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INTRODUCTION. 

HISTORICAL SUMMARY. 

In 1903, V. K. Chesnut, who was at that time in charge of poisonous- 

plant investigations in the Department of Agriculture, while visiting 
Sevier County, Utah, was told that a disease of sheep was prevalent 
in that part of the State. The disease was characterized by vomiting 
and wasting away, the sheep dying after a time varying from a week 
or two to a month. Nothing further was heard of this disease by 
the department until January, 1914, when the senior author, who 
was making an address to the stockmen of Salina, Utah, was told 
that the shéep on the summer ranges in the Wasatch Mountains 
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suffered from a disease commonly known as “spewing sickness.” 
The symptoms, as described, seemed to correspond fairly well with 
those caused by Zygadenus (death camas), and the men were told 
that this plant was the probable cause. A picture of the plant was 
shown, and some of them recognized it as growing on the ranges 
where the trouble occurred. 

A botanical examination of the ranges in question was made by 
W. W. Eggleston in the following summer, and two visits were made 
by Dr. Hadleigh Marsh to see the sick animals. On the first visit, 
from July 25 to August 7, 1914, a number of spewing cases were seen 
and some autopsies made. The “sneezeweed,”’ Helenium hoopesii, 
was seen where some ot the sheep were grazing, and one of the herders 
expressed his belief that this plant was the cause of the trouble. 
It was found, however, that quite generally Zygadenus grew near 
where cases of poisoning occurred, and it was concluded that this 
plant was the probable cause of the trouble, although it was noted 
that the cases were not typical of Zygadenus poisoning, and that 
Zygadenus was not found in some of the localities. It was also found 
that many cases occurred in September, which was rather late for 
Zygadenus. The second visit was made by Dr. Hadleigh Marsh, from 
September 12 to 21. This was just after the sheep had left the 
summer range. The localities where sheep had been reported poi- 
soned were examined carefully. Dried leaves and seed of Zygadenus 
were found in many places. It was thought that the Zygadenus was 
abundant enough to account for some of the losses, but not for all. 
The fact, too, that most of the herders believed in the sneezeweed as 
the poisonous agent was not to be ignored, and it was felt that definite 
experimental work should be undertaken which would verify or elim- 
‘inate the sneezeweed theory. 

This experimental work was commenced when the Salina Experi- 
ment Station was established on the Fishlake National Forest in 1915, 
und has been continued for five years. The installation of a station 
on a range where the spewing sickness was common, with the oppor- 
tunity of observing the field cases, together with feeding experiments 
with the fresh plant, soon established proof that the spewing sickness 
was not caused by Zygadenus, but was the result of eating sneezeweed 
(Helentum hoopesw). A prelimimary publication, Circular A-9, 
United States Department of Agriculture, was issued concerning 
this work in 1916. The effects of the plant were of such a character, 
however, as to make the detailed experimental work very slow and 
tedious, and in the‘course of the work many perplexing questions 
arose, so that it was only after several seasons’ work that it was 
possible to make a fairly complete report on the subject. — 

et padedia 
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The following references to the poisonous properties of Helenvum 
hoopesti have been found in the literature: 
Pammel (1910, p. 140) says that it is “said to be poisonous to 

sheep.” 

In 1911, page 781, he says: 

It is said to be poisonous like other species of the genus. Sheep carefully avoid it, 

feeding on the grass and other herbaceous plants, leaving the plant standing. 

Barnes (1913) states that “‘sneezeweed (Helenium autumnale, 

Helenium montanum)”’ grows all over the West and is poisonous to 
sheep. He also says that water from tanks in the sneezeweed region 
may poison sheep and has poisoned men. With very little doubt 
the sneezeweed he speaks about is Heleniwm hoopesit. 

Glover and Robbins (1915, pp. 66-67) give a brief description of 
“Dugaidia hoopesti”’ and state that “in the mountainous districts 
of Colorado bitter milk and meat are not uncommon, and it can no 
doubt be safely attributed in many instances to the eating of this 
plant. Severe poisoning may result from eating large quantities of 
the plant.” 

Hall and Yates (1915, p. 246) include Helentum hoopesvi in a List 

of plants ‘either definitely known to be poisonous to stock or are 
under suspicion, but which seldom, if ever, cause serious trouble in 
California.”’ 

Pammel (1917, p. 462) says: 

The Rocky Mountain D. hoopesii is a much larger plant than the eastern species. 
This is very common in Utah and western Colorado. I saw a great deal of this in 

the Uintah Mountains. Sheep were abundant on the range where I noted this plant. 

I found that, though sheep will eat all kinds of herbage, they carefully avoid this 

species. I feel sure that when forage is scarce they sometimes eat this weed and may 

sometimes die. The summer | was on this range hundreds of sheep died from various 

causes, some, perhaps, from this sneezeweed. 

Marsh (1918, pp. 19 and 20) makes a summarized statement in 
regard to the plant. 

Beath (1919, p. 45) says: 

~Recently western sneezeweed is reported to have occasioned losses among sheep 

in certain States, especially Utah. The poison is slow in action and said to be cum- 

ulative. Its specific nature has not as yet been announced. 

DESCRIPTION OF THE PLANT.! 

Helennum (Dugaldia) hoopesw (fig. 1) belongs to the composite 
family and is a strong perennial, growing to a height of 1 to 3 feet, 
with one or several stems. It often develops a large crown and 
spreads vegetatively by this crown. (Fig. 3.) 

The plant, when young, is often hairy or woolly, particularly the 
stems, but later becomes glabrous. The stem is leafy; the thick 

1The description of the plant was prepared by W. W. Eggleston, Bureau of Plant Industry, U, S, 
_ Department of Agriculture, 5 : 
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entire leaves of a deep green color are dotted, have several paraliel 
veins, are oblong, lanceolate, sessile, or in the root-leaves spatulate 
with a long tapering base. There may be one or several flower heads. 
The heads are 2 to 3 inches broad, with oblong-lanceolate scales. The 
ray flowers are of an orange color, numerous and fertile, about an 

Fia. 1.— Helenium hoopesii. Mature plantin blossom. 

inch long; the disk flowers are brownish orange. The seeds are 
numerous and hairy. | 

The plant occurs at elevations from 5,200 feet to 12,500 feet, but 
its usual limits are from 7,000 feet to 10,500. It is found in the 
yellow-pine belt, grows abundantly in the aspen and spruce belts, 
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and somestimes reaches the Arctic alpine zone. Its best habitat is 
on sunny slopes of the aspen-spruce bal in moist well-drained soil. 
It thrives in the higher mountain parks of Colorado and Utah and in 
the upper Kern River watershed in the southern Sierra Nevadas of 
California. Helenvwm hoopesw is also found in the Wind River and 
Teton Mountains, Wyo.; ke Caribou Mountains, Idaho; in the Stein 
Mountains, Oreg.; the Ruby Mountains, Nev.; and in the Warner 
Mountains, Calif. In the Sierra Nevadas it has been found north from 
the Kern River to Clarks Fork, north of Sonora pass on both sides of 
the range, and also in Washoe County, Nev. In the higher mountains 
of Arizona and New Mexico it is well distributed. In the Black 
Mountains and the Mogollon Mountains of New Mexico it is abundant 
along the streams in the higher mountain canyons. In the Sacra- 
mento Mountains, N. Mex., it occurs in the bottoms of many of the 

Fig. 2.—Distribution of Helenium hoopesii in the United States. 

higher canyons that are destitute of streams. The White and the 
Mogollon Mountains of New Mexico and the San Francisco Peaks of 
Arizona have high mountain parks similar to those of the Rocky 
Mountains of Colorado and the Wasatch, and in these parks sneeze- 
weed is abundant. 

In the Wasatch Mountains the blossoming period is from the middle 
of June to the middle or last of August. i many overgrazed areas 
it has become the predominant plant. Figure 4 shows how thickly 
it grows in some localities. 

From the color of the flowers it is sometimes called ‘“ yellowweed,” 
and some stockmen called it “sunflower,’’ but in Utah it is most 
commonly known as ‘“‘sneezeweed.’’ The Navajos have a name 
meaning owl’s claws. Figure 2 shows the distribution of the plant 
in the United States. 
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EXPERIMENTAL WORK. 

The feeding experiments were carried on at the Salina Experiment 
Station, in Utah, and were continued through the summer months 
from 1915 to 1919. 

Facilities for chemical work were provided at the Salina station so 
that such work as was dependent on field conditions was conducted © 

Fic. 3.—Helenium hoopesii. Young plants showing root system and method of vegetative reproduction. 

there, but the more detailed work was carried on in Washington, 
where laboratory facilities were more complete. 

The plants used were all collected in the immediate neighborhood 
of the Salina Experiment Station, in the Fishlake National Forest in 
Utah. The weights of the plants are all given in the equivalent of 
the green plant. 

The following table gives a summarized statement of the work with 
sheep and cattle and will give an idea of the extent of the experimental 
work on which this paper is based. 
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WESTERN SNEEZEWEED AS A POISONOUS PLANT. BE 

FEEDING EXPERIMENTS WITH SHEEP. 

In the experimental feeding two distinct plans were followed— 
corral feeding and forced feeding. 

Corral feeding.—In the early experience in corral feeding the ani- 
mals were given nothing but sneezeweed, which was supplied in as 
large a quantity as they would eat. Inasmuch as some of these 
feedings were continued for a considerable period, in some cases 
three weeks or more, the question naturally arose whether insuffi- 
cient nutrition did not play a large part in the production of symp- 
toms. This was later definitely proved to be not the case. It was 
found, moreover, that the animals could be induced to eat only 
a limited quantity of the plant, and that this quantity was fully 
as great when hay was supplied with it. Some of the animals 
were fed as long as they would eat the plant without regard to whether 
it produced death, while in other cases the feeding was continued only 
to the time when definite symptoms appeared. 

Forced feeding.—In the forced feedings the balling gun was used 
and the material, ground up, was administered as rapidly as possible. 
As the animals did not, in all cases, take the material readily, it was 
sometimes necessary to repeat the feeding in order to give a toxic 
dose. As shown by the table, also, the forced feedings were some- 
times extended over a number of days to determine the effect of 
definite repeated feedings given in this manner. 

_ TypicaL CASE OF SHEEP 413. 

Sheep 413 may be taken as a type of the effect of a single forced 
feeding of H. hoopesu. This animal was a wether, weighing at the 
time of the experiment 543 pounds. ‘The temperature shortly before 
the experiment was 104.7° F., its pulse 114, and its respiration 60. 
The high pulse and respiration are accounted for because this animal 
had not been handled before and was somewhat excitable. On June 
24, 1917, between 10.45 and 11.08 a. m., it was given, by the balling 
sun, 2.383 pounds of H. hoopesw leaves and stems. This material 
had been finely ground. At 2.05 p. m. the temperature was 103.8, 
the pulse 140, the respiration 60. June 25, 8 a.m., the temperature 

was 102.5, pulse 144, the respiration 36. At this time the animal 
appeared dejected and the femoral pulse could not be detected. At 
2.30 p. m. the animal was very sick; the heart was beating irregularly 
and no femoral pulse could be felt. At 3 p. m. the pulse was not 
only rapid, being 156, but was irregular. At 4 p. m. the respirations 
became irregular. The animal showed no inclination to move about. 
This condition continued during the evening, the pulse rate remaining 
very high. On June 26, 6.25 a. m., the animal was extremely weak, 
while the rapid, irregular pulse and the irregularities of the respira- 
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tion continued. At 10.55 a. m. the animal appeared to be somewhat 
bloated, and breathing was noted as very irregular and noisy. The 
respiration was in groups of two or three, followed by holding of the 
breath after inspiration. These conditions continued unchanged 
during the day, the animal growing worse. On the morning of June 
27 it was found dead. 

In regard to the symptoms, it should be noted that the tempera- 
ture continued during the sickness. practically unchanged, the 
extremes being 100.6° to 105.3°. The high temperature, however, 
was noted only once and in repeated observations the temperature was 
only between 102° and 103.6°. The respiration varied somewhat more 
widely, running from 36 to 150. There was, however, no continued 
period of rapid respirations. The animal apparently had naturally 
a somewhat rapid pulse, as, on the day before the experiment, it was 
found to be 114. During the whole period of the illness, however, it 
ran high, going up as high as 156 and not falling below 121. 

In the autopsy petechize were found on the surface of the heart and 
the trachea was somewhat congested, as were the lungs. In the 
alimentary canal the mucous membrane of the first, second, and 
fourth stomachs was congested. Congestion also was found in the 
duodenum, jejunum, and ileum, but not in the rectum. 

There was a small mass of coagulated serum in the rumino-reticular 
groove and in the anterior groove of the rumen. It was noted that 
the blood vessels beneath the skin were somewhat congested. 

TYPICAL CASE OF SHEEP 421. 

