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INTRODUCTION

Considerable interest has developed in the use of ammonia and ammonium
salts as a source of nitrogen for crops and in the use of ammonium salts to
supplement the protein nitrogen of ruminant feeds. Urea is employed for the
same purposes and is more widely used in feeds than are the ammonium salts.
Because urea is hydrolyzed to ammonia and carbon dioxide by the enzyme
urease that occurs in the gastrointestinal tract of animals, it is of
interest as a source of ammonia.

Although ammonium salts and urea are used extensively in feeds for
ruminants and numerous studies dealing with their utilization and metabo-~
lism by ruminants under different feeding conditions have been reported,
only a few reports are available that pertain to the clinical and patho-
logic effects- that may be produced in shcep and other ruminants by toxic
amounts of them.

The present study was designed to demonstrate the clinical and patho-
logic alterations produced in sheep by ammonium salts administered intra-
ruminally. Different ammenium salts were used to prove that the alterations
were due to the ammonium ion and not to the various anions. 1In one phase
of the study, blood samples were collected at ten-minute intervals after
dosing to determine the sequence and significance of chemical changes as
they may be related to clinical sigrs. The methods, results, and conclu-

sions of this studvy follow.



LITERATURE REVIEW

The use of ammonium salts aud urea to supplement the protein nitrogen
requirement of ruminants was based on observations made before 1900.
According to Maynard (44), Zuntz made observations in 1891 that led him to
conclude that rumen bacteria preferentially use amides, amino acids, and
ammonium salts instead of protein for the synthesis of nitrogenous com-
pounds. This led to numerous investigations of the possibility of utilizing
various nitrogen compounds to supply a part of the protein nitrogen require-
ment of ruminants. In 1937, Fingerling et al. (1l4) produced clear evidence
that urea could be utilized to supply a part of the protein needs for
growth of cattle, and Hart et al. (23) found that ammonium bicarbonate
served this purpose in growing calves. Very little attention has been
given, however, to the toxic effects of excessive quantities of these com-
pounds. According to Maynard (44), it was assumed that urea was hydrolyzed

in the rumen and that the toxicity experienced when excessive quantities

were consumed was due to the excessive ammonia produced.

The Cause of Ammonium Salt and Urea Poisoning

Various writers are in disagreement concerning the role ammonium salts
play as the cause of the syndrome observed in ruminants that have consumed
excessive quantities of urea or of ammonium salts. Dinning et al. (11)
reported that while their study of urea poisoning in sheep and cattle
revealed that signs of poisoning could be correlated with the peripheral
blood ammonia level, severe alkalosis was also produced. They concluded
that the clinical signs were caused by alkalosis rather than the high blood

ammonia concentrations.



Severe alkalosis was also observed during urea poisoning in sheep by
Clark et al. (7). They were unable to produce similar signs in sheep in
which severe alkalosis was brought about with non-nitrogenous compounds.
They concluded that urea poisoning was due to some unidentified products
formed by the reaction of the ammonia released from the urea with metabolic
products of the rumen flora.

Carbamate has also been suggested as a factor in urea and ammonium

salt poisoning in ruminants. Kaishio et al. (3la) reported that ammonium

—

carbamate administered intravenously to goats produced clinical signs simi-
lar to those they had observed in cattle and goats given intraruminal doses
of urea. They suggested that ammonium carbamate formed by the hydrolysis

of urea in the rumen or abomasum was the cause of poisoning. The toxicity
of oral doses of ammonium carbamate to sheep was investigated by Hale and
King (22). They observed the same clinical signs in sheep given ammonium
carbamate as those given urea or ammonium salts and agreed with Kaishio et
al. (3la) that ammonium carbamate formed from urea in the rumen was the real
cause of poisoning.

The reports of Kaishio et al. (3la) and Hale and King (22) do not pro-
vide analytical evidence that ammonium carbamate was present in the gastro-
intestinal contents or tissues of any of the animals, but it is inferred in
both reports that the carbamate portion of the ammonium carbamate was
responsible for the poisoning. These researchers failed to consider the
ammonium portion of the molecule; it cannot be disregarded so easily.

The possible formation of ammonium carbamate during the enzymatic
hydrolysis of urea was first suggested by Fenton (13) in 1885. Subsequent

studies of the hydrolysis of urea in aqueous unbuffered solutions, as



reported by Maek and Villars (40), Sumner et al. (60), and Wang and Tarr
(67), established that ammonium carbamate was formed although it rapidly
decomposed to ammonia and carbon dioxide. Sumner et al. (60) demonstrated
that ammonium salts and carbonates were formed immediately in buffered
solutions and that ammonium carbamate was not formed as an end product.
This was confirmed by the studies of Soejima et al. (59). It is question-
able that ammonium carbamate could exist in toxic quantities in the gastro-
intestinal contents of ruminants.

On the other hand, a number of investigators have concluded that
ammonia is directly responsible for the toxicity of ammonium salts and of
urea for ruminants. Dinning et al. (l1) reported that the clinical signs
observed during poisoning with urea in sheep and cattle could be correlated
with the peripheral blood ammonia levels. Similar observations were made
by Lewis (37), Repp et al. (55), Davis and Roberts (10), and Oltjen et al.
(51). The latter four groups related the clinical signs of poisoning by
ammonium salts and urea to the direct effect of the ammonia in the periph-
eral blood. In each instance, signs of poisoning began to appear when the
peripheral blood ammonia nitrogen increased to approximately 1.0 mg. per
100 ml. of blocd.

Repp et al. (55) observed that the toxicities of ammonium formate,
acetate, and propionate to sheep would equate with the toxicity of urea
when the dosage of each was expressed in terms of ammonia nitrogen,

A more thorough report of the importance of blood ammonia in ammonium
salt poisoning in sheep was presented by Lewis et al. (38). They found

that changes in the rumen-ammonia concentration were paralleled by changes in

portal blood-ammonia concentrations. When the rumen-ammonia level reached



60 millimoles per liter ot ruusen ccntents, the portal blood-ammonia was
high (over 1.4 mg. per 100 ml.), while the peripheral blood-ammonia level
remained normal. When the rumen-ammonia was increased above 60 millimoles
per liter of rumen contents by administering ammonium acetate, the periph-
eral blood-ammonia concentration increased, and when it exceeded 0.84 to

1.26 mg. per 100 ml., signs of poisoning appeared.

Factors Influencing Ammonia Poisoning

The oral dosage of ammonium salts required to cause poisoning varies
considerably and appears to depend on a number of factors. The effect of
diet, the ability of the gastrointestinal microflora to utilize ammonia,
the pH of the gastrointestinal contents, the concentration of ammonium
salts, and the ability of the liver to detoxify absorbed ammonia are a few
of the factors that have received some attention.

It has been demonstrated by Coombe and Tribe (9), Head (25), Reis and
Reid (54), Annison (1), and Clark et al. (7) that when the available carbo-
hydrate of the rumen is increased, ammonia utilization within the rumen is
greatly increased, and the free ammonia concentration is greatly decreased.
The adequacy of carbohydrate in the ration is considered to be an important
factor in the prevention of poisoning while feeding urea.

Lewis (37), Davis and Roberts (10), and Kita et al. (32) found that

ruminants could adapt to urea and to ammonium salts so that a few days after
an initial dose was given, several times the dose normally found to be

toxic could be tolerated. The adaption was explained on the basis that the



balance of the microflora had changed in response to the increased quanti-
ties of ammonia and the new combination was able to utilize it at a greater
rate.

The absorption of ammonia from the rumen has been found by Hogan (26),
Bloomfield et al. (5), Gaertner (16), and Caertner and von Engelhardt (17) to
be dependent on the pH of the rumen. It was demonstrated by Hogan (26)
that the transport of ammonia across the rumen epithelium at pH 4.5 was
negligible and by Gaertner (16) that at pH 5.0 to 6.0 the transport was
only 66 percent of that at pH 6.9 to 7.8. It was suggested by Gaertner and
von Engelhardt (17) that only nonionized ammonia would penetrate the rumen
epithelium.

