the substance is

precipitated by acetic acid. Further, the acetic acid precipitate

in this case diifers from the protocaseose precipitate with acid, in that

it is readily and completely soluble in water. This body, therefore,

which certainly must represent pure deuterocaseose, shows a close

resemblance to the pure deuteroalbumose separated by Neumeister.

Like the latter, it does not give any precipitate whatever with cupric

sulphate nor with ferric chloride and only the faintest turbidity with

acetic acid and potassium ferrocyanide.

D. Ileterocaseose.

In each digestion, evidence was obtained at various points in the

process of separation, noticeably on dialysis of the first protoalbumose

precipitate, of the presence of a body insoluble in water but soluble

in .dilute sodium chloride solution. The quantity of the sub-

stance, however, was in most cases exceedingly small, so much so

that nothing more than a few reactions could be tried with it. In

the present digestion, however, the amount was somewhat largei",

and sufficed for a partial analysis. The substance was obtained as a

more or less gummy residue, on dialysis of protoalbumose 1.

It was purified by solution in 10 per cent, sodium chloride and

sei)aration by dialysis. Like lieteroalbumose, the whole of the

substance was not now soluble in salt solution, for a portion had

apparently been converted into a body resembling dysalbumose,

insoluble in salt solution but soluble in 0-2 per cent, hydrochloric

acid.
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Analysis of the dried substance gave the following results :

I. 0-4011 gram substance gave 0'2463 gram H.jO=6-82 per cent. H and
0-7434 gram CO.,=o0-54 per cent, C.

II. 0-4387 gram gave 53-6 c. c. N at 18-6° C. and 7601 mm. pressure
=14-70 per cent. N.

III. 0-4118 gram gave 0-0256 gram ash =6-21 per cent.

The ash-free substance would tlierefore contain

53-88 per cent. C, 7-27 per cent. H, 15-67 per cent. N.

Peactions of the caseoses.

Under this head little need be said. The reactions characteristic

of the albumose bodies in general will apply here. Certain differ-

ences, however, have already appeared in our description of the

processes incident to separation of the caseoses. Protocaseose,

unlike j^rotoalbumose, is precipitated from an aqueous solution by

acetic acid. The precipitation, however, is not complete; satura-

tion of the acid filtrate with sodium chloride, invariably gives an

additional precipitate which is the heavier of the two. Further,

long-continued Avashing of the acid precipitate with water or salt

solution appears to partially remove the acid from the caseose body.

Protocaseose is likewise precipitated from an aqueous solution by
hydrochloric, nitric and sulphuric acids; the precipitate, however, is

far less soluble in excess of sulphuric or nitric acid than in excess of

the other two acids. In very dilute acids, protocaseose is soluble

and is partially precipitated by addition of stronger acid of the

same kind ; thus the substance is readily soluble in 0-4 per cent,

hydrochloric acid, from which solution it is precipitated by the addi-

tion of a little concentrated acid, this precipitate dissolving on the

addition of more acid. Evidently then, protocaseose as fast as

formed by the action of pepsin-hydrochloric acid, would dissolve in

the acid gastric juice and not be mixed with the jelly-like insoluble

residue. Boiled with dilute or strong acid, protocaseose is appar-

ently not changed ; at least no precipitate is obtained on neutraliza-

tion of the acid fluid. The acetic acid solution of protocaseose gives

a very heavy precipitate with potassium ferrocyanide. In an aque-

ous solution of the substance, cupric sulphate gives a heavy curd-like

precipitate, while ferric chloride gives a similar precipitate read-

ily soluble in excess of the precipitant. Like protoalbumose, proto-

caseose is precipitated by saturation of its aqueous solution with

sodium chloride, but never completely ; there always remains in the

Traxs. Conn. Acad.. Yol. VII. 51 March, 1887.
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filtrate, a portion of the substance precipitable only on addition

of acetic acid.

Of the several preparations of deuterocaseose, those precipitated

by ammonium sulphate are evidently the only ones perfectly pure.

Further, it is evident that this substance can be obtained pure only

by complete removal of all protocaseose from the solution, which

implies precipitation of a large portion of the deuterocaseose also,

and then precipitation of the small amount of deutero remaining, by

saturation of the fluid with ammonium sulphate. D deutero, pre-

pared in this manner, shows several very marked points of differ-

ence from protocaseose. In the first place, it is not precipitated in

an aqueous solution by acetic acid. Further, the addition of potas-

sium ferrocyanide to a solution acidified with acetic acid gives no

precipitate whatever. Cupric sulphate and ferric chloride both fail

to produce any precipitate in an aqueous solution. Pure deutero-

caseose, as already mentioned, is not precipitated by saturation of

its aqueous solution with sodium chloride; addition of acetic acid,

however, to the salt-saturated solution gives a heavy precipitate,

which represents perhaps half of the deutero, the remainder of

which is precipitated only by saturation of the fluid with ammonium

sulphate. It is thus evident that in the precipitation of protocaseose

from a salt-saturated solution by acetic acid, more or less deuteroca-

seose will be likewise precipitated, the amount depending probably

on the concentration of the solution and other minor circumstances.

Hence, A deutero is unquestionably contaminated with some proto-

caseose, and on the other hand protocaseose D 3 and 4, and perhaps

protocaseose C 2, without doubt contain some deuterocaseose. Tliat

A deutero contains some protocaseose, is evident from the fact that

it gives a precipitate with cupric sulphate, and further its aqueous

solution is rendered decidedly turbid by acetic acid. Moreover, the

protocaseose precipitated by acetic acid, and which may contain

some deutero, appears to differ in one or two respects from either

proto or deuterocaseose. Thus, an aqueous solution of the purified

substance is precipitated like pure protocaseose by acetic acid, but

the precipitate is only partially soluble in excess of the acid and

even that requires a large excess.

With nitric acid, pure deuterocaseose gives no precipitate, but on

warming the solution the xanthoprotein reaction comes out strongly.

Composition of the caseoses and their relation to casein.

In studying the composition of the various caseoses we have been

hampered by the large percentage of ash invariably present in all of
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Table showing relative composition of the Caseoses,

1

Protocaseose.

A 1 NaCl precipitate

A2 " '*

A 3 Acetic acid precipitate

B 1 NaCl precipitate

B 2 Acetic acid precipitate.

C 1 NaCl precipitate

C 2 Acetic acid precipitate

D 1 NaCl precipitate

D2 " "

D 3 Acetic acid precipitate

D4 " " "

Deuteroeaseose.

A. Acetic acid precipitate.

D. (NH4)2S04

Heterocaseose.

D :

Casein.

Average of Nos. I-VII

c
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the preparations. We have already commented on the difficulty, in

fact, impossibility, of removing certain inorganic salts after they

have once been brought in contact with a caseose body. Repeated

precipitation appears to affect the percentage of ash but little. The

reason for the large percentage of ash lies in the precipitation of the

caseoses from such large volumes of fluid. We thought it unwise at

first, to expose the bodies to the long continued evaporation neces-

sary for precipitation with a small amount of salt. To avoid the

possible danger of change, therefore, the large volumes of fluid

resulting from the several digestions were saturated directly with

salt, and as this involved the use of large quantities, calcium salts

and some iron as impurities in the sodium chloride, were unavoid-

ably introduced. These, the caseoses seemed at once to catch hold

of and retain, in spite of oft-repeated purification. In the digestion

Z>, in which the fluid was concentrated somewhat before precipita

tion, the percentage of ash is seen to be somewhat smaller than in

preparations from the other digestions.

In comparing the composition of the individual protocaseoses (see

the accompanying table) it is seen that two of the bodies show a

content of cai'bon somewhat higher than casein itself, while the

average of all the others, with one exception, shows a content of

carbon a little lower than casein. Leaving out the acetic acid pre-

cipitate C 2, the average of the i*emaining ten preparations of proto-

caseose shows the following composition for this substance;

C
<" Protocaseose 52-89

Casein 53'30

Plainly, the average of our results would indicate that protocaseose

docs not differ essentially in comi)Osition, from the casein from which

it is formed. A slightly smaller content of carV)on is the only notice-

able difference. To be sure the individual results show noticeable

variation in the percentage of carbon, but bearing in mind the large

amount of ash present in the preparations, it is evident that the aver-

age result is of more value than the results obtained in any one case.

As to the lower content of carbon in so-called ))rotocaseose C 2, it is

probable that this body is composed mainly of deuterocaseose. The

two caseoses being precipitated together in this digestion by ammo-

nium sulphate and then separated afterwards from a fairly concen-

trated solution by saturation with salt and addition of acetic acid,

renders it probable that the protocaseose was more completely preciji-

u
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itated than usual by salt alone ; and further, it is probable that

on addition of acetic acid to. the concentrated and salt-saturated

fluid, a much larger proportion of deuterocaseose was precip-

itated. In confirmation of this view it was noticed that the

amount of deuterocaseose obtained by the later precipitation with

ammonium sulphate was quite small ; far smaller proportionally than

obtained in D. That the body contained some pvotocaseose, was

evident from its reaction with cupric sulphate and with acetic acid.