This sheep can be taken as typical of those cases of prolonged 
feeding in which the principal symptom produced by the H. hoopesii 
was weakness, and in which vomiting was not exhibited. The sheep 
was a ram received at the station June 6, 1917, and at that time 

weighed 95 pounds. On August 6 and 7 an attempt was made to 
have the animal eat Zygadenus elegans. This feeding did not pro- 
duce any effect. On August 27 a beginning was made of feeding 
H. hoopesw. At this time the sheep weighed 126.5 pounds. The 
general plan of feeding was to give the animal all the H. hoopesi it 
would eat, and with it was mixed more or less alfalfa hay to induce 
the animal to eat more readily. In preparing the material for feed- 
ing, ordinarily there was used from 3 to 5 times as much H. hoopesw 
as hay. In some instances, however, more hay was mixed with the 
uneaten HH. hoopesw. Between August 27 and September 18 the 
animal ate 47.925 pounds of H. hoopesii per hundredweight of ani- 
mal. The total days of feeding were 23, but symptoms appeared in 
19 days after an average daily ration of 2.83 pounds of the plant. 

The sheep ate quite readily and appeared to be in good condition 
until September 6, when it did not seem quite right. Distinct symp- 
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Fic. |1.-SHEEP 421, AT 10.44 A. M., Fic. 2.—SHEEP 421, AT 10.45 A. M. 

SEPTEMBER 18, I9I7. SEPTEMBER 19, IQI7. 

Fic. 3.—SHEEP 421, AT 10.46 A. M., Fic. 4.—SHEEP 332, IN THE ACT OF 
SEPTEMBER IQ, I9QI7. VOMITING. 
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Fic. 5.—SHEEP 314, IN ATTITUDE Fic. 6.—SHEEP 314, JUST BEFORE 

SHOWING WEAKNESS. DEATH. 
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toms, however, did not appear until September 15. At that time 
it was still eating freely of the plant, but was gradually getting 
weaker, would lie down much of the time, and, when walking, dragged 
its hind legs. On the next day (September 16) the animal was not 
only lying down much of the time, but, when attempting to walk, 
acted as though the hind legs were stiff. On September 18 the weak- 
ness had so much increased that when standing it trembled and 
found great difficulty in keeping its feet. Plate I, figure 1, shows 
the animal at 10.44 a.m. On the afternoon of September 18 it was 
lying down with head stretched out,.and when put on its feet was 
unable to stand more than a minute or two at a time. On Sep- 
tember 19 the pulse was weak and the animal was down and did not 
attempt to rise. On the morning of this day it was given 3 ounces 
of Epsom salt and a subcutaneous injection of one-tenth of a grain 
of strychnin. The pulse was noted as irregular and the respirations 
rapid. The pictures, Plate I, figures 2 and 3, were taken at 10.45 

a. m. and 10.46 a. m., and show very clearly the extreme weakness 
of the animal at this time. On September 20 it was given 1 ounce 
of Epsom salt and a subcutaneous injection of one-tenth of a grain 
of strychnin. The sheep was so weak that it was unable to raise 
the hinder part of the body from the ground. On this day the 
animal was regurgitating; some green mucus ran from its mouth 
and nostrils, but it did not vomit. On September 21 it appeared 
somewhat better, perhaps as the result of the action of the Epsom 
salt, and on this day it was given two doses of one-tenth of a grain 
of strychnin. The sheep was given alfalfa hay and bran and this 
feeding of hay was continued on the succeeding days. On Septem- 
ber 24 the animal received 2 ounces of Epsom salt, and on September 
25 appeared very much stronger. From this time there was a con- 
tinual gain in the sheep’s condition, and on September 28 it was 
turned out into the pasture. On September 30, the last day of 
observation, the animal weighed 103 pounds. It was evident, how- 
ever, that recovery at this time was only partial, for the animal’s 
general condition was rather bad. 

TYPICAL CASE OF SHEEP 380. 

Sheep 380 may be taken as a type of those animals subjected to pro- 
longed feeding which, in addition to weakness, showed a pronounced 
tendency to vomit. The animal, a ewe weighing 60 pounds, was 
brought to the station May 28, 1916. The feeding was commenced 
on May 30 and was continued until July 21, 53 days. During 
that time the animal ate 113.82 pounds of H. hoopesw. Symptoms 
of poisoning, however, appeared in 25 days from the commencement 
of the feeding, at which time the animal had eaten 64.583 pounds. 
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The plan of feeding, as with Sheep 421, was to have the animal eat 
as much of the H. hoopesi as 1t would take. The plant was cut up 
and mixed with a certain amount of alfalfa hay, as the animal would 
not eat it without hay. The quantity of hay mixed with the H. 
hoopesvi varied, being sometimes as much as one-half of the quantity 
of the poisonous plant. This feeding was continued from May 30, 
and the animal appeared in good condition with no evident symp- 
toms of poisoning until June 23. On June 18 it was turned into the 

Fic. 4.—An overgrazed range on which Helenium hoopesii has taken almost complete possession. 

pasture with the other animals, but during the rest of the time it 
was confined to the corrals. 

On June 23 it was noticed that wile lying down the sheep regur- 
gitated, and there was some belching of stomach gas. On June 24 
some green material was noticed about the mouth, and on June 25 
it was found that she had vomited. On June 27 the animal had 
become quite weak and was not inclined to stand. At this time she 
evidently, to some extent, had lost her appetite for any kind of food. 
The feeding, however, was continued. On June 29 the pulse was 
noted as somewhat irregular and the animal was lying down most 
of the time, although still strong enough to stand. From this time 
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on there were, every day, evidences of vomiting, and at times there 
was marked regurgitation and belching of gas and rumbling of the 
intestines. On July 1 it was noted that both pulse and respiration 
were very irregular. These symptoms continued with little change 
until July 7. On this day, in addition to vomiting, the animal was 
troubled with coughing; doubtless the coughing was caused by the 
irritation produced by some of the stomach contents getting into the 
larynx. There was no marked change after this except that the 
symptoms became gradually more marked. The irregularity and 
weakness of the pulse were more apparent and vomiting was more 
frequent, while the appetite gradually grew less, the animal not even 
caring to eat hay. On the morning of July 23 the sheep was found 
dead, having died some time during the night. 

As there might be a question whether lack of sufficient food might 
not be the cause of sickness and death in cases like this, it should 

be stated that it was clearly proved by checking up in other cases 
that the weakness was not due to lack of food, but was distinctly 

due to the poisonous effects of the plant. In the autopsy which 
followed the death of the animal the only abnormal feature noted 
was some congestion in the fourth stomach, duodenum, jejunum, 
ileum, cecum, and rectum. 

FEEDING EXPERIMENTS WITH CATTLE. 

On the Utah ranges where the spewing sickness affects sheep 
there are no accounts of the poisoning of cattle by H. hoopesii. In 
following the cattle upon the range where it has been so closely 
grazed that very little remains except H. hoopesii, no evidence has 
been obtained of cattle grazing upon this plant. Certain reports, 
however, from Colorado ranges have led to the belief in the possi- 
bility of cattle being poisoned by H. hoopesii. Accordingly it 
seemed important to prove conclusively whether the plant would 
or would not affect cattle. Two head of cattle were treated in 1919 
and both became sick as a result of the feeding, with typical symp- 
toms resembling those produced in sheep. The following experiment 
with Cattle 827 may be considered as typical of the possible effect 
of the plant. 

CASE OF CATTLE 827. 

Cattle 827 was a yearling steer received at the station on June 1, 
1919, weighing at that time 340 pounds. From June 6 to 8, and on 
July 28, an attempt was made to have it eat aconite. The aconite 
produced no effect, although the animal as shown by the curve, 
figure 5, lost weight while in the corrals. Except for this experiment 
with aconite, the animal remained in the pasture until the experi- 
mental feeding of H. hoopesii was commenced, on August 5. The 
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steer had prospered up to this time and weighed on August 4, 447 
pounds. The feeding continued from August 5 until September 12. 
The stems and leaves of the H. hoopesii used were ground up and 
mixed with chopped hay in order to induce the animal to eat. Gen- 
erally speaking, about 10 pounds of the plant were prepared and 
mixed with 5 pounds of hay. The plan of the experiment was that 
the animal should be induced to eat as large a quantity of the HZ. 
hoopesii as possible. Both this and the other animal very much 
preferred hay and frequently would pick out the hay, leaving a large 
portion of the H. hoopesiz. Under such circumstances more hay was 
mixed with the H. hoopesii, so that a fairly good average daily ration 
of hay was fed during this period. 
Up to September 13 no symptoms were noted other than a certain 

amount of inactivity in the animal. The curve of weight, figure 5, 

es Se ee 

JUNE JSULY - AUG, SEPT. 

Fia. 5.— Weight curve of Cattle 827, fed aconite June 6 to8 and July 28, and Helenium hoopesii August 

5 to September 12, 1919. 

shows that during this time the weight of the animal was maintained 
fairly well. On the morning of September 13 it was noticed that 
the animal must have been vomiting, as there were several patches 
of the material in the pen. The steer at this time was frothing at 
the mouth and regurgitating. A little later in the day he was seen 
in the act of vomiting. On September 14 the pulse was found to 
be very weak, so weak in fact that it was very difficult to count. 
The animal was much depressed and showed marked weakness. 
He was still vomiting at intervals. Figure 8 shows his attitude at 
10.50 in the morning when he was regurgitating and frothing at the 
mouth and occasionally belching sour-smelling gas from the stomach. 

These conditions continued on the succeeding days, the vomiting 
being more pronounced, the pulse continuing weak, and the general 
weakness of the animal increasing. No more H. hoopesi had been 
fed after September 12, and comparatively little hay had been eaten. 
On the afternoon of September 17 the animal was turned into the 



a aye 
Toe pent 

hee 

ye 

Pee a 

inh ney 



Bul. 947, U. S. Dept. of Agriculture. PLATE II. 

Fig. |.—SHEEP 374, SHOWING DE- Fic. 2.—SHEEP 358, EXHIBITING SALI- 

PRESSION AND WEAKNESS. VATION. 

Fic. 3.—SHEEP 361, A RANGE ANIMAL Fia. 4.—SHEEP 420, NAUSEATED. 

(LARGE SHEEP IN FOREGROUND), IN 

POSITION OF VOMITING. 

FiG. 5.—CATTLE 827, SHOWING NAUSEA. | FIG. 6.—CATTLE 827 VOMITING. 
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pasture; an observer followed him and succeeded in getting pho- 
tographic records of the vomiting, one of which is shown in Plate II, 
figure 6. He was kept in the pasture the rest of the season until 
about the first of October. During this time as shown in the curve 
of weight, figure 5, he gained a little in weight, but was not in good 
condition. On September 26 he weighed 409 pounds. A report 
received from the owner of the animal December 17, 1919, indicates 
that after being taken from the range the animal remained in poor 
condition, and there is reason to assume that the injury produced 
by the feeding of (1. hoopesi1 was permanent. 

CHEMICAL EXAMINATION OF THE PLANT. 

No previous analysis of Heleniwm hoopesii has been published. <A 
nearly related plant, Helenvum autumnale, the sneezeweed of the 
eastern United States, has been investigated by Koch (1874) and 
Reeb (1910). The latter isolated the substance of the formula 

C,, H,; O;, which he called “helenic acid.” The pharmacology of 
this was investigated by Lamson (1913), who named it “helenin’’— 

an unfortunate choice, since that name was already established in 
science and commerce for a mixture of lactones obtained from Jnula 
helenium. It-was thought probable that the H. hoopesii would be 
found to contain helenic acid or a nearly related substance. A thor- 

ough chemical search, however, failed to reveal the presence of 

helenic acid or of any toxic compound which resembles it in physical 
and chemical characteristics. 

The poisonous properties of Helenium hoopesii depend upon the 
presence of very small quantities of an exceedingly toxic glucosid 
to which the name “‘dugaldin”’ has been given. This occurs most 
abundantly in the leaves. It is found also in the stems, flowers, and 
seeds and in minute amounts in the root. Careful investigation of 
all the other constituents of the plant has shown that they are non- 
toxic to sheep and guinea pigs. 

Dugaldin may best be prepared from the juice of the fresh radical 
leaves of H. hoopesu. The juice is expressed from the shredded leaves, 
which yield 40 to 60 per cent of brown, very bitter juice, the quantity 
depending on their age and the climatic conditions. The juice is 
preserved with 0.5 per cent of chloroform, allowed to stand 12 hours 
to settle, and filtered. The filtrate is then treated with animal char- 
coal which is kept suspended in: the liquid by frequent stirring or 
shaking. After 4 to 7 days, the glucosid and coloring matters will 
have been adsorbed by the charcoal. The mixture is now filtered, 
when the filtrate appears colorless and slightly sweet instead of bitter 
and is nontoxic even in large doses. The animal charcoal which 

28468 °—21—Bull. 947-3 
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remains on the filter paper is washed with water, dried at ordinary 
temperature, and extracted with warm alcohol, which dissolves the 
dugaldin with a little coloring matter and sugar. The alcoholic 
solution is evaporated to dryness at a low temperature; the residue 
is treated with absolute alcohol, and the solution is filtered off. This 
is boiled with a little fresh animal charcoal, filtered, cooled, and a 
large volume of ether is added, when the glucosid precipitates out 
in white flocks. The yield is less than 0.01 per cent of the green 
leaves taken. 