There is another factor related to pH that has been found when urea is
the source of ammonia. The optimum pH for urease activity was found by
Howell and Sumﬁer (28) to range from 6.4 to 6.9 in various buffer systems
and that at lower pH values, urease activity was considerably reduced.
Clark et al. (7), Davis and Roberts (10), Szwahowicz (6l1), Repp et al. (55),
and Koval and Vas'ko (36) reported that they were successful in treating
urea poisoning with oral doses of acetic acid. The reduction of the pH of
the rumen contents and the consequent inhibition of urease activity were
expressed as the reasons for this success.

The concentration of ammonia in the rumen contents is a factor govern-
ing the toxicity of ammonium salts and urea. Hogan (26) reported that the
transport of ammonia across the rumen epithelium increased with concentra-
tion gradient at pH 6.5. Gaertner (16) demonstrated that at levels over

10 mg. of ammonia nitrogen per 100 ml. of rumen contents, there was a linear

relationship between its concentration and passage through the rumen mucosa.



Lewis et al. (38) also observed that the portal blood ammonia concentration
paralleled the ammonia concentration in the rumen.

According to Snyder (58), in his review on liver function, ammonia
absorbed from the gastrointestinal tract of all mammals enters the liver
from the portal blood and is converted to urea. Mann and Bollman (41)
demonstrated the liver as the main site of ammonia metabolism. They were
able to recover ammonia quantitatively from the blood, tissues, and urine
of dehepatized animals several hours after parenteral treatment with ammo-
nium salts. Lewis et al. (38) suggested that when the quantity of ammonia
absorbed is greater than the liver's capacity to convert it to urea, the
peripheral blood ammonia concentration increases. Signs of poisoning were

observed by Repp et al. (55), Lewis et al. (38), and Thamm et al. (62) when

the ammonia nitrogen reached levels of 0.84 mg. to 1.50 mg. per 100 ml.
Considering that the normal portal blood ammonia nitrogen of ruminants may
at times be in excess of 0.84 mg. to 1.50 mg. per 100 ml., according to
McDonald (39) and Lewis et al. (38), the speed with which the liver can
convert it to urea can be a critical factor in ammonium salt poisoning.
White et al. (71), Bessman and Bessman (4), and Phillips et al. (52b) have
reported that signs of ammonia poisoning are observed in people suffering
from impaired liver function, such as cirrhosis of the liver, and that the
poisoning can result from a high protein diet or from therapy with ammonium

salts, because the absorbed protein-derived ammonia or the ammonium salts

can pass unchanged through the damaged liver to the peripheral blood.



Toxicity of Ammonium Salts and Urea
In view of the number of factors involved in the metabolism of ammo-
nium salts and urea, it is difficult to establish a definite toxic dose,
especially when the dose is by the oral route. Therefore, the quantities
reported as toxic doses should be accepted with reservations because there
may be considerable difference in the degree of response from animal to
animal depending upon the various factors involved.
Without referring to the weight of the animals, Nunn (50) lists the
oral toxic doses of ammonium chloride for dogs, sheep, and horses as 8 g.,
25 to 80 g., and 500 g., respectively.
The toxic doses of ammonium salts and urea for several animal species
that have been reported on a weight basis are listed in Table 1.
Clinical and Pathologic Observations of Acute
Ammonium Salt and Urea Poisoning
Ruminants

Clinical signs The clinical signs of acute ammonium salt and urea

poisoning in ruminants have been described by a number of investigators.
The clinical signs during urea poisoning in cattle have been reported by

t al. (11), Koval and Vas'ko (36),

—_— ——

Davis and Roberts (10), Dinning

Szwabowicz (61), and Thamm et al. (62); those in sheep by Clark et al. (7)

and Repp et al. (55); and those in goats by Fujimoto and Tajima (15) and

Kita et al. (32). The clinical signs during ammonium salt poisoning in

cattle have been described by Priouzeau (53) and those in sheep by Lewis

(37), Oltjen et al. (51), and Repp et al. (55). The syndrome was very simi-

—_— — —_—

lar in each instance, as indicated in the following description.



Table 1.

A summary of the toxicity of ammonium salts and urea as reported by various investigators

Dose range

Route of g./kg.
Animal Ammonium compound administration body wt. Reference
Cattle Ammonium sulfate oral 0.29-0.47 Priouzeau (53)
Urea oral 0.5-1.0 Davis & Roberts (10)
Sheep Ammonium acetate oral 2.6 Repp et al. (55)
Ammonium formate oral 2l Repp et al. (55)
Ammonium nitrate oral 2.0 Topchyan & Averyanova (64)
Ammonium propionate oral 3.0 Repp et al. (55)
Diammonium phosphate oral 2.2 gltjen et al. (51)
Urea oral 0.5-1.0 Gallup et al. (18)
Nix & Anthony (49)
Oltjen et al. (51)
Dog Ammonium chloride parenteral 0.15 Bassini & Ferrante (3)
Rabbit Ammonium chloride oral 0.5-1.0 Govan & Parkes (21)
Ammonium nitrate oral 2.0 Topchyan & Averyanova (64)
Ammonium sulfate oral 0.5 Priouzeau (53)
Guinea pig Ammonium chloride oral 0.9-1:5 Koenig & Koenig (33,34,35)
Rat Ammonium acetate parenteral 0.75 Underhill & Kapsinow (65)
Ammonium benzoate parenteral 1.25 Underhill & Kapsinow (65)
Ammonium bicarbonate parenteral 1.25 Underhill & Kapsinow (65)
Ammonium bromide parenteral 1.25 Underhill & Kapsinow (65)
Ammonium carbonate parenteral 1.50 Underhill & Kapsinow (65)
Ammonium chloride parenteral 1.25 Underhill & Kapsinow (65)
Ammonium chromate parenteral 1.00 Underhill & Kapsinow (65)
Ammonium citrate parenteral 1.50 Underhill & Kapsinow (65)
Ammonium formate parenteral 1.00 Underhill & Kapsinow (65)



Table 1. (Continued)
Dose range
Route of g./kg.
Animal Ammonium compound administration body wt. Reference

Rat (Cont.) Ammonium iodide parenteral 1.50 Underhill & Kapsinow (65)
Ammonium lactate parenteral 1.50 Underhill & Kapsinow (65)
Ammonium nitrate patenteral 1425 Underhill & Kapsinow (65)
Ammonium phosphate dibasic parenteral 1.50 Underhill & Kapsinow (65)
Ammonium phosphate tribasic parenteral 1..50Q Underhill & Kapsinow (65)
Ammonium sulfate parenteral 1.25 Underhill & Kapsinow (65)
Ammonium tartrate parenteral 1.50 Underhill & Kapsinow (65)
Ammonium valarianate parenteral 1.50 Underhill & Kapsinow (65)

Mice Ammonium acetate intravenous 0,32 Warren (69)
Ammonium bicarbonate intravenous 0.13 Warren (69)
Ammonium carbonate intravenous 0.14 Warren (69)
Ammonium chloride intravenous 0.24 Warren (69)
Ammonium hydroxide intravenous 0.06 Warren (69)

01
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Within 30 to 60 minutes atter the intraruminal administration of ammo-
nium salts or urea, dullness was noted. This was followed by marked hyper-
esthesia, severe muscular twitching over the entire body, atony of the
rumen, and ataxia. Severe tetanic spasms involving all of the skeletal
muscles then followed. The animals went down with legs stiffly extended
and tonic convulsions occurred. Breathing became extremely labored and
regurgitation of ruminal contents often occurred just before death. Froth-
ing at the mouth, pulmonary edema, and cyanosis were seen in the advanced
states of poisoning. A pulse rate of 100 to 200 and a subnormal body tem-
perature were reported. Death usually came 1.5 to 2.5 hours after the
appearance of clinical signs. Kita et al. (32) reported that the terminal

stage was characterized by respiratory paralysis.