Pure deuterocaseose evidently contains a smaller content of car-

bon than protocaseose. It is equally evident that it is a body

further removed from casein than protocaseose. Its general reac-

tions show a closer relationship to peptone than to casein or the

proto-body. Heterocaseose, on the other hand, judging from

analysis of a single preparation, contains fully as much if not more

carbon than casein itself.

Nearly all of the caseoses show a somewhat higher percentage of

sulphur than casein, but probably the increase (0*1 per cent.) is due

mainly to a trace of sulphate in the ash, not accounted for. Owing

to the large amount of phosphate in the ash of the diflFerent prepara-

tions, phosphorus was sought for only twice. In both of these, how-

ever (protocaseose D 1 and deuterocaseose D), the phosphorus in the

ash was the exact equivalent of the total phosphorus found after

fusion with potassium hydroxide and nitrate. This might indicate

that in the cleavage of casein with pepsin-hydrochloric acid, the

phosphorus of the casein is removed in the form of a phosphorized

body, leaving the thus non-phosphorized matter to break down into

the caseoses. With this thought in mind, we propose to study later

the nature and composition of the insoluble, semi-gelatinous body

separated in the first stage of digestion. We also hope to extend

our work by a study of Weyl's commercial " casein-peptone," pre-

liminary examination of which has shown us the presence in large

quantities of caseoses. In this way and by a somewhat different

method of isolating the individual caseoses, we hope to verify our

present work and at the same time obtain products comparatively

free from ash, with which to establish beyond question the composi-

tion of the caseoses. We are also occupied in a study of pure casein-

peptone, purified according to the method made use of by Kuhne

and Chittenden in the study of fibrin-peptone.
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Influence of Some Organic and Inorganic Sub-

stances ON Gas Metabolism. Bt R. H. Ciiiitenden and

G. W. Cummins, Ph.B.

While much time has been spent during the past few years in

studying the influence of various substances on proteid metabolism,

far less attention has been paid to the effects of these substances on

the consumption of oxygen and the elimination of carbonic acid.

Naturally in studying the influence of any substance on the nutrition

of the body, we need to know not only its action on the excretion of

nitrogen but also its influence on the production of carbonic acid. In

this way only can we arrive at a true understanding of the influence

of the substance on total metabolism, and obtain the necessary data

from which to draw conclusions as to its influence on the consump-

tion of either nitrogenous or non-nitrogenous matter. The difliculties,

however in the way of carrying on consecutive determinations of the

relative amount of carbonic acid eliminated by the lungs are consid-

erable, and in the absence of the necessary respiration apparatus, the

difliculties are greatly increased. We have, however, endeavored to

carry on some experiments in this direction, and although lacking

the ordinary apparatus we have still been able with the means at our

disposal to obtain some interesting results, a portion of which are

simply confirmatory of previous work, while others are wholly new.

The apparatus employed in measuring the amount of carbonic acid

eliminated is shown in the accompanying illustration (see Plate). The

chamber in which the animal was placed during the experiment, was a

bell jar of 32 litres capacity, with ground edge fitting closely upon a

smooth glass plate. This when coated with grease made a perl'ectly

tight joint, but in order to avoid any possibility of error, the jar and

plate were placed in a shallow pan of galvanized iron, and water poured

in to the depth of 2-3 inches, thus insuring a perfectly air-tight joint.

In the top of the bell jar was an opening, closed with a doubly perfor-

ated rubber stopper, through which passed two tubes; one bringing

air into the chamber, the other carrying it to the absorption apparatus.

The inlet tube (to the left of the figure) was prolonged so as to admit

the air nearly at the bottom of the jar, while the outlet tube came

just through the stopper, thus insuring a perfect circulation of air.

Air was drawn through the chamber by means of three aspirators.
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two of whicli liad a capacity of 15 litres and one of 7^ litres. The
three aspirators working together would therefore draw through the

chamber 3 /^ litres of air at every filliog, and the flow was so regulated

that 30 minutes were required to draw that amount of air through

the apparatus. The flow of water from the aspirators was quite regu-

lar, since the inlet tubes went to the bottom and the air had to

bubble up through the water, as the latter ran out, on the principle

of Mariotte's bottle. The rate of flow was regulated by carefully

changing the difference in height between the inlet tube (for air) of

the aspirator and the outlet tube (for water). This of course, at the

outset, was a tedious operation, but when once perfected and the

apparatus permanently set up, the three aspirators ran exactly to-

gether, with a maximum variation of 15 seconds for the half-liour,

which variation, however, was seldom observed. In addition, each

aspirator was marked off" into eight divisions, the last one of which

was equal to only one-half of the others. In the two large aspirators

these divisions indicated exactly the same volume, while in the small

aspirator the divisions represented half the capacity of the former

;

but the flow of water in the latter was regulated to consume the

same amount of time as in the former. Hence four minutes were

required for the water to flow by each of the fii'st seven divisions,

and two minutes for the last, making a total of thirty minutes for the

entire volume of water to flow from each aspirator.

The tube drawing the respired air from the chamber in which the

animal was enclosed, was divided a short distance from the chamber,

as seen in the figure, and two-fifths of the mixed air was drawn

successively through three absorption tubes filled with a standard

solution of barium hydroxide for absorption of the carbonic acid.

The absorption tubes were about two-thirds of a metre long and the

lower tube {a) contained 100 c. c. of a standard baryta solution, the

middle tube (h) also 100 c. c. of the solution, and the upper tube (c)

50 c. c. The amount of carbonic acid absorbed was, at the end of the

experiment, determined by titration with a standard solution of oxalic

acid, using phenol-thalein as an indicator. Two titrations were made,

one of the contents of tube a and one of the contents of the two tubes

b and c. By using the three tubes, absorption of the carbonic

acid was quite complete. In order to aid absorption, the air was

broken into small bubbles by being forced through a small tube dip-

ping beneath the barium hydroxide. Frequent blank experiments

showed that all of the connections were perfectly tight, and further,

all of the tubes being in the same position, that tiie flow of water
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from each aspirator was perfectly uniform, and that the aspirators

could be relied upon to draw the given volume of air through the

apparatus in the time designated without any appreciable variation.

In addition, the two-fifths drawn through the absorption tubes for

determination of the carbonic acid was always exactly two-fifths of the

aspirated air; since tlie aspirators, as already remarked, worked with

perfect uniformity. Any tendency to variation, either in the time,

or in the action of the individual aspirators, was noticed at the

very outset of the experiment, as the water reached the level of the

different marks on the aspirators, and could be at once checked or

controlled by moving slightly the water outlet tube so as to either

increase or diminish the diftereiice in height between the latter and

the inlet tube for air. Theoretically, variations in the temperature of

the water in the aspirators might affect somewhat the volume of air

analyzed, but a constant detei-mination of the temperature of the

water showed such slight variations that they did not seem to justify

us in making any corrections for possible change in the amount of air

aspirated. Naturally, all of the supports for the three absorption

tubes were permanently placed, so that thei'e could be no change of

position ; the tubes themselves placed in the same position in the

holders; the volumes of baryta solution invariably the same, so as not

to increase or decrease the pressure to be overcome; and lastly the

aspirator tubes and stoppers fastened so as not to admit of any change.

With these precautions, the results obtained, both as to the volume

aspirated and the time consumed, were quite satisfactory.

As already mentioned, the total capacity of the three aspirators

was 37^ litres or 5^ litres more than the ca])acity of the bell jar.

This amount of air drawn throngh the chamber in 30 minutes, was

more than enough to supply the largest rabbit experimented on, with

the necessary amount of oxygen. But there must have been a slight

accumulation of carbonic acid in the air of the chamber ; this, how-

ever, was a constant factor throughout the ex|)eriments. Further,

the results obtained, expressed in milligrams of CO^^, do not represent

the total amount of carbonic acid eliminated by the ra1)bit during

the thirty minutes of the experiment, but simply the amount of CO^

contained in the 3*7^ litres of air aspirated during that time. Such a

result, however, ought certainly to show just as plainly any influence

on the elimination of carbonic acid, as a determination of absolute

quantity and thus be equally valuable as an indication of influence or

lack of influence on the gas metabolism of the body. Further, the

results thus obtained ought to exjiress equally as well, the comparative

action of the various substances experimented with. ,
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In every experiment, the time at whicli the animal was introduced

into the bell jar was exactly noted and then two minutes were allowed

before starting the aspirators, to make all of the connections proj^erly.

The rabbit was therefore under the bell jar, in each determination of

carbonic acid, for exactly thirty-tw^o minutes. The aspirators were

started simultaneously and their progress carefully watched, in order

to check any slight irregularity that might show itself.