As thus prepared dugaldin is a white, amorphous substance sol- 
uble in alcohol; less soluble in water, chloroform, acetone, and pyri- 

dine; sparingly soluble in acetic ether; insoluble in ether, benzene, 
and petroleum ether. It is soluble in aqueous solutions of the alka- 
lies and forms a slightly soluble compound with lead. Its barium 
salt is insoluble in alcohol. The glucosid is readily decomposed; 
when treated with acids or on heating with water it hydrolyzes, 
yielding a sugar which reduces Fehling’s solution in the cold, and a 
brown resin which is still being studied. Attempts to crystallize 
the glucosid in quantity have not been successful. 

Reactions of the glucosid.—Ferric chlorid gives no coloration. 
Tannic acid precipitates the glucosid from its solutions. Bromin 
water precipitates an addition compound which is soluble with decom- 
position in hot water. On acetylation the glucosid is decomposed. 
Acid solutions of the glucosid form a cloud with Mayer’s solution. 
Uranyl acetate produces a transient precipitate insoluble in alkalies 
and soluble in hydrochloric acid. Potassium permanganate is imme- 
diately reduced. Cold chromic-acid mixture gives no change, but 
on heating, the mixture is completely reduced, forming a green solu- 
tion. A mixture of hot nitric and sulphuric acids nitrates the glu- 
cosid, forming a yellow solution. On dilution with water a yellow 
nitro derivative is precipitated which is soluble in alkalies. 

CHEMICAL EXPERIMENTS. 

The material used for the chemical examinations was collected 
at the experiment station, Salina, Utah. When green material 
was used, it was collected and ground through a meat chopper 
immediately before being used. The dry material used was air- 
dried under cover until the weight was nearly constant. It was 
then preserved in cloth bags. 

1. Moisture, ash, extract.—Air-dried samples of radical leaves in 

No. 60 powder were used for the following determinations: 
Per cent. 

Moisture 41 5. sianstics b-tdl< Caee Ses ~ 2 eee oe Ee ta Bag | 
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Ten grams were extracted with various solvents in succession: 

Grams. Per cent. 

iRetroleum etheriextracted. 5. hots eee pent 0. 5065 5.06 
Withemexta Cted ie aaa haemo se eR cus eich Sac 0. 4800 4.80 

Chiorotonmvextractedieeas eek te ee ee 0.1611 1.61 

Aileohuimextira chedhcs ea. anne tar ee Oi he Tas Ms Os 1. 5834 15. 83 

BIR tveal lie tte ee pee et pe Ao Le cee eaatsy MN ally: Ere pi WN eS rig | Na 27.30 

The ash contained a large proportion of calcium carbonate. The 
petroleum-ether fraction contained a phytosterol. The ether extract 
contained fats and a trace of tannin; the chloroform extract con- 
sisted of resins, tannin, and dugaldin; he alcohol extract contained 
resin, sugar, neal, tannin, and coloring matter. 

2. Dice. —Total solids, 9.80 grams per 100 ml.; specific gravity, 
1.042 to 1.052 at 25°; tannin precipitates, 0.335 to 0.364 per cent. 

3. Alkaloids—The various samples of juice and of aqueous and 
alcoholic extracts of the plant, after acidification, yield precipitates 
with Mayer’s solution. They were, therefore, investigated for the 

presence of an alkaloid, but no substance of this class could be isolated 
from any part of the allen 

4. Hydrocyanc acid.—Samples of green and of air-dried leaves were 
tested for cyanides as a routine procedure without yielding any evi- 
dence of their presence. 3 

5. Toxic saponmns.—Extractions of green and of air-dried leaves 
were made to isolate toxic saponins and several other extractions, 
as well as the juice from the leaves, were tested for saponins without 
revealing their presence. Extracts of the plant strike a green color 
with aqueous ferric chlorid, but this is due to the presence of a tannin 
which is precipitated by gelatin solution. 

6. Volatile toxins —Eight hundred and fifty grams of air-dried 
H. hoopesw radical leaves were placed in a still and 3 gallons of water 
added. The mixture was heated to boiling.. The distillate had the 
characteristic odor of H. hoopesi, due to the presence of a minute 
quantity of essential oil. It reduced potassium permanganate; 
gave no color with ferric chlorid; and was neutral in reaction. The 
total volume of the distillate was 6 liters. This was fed to Sheep 
429, in divided doses, without producing any effect. 

7. Search for helenic acid.—(a.) A chloroform extract from 1 kilo- 
gram of dried radical leaves was freed from chloroform. Following 
Reeb’s procedure, the extract was heated with successive portions of 
water on the steam bath and filtered. After cooling, the aqueous 
solution was greenish-yellow in color and had a very small amount 
of oily matter floating on the surface. It was evaporated to conven- 
ient bulk and extracted with several portions of chloroform. The 
chioroform dissolved out 4 grams of green solid, which was not bitter 
and was nontoxic. 
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(b.) Two hundred twenty-five grams of dried blossoms and seeds 
of Helenium hoopesii1 were ground to No. 20 powder and were ex- 
tracted with chloroform in a Soxhlet. The chloroform was distilled 
off on a steam bath. The residue weighed 28.95 grams (12.86 per 
cent) and was brownish, fatty, and fluid. It was heated on a steam 

bath with successive portions of water for several hours and filtered. 
The filtrate was bitter; it was evaporated to dryness on the steam 
bath. The residue was a yellowish resin. This was extracted with 
benzene. The white insoluble residue was very bitter and contained 
dugaldin. The benzene soluble matter was not bitter and was 
nontoxic. 

(c.) A second extraction with chloroform of 400 grams of dried 

blossoms and seeds yielded 12.62 per cent extract, in which no helenic 
acid could be found. 
A tabular statement of phnrenaeo logical experiments will be found 

in Table 2 on page 23. 
8. Water-soluble constituents —Fifteen kilograms of air-dried basal 

leaves ground to about a No. 12 powder were extracted with water 
by percolation. This did not remove all the bitterness from the 
leaves. The percolate was brown and bitter. It was concentrated 
to a small volume. During this process a light-brown precipitate 
appeared, which consisted of albuminoids and calcium salts. This 
was collected, washed, and tested for toxicity to sheep. Sheep 409 
received daily doses of 5 grams of this precipitate from Sep- — 
tember 4 to September 16, inclusive, receiving two doses on Sep- 
tember 10, 11, 12, and 16—a total of 80 grams—without effect. 
Fifty grams were fed to Sheep 425 on September 10 without produc- 
ing any effect. The concentrated aqueous solution was divided into 
two portions. One portion was boiled over a free flame for several 
hours, when a further quantity of the brown, nontoxic precipitate 
separated and the solution lost its bitterness, due to hydrolysis of 
the glucosid. Durmg a period of four days Sheep 450 received 
2,400 mils of this orally in five doses, but beyond some abdominal dis- 
turbance showed no effect. The other portion of the concentrated per- 
colate was treated with lead acetate, and the precipitate was filtered 
off; the filtrate was neutralized with ammonia and precipitated with 
basic lead acetate. This precipitate was filtered off, and the lead 
removed from the filtrate with hydrogen sulphid. The lead- 
acetate precipitate was washed, suspended in water, and decomposed 
with hydrogen sulphid. The solution was bitter and contained part 
of the glucosid. It was very toxic. The basic lead-acetate precipi- 
tate, freed from lead with hydrogen sulphid in the same way, was 
not bitter, contained no glucosid, and was nontoxic. The filtrate 
from the lead precipitations was bitter, contained a portion of the 
glucosid, and was very toxic. 
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The marc from this extraction still contained some of the glucosid. 
It was dried and tested for toxicity. Small amounts fed to sheep 
caused nausea. Sheep 445 was force-fed small amounts of this marc 
moistened with water 3 times a day for 12 days, receiving in all 30 
doses of marc. The animal developed the characteristic spewing 
and died on the twelfth day. 

9. Nauseant substances—(a) In order to investigate the question 

of whether the glucosid or the water-insoluble constituents of the 
plant are responsible for the spewing cases, 1,500 grams of the mare 
from number 8 was taken. This had been extracted with water to 
which it yielded part of its dugaldin, but still contained resins, 
fats, etc. It was thoroughly extracted with alcohol, which removed 
all the bitterness. The marc from this alcohol extraction was care- 
fuily dried and force-fed in quantity to a sheep without producing 
any effect. The alcohol was distilled off the extract which was 
green, fatty, and bitterless, the glucosid having been decomposed 
by the heat to which it had been subjected during the distillation. 
The alcohol extract was treated with chloroform, when about 75 

per cent of it dissolved. The residue was fed to Sheep 447 and pro- 
duced no effect. The chloroform was removed from the soluble 
portion and this residue was fed to Sheep 456 without effect. 

(b) Two and one-half kilograms of the marc from number 8 was 
boiled two hours with 9 liters of (1 per cent) sodium-hydroxid solu- 
tion and the liquid portion was pressed out. The insoluble matter 
was again boiled two hours with 9 liters of water, which was pressed 
out. Both of these liquids gelated on cooling. The residue was 
boiled a third time for two hours with 9 liters of water and pressed 
out. The mixed colates were heated to boilmg and acidified with 
hydrochloric acid, when a curdy, green precipitate in quantity fell. 
This was washed thoroughly and tested for toxicity. Sheep 428 
received one-fourth of it orally and showed no effect. 

(c) The mare was extracted with dilute hydrochloric acid, which 
dissolved a small quantity of inorganic matter. It was then washed, 
dried, and tested on sheep, when it was found nontoxic. 

10. Alcohol-soluble constituents—Fifty-six and one-half pounds of 
fresh radical leaves were shredded in a meat chopper and immediately 
put mto two 5-gallon cans, which were then filled up with strong 
alcohol and sealed. After two months the cans were opened. The 
material was packed in percolators and exhausted with alcohol. 
The mare from this extraction was carefully dried and tested for 
toxicity. <A large part of it was fed to Sheep 541 for an extended 
period without producing any abnormal conditions. 
From the alcohol extract the glucosid was isolated, but owing 

to much decomposition only a small amount was obtained. 
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11. Experiments with the juice-—(a) The juice is very toxic and 

small amounts of it fed daily for an extended period produce spewing 
cases. It was shown that all of the dugaldin might be precipitated 
from the juice, leaving a liquid which is not acutely toxic. Sheep 
460 received on separate days three doses of 650 mils each of juice 
which had been precipitated with tannic acid and filtered. This 
produced no effect. Inasmuch as 250 mils of the untreated juice 
were sufficient to kill in a short time, it is evident that the tannin had 
removed the toxin. 

(b) It was desired to see whether juice precipitated with tannic acid 
would cause the spewing cases. Accordingly three sheep, Nos. 463, 
473, and 501, were given from June 25 to August 23, inclusive, daily 
doses of juice from 2 pounds of fresh leaves from which the dugaldin 
had been removed by precipitation with tannic acid. As a precau- 
tion against tannic-acid poisoning, the precipitant was added only 
in slight excess to the juice and, after filtermg off the precipitated 
glucosidal tannate, the excess of tannic acid was removed by neu- 
tralizing the solution with ammonia when the tannic acid precipi- 
tated as a calclum compound. At the end of the experiment each 
sheep had received the detoxicated juice from 118 pounds of fresh 
H. hoopesii radical leaves. None developed spewmg symptoms and 
all survived. : 

(c) Part of the tannic compound of the glucosid produced in these 
experiments was dried and fed to Sheep 482 in 2-gram doses daily 
(14 pounds green leaves) for 31 days and in 4-gram doses for 25 days 
without producing any definite effect. 

(7) A quantity of moist glucosidal tannate from 49.5 pounds of 

radical leaves was warmed with water and magnesium oxid in an 
attempt to decompose the compound and liberate the dugaldin. 
This mixture was fed in divided doses to Sheep 503 twice daily for 
24 days. The animal did not become seriously sick, but the urea 
excretion was markedly dimimished, which indicated that the glu- 
cosid was being partly absorbed. It was later found impossible to 
regenerate the glucosid quantitatively from its tannic acid compound, 
and it is believed that in these cases the larger part of it was excreted 
without having ever been absorbed from the alimentary tract. 

(ec) A quantity of the juice was treated with animal charcoal and 
after seven days had lost its bitterness and color; 500 mils of this 
juice (about 2 lethal doses of untreated juice) were drenched into 
Sheep 539 without producing any effect. 