Blood chemistry Very few measurements of the blood components of

ruminants have been made during ammonium salt or urea poisoning. Other
than the blood ammonia nitrogen discussed earlier, blood urea nitrogen,
carbon dioxide, and the pH are the only measurements that have received
attention.

Blood ammonia nitrogen levels were observed to increase considerably
in both cattle and sheep during urea and ammonium salt poisoning as
reported by Dinning et al. (11), Repp et al. (55), Lewis et al. (38), Lewis

—_— —_— —— . —

(37), Davis and Roberts (10), Thamm et al. (62), and Oltjen et al. (51).
In surviving animals, the blood ammonia nitrogen concentration did not rise
above 4.0 mg. per 100 ml. of blood. Those that died exceeded this concen-

tration. Juh@sz (30) observed that ruminal motility was completely inhib-

ited when the blood ammonia nitrogen reached 0.6 mg. per 100 ml.
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Urea nitrogen measurements were made of the blood of cattle during
urea poisoning by Dinning et al. (11), of sheep by Lewis (37) during ammo-
nium salt poisoning, and by Repp et al. (55) during both urea and ammonium
salt poisoning. 1In all the animals, the urea nitrogen of the blood
increased considerably. Lewis (37) considered that the increase in blood
urea was a result of its formation from the high concentration of ammonia
that entered the liver by way of the portal blood.

Carbon dioxide and pH measurements of the blood of sheep during ammo-
nium salt and urea poisoning were conducted by Lewis (37). He found that
an acidosis developed during ammonium chloride poisoning and an alkalosis
during ammonium acetate and urea poisoning.

Pathology The lesions in sheep that died as a result of urea poi-
soning have been briefly described by Clark et al. (7). They observed an
acute circulatory collapse with severe venous stasis, severe pulmonary con-
gestion and edema, hydrothorax, epicardial and endocardial hemorrhages,
hemorrhagic diathesis in the small intestines, and severe degeneration of
the liver and kidneys. The rumen contents were strongly alkaline and gave
off an odor of ammonia. Microscopic examination of the liver and kidney
tissues revealed severe diffuse fatty degeneration of the liver and degen-
eration and necrosis of the tubules of the renal cortex. The lesions in
cattle that died as a result of acute ammonium sulfate poisoning were
reported by Priouzeau (53) as consisting of numerous petechial hemorrhages
in the skin and throughout the carcass, large hemorrhagic patches in the

mucosa of the rumen, reticulum, abomasum and intestines, edema and ulcera-

tions in the intestines, and an enlarged, friable liver.
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A pathologic study of acute urea poisoning in goats has been reported
by Fujimoto and Tajima (15). They observed an acute catarrhal gastro-
enteritis, nephrosis, acute catarrhal bronchitis accompanied by peribron-
chial hemorrhages, intr:.-alveolar hemorrhages of the lung tissues, inten-
sive congestion and hemorrhages of the central nervous system, and degenera-

tion of ganglion cells,

Non-ruminants

Clinical signs Acute ammonium salt poisoning has been described in

dogs by Marfori (42), in rabbits by Koenig and Koenig (34), Marfori (42),
and Priouzeau (53), and in cats, rats, and guinea pigs by Koenig and Koenig
(34). The clinical signs included dyspnea, muscle fasciculations, and con-
vulsions in each instance. Death was due to early acute pulmonary edema in
rats, guinea pigs, and cats. Although some pulmonary edema was observed in
rabbits, it was not decemed sufficient to have caused death.

Blood chemistry Studies of the chemical changes in blood occurring

in non-ruminants during ammonium salt poisoning have revealed alterations
of blood sugar levels. Morita (48) demonstrated that a pronounced hyper=-
glycemia, persisting for several hours, occurred in cats administered ammo-
nium salts. This observation was further investigated in rabbits by Gigon
(20), Hazard and Vaille (24), Horvath (27), Masamune (43), Miyaura (46),
Miyoshi (47), and Wantoch (68) and in dogs by Tolone (63). They considered
hyperglycemia to be a constant finding in ammonium salt poisoning. Sataké
(57) demonstrated the hyperglycemic effect in adrenalectomized rabbits poi-

soned with ammonium salts and concluded that it was not due to increased
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adrenalin release. The authors did not offer an alternate reason for the
hyperglycemia.

Pathology A study of the lesions caused in rats, guinea pigs, and
cats by acute ammonium chloride poisoning was made by Koenig and Koenig
(35). Windle et al. (72) made a similar study in guinea pigs. The gross
pathology was confined to the lungs and upper respiratory tract. The
bronchi, trachea, and nasal passages were filled with a frothy fluid, blood
tinged in the rat and guinea pig but serous in the cat. Pleural fluid was
not seen. The lungs were enlarged and filled with fluid. Severe congestion
and small to diffuse hemorrhagic patches occurred in the lungs. On section,
the lungs were deep red and contained a frothy serosanguineous fluid.

Windle et al. (72) reported that histological alterations were limited
to the lung and brain. The most important change was massive pulmonary
edema accompanied by wvariable degrees of hemorrhage. The alveolar spaces
were filled with a precipitated pale eosinophilic material and often con-
tained erythrocytes. Interstitial edema was not a prominent finding except
in the rat where periarterial edema was always present. Congestion of the
larger vessels and alveolar capillaries was severe. The brain lesions were
described as similar to those observed in deaths due to acute anoxia.

Lesions in rabbits caused by poisoning with ammonium chloride were
described in the studies by Koenig and Koenig (34) and Govan and Parkes
(21). 1In contrast to lesions that occurred in rats, guinea pigs, and cats,
pulmonary edema was not found in rabbits. Fat emboli deposited in the lung
tissues and necrosis of the renal tubular epithelium were the outstanding

lesions.
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Fazekas (12b) studied the microscopic lesions of the central nervous
system of cats and rabbits that died of acute ammonium chloride poisoning.
Lesions in the brain consisted of watery swellings in the vascular walls,
fatty degeneration of the endothelial cells, and increase of migratory cells

around the vessels, swelling of the glial fibers, and degeneration of the

ganglion cells.
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METHOD OF PROCEDURE

Materials

Animals

Sheep originating from ranches in the Kerrville, Texas, vicinity were
used in this study. Forty-five adult ewes 3 to 10 years of age of mixed
breeding were selected. Each animal was identified by a numbered ear tag.
They were conditioned for one month prior to study on a grain and hay con-
centrate at the rate of 1% lbs. per day per ewe and on coastal Bermuda hay
ad libidum. Ten of the ewes were pregnant, the rest barren. All appeared

in satisfactory health,

Ammonium salts

; ! ; : : it S 2
The ammonium chloride™, dibasic ammonium phosphate , ammonium sulfate™,
. 2 . . 4
and ammonium carbonate” used to produce poisoning were of analytical reagent
grade, meeting American Chemical Society specifications, obtained commer-

cially.

Preparation of animals and individual controls

To determine if any of the clinical signs, blood chemical, or urine
changes observed during poisoning were due to handling, the collection of
blood and urine samples, or the dosing methods, the following procedures
were conducted prior to the administration of ammonium salts. The sheep

were placed individually into portable pens four feet square to facilitate

1
Mallinkrodt Chemical Works, St. Louis, Missouri.

2Hatheson, Coleman and Bell, Norwood, Ohio.
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handling and sample collection. Each ewe was fitted with a retention cath-
eter connected by plastic tubing to a liter plastic bottle for the continu-
ous collection of urine. Blood and urine samples were taken 1% hours after
catheterization. Each ewe was then given 500 ml. of water intraruminally
via stomach tube. The second blood and urine samples were taken 1% hours
after the administration of the water. These control measures were followed
immediately by the administration of ammonium salts. Clinical observations

were made and recorded throughout the period of these trials.

Administration of Ammonium Salts

Administration of ammonium chloride

Ammonium chloride dissolved in distilled water was administered intra-
ruminally to two groups of sheep. One group was used to study the clinical
and pathologip alterations caused by ammonium chloride and to compare these
with those found in the groups receiving other ammonium salts. The second
group was used to study the blood chemical alterations at 10-minute inter-
vals during the coﬁrse of poisoning. Sufficient ammonium chloride was given
in each case to cause poisoning and subsequent death.