The animals expeiimentcd \y\t\\ were wholly rabbits, and prelimi-

nary trials showed us plainly that it was very necessary to have

them in a condition of hunger during the experiment, in order to

avoid the irregularities incident to change in digestion. Further,

we soon found that this was best accomj^lished by depriving the

animal of food for three days, after which the experiment was
commenced and allowed, as a rule, to extend through three con-

secutive days, the animal being deprived of food during the entire

period. On the first of the three days, eight determinations of

carbonic acid were made and the results obtained were used as a

control, with which to compare the results obtained on the two fol-

lowing days, when the animal was being dosed with the substance

experimented with. This, as a rule, we found to be the most satis-

factory method of procedure, since small differences could not be

relied uj^on as expressing anything of importance ; for the varying

restlessness of the confined animal, involving more or less muscular

activity, would many times lead to variations in the amount of car-

bonic acid excreted, as may be noticed in the control experiments on

those days when the animals were not dosed. Hence, the average of

several consecutive results must necessarily express more correctly

the average elimination of carbonic acid than any single result.

Further, we deemed it better to allow the experiments to extend, as

a rule, over several days and thus study the action of small, repeated .

doses of the various substances rather than to observe the effects of

a single large dose, where violent action might naturally be expected.

The following table of results illustrates the way in which our

experiments have been conducted, and at the same time shows the

extent of variation, in the amount of carbonic acid, to be expected

under normal circumstances from day to day. In this experiment,

the rabbit had been deprived of food for three days, and the results

show the amount of carbonic acid in the 3 7
'5 litres of aspirated air

for four distinct periods, during the fourth and fifth days. As already

stated, the total amount of baryta solution employed in the three

absorption tubes was 250 c. c, of which 100 c. c. were used in the first

Trans. Conn. Acad., Vol. VII. 52 March, 1887.
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or lower tube (ii), while the remainder was used in the two other

tubes b atid c. Several solutions of oxalic acid were employed, the

average strength of which was such that 1 c. c. equaled about 20

mill! <rrams of carbonic acid.

Time.
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A study of the first results shows plainly a decided action on the

part of the uranium salt. The influence of the salt, however, mani-

fests itself somewhat slowly, and it is not until the third day that its

action becomes very pronounced, when the increased excretion of car-

bonic acid becomes very noticeable, accompanied with a slight rise

in temperature. The first action of the uranium appears to cause a

diminution in body temperature and in the amount of carbonic acid

eliminated. The total amount of uranium salt given was quite large

(ri75 grams in divided doses), and although no especial toxic symp-

toms showed themselves, the animal died on the day following the

conclusion of the experiment.

A second series of experiments was tried, using smaller amounts

of uranium nitrate and extending through four days, the results of

which are also shown in the accompanying tables. The rabbit was

deprived of food for four days prior to commencing the experiment.

The amount of uranium nitrate given was considerably smaller than

the quantity employed in the first series of exi^eriments, and the

animal did not' suffer any permanent ill effects from its use. The

following table shows the avei-age daily result, expressed in milli-

grams of CO2 contained in the o7'5 litres of aspirated air, together

with the average body temperature.

May 3.

" 4.

" 5.
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First Series of Experiments with Uranium.

Normal period, without uranium nitrate.
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With uranium nitrate—continued.

413
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Second Series of Experiments with Uranium.

Normal period, without uranium.

May 4.

A. M.

8:50 to 9:20

9:49 to 10:19

10:44 to 11:14

11:37 to 12:07

I'. M.

1:56 to 2:26

2:48 to 3:18

3:41 to 4:11

4:32 to 5:02

Average,

Normal period—continued.

Date.
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With uranium nitrate.

415

Date.
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Experiment with Cupric Sulphate.

Normal period, without copper.

Date.
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With cuprie sulphate—Continued.

417

Date.
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of these two days for comparison, it is seen that the action of the

uranium is somewhat slow, but that it produces on the first day

(May 5) a noticeable rise in temperature, without any appreciable

change in the elimination of carbonic acid. The full effect of the

uranium, however, shows itself on the day following the last dose

of the salt, and we then see the same noticeable increase in the elim-

ination of carbonic acid noticed in the first series of experiments.

We have to conclude, then, that uranium nitrate, when taken in

sufficient quantity, tends to raise materially the body temperature

and to increase very noticeably the excretion of carbonic acid.

Action of ciqyric sulphate.

Falck, as quoted by Dr. H. C, Wood,* has found that cupric sul-

phate acts upon dogs, pigeons, rabbits and similar animals as an

irritant, neurotic poison
;
producing great depression of temperature,

with progressive general paresis ending in death, apparently from

failure of respiration. Our experiments on rabbits show a marked

influence of the salt in depressing body temperature and a still

greater influence in diminishing the production of carbonic acid.

The results of one experiment are shown in the preceding table.

Although but 130 milligrams of the copper salt were used altogether,

the animal finally died on the day following the conclusion of the

experiment.

Action of arsenious oxide.

C. Schmidt and Stilrzwagef have shown by experiments on cats,

that arsenious acid tends to produce a noticeable diminution in the

excretion of both nitrogen and carbonic acid. Voit, however, has

pointed out that in these experiments, the diminished excretion de-

pends sim})ly on the loss of a large portion of the food by vomiting,

and BolckJ has shown that small doses of arsenious oxide given to

hungry dogs, is wholly without influence on the decomposition of

proteid matter. With large, toxic doses of arsenic, Gahtgensg and

Kossel
II

have shown that a very noticeable increase in the elimina-

tion of nitrogen takes place. These facts constitute about the sum

* Therapeutics, Materia Medica and Toxicology, p. 4G.

f Moleschott's Untersuclmugeu, vi, p. 283.

X Zeitsclirift fiir Biologic, vii, p. 430.

§ Ccntralblatt f. Med. Wissen., 1875, p. 529.

II
Arcliiv. f. expcr. Path. \\. Pharin , v, p. 128.
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total of our knowledge regarding the action of arsenic on tissue

changes.

Our experiments were made with rabbits in a condition of hunger,

deprived of food for three days prior to the experiment, and the

results appear to show that arsenious acid, in the case of rabbits, has

a tendency to diminish the excretion of carbonic acid, presumably

through its action on the metabolic activity of the tissue cells. Tlie

amount of arsenic given was quite small and the animal seemed

wholly unaffected by the poison.

Action ofpotassium antimony tartrate.

Voit* states that antimony in large doses affects proteid metabo-

lism in the same manner as arsenic, and since Saikowsky has shown

that both arsenic and antimony tend to produce a fatty degeneration

of the various organs, in which presumably the fat is formed from the

decomposition of pi'oteid matter, the non-nitrogenous moioty of the

albumin molecule being stored up as fat instead of being burned to

carbonic acid, it seems natural to expect that these two substances

when taken in large quantity at least, should like phosphorus diminish

both the consumption of oxygen and the elimination of carbonic acid.

With rabbits our results with antimony certainly lead to this con-

clusion. Even small doses of tartar emetic quickly lead to a dimin-

ished excretion of carbonic acid and also to a noticeable fall in tem-

perature. In the first series of experiments, the results of which are

shown in the accompanying tables, the excretion of carbonic acid fell

from 363'6 milligrams per 37'5 litres of aspirated air to 203'8 milli-

grams and with a fall in temperature of Irom 39° C. to 34*6* C. The

total amount of tartar emetic given was 82 milligrams.

In the second series of experiments, where as before, the rabbit had

been deprived of food for three days prior to the experiment, still

-

smaller quantities of antimony were given with even more pronounced

results, both in the diminution of carbonic acid and in the depression

of temperature. Thus while in the normal period the excretion of

carbonic acid amounted to 396 milligrams per 37'5 litres of aspirated

air and with a normal temperature of 38-6° C, tartar emetic (0-055

gram) given in divided doses reduced the carbonic acid to 106*5 mil-

ligrams per 37*5 litres of aspirated air and the temperature to 27*0° C.

Ackermannf has already called attention to the great decrease in

animal heat produced by antimony, notably in the case of rabbits.

* Hermann's Handbuch der Physiologie, Band vi, p. 184.

f See H. C. Wood, Therapeutics, etc., p. 158,
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Experiment with Arsenious Oxide.

Normal period, without arsenic.

Date.
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With arsenious oxide—continued.
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Date.
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First series of experiments with Antimony.

Normal period, without tartar emetic.

Date.
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Second series of experiments with Antimony.

Normal period, without tartar emetic.
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With tartar emetic—continued.

Date.



and Inorganic Substances on Gas Metabolism. 425

Action of morphine sulphate.

Boeck and Bauer* have already made a careful study of the action

of morphine on the elimination of carbonic acid and the absorption

of oxygen. By experiments on a cat and on a dog they found that
the action of morphine on metabolism was mainly an indirect one,

affecting especially the consumption of non-nitrogenous matter.

Further, that its action hinged mainly on its power of affectino- mus-
cular activity

; thus in the case of a cat the first action of morphine
was to increase the elimination of carbonic acid and the consumption
of oxygen, due to the increased muscular activity induced by the

poison, while in the case of a dog, where narcosis was half induced,

there was a diminution in the amount of carbonic acid eliminated

amounting in one case to 27 per cent. This diminished excretion

was due almost wholly to the quieting action of the morphine and
was followed by an after period in which there was increased produc-

tion of carbonic acid, due to the increased activity of the muscle
tissue.