12. Tovicity experiments with dugaldin.—A number of animals were 
given doses of a solution of dugaldin in order to test the toxicity of 
that glucosid. The details of some representative cases are pub- 
lished in Table 2. 

; 
} 
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TaBLe 2.—Results of toxicity tests with dugaldin. 

Dose. 

Animal. j|Weight., Date. 5 Material. | Effect. eee Autopsy. 

uan-| How given. : tity. | 8 

| 

| Grams 1919. Mi. 
Guinea pig 17. 500 | Mar. 26| 4 Orallye=== Solution of du-| Sick.-..- Dicde- |Charac- 

| galdin. | teristic. 

Guinea pig 18. Soon OG cme lene el ee do -=2 ee dae | - 40 Sani (eee [ve 2 Das 
Guinea pig 19. 400 |. -do -.-- S| S1U Die We 42 Gon ees 5-3: e200: -- = Killed 22>. Do 

taneously. 4 
Guinea pig 20.! 4254 Os se. ahlscowe dorsises coe doses Sead Oe == Recovered 
Guinea pig 20.|.....--- Mar. 27 12S | peter domes |sa5a5 COE Ee Semen ec 0 KO eee SSA Pana soe 
Guinea pig 20-|....-... Mar. 28 sity aoaee i Oe sal Soeee d0Oe ase [Peed ores dos 
Guinea pig 20.|--..---- MAT G20; |e. alee doze ssl s=: dost. lexidostS= |S dos Stee 
Guinea pig 20.|....-.-.- Mar. 30 Dales see do=zeaee See (0 Ko eee tes ose feed Ouseae SOON eae 
Guinea pig 21. 380 | Mar. 27 1 Orally ©. st oe dole Plow s- eG lS See 
Guinea pig 22. 33518) E5500) catal| 2 i SU DiGAt= feasa do4es-c2 ae OSes |e Ota 

taneously. 
Guinea pig 23. 250 | Mar. 28 4 Orally-..-...- | Solution pre- |...do.-:.-|..-do...-... 

| cipitated by 
| tannic acid. 

Guinea pig 24. 240 | Apr. 9 2 Reetally. ce se=. Gorse 4 neha 3 dos Kalledae Do 

Rabbit 21....| 1,800} Mar. 27 eit av €= see. GO 2sa2e es |es- Govss| dors Do. 
nously. | 

CHEMICAL SUMMARY. 

1. The poisonous principle of Helenium hoopesii is an easily decom- 
posed glucosid to which the name “ dugaldin” has been given. It is 

a bitter, white, amorphous solid; soluble in alcohol; less soluble in 

water and chloroform; insoluble in ether, benzene, and petroleum 

ether. 
2. Dugaldin is most poisonous when administered orally, but is 

also toxic when given intravenously, subcutaneously, or rectally. 

3. Dugaldin may be precipitated from its solutions by tannic acid, 
with which it forms a sparingly soluble compound of low toxicity. 

4. Helenic acid, the active principle of Heleniwm autumnale, does 
not occur in H. hoopesiz, nor do alkaloids, toxic saponins, or hydro- 
cyanic acid. 

URINE EXAMINATION. 

In order to determine what effect is produced in the urine following 
the ingestion of H. hoopesii, a number of 24-hour samples of urine 
from several sheep were examined chemically and microscopically. 
It was found that the total volume of the urine was diminished, in 

some cases enormously so. The urea excretion was also markedly 
diminished, while the content of ammonium compounds was much 
increased. Sugar was not found, but albumin frequently appeared, 
especially after prolonged feeding. When the feeding of H. hoopesw 
was discontinued the volume and urea content of the urine increased, 
while the ammonia quickly fell to normal. These results indicate a 
functional disturbance of the liver, since it is in this organ that the 
conversion of ammonium compounds to urea is largely effected. The 
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presence of albumin in the urine further indicates an alteration of the 
kidney. 

Sheep 469 was fed small amounts of fresh H. hoopesii daily, and 
frequent examinations of the urine voided were made, as shown in 
Table 3. 

TABLE 3.—Ezamination of urine of Sheep 469. 

Condition of |. Specific or a ee eacaavils : Biliary 
Date nail Volume eravity. Reaction. za pigment. Urea. Sade: 

1919 Mils. Grams. 
ATION 24 === | PNOnMal see so. 1,704 1.019 | Alkaline... - 0 SF 48.78 0 
Septevco-- = Fed Helenium 905 NOD alee dossccee Trace 0 31.76 0 

hoonesiz. 
SODial 3 secclaoe == dork 22. 28 610 (OSS pees dod. soe doz + 21.11 0 
Sepialo Me selh se G0. 5S asset 254 13043) |2see- ks rare eh eel bs Bee dome: ein SAQr ae eee 
Sept. 23....| Spewing........ 780 120245 eAGidee ee | 0 - 4.45 0 
SED eG al emake) er | 750 1.015 | Alkaline.... | = + 2993] maces 

The volume of urine voided rapidly diminished, as did the quantity 
of urea, but not proportionately. The amount of ammonical nitro- 
gen could not be quantitatively determined in the field, but rough 
tests showed beyond question that the proportion of this was greatly 
increased. On September 19 the animal began to spew, when it 
was taken off the H. hoopesi ration and fed hay. The volume of 
urine voided immediately rose, the quantity of urea increased more 
slowly, and the proportion of ammonical nitrogen slowly dropped 
to normal. . 

Sheep 503 was investigated at the same time. This animal was 
fed a mixture of tannic-acid compound of dugaldin and magnesia. 
The result was an ultimate reduction in the amount of urme voided, 
a quick drop in urea, and an increase in ammonical nitrogen. The 
results of the examination are given in Table 4: 

TaBLE 4.—Examination of urine of Sheep 503. 

Condition of 7 Specific eens : Bile ee Bilis 
Date. AGE Ie Volume. oravity. Reaction. |Albumin. pigment. Urea. acide 

1919. Mils. Grams. 
Se] Nie Gosaae Normal a= see 1, 525 1.018 | Alkaline... - 0 0 32. 88 0 
Sept. 14...-| Dugaldin tan- 2,145 {O14 eee doss == Trace. = 20. 98 0 

nate. - ‘ 
Ochiai as leo ss: do were. tece2 230 1s Ob 2Meseae dos tere 0 ++ 8. 68 0 

DISCUSSION AND GENERAL CONCLUSIONS. 

SYMPTOMS. 

There is a definite le of symptoms in /7/. hoopesii poisoning, but 
they differ in detail according to the severity of the illness, and there 
is a fairly clear distinction between the symptoms in acute cases 
and those from prolonged feeding. In general the symptoms resem- 
ble those of other kinds of plant poisons, but are not so violent as 
insome and are not accompanied by convulsions. 
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Depression.—The first symptom noted in the corral cases is de- 
pression. In very mild cases this may be the only symptom noted, 

and probably in most range cases is overlooked. This is shown in 
the attitude of Sheep 314. (PI. I, fig. 5.) 

Pulse.—In most cases the pulse is weak, irregular, and somewhat 

rapid. Of these characteristics the irregularity is most noticeable, 
and in mild cases this and depression may be the only symptoms 
noted. Of course in range cases this is never recognized. 

Weakness.—Accompanying the depression and weak and irregular 

pulse is a general weakness, which is more pronounced in the pro- 
longed cases. This is shown in Sheep 374 (PI. II, fig. 1) and still more 
clearly in Sheep 421 (PI. I, figs. 1, 2, 3, 4, 5, and 6). In some of the 

acute cases this weakness does not appear at all. 
Restlessness.—Both in the early and later stages of the sickness, the 

animals generally exhibit marked restlessness. If they are strong 
enough to stand on their feet they will remain standing but a short 
time, when they will lie down and then very soon get up again and 
move about in an uneasy way. 

Stiffness—During the sickness a peculiar stiffness in gait fre- 

quently is noticed. This accompanies the weakness, though it is 
not a result simply of weakness, and may be considered somewhat 
characteristic of the intermediate stages. 

Temperature.—There are no marked changes in the temperature, 
and it remains practically normal during the period of illness. 

Respiration.—The respiration is quickened when the animal at- 

tempts to get up on its feet, and is also more rapid during the acute 
stages of the sickness. There are no peculiarities of respiration which 

_can be considered as characteristic of H. hoopesii poisoning. 
Salivation.—Salivation occurred in many of the force-fed animals 

and in some of those poisoned by prolonged feeding. In some cases 
the salivation resulted in profuse frothing at the mouth. Doubtless 
this was due in some measure to mechanical irritation caused by the 
method of forced feeding, but this was not the complete explana- 
tion; salivation may be considered as a common symptom in the 
forced-feeding cases and as a symptom which occasionally occurs in 
chronic cases. Sheep 358 (PI. II, fig. 2) isa good example of a salivated 
animal. | 

Nausea.—N ausea was exhibited in many of the animals; it did not 
however, always result in vomiting. In some of the acute cases vomit- 
ing did not take place, although it did in some of those in which re- - | 
peated forced feeding were made. Generally speaking, in the pro- 
longed cases vomiting, or “‘spewing,’’ as it is called by the sheepmen, 
is the most prominent symptom of /7. hoopesii poisoning. In range 
animals it is practically the only symptom which is noticed by the 
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herders. It is not unusual, when a flock of sheep has been feeding 
upon a Hf. hoopesii area, to see large numbers of them throwing up 
their heads and vomiting. The large sheep in the foreground of 
figure 3, Plate II, shows the typical attitude of one of these animals 
in a flock feeding upon the range, and figure 4 of Plate I shows the 
attitude assumed by a corral force-fed animal in the act of vomiting. 
Sheep 420, which became ill from prolonged feeding, is shown in 
Plate II, figure 4, in an attitude produced by nausea. The pictures 
of Cattle 827 (Pl. IJ, figs. 5 and 6) show nausea and vomiting. 

This tendency to vomit may continue for a prolonged period after 
the feeding upon H. hoopesii has been stopped. The experiences 
with the animals in 1917 may be quoted as giving a definite idea of 
the frequency of this symptom. Out of 12 prolonged feedings and 
2 repeated forced-feeding cases in this year vomiting occurred in 
8 feedings and in 1 of the repeated forced-feeding cases. Of the 8 
acute cases in this year only 1 showed a tendency toward vomiting. 

Coughing.—Many of the poisoned sheep were noticed to be fre- 
quently coughing. This was particularly noticeable in the animals 
poisoned upon the range. It is probably due to mechanical irrita- 
tion caused by material from the stomach getting into the larynx. 

Bloating.—Bloat occurred in some of the experimental animals in 
both acute and chronic cases, and when it occurred was sometimes 

accompanied with the belching of gas from the stomach. Bloating 
can not be considered as a usual symptom of the experimental ani- 
mals. In range cases, however, most of the spewing cases apparently 
are bloated. | 

Trembling.—Trembling was noticed in a number of the cases, but 
can hardly be considered a characteristic symptom, as it probably. 
results simply from the general weakness of the animal. 

Diarrhea.—In some of the animals diarrhea followed the severe 
stages of the sickness and was noticeable before complete recovery 
took place. It was not, however, a usual symptom, and neither it 

nor constipation can be considered as characteristic of H. hoopesw 
poisoning. : 

Most PROMINENT SYMPTOMS. 

The especially prominent symptoms, then, of H. hoopesii poisoning 
are general depression, weak and irregular pulse, weakness, and 
nausea, followed by more or less chronic vomiting. Vomiting is not 
a characteristic of the acute cases and does not always appear in the 
chronic cases. Apparently, ie ome cases of sheep can be divided 

eakness with rapid 
and ae pulse, ane : other ain the added symptom of 
vomiting. 

Death comes on quietly and is not accompanied by sav dieibee 
Plate I, figure 6, shows Sheep 314 in the last stages. | 

conte oie 
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AUTOPSY FINDINGS. 

In 1915 there were 6 autopsies on sheep, 7 in 1916, 7 in 1917, and 
1 in 1918. In the results of these autopsies no uniform picture was 
presented which could be considered as characteristic of H. hoopesit 
poisoning. In some there were congested lungs and kidneys, but 
this condition was by no means found even in the majority of cases. 
Generally speaking there was, however, distinct congestion of parts 
of the alimentary canal. In nearly all cases there was congestion 
of the duodenum and ileum, and in most of them congestion of the 
walls of the stomachs. In some cases this congestion was found in 
the cecum and even in the rectum, but this was not ordinarily the 
ease. It can hardly be said that the autopsies gave any diagnostic 
characteristics of H. hoopesii poisoning. 

In 4 of the 5 acute cases on which autopsies were held a consider- 

able mass of serous coagulum was found on or near the rumino- 
reticular groove. This, doubtless, was caused by the marked effect 
of the H. hoopesi: poison upon the circulatory system, as explained 
in the discussion of the pathology which follows. 