Study of clinical and pathologic alterations Doses of ammonium

chloride, each dissolved in 500 ml. of distilled water, were administered
to eleven animals intraruminally via stomach tube. The study was made on
not more than two sheep per day and included all eleven by the end of two -
weeks.

It was desired to cause acute poisoning and subsequent death within
one to five hours. To determine the quantity of ammonium chloride neces-

sary to obtain such effects, 4 ewes were given different dosages. Two ewes
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(1 and 2) were given 1.0 g. per kg. of body weight. Severe clinical signs
of poisoning appeared within a few minutes; both recovered and were eating
hay within two hours. Twenty-four hours after the initial dose, each was
given a second dose of 1.5 g. per kg. of body weight which produced clini-
cal signs of poisoning and the death of the animals within 2 hours. A
third ewe (3) was administered a dose of 2.5 g. per kg. of body weight.
Clinical signs of poisoning appeared immediately, and the animal died 26
minutes after the administration., A fourth ewe (4) was given 1.0 g. per
kg. of body weight. Within a few minutes after administration, mild signs
of poisoning appeared and then began to subside within 20 minutes. The
animal appeared to be normal at the end of an hour. A second dose of 1.0 g.
per kg. of body weight was administered 1 hour and 55 minutes after the
initial dose. Progressive signs of poisoning developed, and death occurred
1 hour and 35 minutes after dosing.

Because a dose of 2.5 g. of ammonium chloride per kg. of body weight
was more than that required to produce optimum effects and a dose of 1.0 g.
per kg. of body weight was less, the remaining seven ewes were administered
doses of 1.5 g. per kg. of body weight. This quantity was sufficient to
cause signs of poisoning and subsequent deati in five of the seven. Addi-
tional doses of ammonium chloride were requircd in two of the seven.

The weight of each animal, the doses and quantity of ammonium chloride
each received, and the interval of time that transpired from the initial
dose to the time of death of cach animal are rccorded in Table 2.

In order to provide additional control information on the influence
that handling, sample collection, and dosing via stomach tube may have on

clinical signs, blood chemical, and urine changes, two of the animals (12
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Table 2. Ammonium chloride poisoning: dosage and survival time
Survival time
after initial
Animal Kg. NH,C1 given dose
number body wt. g. per kg. body wt. hours:minutes
1 30.7 1.0 g. initial dose 2520
1.5 g. 24 hrs. later
2 46.4 1.0 g. initial dose 25:36
1.5 g. 24 hrs. later
3 33.2 2.5 g. single dose 126
4 38.9 1.0 g. initial dose 3 30
1.0 g. 1 hr. 55 min. later
5 40.7 1.5 g. single dose 1:10
6 34.2 1.5 g. single dose +25
7 35.9 1.5 g. initial dose 3:40
0.5 g. 50 min. later
8 39.1 1.5 g. single dose 2:55
9 41.6 1.5 g. single dose 156
10 34.8 1.5 g. initial dose 5:52
0.5 g. 1 hr. 20 min. later
0.5 g. 35 min. later
0.5 g« 1 hr: 5 min. latexr
1.0 g. 1 hr. 45 min. later
11 39.3 1.5 g. single dose Lz 12

and 13) were used as controls.

They were handled in the same

manner and at

the same time as another two (5 and 8) that were administered ammonium

chloride.

500 ml.

of water.

However, instead of ammonium chloride, they were administered

Clinical observations and collections of blood and urine
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samples were made in the same manner and at the same time as those adminis-
tered ammonium salts.

Study of progressive blood chemical alterations Six ewes were used

to study the sequency of blood chemical changes and to determine, if pos-
sible, how these changes relate to the poisoning syndrome. A dose of 2.5 g.
per kg. of body weight of ammonium chloride was administered to each ewe.
The ammonium chloride was dissolved in 300 ml. of distilled water and
administered through the left paralumbar fossa into the rumen by syringe
and needle. A single dose was sufficient to cause progressive clinical
signs of poisoning and subsequent death in 5 of the 6 ewes. 1In the excep-
tion, ewe 15, clinical signs of poisoning appeared within 20 minutes but
subsided within an hour. The ewe appeared to be normal after two hours. A
second dose of 2.5 g. per kg. of body weight was administered 24 hours after
the initial dose to this ewe, and signs of poisoning appeared within the
first 10 minutes. The ewe died 1 hour later.

The weight of each animal, the doses and quantity of ammonium chloride
each received, and the interval of time that transpired from the initial
dose to the time of death for each animal are recorded in Table 3.

In order to determine the effects of handling, intraruminal inocula-
tions, and the drawing of blood samples may have on blood chemical levels,
two ewes (20 and 21) were used as controls. Each ewe was administered
300 ml, of water instead of ammonium chloride. Otherwise, they were dosed,
bled, and handled in the same manner and for a similar period of time as

were the ewes that received the ammonium chloride.
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Table 3. Ammonium chloride poisoning: dosage and survival time

Survival time
after initial

Animal Kg. NH4Cl given dose
number body wt. g. per kg. body wt. hours:minutes

14 38.4 2.5 g. single dose 2:22

15 33.5 2.5 g. initial dose 25423

2.5 g. 24 hrs. later

16 36.2 2.5 g. single dose 150

17 41.0 2.5 g. single dose 2250

18 42.3 2.5 g. single dose 1227

19 40.0 2.5 g. single dose 22 21

Administration of ammonium sulfate

Twelve ewes were used to study clinical, blood chemical, and histologic
changes caused by the intraruminal administration of ammonium sulfate.

Doses of ammonium sulfate, each dissolved in 500 ml. of distilled
water, were administered intraruminally via stomach tube to eight ewes. To
cause acute poisoning and death, it was necessary to administer multiple
doses (see Table 4) to all but one of the ewes. In each case, succeeding
doses were not administered until the ewe had recovered from the signs pro-
duced by the preceding dose.

The weight of each animal, the doses and quantity of ammonium sulfate
each received, and the interval of time that transpired from the initial

dose to the time of death of each animal are recorded in Table 4.
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Table 4. Ammonium sulfate poisoning: dosage and survival time

Survival time
after initial

Animal Kg. NH, (804) 9 given dose
number body wt. g. per kg, body wt. hours:minutes

22 40.5 1.5 g. initial dose 5:07
1.0 g. 25 min. later
1.5 g. 30 min. later
1.0 g. 30 min. later
2.0 g. 45 min. later

23 36.7 1.5 g. initial dose 4:12
1.0 g. 25 min. later
1.0 g. 30 min. later
25 g. 1 hr. 20 min. later

24 38.9 2.5 g. initial dose 1:58
2.5 g. 30 min. later

25 31:1 2.5 g. initial dose 1525
2.5 g. 30 min. later

26 34.6 3.0 g. initial dose 1:40
3.0 g. 30 min. later

27 35.7 3.0 g. initial dose 3:03
3.0 g. 45 min. later
3.0 g. 45 min. later
3.0 g. 45 min. later

28 32.3 3.5 g. single dose 1257

29 39,1 3.5 g. initial dose 3:41
3.0 g. 40 min. later
2.0 g. 48 min. later

The other four animals (30, 31, 32, and 33) were used as controls to
determine the influence that handling, sample collection, and dosing via
stomach ftube may have on clinical signs, blood chemical, urine, and tissue

changes. They were handled in the same manner and at the same time as four
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ewes (22, 24, 26, and 29) that were administered ammonium sulfate with the
exception that they were administered 500 ml. of water. Clinical observa-
tions and collections of blood and urine samples were made in the same man-
ner and at the same time as with the ewes administered ammonium sulfate,

and then they were electrocuted.

Administration of ammonium salt mixture

Twelve ewes were used in this study to determine clinical, blood
chemical, and histologic changes caused by the intraruminal administration
of a mixture of inorganic ammonium salts.