In these experiments the dose of morphine was 0-05 gram, in the

form of chloiide, and was introduced by subcutaneous injection. The
injection of the poison was followed soon after by convulsions, etc.,

indicating vigorous toxic action. In our first series of experiments

we endeavored to have the toxic action less pronounced, and for this

reason the morphine was introduced by way of the mouth in repeated

doses, the experiment extending through three days and into the

fourth. The rabbit was deprived of food through the entire period

and had also been kept without food for three days prior to the

experiment. The data are to be found in the accompanying tables.

The results do not show any very marked action, either on the

excretion of carbonic acid or on the body temperature. At no time

was there any noticeable indication of increased muscular activity,

the rabbit remaining fairly quiet in the chamber and showing no

symptoms of tetanic convulsions. On the other hand there was no

very profound narcotism. A study of the individual results, how-

ever, shows that directly after each dose of morphine, the excretion

of carbonic acid fell quite noticeably for one or two periods. Such

action as was produced, therefore, in this experiment, is to be consid-

ered simply as incidental to the semi-somnolent condition of the

animal.

In a second shorter series of experiments with a rabbit, one single

* Zeitschrift fur Biologie, Band x, p. 339.

Traxs. Conn. Acad.. Vol. VII. 54 March, 1887.
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First Series of Experiments with Morphine.

Normal period, without morphine.

March 25.

A. M.

8:51 to 9:21

9:53 to 10:23

10:47 to 11:17

11:44 to 12:14

p. M.

2:01 to 2:31

3:08 to 3:38

4:04 to 4:34

4:37 to 5:27

Average,

With morphine sulphate.

11-7
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large dose of morphine sulphate was given, and given by hypo-

dermic injection. In this case, as before, tliere was no increased

muscuhxr activity, but there was a sudden and rapid fall both in tem-

perature and in the amount of carbonic acid excreted, the latter of

which was still quite pronounced on the following day, although the

temperature has gone back to normal. This diminution in carbonic

acid was accompanied by a profound narcotism, the animal lyiug

almost motionless and with a respiration ranging from 8 to 20 per

minute. The results, which are to a certain extent corroborative

of Boeck and Bauer's, are shown in the accompanying table:

Second Series of Experiments with Morphine.

Normal period without morphine sulphate.
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ical action. In this connection, the action of quinine on proteicl

metabolism has been very thoroughly investigated, but as to its exact

influence on the decomposition of non-nitrogenous matter, as shown
by its efiects on the elimination of carbonic acid, there is less una-

nimity of opinion. This is naturally a point of considerable import-

ance for if, as is generally supposed, the alkaloid has the power of

diminishing body temperature, it would presumably be due to its in-

fluence on the combustion of non-nitrogenous matter in the body.

Ranke, Kerner, von Boeck and others have plainly shown the power

of quinine to diminish proteid metabolism, but Strassburg, by an

elaborate series of experiments* found that the alkaloid had no very

decided effect upon the elimination of carbonic acid, either in healthy

or fevered rabbits.

Boeck and Bauer,f how^ever, from experiments on cats, claim that

quinine in the first stage of its action diminishes somewhat the pro-

duction of carbonic acid, owing to its inhibitory action on the tissue

cells ; but when large doses of quinine are given, so that con-

vulsions appear, then there is an increased production of carbonic

acid, owing to the greater decomposition of non-nitrogenous matter

incident to increased muscular activity. With small doses of the

alkaloid, it is to be presumed that the slight diminution in carbonic

acid noticed by Boeck and Bauer comes simply from diminished

proteid metabolism.

In our experiments, rabbits only were used and these in a con-

dition of hunger, having been deprived of food for three days prior

to the experiment. In the first series of experiments, the total

amount of quinine given was quite large, so that at last the animal

finally died from its effects. No decided action on the production of

carbonic acid was noticed until just before the animaPs death,

when both the body temperature and the amount of carbonic acid

fell quite noticeably. On the second day of the experiment, when

the quinine was first being given, the body temperature, as taken per

rectum, fell quite gradually until it finally reached a point 1 -5 " C.

below the average of the normal period. The results of the experi-

ment are to be seen in the accompanying tables. The quinine given

w^as in the form of hard, gelatin-coated pills and possibly was not as

rapidly absorbed as might otherwise have been. At no time was the

rabbit in convulsions.

* Quoted from Dr. H. C. Wood, Therapeutics, p. 75.

t Zeitschrift fiir Biologie, Baud x, p. 350.
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First Series of Experiments with Quinine.

Normal period, without quinine sulphate.
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Second Series of Experiments with Quinine.

Normal period, without quinine sulphate.
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Third Series of Experiments with Quinine,

Normal period, without quinine sulphate.
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Experiment with Cinchonidine.

Normal period, without cinchonidine sulphate.

Date.
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In the second series of experiments, smaller doses of quinine were

employed, so that no special toxic action was observed. In this case

there seemed to be a gradual falling oft in the amount of carbonic

acid produced; such a decrease as might be assumed would naturally

result from diminished proteid metabolism.

The results are shown in the accompanying tables.

The body temperature, as determined per rectum did not show any

change whatever under the influence of this quantity of quinine

(total dose 1-575 gram of quinine sulphate). There does not appear

to be any proof that moderate doses of quinine lower the body

temperature of healthy animals or even man, and Kerner found in

his experiments that a full dose of quinine given to a healthy man

Avould prevent the usual rise of temperature resuUing from vigorous

exercise, but did not affect the temperature under ordinary circum-

stances. Liebermeister* has also reported that the alkaloid has no

constant depressing action on the bodily heat in health.

Two other short series of experiments were tried with quinine, also

with rabbits in a condition o( hunger. In both of these cases the

quinine was introduced by sub-cutaneous injection in the form of

sulphate. In both cases there was a slight fall in temperature,

accompanied with a noticeable decrease in the amount of carbonic

acid eliminated, directly after injection of the quinine. This effect,

however, was only temporary, for the temperature quickly rose

to the normal, and even somewhat above the normal point, while

the carbonic acid in the third series came quite back to the normal

and in the fourth series remained only a little way below.

It would appear, therefore, from our experiments, that in a healthy,

hungry rabbit moderate doses of quinine sulphate exercise at the

most only a very slight depressing influence on body temperature,

and have but a minimum effect on the production of carbonic acid.

Action of clnchonidine sulphate.

Previous experiments f on man have shown that cinchonidine has

the power of lessening materially the elimination of niti'ogen, pre-

sumably through its inhibitory action on proteid metabolism.

Cinchonidine is supposed to have much the same physiological

action as quinine and cinchonine, only weaker. Our present experi-

* Deiitsch. Archiv fiir Klinische Mediciii, Band iii.

\ See Chittenden and Wliitehouse, Studios from the Laboratory of Physiological

Chemistry, vol. i, p. 1G4.
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ments with the alkaloid, using quite large amounts of the sulphate,

show a somewliat ditferent action from quinine. Using a laro-e rab-

bit, without food for three days, and giving it by way of the mouth,
in gelatin capsules, large doses of the alkaloid, there was a very

noticeable and constant rise in temperature up to the very time of

death, accompanied by a slight but gradual diminution in the amount
of carbonic acid given off. In all, 1-575 grams of cinchonidine sul-

phate were given ; an amount exactly equal to the quinine sulphate

given in the second series of experiments with quinine. With cin-

chonidine, however, the rabbit was much prostrated, showed symp-

toms of tetanic convulsions, and finally died in a vigorous tetanic

spasm at the end of the second day.

The results are shown in the preceding table.

Action of Antipyrine.

Antipyrine or dimethyloxychinicine has of late been much experi-

mented with. Among the many statements which we have seen

recently concerning its action are the following, which are of interest

in this connection. Ardiiin* found that 3 grams given to a rabbit

produced cataleptic stiffness, diminished reflexes, etc., followed by

violent convulsions. There was also a very marked fall of bodily

temperature. Anseroff,f by experiments on animals, found that the

alkaloid caused an increase of blood pressure and a decrease of intei'-

nal temperature, as shown by a thermometer in the rectum, but a

considerable rise in the external temperature, sometimes as much as

12° C. PavlinofF| has reported that antipyrine produces a very con-

siderable quickening of the respiration, while Dr. Walter, of St.

Petersburg,§ is reported as having found that the alkaloid while

reducing febrile temperature, also reduces nitrogenous tissue changes
;

and further, that the assimilation of proteidsis materially favored by

the drug. F. Miiller
||
has also found that in fever antipyrine dimin-

ishes the excretion of nitrogen. Coppola,!^ however, states that in the

case of a dog, 0'3-0-4 gram of antipyrine was wholly without action

on its excretion of nitrogen. Coppola has further found that the

* Abstract m Therapeutic Gazette, 3d series, vol. i, p. 677.

f Abstract in Therapeutic Gazette, 3d series, vol. ii, p. 3 1 5.

X Abstract in Therapeutic Gazette, 3d series, vol. ii, p. 339.

§ Abstract in Therapeutic Gazette. 3d series, vol. ii, p. 53.