MICROSCOPIC PATHOLOGY OF H. HOOPESII POISONING. 

The pathological changes occurring in the tissues of sheep poisoned 
with Helenium hoopesii, or its extracts, vary with the type of the 
case and the method of administering the material. 

Liver.—In all types of cases the liver is affected, the hepatic cells 
varying in condition. In acute cases the liver cords may appear 
compressed from edema, and the hepatic cells themselves often 
contain large, irregular-shaped, open spaces. In other cases the 
hepatic cells are swollen so as to obscure the capillaries. In the 
chronic type, mild cloudy swelling or fatty degenerative changes 
may occur. In one case interstitial hepatitis, and in another a well- 
marked small-cell infiltration occurred. Bile ducts are very 
frequently catarrhal or sometimes badly broken down. 

The quantity of blood varies between wide limits, a few cases 
being severely congested, while in others very little blood is present. 

In all cases the blood stream in the liver is affected, this bemg 

seen best in the central lobular and sublobular veins. In many 
such veins, besides normal erythrocytes, there are leached or degen- 
erate erythrocytes, granular material, areas of numerous leucocytes, 
and sometimes fibrous material. Hepatic cells sometimes are 
floating in the blood stream. These bodies may or may not be 
attached to the wall of the vein. While some of them may be formed 
about the time of death when the blood flow becomes very sluggish, 
their structure would indicate that they are thrombi. 

The thrombi and the edematous, or swollen, liver cells cccasion 

some resistance to the blood flow, and sometimes cause the mesen- 

teric veins, the spleen, and the pancreas to be more or less congested. 
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Lungs.—There is no more uniformity of condition found in the 
lungs than in the liver. As a rule the acute cases have congested 
lungs, the capillaries in some being greatly distended, and there is 
much blood in the arteries. In some cases the pronounced capillary 
congestion has led to a transudation of serum, and some diapedesis 
of erythrocytes. Generally, too, there is a marked catarrhal con- 
dition of the bronchi, which may contain desquamated epithelial 
cells and red blood corpuscles. Alveoli in places contain coagulated 
serum. 

The blood contained in and sometimes filling the arteries is similar 
in condition to that seen in the veins of the liver, except that 
normal leucocytes are rarely seen. 

The lungs of the three chronic cases examined were found to be 
diseased. In the sections of the lung of Sheep 319 there were 
necrotic areas. The alveoli surrounding such areas contain numerous 
leucocytes and some exfoliated epithelial cells. Some small blood 
vessels were engorged. In the lung of Sheep 348 there were areas of 
serous transudation, which, with the thickened alveolar walls and 

marked invasion of leucocytes, obliterated many alveoli. This 
condition probably results from spewed material being drawn down 
the trachea and accounts for the cough so common in old ‘“‘ spewers.”’ 

Sheep 437, an old spewer killed later with Asclepias galioides, had 
lung adhesions and necrotic areas. In sections of the least diseased 
parts of the lung there was an excess of connective tissue. 

Kidneys.—The kidneys are equally variable in their pathological 
condition. In none of the cases examined was there severe con- 
gestion. In all those studied there was an edematous condition of 
the capsule of Bowman, the edema separating the folds of the 
glomeruli and leaving a large clear area between the glomeruli and 
the capsule wall. This is sometimes accompanied with a small 
quantity of stainable material resembling degenerated cytoplasm. 
In most of the cases examined the cells of some portions of the con- 
voluted tubules had undergone degenerative changes. Some are 
swollen, while others are beginning to disintegrate the granular 
material lying in the lumina. 

Alimentary tract—The most nconeuriced change occurred in the 
alimentary tract of the acute cases, the exact portion varying with 
the method of administering the material. In four sheep—Nos. 338, 
314, 331, and 413—which died from single forced feedings, the most 
severe changes were in the rumen and reticulum near the opening 
of the esophagus. In’one sheep which was drenched with an extract 
the severe changes occurred in the walls of the abomasum, colon, 
and rectum, with less severe changes in the small intestine. 

The changes found in the rumen and reticulum walls are of the 
same character, consisting of a very pronounced serous infiltration 
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and an invasion of great numbers of leucocytes. The serum which 
has become coagulated is in all tissues, pushing the tissue elements 
apart and greatly thickening the walls. It is a portion of this serous 
transudate which was found in the serous coat in the neighborhood 
of the rumino-reticular groove. In these cases, with one exception, 
erythrocytes are not abundant, though vessels just beneath the 
mucosa are distended. 

The leucocytes are very abundant in the submucosa in places 
-and are grouped, resembling lymph nodules. These areas may ex- 
tend up through the muscular layers and into the serosa. The 
cells of these areas differ from those of lymph nodules. They are 
apparently more or less degenerated, but on the whole more re- 
semble polymorphonuclear leucocytes than the cells of the lymph 
nodules. The abomasum wall is edematous, and in areas in the mucosa 

is sometimes hemorrhagic. 
Sheep 451, which was given an extract of Helenium hoopesii in a 

drench, differed from the foregoing in that the point of irritation was 
mainly in the abomasum, colon, and rectum. The walls of these por- 

tions of the alimentary tract were highly congested, the congestion being 
accompanied by edema and hemorrhage. This condition was most 

pronounced in the mucosa in which layer degenerative changes had 
occurred. The abomasum wall was most thickened and the serum 
Wxs more coagulated there than elsewhere. The conditicn differed 
irom that found in the first and second stomachs of the force-fed cases 

in that there was not so marked an invasion with leucocytes; more 
blood was present, and the serum was less coagulated. In this case 
the duodenum and jejunum were quite edematous but not severely 
eongested. No sections of the ileum were made, though the autopsy 
report shows it to have been inflamed in portions. 

This inflammation of portions of the alimentary tract does not 
occur in chronic cases. There may be mild congestion and some 
edema present in the abomasum and ileum, but this is not severe. 
In many places in the digestive tract the erythrocytes of the venous 
blood take the eosin stain much less strongly than those in the neigh- 
boring arteries. This, taken with the finding of degenerated erythro- 
cytes in the veins of the liver, indicates a certain amount of direct 
action of the toxin on the red blood corpuscles. That this is not 
severe in chronic cases has been shown by hemoglobin tests on sick 
as compared with normal sheep. 

Tissues from a number of guinea pigs killed or made sick on extracts 
of Helenium hoopesi were studied and agreed fully with the fades 
on sheep tissues. 

Dugaldin, then, appears to be highly irritant sid to be absorbed 
in any portion of ie alimentary tract of the ruminant. It is proba- 
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ble, however, that to be absorbed in the rumen or reticulum it must 
be in sufficient concentration to damage the epithelium. 

TOXIC DOSE FOR SHEEP. 

Tn determining the toxic dose a distinction should be made between 
poisoning by a single administration of the plant and the toxic result 
of prolonged feeding. [It was found that no animal would eat enough 
in a single day to produce symptoms, but by the use of the balling 
gun it could be compelled to swallow enough to produce intoxicatien - 
or death. Moreover, the whole aerial part of the plant including 
stems, leaves, and flowers was used with some animals while in other 
cases use was made of stem leaves, radical leaves, flowers or stems, 

leaves, and fruit. 

Toxic dose of whole plant, including leaves, stems, and flowers when 

fed.—Kight sheep were used in the feeding of the whole plant in 1915 
and two in 1916. Table 5 shows the result: 

TaBLeE 5.—Summary of feedings of leaves, stems, and flowers. 

at rig j 

| Quan- 
Total | Average | ~ | tity per | : 
hae es | daily | hundred-| Daily 
aca Total | feed per | Days | weight | average 

Animal. weight | days | hundred- before | of to Result. 
a fed. | weight sick. animal | produce 

aaa of to sickness. | 
animal. | produce 

sickness. 

| —--- | 
1915. Pounds. | Days. | Pound. | Days. | Pounds. | Pounds. 

REED SIG ree. ar 2.19 dle SotOs | arene ear es pai Not sick. 
Sheapinlos se: 2: case 8 See 82. 468 21 3.9 SS STs Toss 3.1 Died. 
Sheep 202 sacienaane ae SS see 43. 299 28 1. 4Gc eee Be ae eee ee Not sick 
SHCEProcosea- -pciatec scene ase 74, 713 19 3. 932 19 74. 713 3.9 Sic 
SHEED ia 20 See ae eae eae 32. 865 17 933 be aes celles eerehee | ees ae epee Not sick 
SHEEN Gods saan s ance eeteaacn 28. 372 24 2. 182 24 28. 372 1.182 | Weak. 
SHEepiad den ge ee 2. 469 3 | R350) iene al Sete eel, pants | Not sick. 
sheep s4Geeasesescc. ceceees 80. 311 a9 1.361 23°} 35.7 1.5 | Symptoms. 

1916. 
BHCEPissOns-6 och cise see coc ees 77. 166 52 1. 434 20!|. 37.579 1.879 | Very sick. 
Sheep aSo's- sate o eine eee eee 49. O74 36 1. 363 23 | 34.626 1.505 Do. 

——— == ———— SS 
AV CPARe Dia! oie ate hol Parte ee gore eee 21.6 | 47.715 yaw Ba 

} 

In all the cases of 1915 except sheep 316 the animals were given 
only the H. hoopesti. In the cases of 1916, hay was fed with the plant. 

Averaging these cases, a daily feeding of 2.17 pounds continued 
21.6 days produced sickness or death. The limits of the daily dosage, 
however, were rather wide, varying from 1.18 pounds in Sheep 333 to 
3.9 pounds in Sheep 328. There was nothing in the conditions of 
the experiments to explain this wide divergence. 

TOXIC DOSE FOR CATTLE. 

Cattle 824 was made sick in 21-days, receiving in that time 52.6 
pounds while Cattle 827 was made sick in 39 days, receiving in that 
time 48.32 pounds. The two cases average in 30 days of feeding with 
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a daily dosage of 1.68 pounds per hundredweight of animal. This, 
it will be seen, does not differ materially from the average obtained 
for sheep, so that the inference is a reasonable one that H. hoopesi is 
about equally poisonous to sheep and cattle. 

ACUTE CASES. 

Table 6 gives a summary of the animals to which the green plant 
was given by forced feeding in one day in order to produce acute cases. 

TABLE 6.—Summary of forced feedings of green leaves in one day which produced 
intoxication. 

eee Sa Time from 
; Number o end of 

Animal. feedings. hundreds feeding to Result. 
weight of t 

| animal. |SY™ptoms. 

1915 Pounds. Hours. 
SNCs os Sl Nh Cea Sareea kee ean! any eee ear anaA 2 2. 646 Sick 
“SJ EUGTEY Dy SOAEES 2s Rasa Cras gc hh Ng deena ge nee 2 2. 846 (1) Do 
SII) Si Dass ees sae aner os See Roos Saroedes ae aaAeres 3 2. 645 2 Do 

1916 
Shee og sees ee ee ee eens cc 2 2, 509 3h Do 

1917 
Sheep 424...... Bete e mina roeiein ee aie Seisenah Serco 1 2. 306 4 | Very sick. 
SLOG GE oS Sa see oosostnnos seca coun acsa sees SoceSe 1 2. 501 54 | Sick. 
SBE) WSs 5 odocesase: Sooggsadseneucsddsseassoedaeoe 1 2. 299 24 | Symptoms. 
SINE Hee se Sacsndonrnsaseooonesessacddesesceosesas 1 2. 217 63 Do. 

1918. 
MES (094 Gllicree seer see eee aclsianees Sow eae oe. | 1 2. 835 314 | Sick. 

BUN Crave sya eres. Stn AR ee oe Soe Ee Sooeee ee ate DEAGAS reas he en | 

1 Immediate effect. 

The average dosage in the table above was 2.494 pounds, with a 
minimum limit of 2.217 pounds and a maximum of 2.846 pounds. In 
general it may be stated that 2.5 pounds of green leaves fed in one 
day may produce intoxication. It should be noticed, however, that 
none of these feedings resulted in death. Reference to Table 1 will 
show that— 

Sheep 320 received 2.79 pounds without effect. 

Sheep 318 received 2.646 pounds without effect. 
Sheep 347 received 2.756 pounds without effect. 

Sheep 479 received 2.473 pounds without effect. 

It is recognized that there is some difficulty in noting slight 
symptoms and that some of these animals may have been affected by 
the plant, although no positive symptoms appeared. It is fair, 
however, to draw the inference that while 2.5 pounds may be con- 
sidered as the toxic dose of the green plant in acute cases, it does not 
follow that all animals receiving this quantity in a single day will be 
poisoned. 
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Comparing these results with those in Table 8, showing the effect 
of feeding green leaves in the corrals, it is interesting to note that the 
average quantity, about 2.5 pounds, necessary to produce acute 
cases, is only slightly greater than the average quantity, fed in the 
corrals for three weeks, which produced chronic cases—namely, 2.2 
pounds. While as large a quantity as 3.143 pounds has been fed 
daily for 22 days before producing intoxication, it is evident that 
when the feeding is not made in a single dose, but is continuous and 
spread over a considerable period of time, much of the toxic principle 
must be eliminated. 