Eight ewes were administered a mixture of four ammonium salts in suf-
ficient quantities to cause clinical signs of poisoning and subsequent
death. The mixture consisted of equal quantities by weight of ammonium
chloride, ammonium sulfate, ammonium carbonate, and ammonium phosphate.
Each dose of the mixture was dissolved in 500 ml. of distilled water and
administered intraruminally via stomach tube.

An initial dose of 2.0 g. of mixture per kg. of body weight was given
to each of the eight ewes. This was sufficient to cause clinical signs and
subsequent death in four of the eight. The other four required additional
doses of 1.0 to 2.0 g. per kg. of body weight to cause death.

The weight of each animal, the doses and quantity of the ammonium salt
mixture, and the interval of time that transpired from the lLnitial dose to
the time of death of each animal are recorded in Table 5.

Four animals (42, 43, 44, and 45) were used as controls. They were
handled in the same manner and at the same time as four ewes (34, 38, 39,

and 40) that were administered the ammonium salt mixture with the exception



(]
I~

a . :
Table 5. Ammonium salt mixture poisoning: dosage and survival time

Survival time
after initial

Animal Kg. Ammonium salts given in dose
number body wt. g. per kg. body wt. hours:minutes
34 30..5 2.0 g. single dose 225
35 35,2 2.0 g. single dose :39
36 34.9 2.0 g. initial dose 2531
1.0 g. 1 hr. 36 min. later
37 34.3 2.0 g. initial dose 1:42
1.0 g. 48 min. later
38 33.4 2.0 g. single dose 148
39 43.2 2.0 g. initial dose 3327
1:0Q g: 1 hi. 53 min. later
1.0 g. 30 min. later
40 39.3 2.0 g. initial dose 3139
2.0 g. 2 hrs., 51 min. later
41 39.3 2.0 g. single dose 143

8Ammonium salt mixture: a mixture of equal quantities by weight of
ammonium chloride, carbonate, phosphate, and sulfate.
that they were administered 500 ml. of water instead of ammonium salts.
Collections of blood and urine samples and clinical observations were made
in the same manner and time as with the ewes given ammonium salts. They

were then electrocuted.
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Clinical Procedure

Observations

Observations of the general health and behavior of all animals were
made during the a.m. and p.m. daily prior to the administration of ammonium
salts. On the day that each animal was poisoned, it was under constant
observation during the control measures taken prior to the administration
of ammonium salts and thereafter until the animal died. Control animals
were observed in the same manner. Individual changes in respiration,
excreta, and other clinical signs were recorded. Ruman motility, respira-
tion and pulse rate, and body temperature were observed and recorded for
each animal before and after each step of the pretreatment period and sev-

eral times after the administration of ammonium salts.

Blood chemistry

With the exception of the group of animals used in the study of pro-
gressive blood chemical alterations, three jugular blood samples were col-
lected from each ewe. One was collected before the intraruminal adminis-
tration of 500 ml. of distilled water, the second prior to the administra-
tion of the ammonium salts, and the third just preceding the death of the
sheep. Heparin sodium was used as the anticoagulant. These samples were
used for determinations of the non-protein nitrogen, urea nitrogen, amino
acid nitrogen, glucose, chlorides, and pH.

Multiple blood samples were collected from each animal in the group
used in the study of progressive blood chemical alterations. Each animal
was bled before and every 10 minutes after the administration of ammonium

chloride until subsequent death of the poisoned animal.
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For control purposes to determine if blood chemical changes were
influenced by handling procedures or the frequent blood collection, two
animals were bled before the intraruminal administration of 500 ml. of
water and every 10 minutes thereafter. A total of eleven collections were
made from each control.

At each bleeding, two samples were prepared. One was collected for
the measurement of non-protein nitrogen, urea nitrogen, amino acid nitrogen,
glucose, chlorides, and pH. Heparin sodium was used as the anticoagulant.
The other was collected under special conditions for the measurement of
ammonia nitrogen. Blood collected for this purpose must be preserved
immediately in order to prevent new ammonia formation. (Ammonia forms in
unpreserved shed blood and blood filtrates due to deamination reactions.)
The method of Gangolli and Nicholson (19) for the preparation of blood sam-
ples and spectrophotometric estimation of amnonia nitrogen was employed
using diffusion chambers described by Conwav and Byrne (8) for the distil-
lation of ammonia.

The procedures used on all blood samples for the measurement of pH,
glucose, amino acid nitrogen, urea nitrogen, non-protein nitrogen, and
chlorides were the same. The pl was measured on the heparinized blood sam-
ples immediately after collection, employing a Beckman pH meter. Shortly
thereafter, protein-free blood filtrates were prepared by the tungstic acid
method of Folin and Wu (Oser 52a, p. 1027). The filtrates were used for
the other measurements made in the following order: glucose, amino acid,
nitrogen, urea nitrogen, non-protein nitrogen, and chlorides. The glucose,

amino acid nitrogen, and urea measurements were conducted on the freshly
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prepared filtrates. The remainder of each filtrate was placed in a test
tube, sealed, and frozen until time permitted the measurement of the non-
protein nitrogen and chlorides.

The procedures used for these measurements were as follows: glucose
was estimated by the method of Folin and Wu (Oser 52a, pp. 1052-1053);
amino acid nitrogen by the method of Davidson (Oser 52a, pp. 1048-1050);
urea by the method of Karr (Oser 52a, pp. 1037-1038); non-protein nitrogen
by the method of Folin and Wu (Oser 52a, pp. 1033-1034); and chlorides by
the method of Schales and Schales (Oser 52a, pp. 1109-1110). All colori-
metric measurements were made with a Bausch and Lomb Spectronic 20 spectro-

photometer.

Urology

Urine samples were collected into 1 liter plastic bottles on a contin-
uous basis by means of a retention catheter. Three samples were collected
from each animal. The first sample was urine collected for 1% hours fol-
lowing the placement of the catheter. The second sample was the urine col-
lected for 1% hours following the intraruminal administration of water.

The third sample was the total urine eliminated from the time of administra-
tion of ammonium salts until death of the animal. Urine samples collected
from control animals corresponded in sequence and time of collection to
those that received ammonium salts.

The color of each urine sample was noted, and each was examined for
the presence of erythrocytes, albumin, and glucose. The examination for

the presence of erythrocytes was made on sediment from centrifuged urine
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samples with the aid of a microscope. The prescnce of albumin was deter-
mined by the Osgood-Haskins (Oser 52a, p. 1187) method and of glucose by

the method of Benedict (Oser 52a, p. 1175).

Necropsy Procedure
Complete necropsies were performed immediately after death. All gross
lesions were recorded, and the following tissues were taken from each ani-
mal for microscopic examination.

Cardiovascular system

Left and right ventricle of the heart
Anterior aorta

Dipestive system

Esophagus Abomasum Colon
Recticulum Duodenum Rectum
Dorsal rumen wall Je junum Liver
Ventral rumen wall Ileum Pancreas
Omasum Cecum

Endocrine system

Adrenal gland Pituitary gland Thyroid gland

Lymphatic system

Bronchial lymph node Mesenteric lymph node
Cervical lymph node Parotid iymph node
Hepatic lymph node Spleen

Mediastinal lymph node Thymus
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Muscular system

Skeletal muscle from the pectoral region

Nervous system

Frontal lobe of the cerebral cortex Midbrain

Occipital lobe of the cerebral cortex Anterior medulla oblongata
Cerebellar cortex Posterior medulla oblongata
Corpus striatum Cervical spinal cord
Thalamus Thoracic spinal cord
Hippocampus Lumbar spinal cord

Respiratory system

Larynx
Mid-trachea
Dorsal and ventral regions of right and left apical lobes of the lungs

Dorsal and ventral regions of the right and left cardiac lobes of the
lungs

Anterior and posterior regions of the right and left diaphragmatic
lobes of the lungs

Midlateral and median regions of the right and left diaphragmatic
lobes of the lungs

Urogenital system

Kidney Uterus
Urinary bladder Uterine caruncles
Ovary

Tissues, 6 to 10 mm thick, collected for the microscopic examination
were submerged in 10% formalin for a minimum of 48 hours. The tissues were

trimmed, dehydrated in graduated concentrations of ethyl alcohol, cleared
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in Clearing Agentl and infiltrated in paraffin in the routine manner in an
Autotechniconl. Tissues were embedded in paraffin, sectioned at eight
microns, and mounted on glass slides for staining.