II

Jahresbericht Mr Thierchemie, xiv, 242.

Tf Jahresbericht fiir Thierchemie, xv, 97.
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First series of Experiments with Antipyrine.

Normal period, without antipyrine.

Date.
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alkaloid not only has a noticeable antipyretic action in conditions of

fever, but also reduces the temperature in healthy organisms. The
extent of reduction, however, is not great, ranging only from 0*1 to

0*6 of a degree. Further, the diminution in temperature is to be

ascribed, according to Coppola, not to diminished metabolic activity,

but to increased giving up of heat, due to dilatation of the blood-

vessels by the antipyrine. Jaciibowitsch * also claims for antipyrine

an inhibitory action on the excretion of uric acid. So far as our

knowledge extends, however, no experiments have been tried as to

the influence of this therapeutic agent on the production of carbonic

acid.

Our experiments have been confined wholly to rabbits, and those

in a condition of hunger. In the first series of experiments, during

the antipyrine period, the alkaloid was given in large and oft-repeated

doses, in the form of powder, in gelatin capsules, at follows:

laj
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Second series of Experiments with Antipyrine,

Normal period, without antipyrine.

A. M.

8:53 to 9:23

9:50 to 10:20

10:43 to 11:13

11:40 to 12:10

p. M.

2:15 to 2:45

3:12 to 3:42

4:11 to 4:41

5:05 to 5:35

Average,

9-9
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flisccrnible action on the excretion of carbonic acid. Furtlier, the

alkaloid did not noticeably lower the body temperature until toward

the close of tlie second day, when the quantity given had reached an

amount nearly sufficient to produce a fatal result. We have then to

conclude that antij)yrine, at least in therapeutic doses, has no special

influence on the production or elimination of carbonic acid by the

rabbit.
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—

New^ England Si'ideks of the Family Cinielonid.e.

By J. H. Emerton.

The spinning organs of the Ciniflonidib differ IVoiu those of all

other spiders. They have in front of the usual spinnerets an ad-

ditional spinning organ, the crihelhini^ with spinning tubes like the

other spinnerets, but much finer, and they have on the metatarsus of

eaeh hind leg a row of stiff hairs, tlie calmnistrtim, by which the

thread is combed from the cribellura in a loose curly band. This

band of loose thread forms part of every cobweb made by these

spiders (PL x, fig. 1,^.) and is easily distinguished in now webs by its

width and white color and in old webs by the amount of dust which

it collects.

The feet have three claws and some species have a few curved

and toothed spines under the claws, like Epeiridm and Tlierididm.

The tracheae are large and open in a wide slit in front of the

cribellum.

The colors are generally dull brown and grey. A double row of

oblique light markings on the back of the abdomen, which shows

most distinctly in Amaurobhis, is in a modified from the usual mai'k-

ing of the abdomen throughout the family, often varying greatly in

shape in the same species.

These spiders were first placed together in one family by Black

Willi, who in 1839 noticed their peculiar webs and spinning organs.

Before that time they had been scattered among various families

according to their size, form, and habits. They have been treated in

the same way by Thorell in his book on the genera of European

spiders, and by Menge in the spiders of Prussia. Simon divides the

French species into two families, Dictynidm and ITloboridm. Bert-

kau in his latest revision of the fatnily, in 1882, carries the division

into families still further and unites them all into a sub-order,

(Jrlbellata.

I have followed Blackwall in considering the group as one family,

and use his name Giniflonidm. The sub-family TJloborinm of Thorell

J. Blackwall. On the number and structure of the maramulir employed by spiders

in the process of spinning. Trans. Linn. See. London, vol. xviii, 1839.

P. Bertkau. Cribellum and Calamistrum. Archiv fiir Naturgcschichte, 1882.

July, 1888.
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I use in the same sense, transferring it from the Epeiridoti to this

family.

Several of the spiders described by llentz under the name of

Theridion are jtrobably Dictyua. Of these, T. sitblatur/i, morologwm,

and ^/b^/ace?«rt belong to this genus without much doubt, though I

cannot identify them with any species here described.

Blackwall mentions among spiders from Canada, Ergatia (Dictyna)

diligens, var. aujiidipes, Ann. and Mag. of Nat. Hist., 18V1.

B. G. Wilder describes the webs and habits of Hyptiotes cmmtus

under the name H. Americaims, in Popular Science Monthly, 1875.

E. Keyserling has described in Transactions of the Zool. Botan.

Gesellschaft of Vienna, 1881 to 1884, the following species : Dictyua

sedentaria. Baltimore, Coll. of L. Koch. D.'vulvpis, Museum, Cam-
bridge, Mass. D. volitcripes, Museum, Cambridge, Mass. D. foli-

ata^ Colorado, Vienna Museum. U. mttatn., Washington, D. C, War-

saw Museum. D. anindiuaceoides, Canon City, Colorado, Coll. of

G. Marx.

Dictyna Snndevall.

The genus Dictyna is composed of small spiders that live in loose

W/felos ot various shapes on fences and on plants, especially on the

ends of stalks and among the flowers of /Solidago, iSpircea, and

other slender plants with clusters of small flowers.

The head is genei-ally high, but not so wide as in Ammirobins-

The scernum is very wide and convex and the labium large, often

nearly as long as the mandibles. The trachejc are large and the

opening generally distinct. The ditterence between the sexes in

most species is very great. 'I'lie male palpi are very large and the

])al[)al organs conspicuous. The tibial joint; of the male palpi has on

the outer side a process with two short spines. The mandibles of

the males are bowed outward (Plate ix, fig. 2d) and are much longer

than those of the female. They are bent forwai'd at the tips, and at

the base of each mandible is a short tooth projecting forward.

Plate IX, fig. 'lb.

The colors are usually dull yellow and brown covered with white

or gray hairs. The ce[)lialothorax is usually lighter in front and

dark at the side, and the abdomen has a double row of light mark-

ings in the middle on a dark ground, but these markings are ex-

tremely variable even in the same species. PI. ix.

The webs of Dictyna usually radiate irregularly from a hole or

hiding place where the S})ider hangs. Some species, living on walls.
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make a round patch of web with the hole neai' tlie center, but usually

the sljajje of the web depends on that of the plant on which it is

made. Tiie principal threads of the web, if they are parallel or

radiating slightly, are often crossed by a number of parallel short

threads, like a segment of a web of Epeira (PI. xi, tig. 3) and the

curled band is carried l>ack and forth on these as in the figure of

the web of Aniaarohiiis. PI. x, I//.

Dictyna muraria, new sp.

Pr,. IX, FIGURES 1 TO \(J.

Length about 3""". The cei)halothorax is dark brown, a little

lighter on the top of the head with a few gray hairs in longitudinal

rows. The abdomen resembles that of D. volucripes Keys, Init the

middle dark markings are wider in front and more broken behind.

In the middle of the front half is a wide dark patch, extending about

to the middle of the abdomen. Behind this are two rows of dark

spots connected by transverse lines, more or less complete, forming

an Epeira-like marking. PI. ix, figs. 1 to \e.

The markings of this species and of volucripes vary greatly, so

that they often cannot be distinguished by them. The metatarsus

of the hind legs is nearly straight, not so much curved as in voh^-

cripes.

The males are darker, but usually have the same markings. Their

abdomen is smaller than that of the females, but the cephalothorax

is fully as large. The male palpi resemble those of volucripes Keys.

The tibia is similar in shape, but is proportionally longer, and the

two-spined process shorter than in volucripes. PI. ix, I
J",

1 g.

This spider is found all over New England. It is the most com-

mon species on fences, but is found also on plants, and, in winter,

under leaves. It sometimes tries to fly, oftener in the spring than in

the fall, which is the usual flying time of most spiders. I have si)eci-

niens from Mt. Washington, N. II.; Portland, Me.; Salem, Mass.;

Albany, N. Y.; New Haven, Conn.; Wood's lioU, Mass.; and several

places around Boston.

A female in the Museum of Zoology, Cambridge, Mass., named by

Keyserling, D. arundinaceoides Keys., is perhaps this species. It

has the abdomen very much distended, so that the epigynum shows

much plainer than usual. The spider first described by Keyserling

as D. arundinaceoides came from Colorado, and I have not seen it

and do not feel sure enough of its identity to adopt the name for this

species.
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Dictyna VOlucripeS Keyserlin^^ Zool. Botau. Gesellschaft, Vicjima, 1882.

Pi,. IX, FIGURES 2 TO 2/ AND Pl. XI, KIGUUE 3.

Female, 3-5""" long or longer. The male is nearly as large, but

the cephalothorax is larger and the abdomen smaller.

The cei)halothorax is dark reddish brovv^n, and partly covered with

white or gray liairs, most of them arranged in several lines from the

dorsal groove to the eyes.

The abdomen hae an irregular dark figure in the middle, narrow in

front and widening backward. On each side of this is a light gray

area, which becomes yellow in alcohol, and below these the sides

and under surface of the abdomen are dark brown with some light

markings. The abdomen is covered with gray hairs which modify

the color. The legs are brown, usually lighter than the thorax, and

covered with gray hairs.