CONTINUED ForcED FEEDING. 

In some animals the forced feeding of green leaves was continued in 
smaller doses for several days. The following table shows those in 
which positive results were obtained: 

TaBLE 7.—Forced feedings of green leaves, in two or more days, which produced intoxt- 
cation. 

Quantity fed per hundredweight of 
ee animal. 

: Dave Number 
Animal. ail of feed- 

. oe Total Daily Result - | average. opie 

1915. Days. Pounds. | Pounds. 
SHEED One oe Se eee ne ee ere eee 3 4 4. 001 1.33. | ied: 
TICE DES nee ee ois es is saeco hoe ern ae ae 3 5 4. 139 1.379 | Sick. 
SSHECDFa terrae oe ene oe Soe Se he ee ee 7 12 7. 936 1. 134 Do. 

PACV CLAGO sets See Sanit oa te Susie b ceo nae eee dale eee 5. 359 1528152 eee ee 

According to Table 7, an average daily feeding of 1.281 pounds 
continued for 44 days produced sickness or death, or, in round num- 

bers, 14 pounds given daily for 4 or 5 days produced intoxication. 

As compared with voluntary feeding upon leaves (p. 33) these force- 
fed animals were poisoned on a smaller dosage and in less time. 

TOXICITY OF LEAVES OF PLANT. 

It is to be presumed that sheep on the range, when eating H. 
hoopesivi feed mainly on the leaves. It is of special interest, therefore, 
to know the dosage of leaves that will produce sickness or death. A 
large number of feeding experiments were carried on, and Table 8 
summarizes the results of corral feeding of green leaves. 

« ee 
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TaBLE 8.—Summary of corral feeding of green leaves. 

Quantity fed per | 
Quantity fed per hundredweight | | Bgadred Welt ness ae animal to pro- 

2 | Day. uce sickness. | 
Animal. | “fed before | Result. 

: sick. ea ot pee 

Daily | Daily | 
| Total. average. | Total. | average. | 

| | 

1915. Days. | Pounds. | Pounds. | Days. | Pounds. | Pounds. | 
SIIGU Nh SPA ES eee an eeeeace 27} 34.058 LRT eS ee ee (Ee ree Symptoms. 
SUCH DOP AR ae een eee ae ae 4} 3.175 (CLs) Raed fateee Soe cae oo sce PANOLSIEks 
SICGT GS) es Spe iy eee aaa Sere 9} 7.805 a TY fe ees ecg ae |e ea Do. 
SHC ad Ora See oe SSS Se et e 20 27. 014 | 0 Al eeca erase a eer eel is aerate Symptoms. 
hee pastes nee. cess as ae cee | 15 21,519 W434 | oo Se laecceardoellacwegscadt Not sick. 
Sheep ooo eee ae Bie meee S51 aps es ae ee epenti ae oe Do. 
SHECD SDT ree 13 | 15.192 ss Th eee sec eee | np tate Sa Do. 
SINGS BU Daas aes pean ee ee | Ob SOF ODIs | FEOF fad ee lace lee 

} } : 

1916. | 
Bhesp a0 ee tS see | 113.82 | 2.1 05| 64.583] 2.583 | Died. 
SHEEP St ee cot ecee cee ee 56 | 120.3 2.149 29 73. 544 2.536 | Very sick 
SIGHS eae Hoel eee ee | 21} 49.65 2. 364 15 37. 589 2.506 | Died. 
SUGT Day (See oe a ae oe ee 26 62. 577 2.4 16 40. 491 2.53 | Very sick 
SUGGES he NS eee aes 33 78. 697 2.385 17 43. 662 2.568 Do. 
SING DSSS a ee eee ee eae 30 | 451.464 1.715 24 43. 008 1.792 Do. 
SING@QD SSUES eee EERE aeaee 33 64. 861 1.965 18 45. 625 2.539 Do. 
SHCGR On dooms acaonce Fame ae ae 28 50. 219 1,794 25 43. 296 1.732 | Sick. 
SheepaQtesas soon. ease 30 51.16 1.705 26 47. 969 1,845 | Very sick. 
Sheepis26 sass ses ose: 30 37.427 HS248 WERE S oe A} s alas eee [seo tea Not sick. 
STC 3 ee eee | 8 2.112 B/7. | Rens (SET Ae ear) Pee ees oe Do. 

1917 
Sheep 411....... eras ctan te wae oe 16 51.145 3. 196 12 36. 641 3.053 | Very sick. 
SI NGGy Ie 5 a ee 29 64. 091 2.210 18 36, 818 2. 045 Do 
SHEEP 425 ote oae e Fok et oon 36 53. 107 1.475 33 47, 469 1.438 Do 
HCPA Sere ns coe eee ee 28 62. 013 2.215 26 55. 844 2.148 Do 
SHCCDAlG eee naa ae eee 34 65. 566 1, 928 19; 38.433 2.023 | Do 
STDGEy Dc 1G Paces eas oe pe aa 32, 60.050 1.877 20 28, 894 1.445 | Died. 
SUG NCUA eas Ie een 33 42.731 1.295 18 27. 099 1.505 | Sick. 
SHEED A448 scan ses ce eee nese 52} 92.148 TT2 47 69. 977 1.489 | Symptoms 
SLIGG] NR eae mee cease 19} 38.419 2.022 13 25.368 1.951 | Very sick 
SIGS] Dye: 71 ee Sie Sree ee 23] 47.925 2. 083 19 43. 281 2.278 ) 

1918 
SRICED A862 57 Sons A teem ce 2 23) 53. 061 2.307 | 16 44,898 2.806 | Sick. 
RNEEN 490 ioe ae ee 23 70. 370 3. 060 | 22 69. 136 3. 143 | Do. 
SHEED D002 ott nan seas 33 79.167 | 2.399 | 26 = 556. 150 2.16 | Do. 
SHOP AGI ss. See aes eos 40 | 53.704 | LSS 2 Boa ea Pepe bate are io meee gee Not sick. 
pheep:asl. <4 4 sacs ieee 18 56. 250 3.125 | 18} 56.250 3.125 | Sick. 
SHeepiMO2e ta. 22 Feces eee 21 36. 283 183725), (ee Seen Reenter s| bars Sng eae Not sick. 
SIGa 0G Gee ae ee 25 49.519 1.981 | 16 36. 058 2.254 | Sick. 

Wyverace. as 2 ers | 26 | 49.395 1.795 | 21.58 | 46.340 2.228 | 

It is seen from the averages of this table that a sheep will be poisoned 
by eating 2.228 pounds daily for 21.58 days, getting in this time a 
total of 46.34 pounds. These figures must not be construed, however, 

as giving very exact limits, for the time necessary to produce intox1- 
cation varies from 12 to 47 days, and the daily dosage from 1.438 to 
3.143 pounds. Moreover, there is no clear relation between the 
quantity fed and the time necessary to produce results. In some 
cases it was necessary to continue the smaller dosage a longer time, 
as In Sheep 448 and Sheep 423; but Sheep 420 had nearly the smallest 
daily feeding and became sick in 18 days. Neither in the three cases 
which ended fatally is it clear that it was because of greater feedings 
or longer period of experimentation. 
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TOXICITY OF FLOWERS. 

Table 9 gives the results obtained when fiowers of H. hoopesii 
were fed in the corrals: ‘ 

—— 

TABLE 9.—Summary of corral feeding of flowers. 

Quantity fed per | Quantity fed 
hundredweight | hundredweight 
of animal. bays af animal to pro- 

Animal. Days SSS SSS _ before ees Result. fed. | ae 

| Daily ie Total. Daily 
average Total | average 

1915 Days. Pounds. | Pounds. | Days. | Pounds. | Pounds. 
SUITE) NS? Spee a aeeeace 6 8. 14 URS Cn PR arses Peer mene eset are oe Not sick. 
SHEED Soleesaee ee ae 9 15. 936 si fen eeeoe| Pee asl aa aire & Do. 

1916 2 
SheenaiS--tsy ee 46 89. 643 1, 949 | 34 66. 768 1,964 | Sick. 
SHEED ont en seraaee eee. 49 72. 055 1. 471 19 30. 303 1.595 | Very sick. 

1917 
SheepiasGect aes Eee: 37 84. 082 2. 272 22 47. 755 2.171 Do. 

Average.......----- [Levee tee ee ee ee 25| 48.275| 1.943 

These results show that the toxicity of the flowers is practically 
the same as that of the leaves. 

TOXICITY OF STEM LEAVES. 
The summaries of forced feeding of green leaves, in Tables 6 and 7, 

were of experiments in which radical leaves were used. For the pur- 
pose of comparison, forced feedings of stem leaves were made in 3 
cases, as shown in Table 10. 

TaBLE 10.—Summary of forced peeegs of stem leaves. 

| | Quantity fed per 
“ hundred weight 

Days ber of ofa al: | Animal. fed feed- | Result. 

Ines: Daily | 
| Total average. 

1915 | Days. Pounds. | Pounds. 
Sheepisoles sess eee eee ee ee eee eee 1 1 2. 645 2.645 | Died. 
SHEP ste Ree So etc an Se eee Oe pee 1 3 2. 645 2.645 | Sick. 
Sheep BATES Sez Aes aE Oe Pe BE rs 1 2 2. 756 2.756 | Not sick. 

With these animals the feeding was given in one day. Comparing 
the results with Table 6, in which are summarized the feedings of 
radical leaves in one day, it is evident that the dosage is practically 
the same, not far from 2.5 pounds, with a considerable margin of 
possible variation. 

COMPARATIVE TOXICITY OF DIFFERENT PARTS OF THE PLANT. 
Summarizing the averages of the feedings of different parts ot 

the plant we get the following: 
Whole plant produced sickness when 2.17 pounds was fed daily for 21.6 days. 
Leaves produced sickness when 2.228 pounds was fed daily for 21.58 days. 7 
Flowers produced sickness when 1.943 pounds was fed daily for 25.1 days. 
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The difference in the toxicity of the different parts of the plant 
therefore is negligible; also the comparison just mentioned shows 
that there is practically no difference between the radical leaves and 
stem leaves. 

EFFECT OF DRYING ON TOXICITY OF LEAVES. 

A few feedings were made to determine whether drying of the 
leaves caused any loss of toxicity. Table 11 shows the results. 

TaBLE 11.—Summary of forced feeding of dry leaves. 

Quantity fed per | 
hundredweight 
of animal (esti- 

Dave Nut inated as green 
Animal. fed. feed- Dp ant). | Result. 

ings. 

Daily 
Total. average. 

1916 Days. Pounds. | Pounds. 
So di OQlesesaaessne cosas 5 sac pess ne aes So eeTaseS nee 1 2 3. 475 3.475 | Symptoms. 

1917 
SH VGYY 8) LOD estes eae a rene ec Se RPS yea 1 if 2. 301 2. 301 Do. 
SCG PASO eee ee ese ome sane fom elaie Se eiewterate 4 3 11. 305 2. 826 | Sick. 
SEC 014 22 eerie eames oie ein ioeine me so eee cine ae ee 5 5 10. 776 2.155 | Symptoms. 

Averaging the two cases fed in one day, the toxic dose of dry leaves 
in terms of green plant is 2.888 pounds. Averaging the two cases 
given prolonged feeding, 2.49 pounds daily for 44 days produced 
sickness. 

As it is shown in Table 6 that the toxic dose of green leaves 
given in one day is 2.494 pounds, and in Table 8 that 1.281 pounds 
of green plant given for 44 days produce sickness, it appears that 
the dry plant given by forced feedings is not so toxic as the green 
plant. 

The prolonged feedings of the dry plant, however, gave somewhat 
different results. The cases are listed in Table 12: 

TABLE 12.—Summary of prolonged feedings of dry leaves. 

| | 

| Quantity per hun- | 
dredweight of 
animal to pro- 

Days duce sickness. 
Animal. before | Result. 