All sections were stained in a routine manner with Mayer's hemotoxylin

and eosin Y as described in the Armed Forces Institute of Pathology, Manual

of Histologic and Special Staining Technics (2).

1
The Technicon Company, Chauncey, New York.
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FINDINGS

Clinical Findings

Clinical effects of poisonous doses of ammonium chloride

Clinical signs Clinical signs of poisoning were apparent within 5

to 20 minutes after the sheep had received the ammonium chloride. Approxi-
mately the same signs were seen in all but one of the sheep. Those observed
in ewe number 7 differed from those observed in the others and will be
described separately.

The animals first became abnormally cpprehensive and restless. This
was followed by mild trembling of the musculature extending over the entire
body accompanied by extreme hyperesthesia. They responded violently to
noise and touch but not to moving objects. At about the same time,
mydriasis, an increased pulse rate, a marked increase in respiratory volume,
and atony of the rumen were observed.

As the muscle tremors became more severe, tonic muscle spasms began to
occur that increased in frequency and severity within a few minutes. Spas-
tic movements of the facial and cervical musculature were first noticed.
After a few moments, the muscle spasms were also seen in the musculature of
the body and limbs. At the time that the muscle spasms began, rotatory
nystagmus and weakness of the posterior limbs were also observed. A short
time later, the animals dropped to their sternums in a normal recumbent
position and usually could not regain their feet.

Within a few minutes after the animals were down, severe tonic con-
vulsions occurred (Figure 1). 1In appearance, the convulsions were charac-

terized by opisthotonus, violent trembling with legs fully extended,
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Figure 1. Sheep poisoned with ammonium chloride undergoing a tonic convul-
sion
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rigidity of all observable body musculature, and the arrest of respiration.
The heart rate was accelerated from 120 to 216 beats per minute. The
mucous membranes of the body openings were cyanotic during each convulsion.
The convulsions recurred at varying time intervals., During the intervals
between convulsions, there was some relaxation of the muscles, although the
body remained rigid and the head, neck, and legs remained extended. The
respiration was labored, and after the second or third convulsion, there
was some frothing at the mouth. The body temperature remained normal or
increased by only 1.0 to 1.5 degrees Fahrenheit during the first and suc-
ceeding convulsions but increased as much as 5.0 degrees 10 to 15 minutes
prior to death.

Respiration became more difficult as the course of poisoning progressed
due to partial paralysis of the costal and abdominal muscles. During the
interval between the last two agonal convulsions, vomition with violent
retching was observed in sheep 4 and 7. Death occurred after a final vio-
lent convulsion. When complete relaxation of the musculature occurred and
respiration ceased, the heart continued to beat for another 1 to 5 minutes,
Heart function terminated in fibrillation in one of the animals. At the
time of death, the venous blood was bright red in some of the ewes and dark
red in others. The urine of all of the ewes was pink during the last
stages of poisoning.

The poisoning syndrome in sheep number 7 was different from that
observed in the others. Clinical signs appeared about ten minutes after
dosing, characterized by mild muscular trembling accompanied by depression.
After thirty minutes, the animal no longer trembled and appeared to recover.

After the second dose of ammonium chloride, the muscular trembling recurred
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and again was accompanied by depression. The animal was lethargic and not
responsive to noise, touch, or moving objects. Muscular weakness was
apparent, and the animal could no longer stand 1 hour and 40 minutes after
the initial dose. The animal lost consciousness soon after going down and
remained in a comatose state. Thirty minutes after the animal went down,
tonic muscle spasms of the body musculature were observed that increased in
tempo until clonic-tonic convulsions occurred. Opisthotonus and paddling
of all four limbs occurred with each seizure. Severe convulsions of this
type continued intermittently until death an hour and twenty-five minutes
later. Respiration, heart rate, and body tempcrature followed a course
similar to that observed in the other ewes.

The respiration rate, pulse rate, body temperature, and rumen motility
rate of each of the sheep in this group are listed in Table 6.

Blood chémistry findings The chemical findings made on the blood

samples collected from this group of sheep are listed in Table 7. They
include measurements of the pH, glucose, amino acid nitrogen (AAN), blood
urea nitrogen (BUN), non-protein (NPN), and chlorides made of the blood of
the sheep administered ammonium chloride and on the controls. The blood pH
decreased considerably in all of the poisoned sheep, indicating that an
acidotic condition had developed. The blood glucose levels of 4 of the 1l
animals were slightly above the normal range prior to the administration of
ammonium chloride. Severe hyperglycemia was found in each after dosing.
The glucose level had increased from 3 to 5 times the predosing level.

The non-protein nitrogen was substantially increased in all of the
sheep following ammonium chloride administration. The two non-protein

nitrogen fractions, amino acids, and urea accounted for most of the



Table 6. Respiration, pulse, and rumen motility rates and body temperatures of sheep poisoned with
ammonium chloride and of controls

Respiration Pulse . body Rumen motility

Animal rate per min, rate per min. temperature rate per min.
number Before After® Before AfterP Befored AfterP Befored After®

1 44 48 80 170 102.0 106.2 2 0

2 32 44 92 180 102.8 108.0 0

3 28 48 76 160 102.6 105.8 2 0

4 36 48 96 176 102.0 105.8 3 0

5 48 34 128 180 103.6 106.8 1 0

6 28 44 80 160 103.4 104.4 3 0

7 40 36 80 120 103.6 106.0 2 0

8 46 52 80 160 103.2 105.8 2 0

9 44 44 72 200 102.8 107.8 2 0

10 24 48 84 160 103.6 105:.2 2 0

11 64 44 96 216 101.8 107.4 1 0

coRtEols
124 30 32 84 76 103.2 103.0 2 2
139 54 48 92 92 102.0 102.0 2 2

a . A 2 . 5

Observed just before the administration of ammonium chloride.

b - . . .

Observed after administration of ammonium chloride 5 to 15 minutes before death.
cObserved after administration of ammonium chloride before convulsive seizures occurred.

Control animals observed before and after receiving 500 ml. of water instead of ammonium
chloride.

G¢e



Table 7. Blood chemical findings: sheep poisoned with ammonium chloride and controls

Glucose AAN BUN NPN Chlorides
Animal 5 mg. per mg. per mg. per mg. per mg. per
number Sample pH 100 ml. 100 ml. 100 ml. 100 ml. 100 ml. as NaCl
I: C a7 43 6.8 12,1 34.9 505
Pl 797 54 8.5 15:8 375 550
P2 6.87 184 16.2 30.2 58.2 590
2 C 7..8L 30 T2 L1:9 34.0 515
Pl 7.49 76 6.0 14.9 37 .2 560
P2 7.49 154 13.4 16.9 40.5 565
3 c 7.89 49 6.5 Y0 7 34.9 451
P 7.21 161 15.6 LTS 40.9 600
4 Ccl Tvd2 39 5.2 8.2 27.2 512
c2 7.76 60 5.5 8.1 23 D 480
P 7 15 200 16.6 15.5 37.9 550
5 ¢l 4 41 6.0 25 28.9 458
c2 7.70 44 5.0 12.3 27.0 425
P 7.27 160 10.6 14.5 38.9 496
6 ci 762 60 8.0 8.4 24.5 590
c2 Z.76 73 2.9 9.2 27.0 595
P 6..92 234 1352 2.7 38.4 676

aSamples: Cl-Control sample collected before mock-treatment with water.

C and C2-Control sample collected before second mock-treatment or before dosing with
ammonium chloride.

C3-Control sample collected from control animals after second mock-treatment with
water.

Pl-Sample collected during severe convulsion from poisoned animals that recovered.

P2-Sample collected 5 to 15 minutes before death from animals poisoned a second time.