The male is a little darker than the female. The male palpi are

short, aiid large at the end. The patella is as wide as long. The

tibia is a little longer than the patella and widened on the outer side

at the distal end, so as to be as wide there as long. The two-spined

process is as long as the tibia is wide, and is on the upper side of the

tibia. The tarsus and palpal organ are large. PI. ix, figs. 2e, 2f.

The two spinod process varies in form. It is usually curved forward,

bnt in some specimens is nearly straight.

This species lives most commonly in thick and irregular webs on

the ends of plants. The dried tO})S of Splrcea and Solidago are

favorite places for it. It also lives occasionally on fences. All over

New England.

Dictyna longispina., new sp.

Pl. IX, FIGURE 4.

This species resembles volucripes, but is a little smaller. The

markings of the abdomen are similar, but the ce]jhalothorax and legs

are lighter and redder.

The plainest difference of this species from the others is in the

shape of the tibia of the male })alpus. This is very long, as long

as the femur, and stouter. The two-spined process is as long as

the tibia, and extends backward nearly parallel to it. Pl. ix, tig. 4.

The ]»al]>al organ extends farther backward than usual. The end of

the tube and the accompanying process extending in a spiral nearly

to the base of the tibia.

A young female, similarly marked and colored, accompanies the

male and is probably the same species.

Meriden, Conn., one male and one female.
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Dictyna bostoniensis, new sp.

Pl. IX, FIGURES 3 TO M.

This is a rather large species, measuring 4""" or more in length,

Itut the cephalothorax is small and the abdomen much larger than

in most species. The legs are whitish. The cc])halothorax of the

female is the same color in the middle, but darker and streaked

with radiating brown lines on the sides. The abdomen is white

with gray or black markings. PI. ix, figs. 3^, 3c, 3f?. In the mid-

dle of the front half of the abdomen is an irregular dark stripe

extendinor over the first and second segments. Behind this are two

rows of irregular spots, about one-third the width of the abdomen

apart. The sides are marked by a few dark spots in broken ob-

lique lines. The sternum and under side of the abdomen are white,

with a few irregular dark spots. The spider resembles a piece of

bird dung.

The cephalothorax of the male is larger and darker colored.

The male palpi are "short and slender. The tibia is short and as

wide at the distal end as it is long. The two-spined process is short

and on the outer side. The tarsus and palpal organ are small.

PI. IX, fig. 3a.

In 18V3, this spider lived in great numbers on the iron fence

around the public garden in Boston, making webs in corners, with

an open tube in which the spider stood. Single specimens were

found in Beverly and Brookline. In 1 88G, it was rare on the pub-

lic garden, but common on the fences of the Back Bay park on

Beacon street. I have not found it in other parts of New England.

Dictyna minuta, new sp.

Pl. IX, FIGURES 5, 5a.

About 2"°' long. The markings are like those of D. inumria,

but the colors are lighter and redder than in that species, and the-

only two specimens are much smaller.

The legs are very light brownish yellow, darker toward the

base. The sternum and labium are reddish brown, and both are

large and wide in proportion to the size of the spider.

The tibia of the male palpus is about twice as long as the pa-

tella, and nearly straight. The two-spined process is short and

turned slightly forward. The spines are large and black. The

point of the palpal organ is long and slender and twisted loosely.

In both specimens it reaches backward half the length of the tibia.

Pl. IX, figs. 5, 5rt.

Two specimens only, from Hamdcn, Conn., and Providence, R. I.
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Dictyna rubra, new sp.

Pl. IX, PFGURE 7.

Female 2'5'"'" long. The color is more red than in the other

species. The cephalothorax and legs are light orange-brown. The

abdomen is darker reddish brown, with several yellow cross lines on

the hinder half, and in some individuals a yellow patch on the front

half. The sternum, maxilhis, and mandibles are light, like the legs.

The male palpi are moderately large. The tibia is a little longer

than wide, and as thick at the base as at the tip. The two-spined

process is on the upper side of the tibia, close to the base. It is as

long as the tibia is thick. The tarsus is small. PI. ix, fig. 7.

The abdomen is more pointed behind than in most species.

It lives on plants, but I do not know its web. Common in eastern

Massachusetts and around New Haven, Conn.

Dictyna cruciata, new sp.

Pl, TX, figures 6, 6a.

This is the lightest colored species. The cephalothorax of the

female is yellowish white in the middle and light l)rown at the sides.

In the male the whole cephalothorax is dull yellow.

The abdomen is white in the middle, the color spreading down the

middle of each side, forming in many individuals a cross-shaped

marking (Pl. ix, fig. 6). The sides are light brown. The legs are

yellowish white.

The male palpi are large and the palpal organs wide. The tibia is

short, not much longer than wide, and the two spines are short and

on a low process of the tibia. Pi. ix, fig, 6rt.

Eastern Mass, ; New Plaven, Conn.

Dictyna VOlupiS Keyserling, Zool. Botan. Gescll.. Vienna, 1SS2.

Pl. T.N, KiGUKES 8 to 8f.

This is one of our most common spiders througlunit the suinnu>r.

It lives under leaves and between the twigs of trees and shrubs of

all kinds, making small and thin webs,.

The female is about 3""" long. The legs and front part of the

cephalothorax are yellowish white. The sides of the cephalothorax

are brown. The abdomen has usually an ii regular light yellow

marking in the middle and is light brown or reddish at the sides.

PI. tx, fig. 8. Some individuals are without the yellowish marking

on the back and have the abdomen brownish all over, covered with

whitish hairs. The reddish markings all become redder in alcohol.

The sternum and under side of the abdomen are light yellow.
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Tlie colors of the male are very different. The whole cephalo-

tjjorax is orange-brown, not niucli darker at the sides. Tlie abdomen
is reddish brown, darker tlian in the female, with only a little yellow
in the middle, and sometimes none. The legs are darker yellow

than in the female.

The males and females are about the same size, but differ in form

as much as they do in color. The front of the head is low in l)otli

sexes, and rises backward to its highest point midway between
the eyes and the dorsal groove. In the males the mandibles are so

long that the distance from the top of the head to the end of the

mandibles is as great as the length of the cephalothorax. The male

mandibles are concave in front and bowed widely apart in the mid-

dle. Even the females liave the mandibles a little concave in front.

The male palpi are long and large. The tibia is twice as long as

wide ; thickened at the end, and curved downward. The two-spined

process is short and a little in front of the base of the tibia. PI.

IX, fig. 8c.

The palpal organ is unusually lai'gc, and the long tube can be seen

passing around it under the edges of a large thin appendage. PI, ix,

fig, 8«, Sh.

The webs are spread under leaves or between twigs.

I have twice seen the pairing of this species. In one case the

female stood across a forked twig and the male reached up from

below, his head being under hers and his mandibles parallel to her

sternum. In the other the male and female stood head to head

in the web, the cephalothorax of the female being tipped u}) in front,

and resting upon the head and mandibles of the male.

Common all over New England. In winter they are often found

under leaves, half grown, and soon get to their growth when warm
weather begins. Several small, fiat egg-cocoons are fastened under

a leaf and there may be several broods in each season.

t Dictyna frondea, new sp.

Pl. IX, FIGURES 9, 9a.

This species is a little smaller than volupls and is similarly col-

ored in the female, except that it is usually a little darker and less

i-ed. The cephalothorax is liglit brown, a little lighter in the middle

of the head, but not so much so as volupis. The abdomen is

brown at the sides and yellow in the middle. Tlie yellow stripe is

narrower and straighter than in volupis, and often forms a regular

herringbone figure. PI. ix, fig. 9. The under side of the abdomen

Trans. Conn. Acad., Vol. VII. 57 July, 1888.
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is nearly as dark as the upper side, and the stermun lias the same

color while voltipls is usually light colored beneath.

The males differ less from the females than in volujds. 'i'hey are

colored a little darker than thu females. The light stri[)e on the alj-

domon is narrower and in some individuals wanting. The male palpi

are long and slender. The til)ia is more than twice as long as wide.

The two spined process is very small and close to the base of the

tibia. The tarsus is smaller than in iwltqns, and the ]>alpal organ

very much smaller and moie simple. PI. ix, fig. 9a.

On grass and low bushes all over New England.

This species (or 1). vohqns) is probably Hertz's Tharidlon

foliaceuni.

Amaurobius c. Koch.

The genus Amaurobius contains our largest spiders of this family.

In general appearance they resemble the stouter species of the genus

Tegenaria, but do not have the long upper spinnerets of that genus.

The head is large and high, and wide in front. The eyes are in two

rows, only slightly curved, and are all small and of nearly the same

size.

The maxilhie are long, and at the tip curve inward a little over the

labium. The labium is longer than wide and a little narrowed at the

tip. The mandibles aie very laige and strong.

The whole body is thickly covered with tine, short hair, giving it

a soft velvet-like ai)pearance. The spines on the legs are small and

concealed by the hair.