SICK >= oss 

Daily | 
Total. | average. | 

1916 | Days. | Pounds. | Pounds. | 
SINE eS SEE SERS aS ea ae eee a ee | 15 | 34.011 | 2.267 | Very sick. 
SLEDS) SIIB res eB ee a aa | 18 21. 712 1.206 | Symptoms. 
9S XDOA OY Bb a he pe ae a ee 14 43. 043 3.074 | Very sick. 
SBD SIDE 6 se ae a Se ee ere ae | 15 28. 467 1. 898 | Sick. 

| | 
Sh: he 2 094 r4sAL | S BED GI 6 5s Oe a aa ae Oe pe ee eee 1 44, 09¢ b | ptoms. 
Sheep 472...... Bee et ae 16| 34.45 215 | Sick. 

crear te Ree ee | 16.5| 34.296 2.116 
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The results show that an average daily feeding of dry leaves of 
2.116 pounds continued for 16.5 days produces sickness. On page 33 
it is shown that an average daily feeding of 2.228 pounds of green 
leaves produces sickness if continued for 21.58 days. Judging by 
these figures alone it would appear that the dry plant is more toxic 
than the green. After making allowances for the small number of 
cases and the necessary accuracies of the detail of the experiment, 
it seems probable that there is no material difference in toxicity 
between the green and dried plant. It should be noted in this con- 
nection, however, that the dry plant used in the experiments had 
been collected and dried under cover and that this conclusion might 
not apply to the plant dried standing on the range. 

SEASONAL VARIATION IN TOXICITY OF THE PLANT. 

For practical purposes it is desirable to know whether the plant is 
especially toxic at any particular season. Part of the experiments 
of 1917 and 1918 can readily be divided into two groups, one occur- 
ring in June and early July, and the other in late July, August, and 
September. 

In June, 1917, Sheep 424, 415, 413, 432, and 428 were given single 
forced feedings with an average dose of 2.358 pounds, three being 
made sick and two dying. Sheep 444, on September 13, showed 

symptoms from a forced feeding of 2.217 pounds. The difference 
between the two groups evidently is very slight. | 

The sheep receiving prolonged feedings of leaves in 1917 can be 
divided into three chronological groups, as shown in Table 13. 

TaBLE 13.—Seasonal variation in toxicity of plant. 

Quantity per hun- 
dredweight of 

Days animal to pro- 
| : to pro-| duce sickness. 

Animal. Date of feeding. duce Result. 
| SICK =f | >a ane 

ness. , | 
Daily | 

Total. average. 

1917. 
Group 1: Days. | Pounds. | Pounds. 

Sheep lias eee eee IGN) {3 UO ZB3scoososesudoseddcus 12 36. 641 3. 053 | Very sick. 
710 TE es a oe YOUNES VOD Wi Ossscssscccscsac| 18 36. 818 2. 045 Do. 
ANE Se St Bis eh a JUNE Si todiMlyels saeesese eee eee 33 47. 469 1, 438 Do. 
Aileen ee ae eee Aflono.33 110) AID? Da ooosonoanasoes 26 55. 844 2. 148 Do. 

FAW OTA SC) meme eR AD ee ere a ERE S| 22. 25 44, 190 2.171 

Group 2: | 
Sheepr4alGe see -2- oe 4-2 Jily;GibOrANIESaeeereseeeeee ee 19 38. 443 2. 023 _ Do. 

AiO Meee Ee Soe os Juilly SiCOvAUIe Saeco sees sees 20 28. 894 1.445 Died. 
AI) RNa oe V9: uly 8 GoyAue son eee eee 18 | 27.099 1.505 | Sick. 

Se TARDE = Sete EE ek a em en ea |v BGs: 84k 47OL |r G57 

Group 3: 
Sheepia4g.. Sycet eee July 27, GO) Sep LOneeere access fe 47 69. 997 1,489 | Symptoms. 

AST oe Heat Rois LAWTSs PAN WO) SOS Sacoocomsdosc 13 25. 368 1.951 | Very sick. 
OAL See eae ASR 7 VOMSeCDU. LO ceeee eee eeee 19 43. 281 2. 278 Do. 

ASVOrages . Minas. wc. [joc USOOe Sosb bese mecca saad 26 46. 209 1. 902 
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If Table 13 is taken at its face value, we must consider the plant 
as most toxic in midsummer and more toxic in September than in 
June. 

It may be seen from Table 1 that in 1918 four sheep were poisoned 
by feeding in June and July, while only one sheep, No. 469, was 
poisoned by feeding late in the season; this from August 26 to Sep- 
tember 19 received 36.058 pounds—an average daily feeding during 
25 days of 1.442 pounds. In these cases, again, the dosage of the 
latter part of the season was rather smaller than it was earlier. 

While the numbers of cases in different parts of the year are too 
small to permit of reliable averages, it seems that there is an apparent 
tendency to slightly greater toxicity in the latter part of the season. 
This probably is explained by the greater quantity of water con- 
tained by the plant early in the season. In general, it may be stated 
that there is no marked seasonal variation in toxicity. 

PERMANENT EFFECT PRODUCED BY THE POISON. 

It was noticed in the corral cases that the effect of H. hoopesit poi- 
son was continued for a prolonged period, and that complete recov- 
ery, if it occurred at all, was slow in appearing. People who handle 
sheep in the H. hoopesi region have a theory that a spewing sheep 
never completely recovers. It 1s stated that if a band of sheep is 
brought from the outside to a 4. hoopesi range, there are compar- 
atively few cases the first year, more the second, and still more the 
third. This is explained by supposing that the effects of H. hoopesw 
feeding continue over from year to year. In connection with the 
experiments at the Salina station, some sheep were kept for two or 
more years and notes made in regard to the outcome of cases that 
were poisoned and apparently recovered. The results appear to 
show quite conclusively that the effect of H. hoopesii poison may be 
permanent; that sheep once affected by this plant are likely to suc- 
cumb more quickly to a succeeding feeding, and, even if they appar- 
ently recover, are likely to prove worthless. 

HELENIUM HOOPESI A CUMULATIVE Porson. 

As previously shown, if about 2 pounds of H. hoopesii leaves are 
fed daily for about 20 days, sickness is produced, although a consider- 
ably smaller amount may have a toxic effect. For instance, in 1918 
Sheep 469 was made sick on a daily feeding of 1.6 pounds, while on 
the other hand 1.5 pounds was fed daily for more than 20 days with- 
out producing any effect. If less, however, than 1.5 pounds a day 
is fed, positive symptoms do not develop. For example, Sheep 467 
ate on the average of 1.3 pounds a day for 40 days without showing 
any distinctive symptoms. It will be remembered also that a single 
day’s forced feeding of 2.494 pounds produced toxic symptoms, 
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It seems clear that if the daily feeding is less than 1.5 pounds, the 
toxic substance is eliminated to such an extent that no injurious 
effect follows. If, however, the daily ration is between this limit 
and a toxic dose of one day’s feeding, the effect of the plant accu- 
mulates. It should be added that there is every reason to think, as 
stated elsewhere, that the poisonous principle of H. hoopesiz produces 
a permanent effect upon the animal, and, when it is stated that the 
poisonous substance is eliminated, it is by no means certain that some 
effect has not been produced. This has a distinct bearing on range 
poisoning, for it is probable that sheep that feed freely upon the range 
show the effect of eating H. hoopesii only after many days or perhaps 
weeks of feeding. 

REMEDIES. 

Three classes of remedies were tried: 
1. On the assumption that increase of the processes of elimination 

would be of assistance in reducing the effects of the Heleniwm hoopesia 
poisoning, a number of substances were used, including Epsom salt 
and Epsom salt combined with strychnin, linseed oil, and linseed oil 

combined with glycerin, linseed oil combined with turpentine and 
strychnin, sodium cacodylate, paraffin oil, and paraffin oil combined 
with strychnin. Most of the animals treated with these agents 
showed improvement. It was not clear, however, that the improve- 

ment was due to the remedy. 
2. It having been found by chemical examination that the toxic 

agent of H. hoopesw is a glucosid, and that this is precipitated 
from the plant juice by tannic acid, tannic acid was used experi- 

mentally as a preventive of poisoning. ‘Two sheep (Nos. 486 and 506) 
were fed upon the plant and received daily a drench of tannic acid. 
No. 486 was fed upon the radical leaves from June 13 to July 5. 
From June 18 to July 10 it received twice daily a drench containing 
one-half gram of tannic acid. On June 28, or the sixteenth day of 
feeding, the sheep started spewing. During the remainder of the 
experiment the sheep continued to spew and showed other symptoms 
of H. hoopesi poisoning. This sheep was poisoned in 16 days on 
44.9 pounds, or an average of 2.8 pounds per day. Sheep 506 was 
fed upon radical leaves from June 13 to July 15. Until June 20 it 
ate very little of the plant, but at that time began to eat more freely. 
From June 18 to July 15 she was drenched twice daily with 1 gram of 
tannic acid in solution. The animal showed positive symptoms of 
poisoning in 26 days after eating 56 pounds, or a daily average of 
2:16 pounds. Feeding was continued for 7 days following the symp- 
toms, and the tannic-acid treatment for a considerable time longer. 
In these two cases the tannic acid appeared to have no beneficial 
effect. 
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Two sheep (Nos. 490 and 467) were fed on this plant and during 
the feeding a mixture of tannic acid and salt was kept in the pen. 
Sheep 490 showed symptoms in 22 days after eating 69 pounds of 
the plant. Sheep 467 after 40 days feeding with a daily average 
quantity of 1.34 pounds showed no symptoms. This animal, how- 
ever, did not eat the plant freely and did not get enough during the 
period of feeding to produce toxic symptoms. Neither of the sheep 
ate very much of the tannic acid and salt mixture. In the case of 
these sheep, as of the other two, there was no evidence of any benefi- 

cial effect from the tannic acid. 
3. Because of the general practice on the Fishlake National Forest 

of moving spewing sheep to a lower level, where they could graze on 
browse, and as the browse consisted largely of oak and service berry, 
it was thought worth while to try out the effect of feeding these 
plants to animals that were receiving H. hoopesi leaves. This was 
tried with several animals, but with no resulting benefit. From these 
experiments it seems probable that the benefits which the sheepmen 
say follow the removal of the animals to browse result not from the 
effect of the browse but from the removal of the animals from the 
sneezeweed and the consequent change of forage. 

The general result of these experiments on remedies was discourag- 
ing, and it can only be said that at the present time no effective 
remedies. are known which can be used for H. hoopesii poisoning. 

TREATMENT OF PLANT ON THE RANGE. 

PossiIBILITy OF EXTERMINATING HELENIUM HOOPESIL. 

The question has been asked, Is it not possible by digging to rid 
the range of H. hoopesi1? In order to determine this somewhat 
exactly, an area where the plant was fairly thick was measured off 
and two men were set to work—one with a hoe and the other with a 
spade—to dig up the plant. The plant was not simply cut off, but 
was dug up and the roots exposed to the sun. On the basis of the 
work done by these two men it would require 81 hours and 20 minutes 
toclear an acre. This at the present price of labor on the range would 
cost at least $30 an acre. This cost evidently is prohibitive. 

The area was cleared on September 8, 1918, and was kept under 
observation during the season of 1919. When examined on Septem- 
ber 19, 1918, it was found that the plants had been almost entirely 
killed. A few small plants had been overlooked and a considerable 
number of very small plants were found which probably started after 
the area was dug over. 

The plot was examined again August 4, 1919, when it was found 
that the few plants which were growing were for the most part from 
seedlings. On the whole area of 4 square rods, 14 flower stalks were 
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counted. Very little grass had come in, and the area, which was on a 
slight incline, had been somewhat washed by the rains. 

On July 27, 1920, seventy-two flowering stems of H. hoopesii were 
counted, and besides there was a considerable number of small plants 
from which no flowering stems had grown. Nineteen bunches of 
Symphoricarpos had come in, and there were a few grass plants and 
dandelions, with considerable chickweed. On August 18 the JZ. 
hoopesia plants were cut out with a hoe, the work requiring 16 hours 
and 40 minutes per acre. A sharp hoe was used, so that many of the 
plants were cut out rather than pulled out, the cutting being done 2 
or 3 inches below the surface of the ground. When the ground was 
examined again September 11, 1920, it was found that a few more 

seedlings had started, and that there was a fairly vigorous growth 
from the cut plants. In these cut plants the growth was generally 
from buds which had started near the cut surface, but in some of them 

adventitious buds were found upon the larger roots well below the 
surface. Apparently buds may appear from almost any part of the 
root which remains in the ground. 

Time at the rate of 30 hours per acre was spent in going over the 
patch again with a hoe, especial pains being taken to remove the 
plants so that the roots should be exposed upon the surface. Of 
course, many of the smaller roots were torn off and left in the ground. 

The patch will be kept under observation for a longer time, but it 
is evident that the destruction of the plant on the range by digging is 
not likely to be a success. The plant grows so thickly that in order 
to clear a given area it is necessary to dig up almost the whole surface, 
so that if a range were to be cleared it would be necessary not only to 
dig up the plant but to reseed the area, as after the digging it would 
be left almost devoid of vegetation. The great expense of this work 
would make this method of clearing the range a practical impossibility. 

EFFECT OF CUTTING OFF WITH A SCYTHE. 