P -Sample collected from animals administered ammonium chloride 5 to 15 minutes
before death.

9¢



Table 7. (Continued)

Glucose AAN BUN NPN Chlorides
Animal i mg. per mg. per mg. per mg. per mg. per
number Sample pH 100 ml. 100 ml. 100 ml. 100 ml. 100 ml. as NaCl
7 Ccl 7:65 50 6.6 9.6 23.1 536
G2 7.81 73 56 9.4 24.0 599
P 7.38 234 10.:3 14.3 33.8 588
8 X 7.60 35 9.9 12,2 29.7 485
C2 Tad® 38 549 11.6 28.1 521
P 7.19 140 10.2 16.6 41.1 545
9 cl 7.70 45 6.4 10.0 30.0 560
c2 P73 45 =3 8.7 251 530
P 7.23 154 16,2 13.0 34.1 550
10 Ccl 7.88 45 4.3 15.1 3.1 478
c2 Ptk 45 6.1 15.4% 32.1 485
P 7.18 130 16.9 28.4 64.1 625
1} Ccl 7.70 45 6.2 9.0 24.8 545
Cc2 V.73 65 5.9 10:7 26.9 520
P 7..26 154 12.5 13.5 37.1 375

controls

12 Cl 7.62 41 6.7 LLE.2 26.8 510
c2 7.70 57 6.1 12.5 28.4 515
C3 7.69 40 6.1 11.4 27.8 500
13 Ccl FadD 40 4.9 9.9 24.9 485
c2 7.62 40 6.0 12.1 24.0 485
Cc3 7.76 68 6.1 11:2 26.3 482

LE
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increase with the greatest increase occurring in the amino acid fraction in
all but sheep number 8.

The blood chloride levels after dosing were found to be elevated in
all but one (sheep 9) of the animals.

With the exception of a slight increase of the blood glucose, blood
chemical levels of the control animals remained within normal bounds.

Urine findings The findings made on the urine samples collected

from this group of sheep consisting of the color and the presence of
erythrocytes, albumin, and glucose are listed in Table 8. Hematuria,
characterized by the pink discolored urine and the presence of erythrocytes,
was observed in all of the animals during the latter stages of poisoning.
Albuminuria was found in all but three of the poisoned animals and
glycosuria in one. Abnormal findings were not disclosed in the urine of

the two control sheep.

Clinical effects of poisonous doses of ammonium sulfate

Clinical signs Clinical signs of poisoning observed in the sheep

administered ammonium sulfate, with minor exceptions, were not visibly dif-
ferent from those observed in the sheep poisoned with ammonium chloride.
None of them exhibited the central nervous system depression observed in
sheep number 7 of the ammonium chloride group, and while severe tonic con-
vulsions were seen in all of the animals, clonic-tonic convulsions were
also observed in sheep number 28, Vomition was observed in only one of the
sheep (number 29), and it occurred during the interval between the last two

convulsions.
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Table 8. Urine findings: ammonium chloride poisoned sheep and controls
Animal - b d
number Sample Color Erythrocytes Albumin® Glucose
1 C yellow negative negative negative
P1 yellow positive negative negative
P2 pink positive positive negative
2 c yellow negative negative negative
Pl pink positive negative negative
P2 amber positive positive negative
3 C amber negative negative negative
P pink positive positive negative
4 cl pale yellow negative negative negative
c2 pale yellow negative negative negative
P pink positive positive negative
5 Ccl amber positive negative negative
C2 amber negative negative negative
P pink positive positive negative
6 Cl pale yellow negative negative negative
Cc2 pale yellow negative negative negative
P amber positive negative negative
aSamples: Cl-Total urine collected during 1% hours before mock-treat-

ment with water.

C and C2-Total urine collected during 1% hours before sec-
ond mock-treatment or dosing with ammonium chloride.
C3-Total urine collected from control animals after second

mock-treatment with water.
Pl-Total urine collected during poisoning from animals that

later recovered.

P2-Total urine collected during second poisconing periocd.
P -Total urine collected during poisoning.

b
Erythrocytes reported negative for none observed and positive for

present,

“Albumin reported negative for none

test.

d ; .
Glucose reported negative for none

test.

detected and positive for positive

detected and positive for positive
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Table 8. (Continued)
Animal = b 2 4
number  Sample Color Erythrocytes Albumin Glucose
7 Cl yellow negative negative negative
62 yellow negative negative negative
P pink positive negative positive
8 cl amber negative negative negative
c2 amber negative negative negative
P pink positive positive negative
9 Cl pale yellow negative negative negative
c2 pale yellow negative negative negative
P pink positive negative negative
10 Gl pale yellow negative negative negative
C2 pale yellow negative negative negative
P pink positive positive negative
11 Cl pale yellow negative negative negative
c2 pale yellow negative negative negative
P pink positive positive negative
12 Cl pale yellow negative negative negative
c2 pale yellow negative negative negative
C3 pale yellow negative negative negative
L3 Ccl yellow negative negative negative
c2 yellow negative negative negative
C3 yellow negative negative negative

The respiration rate, pulse rate, body temperature, and rumen motility

of each of the sheep in this group are listed in Table 9.

samples collected from this group of sheep are listed in Table 10.

Blood chemistry findings

The chemical findings made on the blood

The

changes are consistent from animal to animal and do not differ from those

found in the sheep poisoned with ammonium chloride with the exception of

the chloride levels.

The blood chloride levels of these sheep did not



" Table 9. Respiration, pulse, and rumen motility rates and body temperature of sheep poisoned with
ammonium sulfate and of controls

Respiration Pulse °F. body Rumen motility
Animal rate per min. rate per min. temperature rate per min.
number Before? After?® Befored After? Before® After® Before?®  After®©
22 40 44 80 160 103.4 105.4 3 0
23 36 48 96 220 103.8 107.2 3 0
24 40 48 80 160 103.6 107.0 1 0
25 28 32 80 172 104.4 106.2 2 0
26 28 72 8B4 230 103.2 105.6 2 0
27 32 52 120 168 103.4 107 .4 2 0
28 36 56 80 216 103.4 106.8 i 0
29 36 60 88 192 103.6 107.6 1 0

coentrToals

30¢ 36 36 R0) 84 103.0 103.2 2 1
314 40 36 84 80 103.2 102.8 2 s
32d 28 32 80 80 103.0 103.0 1 1
33d 36 32 96 884 102.4 102.6 3 2

a . . .

Observed just before the administration of ammonium sulfate.
b s g " ; 4

Observed after administration of ammonium sulfate 5 to 15 minutes before death.
“Observed after administration of ammonium sulfate before convulsive seizures occurred.

Control animals observed before and after receiving 500 ml. of water instead of ammonium sul-
fate.

Y



Table 10. Blood chemical findings: sheep poisoned with ammonium sulfate and controls

Glucose AAN BUN NPN Chlorides
Animal a mg. per mg. per mg. per mg. per mg. per
number Sample pH 100 ml. 100 ml. 100 ml. 100 ml, 100 ml. as NaCl

22 Ccl 7.66 55 6.4 10.7 27.0 483
c2 7.68 69 5:9 10.6 26.6 477
P 6.94 200 7.3 26.0 61..5 483
23 Ccl 730 52 549 8.5 23.7 529
c2 7.60 44 5e5 8.6 22.4 475
P 6.93 LT3 14.4 19.4 47.9 485
24 Cl 7.62 76 5.0 9.1 227 408
c2 7.65 92 4.8 8.7 22.4 427
P 7.26 158 10.0 13.6 32.6 420
25 Cl 7 .61 92 6.0 10.4 28.8 435
c2 7.63 114 5.0 1d=5 25.4 445
B 732 191 10.4 14.3 35.0 435
26 Cl 7.69 50 5.9 11.6 28.1 478
c2 767 66 5.2 1.3 23.0 462
P 7.04 126 11.9 23.5 44,9 NS

aSamples: Cl-Control sample collected before mock-treatment with water.
C2-Control sample collected before second mock-treatment or before dosing with ammo-
nium sulfate.
C3-Control sample collected from control animals after second mock-treatment with
water.
P -Sample collected from animals administered ammonium sulfate 5 to 15 minutes before
death.