The calamistrum consists of two rows ol hairs, those of the outer

row being nmch curved and close together, and those of the inner

row three or four times as far a})art. PI. x, tig. JJ'. The cribellum

is long and narrow and divided in the middle. PI. x, tig. le.

The colors of all our species are much alike. The cephalothorax

and legs are dark brown, except in iicshly moulted or young speci-

mens, and the abdomen is dark gray with a double row of oblique

light markings.

Tlie webs are large and loose, often tilling a cavity in a rolton log

or under stones. There appears to be little regularity in the shape

of the web or arrangement of the threads. The whole web is made

of smooth silk and the band of curled threatis is afterwards attachi'd

to parts of it as in PI. x, tig. Iff.

The sexes are about equal in size. The male palj)i arc large.

Their tibial joints are short and wide and furnished with large pro-

cesses of various shapes.
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Amaurobius sylvestris, new sp.

PL. X. FIGURES 1 TO Ir/.

This is the common Amaurohlus all over New Enghaml. The

female is 10'""' long with the cephalothorax 5"'"' long. The head is

nearlj' as wide as the thorax. It is low in front and rises to its high-

est point half way to the dorsal groove. The cephalothorax is dark

brown, darkest on the front of the head. The legs are dark brown,

usnally lighter than the thorax. Tn the young the colors are all

much paler.

The abdomen is oval, widest behind. It is dark greenish gray

with a double row of oblique yellow or white markings on the hinder

half, and two curved markings of the same color on the front. These

markings run together, forming a figure which varies greatly in form

and size in different individuals. PI. x, fig. 1.

The males differ but little from the females. The male palpi are

large. The tibia is short and wide and has three long processes, the

inner of which is slender and pointed and nearly twice as long as the

tibia (PI. X, figs, la, l/>.) but not so much curved as in figures of

the European A. clmistrarms.

The epigynum is small, the middle lobe is small and the side lobes

meet behind so as to completely surround it (PI. x, fig. \c) which is

very different from the epigynum of A. clmistrarhfs as figured by

Koch.

This species Mves under stones, under leaves, and in the hollows

of rotton trees and stumps. Fig. \g is part of a web, showing the

arrangement of the curled threads.

All over New Eugland. In the White Mountains up to the high-

est trees.

Three specimens of this species in the museum of Comp. Zoology,

Cambridge, are named by Keyserling A. claustrarins, which this,

species closely resembles, I have only young dmistrarins for com-

parison, but judging by descriptions and figures, especially those of

L. Koch in Abh. Nat. Gesellsch. of Nuremburg, 18G8, I do not be-

lieve them the same species.

Amaurobius ferOX (Walck.) Kocli., Cinifio fevox v,\}^.

PL. X, FIGURES 3 TO 3c.

This is our largest species. It is found only about houses and cel-

lars, and is probably imported, as it is a common spider in P'urope.

The female is 12""" long. Cephalothorax 6""" long, 4"'"' wide.

The head is 3""" wide and highest half way between the eyes and the

dorsal groove.
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The cephalothorax is yellowish brown, darkest in front and nearly

black around the eyes. The legs are the same color as the thorax,

darkest toward the tips. The abdomen is dark gray with light yel-

lowisli marks on the back. On the front half of the abdomen are a

middle and two lateral stripes and behind these four or five pairs of

oblique markings.

The eyes are all small and about equal in size. The front row is

about half the width of the head and the eyes equidistant. The
upper row is longer and the lateral eyes considei-ably farther from

the middle ones than these arc from each other. The mandibles are

large and stronsr.

The calamistrum is a double row of spines, half tlie length of the

hind metatarsus.

The male differs but little from the female, except that tlie ab-

domen is a little smaller and the front legs longer. The male palpi

are very large. Tlie tibia is as short as wide. It is bent inv\'ard,

and has a large spine on the outer and another on the u})per side,

each nearly as long as the tibia. On the inner side is a third smaller

spine. PI. X, figs. 3<7, 3^, 3c. The tarsus and palpal organ are large

and round. Fig. 3a. The epigynnm is large and dark colored.

The middle lobe is large and enclosed by the others only at the

sides. PI. X, fig. 3.

Boston, Salem, Beverly, Mass.; Providence, R. I.; Albany, N, Y.;

New Haven, Conn., in cellars and houses.

Amaurobius tibialis, new sp.

Pl. X, FIGURES ?, TO ."ic.

Female S'"'" long.

The cephalothorax is light brownish yellow, not darker in front.

The legs are 6f the same color and not much dai-kcr at the tijis.

The light markings on the abdomen are united into a middle band

with oblique branches at the sides on the hinder half

The middle lobe of the epigynnm is entirely concealed, the lateral

lobes divided by a groove in the middle. PI. x, fig. 2.

The middle process on the tibia of the male palpus is short, but

tlie other processes are much larger tlian in the other sj>ecies. The

outer one is about as long as the tibia is wide, and has a large Iiook

on the inner side. The inner process is long and slender, curving

over the back of the tarsus and extend ing nearly to the end of it.

PI. X, figs. 2«, 2h.

This species is found on Mt. Washington, N H., up to the highest

trees.
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Titanoeca Thoreii.

Titanceca americana, new sp.

Pl. X, FIGUHES 4 TO 4(Z.

This spider resembles T. (juadrupiMata of Europe, \n\l is usually

without markings on the abdomen. The female is 5 or G""" long^ re-

sembling in size and shape the eommon Steatodd Ixwealis, from which,

however, it is readily distinguished by its black color.

The cephalothorax is dull orange-color, blackish around the edges

and toward the front. The rest of the body is deep black and cov-

ered with long hair, except in some individuals a few light gray spots

in pairs on the abdomen.

The sternum is as wide between the second legs as it is long. The

labium is as wide as long, a little narrowed and rounded at the tip.

Tiie maxilln3 are nearly straight on the inner edges not curved in-

ward at the tips, as in Amanrohius. The head is not so wide as in

Amaurohius. The eyes have nearly the same arrangement, l)ut are

proportionally larger. PI. x, fig. 1. The spinnerets are short.

The cribellum is divided in the middle as in AinaKrohhis, and the

calamistrum is like that genus.

The claws of the feet are large and strong, pro[>ortionally larger

than those of Ai7ianrobius.

Like most of the genus, this lives under stones in the driest and

hottest places. Under the loose stones under the trap hills around

New Haven and Meriden, Conn, it is common. I have a few from

Mt. Monadnock, N. H., but have not found it elsewhere in New

England.

TitancBca brunnea, new sp.

Pl. X, FIGURES 5 TO 5e.

This species is about as large as T. americana, but is a little more

slender and less hairy. The cephalothorax is light or dark brown,

like dead oak leaves among which it lives. The joints of the legs

are darker toward the distal ends. The abdomen is similarly colored,

but becomes redder than the rest of the body in alcohol. Across ihe

back are four or five lines of light yellowish spots, and there are

larger irregular spots along the sides, as in many si)ecies of Bictyna.

Pl. X, figs. 5, ha. Under the abdomen between the spinnerets and

epigynum are two large light spots. Fig, ha.

Besides the color, the only plain difference between this and the

black species is in the palpi of the female, which in this species have
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tlic last two joints a little stouter than in 7\ americaiia. In both

species the palpi are very spiny at the end, though the spines are

concealed by hairs. I have found this species three times under

leaves in woods near New Haven, Conn.

Uloborinse Thonii.

• These spiders have been classed by most authors among the

Epeiridw on account of their resemblance to Tctrdijnatlia, and espe-

cially on account of their round, or at least radiate, webs. The

arrangement of the eyes, the mouth parts, and the trachea; are all

different from the Epeirkhf. The spinning organs include the cri-

bellum and calaniistrum, like the other CiniJfonidiP., and the cross-

threads of the webs are partly made of curly threads spvm by the

calamistrnm and not covered with a li(piid in dro])s like the webs of

Epeiridai.

The adhesive thread of these spiders is not made separately and

attached to old threads as it is by Amanrobius and Dlctyna, but

both threads are spun at the same time. PI. xi, figs. 2*, 2/ show

both sides of a piece of the cross-threads of the web of Hyptiotes.

UloborUS Latreille. Vd&la, Blackwall. PhiUyra, Hentz.

Uloborus plumipes Lucas = Fhillyra ripaira, Hentz.

PL. XI, FIGURES 1 TO 1/

The female is about S"^'" long, Cephalothorax 1-5""". The cephalo-

thorax is flat in front, aud extends forward in the middle beyond the

mandibles. Behind it is wide and swelled up on each side, where

the abdomen Iiangs over it. PI. xi, fig. \b.

The abdomen is narrow and slightly notched in front and extends

over the cephalothorax a quarter of its length. The alxlomen is

widest and highest a third of its length from the front, and at this

point has a pair of humps.

The colors aVe very variable. A dark, plainly marked Icmalc lias

the femur and patella of the front legs dark brown or nearly black,

and the tibia dark brown, except a white ring at ihe base ; at the

end of the tibia is a brush of coarse, dark brown hairs. The tarsus

and metatarsus are white. In lighter individuals the color of the

femur or tibia may be broken by a white ring near the middle. The

other legs have fetnur, tibia and metatarsus dark brown, divided

near the middle by a white ring. Patella aiul tarsus brown, lighter

at the ends. ""IMk' cei>halolhorax is dark brown with a narrow, iiulis-
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tinct light line in the middle. In lighter individuals this stripe is

wider.