In order to determine what effect would be produced by repeated 
cutting down of the aerial parts of the plant an area was staked off 
July 25, 1918, and a similar area by its side as a control. On this 
date the plants were cut with a scythe from the experimental area. 
An examination of the area, September 9, 1918, showed the plants 

apparently in a more thrifty condition than those on the control patch. 
More new leaves had been put forth on the cut plants than upon those 
that had not been injured. Cutting off the tops appeared to have 
a stimulating effect upon the plants. This is perhaps what should 
have been expected, for, as stated above, adventitious buds readily 
start not only from the crown but also from the roots, and these buds 
doubtless grow more numerously because of the cutting off of the top. 

E 
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The scythe cutting was repeated in the summers of 1919 and 1920, 
with no change in results. 

It seems clear that scythe cutting has no deleterious effect on the 
erowth of the plant. 

EFrrect PRODUCED ON THE PLANT BY RESTRICTION OF GRAZING. 

Inasmuch as it is recognized that the present abundance of H. 
hoopesit on some ranges is correlated with the overgrazed condition, it 
is desirable to determine what effect would be produced by removing 
erazing animals for a period. The H. hoopesi is not particularly 
palatable to any grazing animals. Cattle very rarely eat it even when 
the range is reduced to an almost pure stand of this plant. The sheep 
eat it only after most of the desirable forage has been removed. 
Under such circumstances the H. hoopesit, which is a rank-growing 
plant, takes almost complete possession of the range. If the grazing 
animals were removed and the range allowed to reseed itself, it might 
be possible that by the growth of grasses and weeds the H. 
hoopesi1 would be gradually diminished in abundance. In order to 
test this possibility, a locality was selected on an evidently overgrazed 
range where the H. hoopesii was very abundant, and about one-fourth 
of an acre was fenced off, the plan being to keep it under obser- 
vation for a term of years. This area was on a very heavily grazed 
cattle range on which little remained except-the H. hoopesiw, and that 
was very abundant. 

The land was fenced off on September 16 and 17, 1915, and on 
September 24 half of the plot was sowed to grass seed. Timothy was 
seeded on a part of this and orchard grass on the rest. The grass seed 
was scattered broadcast and was not raked in. 

The area was visited on June 23, 1916. It was found that the 
fence had been broken down during the winter and the ground more 
or less trampled. There was no evidence that any of the grass seed 
which had been sowed had germinated; in fact there was more grass 
on the part of the plot which had not beensown than on the remainder. 
The general appearance of the tract was very much better than that 
of the ground outside of the fence. Evidently considerable grass 
had grown in the inclosure. 

On August 12, 1916, it was noted that an abundance of wild 
grasses Was coming in so that the H. hoopesw at this time was more 
or less obscured. Outside the area very little grass was seen. 

September 6, 1917, practically two years after the plot was fenced 
off, another examination was made. To superficial observation the 
H. hoopesit seemed nearly as abundant within the inclosure as 
outside, but there was a good growth of wheat grass with a good 
deal of yarrow and many dandelions. Actual count of the number 
of H. hoopesia plants on measured typical areas inside and outside 
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showed that the outside range had about one-third more H. hoopesti 
plants than the area inside. This would indicate that at this time 
there was an actual reduction in the abundance of the HT. hoopesii. 

July 25, 1918, the patch was visited and it was found that sheep 
had broken in on the upper part of the inclosure and had grazed it 
considerably, eating especially the dandelions. The H. hoopesii of this 
season was very abundant and thrifty from the fact that the season 
was wet and favored the growth of the plant. It was very evident, 
however, that the H. hoopesiti was much more abundant outside the 
inclosure than within. The area had been somewhat washed by the 
rains and the grass was not so abundant as would have been expected. 

September 9, 1918, a careful examination of the patch was made. 

By counting the plants on measured typical areas, it appeared that 
the H. hoopesw was nearly twice as abundant outside the inclosure 
as it was inside. The exact proportion was five to three. Inasmuch 
as the area outside had been badly trampled and many plants 
destroyed, it is probable that the difference between the two areas 
was really greater than that established by the count, for all the 
plants on a given area of the inclosure would be recognized, while 
many of those on the outside would have been destroyed by grazing 
animals. The difference in vegetation between the areas within and 
without the fence was very marked, and stockmen who had been 
observing the experiment considered it very good evidence of the 
beneficial effect produced upon the range by giving it an opportunity 
to recover. 

July 29, 1919, an examination showed that the H. hoopesw was 
still abundant, but, as in the preceding year, was in much smaller 
numbers than outside. 

August 5, 1919, a detailed examination wasmade. The H. hoopesu 
was matured and on account of the dry season was very nearly in 
the same condition that it was in September of the preceding year. | 

Cattle had broken into the inclosure and had grazed upon the 
grass, apparently having, to a large extent, eaten the seed stems of 
the grasses. The grass was not quite so thick as early in the season, 
but this appearance may have been due, in part at least, to the 
accidental grazing. Again a count was made of the relative number 
of the H. hoopesii plants inside and outside of the inclosure, and it 
was found that the average was in the ratio of 114 to 19. 

During the summer of 1920 there was an abundance of rain in the 
mountains, with a gonsequent vigorous growth of all forms of vege- 
tation. When the patch was examined August 23 it was well covered, 
the wheat grass which grew all over it being especially marked. 
There was a considerable quantity of Gymnolomia multiflora, which 
being in blossom at the time, gave the patch a general yellow color 
when seen from a distance. The other plants present were dande- 
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lions, yarrow, a few plants of Agastache and a bunch of Rudbeckia 
occidentalis. The wheat grass stood between 2 and 3 feet high. 

Actual count of H. hoopesw plants on measured areas, as in pre- 
ceding years, showed an average of 14 plants inside to 22 outside. 

In summing up the results of these experiments to date, the follow- 
ing statements may be made: 

1. The sowing of grass seed was a failure, for all the grasses which 
came in were from reseeding of the natural grasses of the range. 

2. The relative number of /7. hoopesi: plants on a given area had 
been reduced about one-half as the result of the prevention of grazing. 

3. The H. hoopesw still remained in considerable abundance and 
was growing with vigor, and it is by no means clear that this method 
would accomplish anything more than a reduction of the H/. hoopesii 
plants with an opportunity for the growth of grasses and other 
palatable forage. 

4. While, without doubt, the prevention of grazing will do much 
toward the restoration of the range, in localities where H. hoopesia 
has taken possession, it will take a long time for it to be overcome 
by other plants. It is a very thrifty plant, propagating both by 
seeds and vegetatively; so far as known, it has no insect enemies and 
is likely to hold its own in competition with others. The proba- 
bilities of real restoration of the range, in any brief period, are not 
good. While the resting will benefit a range, it probably would 
take many years to make anything like a complete restoration. 

This experiment will be continued for a further period of years in 
order to determine as nearly as may be what length of time may be 
necessary to restore the range to a reasonably good condition. 

PREVENTION OF LOSSES. 

The ways by which losses of livestock by poisonous plants may be 
prevented were discussed in Farmers’ Bulletin 720, and, in recapitu- 
lating the facts about H. hoopesi it may be well to follow, in general, 
the classification of that bulletin. 

Medicinal remedies.—As stated in Bulletin 720, medicinal remedies 
in most cases of plant poisoning are of minor importance. It has 
been shown in the case of H. hoopesii that the effects of the plant 
are of such a character that little or no help can be expected from 
remedies. 

Eradication.—This is discussed in detail on pages 39-43, where it is 
shown that eradication is practically impossible. 

Use of range when plants are least poisonous.—Some plants are 
especially dangerous at certain seasons; H. hoopesii is dangerous 
during the whole season, so that nothing can be gained by confining 
the grazing to a part of the season. 
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Allotment of range io animals not affected by H. hoopesii.—It has 
been shown that cattle are seldom affected by H. hoopesii and horses 
rarely if ever. A partial solution of the difficulty may be made 
in some cases by allotting sneezeweed ranges to horses or cattle 
rather than to sheep. 

Management of range to secure abundance of forage.—H. hoopesii is 
not eaten because of its attractiveness to grazing animals, but is 
taken after the supply of other forage plants has been exhausted. On 
ranges where H. hoopesii is abundant, but accompanied by a sufficient 
supply of other plants, sneezeweed poisoning seldom or never occurs. 
It is on overgrazed ranges, when little is left but H. hoopesii, that the 
sheep are injured. Such ranges, because of the thriftiness of the 
plant, grow rapidly worse. It is obvious that an attempt should be 
made by proper management to restore the range. Theoretically 
this can be done by so restricting grazing as to permit an abundant 
growth of desirable range plants and natural reseeding. Unfortu- 
nately, as shown on pages 41-43, this is a long and somewhat dis- 
couraging process. Yetit seems clear that it is the only way by which 
the ranges can be made safe. Experience has shown that little ean 
be expected from artificial reseeding. The practical question of so 
reducing allotments as to permit a range to become restored and re- 
main in good condition is a difficult one to handle, but it does not 
appear that there is any other way of handling the problem success-— 
fully. ‘This means that it is desirable that a range should never be 
stocked to its full capacity, but that a generous margin of safety 
should be left. It is appreciated that an ideal management of the 
range might work hardship on existing permittees, and that the 
handling of the problem demands not only trained ability and expe- 
rience to recognize the needs of a particular range, but a high order 
of tact to bring about desirable changes. 

PRACTICAL SUGGESTIONS FOR STOCKMEN ON THE RANGE. 

From the standpoint of the owner handling sheep on H. hoopesii 
ranges the question of greatest importance is what practical methods 
he may use to eliminate or reduce his losses. His interest is in the 
deductions which may be made from the results of an imvestigation. 
It must be recognized that there are some things that man can not 
change, and that a thorough investigation of a subject may some- 
times simply show that under a given set of conditions nothing can 
be done in the way of relief. It is a decided advantage, however, in 
such cases to know positively the facts and the conditions controlling 
the poisoning, so that one can combat the trouble intelligently and 
not waste his energies in attempting to do impossible things. 
By management of the flocks so as to avoid poisoning while on the 

range very much may be accomplished. MHerders should be taught 

bs En 
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to recognize the plant and to avoid any extended grazing upon it. 
It must be remembered that H. hoopesw does not ordinarily produce 
acute cases, but is a cumulative poison with permanent effects. 
If the herder waits until his flock begins to show symptoms of sick- 
ness before removing them from grazing on the plant, he has waited 
toolong. His flock is more or less permanently injured, and recovery 
after removal to another range will be only partial. It is essential 
that he should anticipate the trouble. It is not true, of course, that 
sheep can not be grazed at all where H. hoopesiiis present, but if the 
range is so overgrazed that other forage is scarce and the H. heopesi 
is abundant, the sheep will eat this plant. When the herder perceives 
that this condition exists, the animals should be moved before cases of 
sickness occur. It is recognized that on some ranges change of loca- 
tion may be difficult, but whether difficult or not it must be done if 
the flocks are to be preserved from loss. The continued grazing of 
flocks on H. hoopesii is a dangerous custom, and may reasonably be 
expected to have disastrous results. It should be remembered, too, 
that these results do not consist simply in immediate losses, but that 
such flocks are permanently injured and weakened, and lessened in 
value for succeeding years. 

Especial care should be used in trailing sheep from one range to 
another. Where definite trails are laid out and many sheep pass over 
them, overgrazing results, and H. hoopest1 may be practically the 
only remaining plant. Such trails should be avoided whenever pos- 
sible, and when they must be used, care should be taken that the 
animals are well fed before entering them. If they pass through 
them when hungry, they naturally eat what they can get, and hungry 
animals on a trail eat with especial eagerness. 

SUMMARY. 

1. The western sneezeweed, Helentwm (Dugaldia) hoopesi, has be- 

come very abundant on some of the more elevated and overgrazed 
stock ranges of the West, especially in Utah. 

2. The plant has been proved to be the cause of the disease of sheep 
known as the “spewing sickness’”’ and has also been shown to be 
poisonous to cattle. 

3. The symptoms produced by the plant, the pathology, and the 
toxic dosage have been worked out in detail, and it has been shown 
that a permanent, injurious effect may be produced upon the animals 
eating any considerable quantity of it. 

4. The study of the habits of the plant and experimental work on 
methods of control have shown that little can be accomplished by 
attempts at extermination, and that restoration of the range by 
growth of other plants is an exceedingly slow process. 
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5. The poisonous principle of Helenawm hoopesii is an easily decom- 
posed glucosid to which the name “‘dugaldin”’ has been given. This 
is a white, amorphous solid, soluble in alcohol, less soluble in water 

and chloroform. With tannic acid it forms a sparingly soluble com- 
pound which is only slightly poisonous. 

6. There has been found no medicinal remedy which can be used 4 
effectively in treating poisoned animals. 

7. From the practical standpoint of the man handling livestock 
on a sneezeweed range, it is important that the herders should know 
the plant and appreciate the serious results from grazing upon it. 
Then it may be possible by proper handling of herds to prevent 
most of the losses. . 
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