The dorsal markings of the abdomen are more variable and less

definite. On the front of the abdomen are two light spots, behind
which are two very dark ones, sometimes united into one. Behind
these are two white spots lialf as far apart as the hum])s and a little

in front of them. The humps are geuerally dark on the inner side

and light on the outer. Farther backward are t\vo or three pairs of

light spots, surrounded by a darker brown area, darkest in the mid-

dle and toward tlie spinnerets.

The sternum is brown, and the under side of the abdomen is dark

in the middle and light at the sides. In lighter individuals most of

these markings can be seen, the darker cues being light brown or

yellow, and the lighter ones yellow or dirty white. In some no

markings can be defined.

The first pair of legs is twice as long as the second, and much
longer than the fourth pair.

The terminal joint of the palpus is more than twice as long as the

one before it. The palpal claw is lai-ge, with tw^o or three teeth.

PI. XI, fig. \h.

The eyes are in two rows. The upper are largest and appear still

larger on account of being surrounded by dark rings. Pi. xi, figs.

1(^, \b. They are on the top of the head, the lateral pair farthest

back. The front row of eyes is close to the edge of the head, just

cner the mandibles.

The mandibles are small and rounded forward at the base. The
maxilla' are as wide as long, with the front ends nearly square. The
labium is triangular. (See figure of same parts in Hijptiotef^ PI. xi,

fig, i>//,.)

The u)ale is much smaller than the female. The cephalothorax is

more ])ointed in front and lower behind. The abdomen is not much
laiger than the cephalothorax and not so plainly humped as in the

female. The legs are but little shorter than those of the female and

the nuirkings and colors are the same. The first tibia does not have

a bunch of hairs at the end like the female. The palpal organ is

nearly spherical, all the parts being wound closely together. PI. xi,

figs. 1(/, Ic. The femur of the male palpus has, at the base, a short

process on the outer side. PI. xi, fig. \f.

The webs are round and nearly horizontal, the cross-threads usually

less regular than in webs of Epeira. The webs are commonly made
between loose stones, but sometimes in low bushes. The cocoons are
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half an incli long and quarter as wide, narrowed at both ends, and

with numerous short points by which they are attached to the web

around them. I have found them with the female under stones.

The cocoons are light brown, and each female appears to make sev-

eral of them. The cocoons are made in July.

This spider is found all over New England, but is not common

anywhere. I have taken them from several places around Boston,

Mass., in New Haven, Conn., and in Simsbury, Conn.

I have specimens of both sexes from the southern part of France,

given me by Mr. E. Simon. It is found in Italy and Spain. The

common Ulohoriis of the north of Europe ( U. walckenmrius) is a very

difterent species.

Hyptiotes Wlk. = Mithras, Koch.

Hyptiotes cavatus.

Tl. XI, FIGURES 2 TO 2^-.

This peculiar spider is without much doubt the one described and

figured by Hentz under the name of Cyllopodia cavata, although he

saw but six eyes and four spinnerets, and otherwise described it in-

correctly.

Its habits have been well described by B. G. Wilder in the Popu-

lar Science Monthly, 1875, where he calls it Hyptiotes americaims.

This spider resembles a shortened Ulohorus. The adult female is

about 4'"'" long, and is colored like the end of one of the dead pine

branches among which it usually lives.

The cephalothorax is as broad as long, highest in the middle just

behind the eyes, and hollowed behind under the front of the abdo-

men.

The abdomen is oval, a little flattened in front. On the back are

four pairs of low humps, the second largest, on each of which are a

few stifl" hairs.

The arrangement of the eyes resembles that in Ulohorus, but the

eyes are farther apart and farther back on the thorax. PI. xi, flgs.

2, 2a.

The legs are short and thickest in the middle, tapering distinctly

from the pattella to the claws. The hind metatarsus bearing the

calamistrum is curved inward on the outer side. The claws have

three or four teeth and tinder the claws are a few curved spines,

some of which are toothed as in JSpeira. PI, xi, fig. 2g,/", //. The

palpal claw has four or five teeth.

The mandibles are very small and slightly arched forward near the

base.
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The maxillse and libium are like those of Ulohoms. (PI. xi, fif. 2A.)

The spinnerets are long. The cribellum is small and not divided

in the middle.

The male is about half as large as the female. The abdomen is

much smaller and the humps lower. The palpal organ is very large.

The tube is long and slender and extends one and a half times around

the organ, supported by the edge of a thin appendage. At the tip

it lies against two small flexible processes and over them is a large

dark horn. The whole apparatus is so large as to cover the patella

as well as the tarsus. PI. xi, figs. 2c, 2d.

The epigynum is simple externally, but the inner tubes correspond

in length to those of the palpal organs.

The colors of both sexes are various shades of brown, covered

with white or gray hairs. The markings on the cephalothorax and

legs are usually indistinct. The eyes are surrounded by black rings.

The humps on the abdomen are usually darker than the rest of the

back. Dark markings follow the dorsal vessel and two or three pairs

of its branches. Other individuals have the front, and some the

whole back of the abdomen very dark brown.

The web consists of four rays crossed by a dozen or more threads.

The point where the rays meet is attached to a thread which extends

to the spider's roost, usually the end of a twig. Here it holds by

the hind feet and draws the thread tight with the fore feet. When
an insect strikes the web the spider lets go with the hind feet, the

elasticity of the web draws the thread out with a snap, and slides

the spider along it toward the web. When it reaches the center it

feels the rays to find where the insect is, runs out on the nearest one,

covers the prey with silk, and carries it out of the web.

The making of this web is fully described by Wilder. Having

finished the rays, the spider begins with the cross threads farthest

from the center, walking along the upper ray until it is near enough

the next to step across, then it crosses and walks outward again on

the second ray. The new cross thread is elastic enough to shorten to

the proper length when she reaches the point to attach it. When

the cross thread is finished to the fourth ray, the spider walks back to

the center and out on the upper ray to the point for beginning

another.

This spider is common all over New England and the Middle

States. I have seen cocoons near their webs, like that described by

Wilder, but have never traced it to them or any other spider.
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EXPLANATION OF PLATES.

Plate IX. Didyao..

Figs. 1, Itt, \h, \c, \d, \e. Dorsal markings of different individuals of Dictyna

muraria.

Figs. ]/, Igf, Palpi of male D. muraria.

Fig. 2, D. volucripes, sternum and mouth parts: 2a, side of female; 2h, side of

male; 2c, front of head and raaudiblo of female ; 2d, front of head and man-

dible of male ; 2e, 2/, palpal organ and male tibia of different individuals.

Fig. 3, 3a, palpus of male D. hostoniensis ; 36, 3c, 'id, dorsal markings of D.

hostoniensis.

Fig. 4, Tibia of male palpus of D. longispina.

Fig. 5, 5a, Male palpus of D. mimda.

Fig. 6, Common dorsal marking of I), cruciafa; 6a, male palpus of D. cruciata.

Fig. 7, Palpus of male I), rubra.

Fig. 8, Dorsal markings of D. volupis; 8a, 8h, male palpus of D. volupis; 8c, tibia

of male palpus seen from below.

Fig. 9, Dorsal markings of abdomen of D. frondea; 9a, palpus of male of D. frondea.

Plate X. Amaurohius.

Fig. 1, Amaurohius sylvestris, x 4; la. tibia and patella of right palpus of male;

16, tarsus and palpal organ; Ic, epigynum ; \d, foot; le, cribellum; 1/.

calamistrum; \g, part of weh showing the arrangement of the curled threads.

Fig. 2, Amaurohius tihialis, epigynum: 2a, upper side of right palpus of male;

26, outer side of the same.

Fig, 3, Amaurohius ferox, epigynum ; 3a, palpal organ of male ; 36, tibia of male

palpus, upper side; 3c, the same, outer side.

Fig. 4, Head of Titanceca americana ; 4a, 46, palpus of male
;

4c, palpus of female;

Ad, cribellum.

Fig. 5, Dorsal markings of Titanceca hrunnea; 5a, under side of abdomen of the

same; 56, sternum, maxilla?, and labium; 5c, palpus of female.

Plate XI.

Fig. 1 , Uloborus plumipes, side of female ; 1 a, top of cephalothorax and eyes

;

16, side of cephalothorax and mouth parts ; Ic, male; \d, le, palpus of male.

Fig. 2, Hypiiotes cavatus, x 8, female; 2«, the same, male; 26, calamistrum;

2c, palpus of male ; 2d, palpal organ from below ; the place of the large termi-

nal process is shown by a dotted line; 2e, f, g, first and second feet; 2h,

labium and maxilla? ; 2i, 2j, thread of wel) of Hyptiotus cavatus, showing

opposite sides; 2k, Diagram of web.

Fig. 3, Web of Dictyna volucripes.
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