Y



Table 10. (Continued)

Glucose AAN BUN NPN Chlorides
Animal " mg. per mg. per mg. per mg. per mg. per
number Sample pH 100 ml. 100 ml. 100 ml. 100 ml. 100 ml. as NaCl
27 Cl 7.66 53 Fuid 10.5 26.4 NS
c2 T2 74 4.9 10.3 26.3 470
P 6.90 186 18.9 27.6 53.6 500
28 Cl 7.70 44 5.0 10.1 24.0 447
c2 T2l 58 5.9 9.8 24.2 433
P 7.30 166 12k 21.1 52.1 NS
29 Ccl y 0 & § 53 6.4 13 () 28.9 450
c2 7.68 71 6.5 11,8 30.0 450
P 7421 198 10.8 233 47.0 480
contyols
30 Cl 1:73 62 5+3 7.0 179 462
c2 7.73 92 4.8 6.9 177 485
c3 7.78 59 3.4 5.9 14.1 457
3t Cl 7.64 25 7.0 157 35.0 498
c2 7.60 20 61, 16.7 37:2 536
C3 7.64 13 Fil0 17.2 30.1 487
32 Ccl 7.67 67 4.7 13.3 24.8 503
c2 7.67 92 50 13.9 29.0 493
c3 7.66 77 4.9 12.1 26.4 468
33 cl 7.61 54 59 9.0 23.9 485
c2 7.62 54 4.8 9.0 21.2 492
c3 7.60 90 5:3 10.0 25.0 527

ey



increase. An acidosis and hyperglycemia were constant features of ammonium
sulfate poisoning. The non-protein nitrogen increased in these sheep in a
manner similar to that found in the ammonium chloride group. As with the
ammonium chloride group, the urea and amino acid fractions accounted for
most of the increase, and the greatest increase was in the amino acid frac-
tion.

Urine findings The findings made on the urine samples collected

from this group of sheep are listed in Table 1l1. Hematuria and albuminuria
were found in all of the poisoned sheep. Glycosuria was found in only two
of the animals. None of the findings of the urine from the control sheep

were abnormal.

Clinical effects of poisonous doses of ammonium salt mixture

Clinical signs The clinical signs observed in the sheep poisoned

with the ammonium salt mixture were very similar to those observed in the
group poisoned with ammonium chloride and those poisoned with ammonium sul-
fate. The central nervous system depression observed in sheep number 7 of
the ammonium chloride group was not observed in any of the sheep of this
group. Severe tonic convulsions occurred in each of the poisoned sheep of
this group. In animal number 40, clonic-tonic convulsions were also
observed. Vomition occurred in three of the sheep (37, 38, and 41).

The respiration rate, pulse rate, body temperature, and rumen motility
rate of each of the sheep of this group are listed in Table 12,

Blood chemistry findings The blood chemical findings for this

group of sheep, listed in Table 13, are similar to those found in the other

two groups, those poisoned with ammonium chloride and those poisoned with



Table 11. Urine findings: ammonium sulfate poisoned sheep and controls
Animal " b d
number Sample Color Erythrocytes Albumin® Glucose
22 Cl pale yellow negative negative negative
Cc2 pale yellow negative negative negative
4 pink positive positive negative
23 Cl pale yellow negative negative negative
c2 pale yellow negative negative negative
| pink positive positive positive
24 Ccl amber negative negative negative
c2 amber negative negative negative
P dark amber positive positive negative
25 Cl pale yellow negative negative negative
c2 pale yellow negative negative positive
P pink positive positive positive
26 Cl yellow negative negative negative
€2 yellow negative negative negative
P amber positive positive negative
27 Cl pale yellow negative negative negative
c2 pale yellow negative negative negative
P pink positive positive negative

aSamples:

b
Erythrocyt
present.

o -
Albumin re
test.

d
Glucose re
test.

Cl-Total urine collected during 1% hours before mock-treat-
ment with water.

C2-Total urine collected during 1% hours before second
mock-treatment or dosing with ammonium sulfate.

C3-Total urine collected from controls after second mock-
treatment with water.

P -Total urine collected during poisoning.

es reported negative for none cbserved and positive for

ported negative for none detected and positive for positive

ported negative for none detected and positive for positive
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Table 11. (Continued)
Animal i b d
number Sample Color Erythrocytes Albumin® Glucose
28 Cl pale yellow negative negative negative
C2 pale yellow negative negative negative
P pink positive positive negative
29 Ccl pale yellow negative negative negative
c2 pale yellow negative negative negative
P pink positive positive negative
30 Cl pale yellow negative negative negative
c2 pale yellow negative negative negative
Cc3 pale yellow negative negative negative
31 €1 pale yellow negative negative negative
c2 pale yellow negative negative negative
Cc3 pale yellow negative negative negative
32 Cl yellow negative negative negative
c2 yellow negative negative negative
Cc3 yellow negative negative negative
33 Cl pale yellow negative negative negative
c2 yellow negative negative negative
Cc3 yellow negative negative negative

ammonium sulfate. As found with the ammonium sulfate group, the blood

chloride levels did not increase. Acidosis and hyperglycemia were found
with this group similar to that found in the other two groups. The non-
protein nitrogen was increased in these sheep to about the same degree
found in the other two groups. The urea and amino acid fractions accounted
for most of the increase.

Urine findings The urine findings for this group of sheep are

listed in Table 14. Hematuria and albuminuria were found in all of the



Table 12. Respiration, pulse and rumen motility rates, and body temperature of sheep poisoned
with the ammonium salt mixture? and of controls

Respiration Pulse E, body Rumen motility
Animal rate per min. rate per min. ‘ temperature rate per min.
number Before® After€ BeforeP? After€ Before® After® Before® Afterd
34 40 60 100 212 104.0 105.4 1 0
35 32 36 88 212 104.2 107.0 1 0
36 40 48 84 196 103.8 110.0 1 0
37 40 40 80 220 103.6 107.0 2 0
38 44 62 96 256 104.6 108.7 2 0
39 64 140 76 160 104.0 108.6 Ik 0
40 32 44 80 196 103.4 106.4 1 0
41 44 48 84 220 102.4 106.4 1 0

conEtrolss

42¢ 64 52 76 8O 104.0 104.0 1 1
43¢ 32 36 96 84 103.8 103.6 1 1
44¢ 40 44 80 80 102.8 103.0 1 1
45€ 48 44 96 88 103.8 103.8 2 1

d s & . S . .
Ammonium salt mixture, a mixture of equal quantities by weight of ammonium carbonate,
chloride, phosphate, and sulfate.

b - ;

Observed just before the administration of ammonium salts.

c

Observed after administration of ammonium salts 5 to 15 minutes before death.
d et . . . 2
Observed after administration of ammonium salts before convulsive seizures.

e % P .
Control animals observed before and after receiving 500 ml. of water instead of ammonium
salts.

LY



Table 13. Blood chemical findings: sheep poisoned with ammonium salt mixturea and controls

Glucose AAN BUN NPN Chlorides
Animal b mg. per mg. per mg. per mg. per mg. per
number Sample pH 100 ml. 100 ml. 100 ml. 100 ml. 100 ml. as NaCl

34 €l Tl & 97 7 A 8.5 23.0 590
c2 T+02 117 6.5 9.1 22.5 590
P 7.01 228 16.6 16.0 38.7 622
35 cl 1:73 102 a3 9.9 23.3 448
c2 7.75 109 B 8.6 22,1 452
P 7.14 181 /5 . 14.5 31.1 485
36 Cl 7.69 54 6.5 12.6 30.0 504
c2 7.64 44 6.5 11.9 28.7 505
P 1.317 122 8.6 20.5 40.8 500
37 Ccl 7 64 6.5 13.0 30.3 453
c2 112 76 5.8 12:9 29.0 464
P 7.31 ri2 13.2 18.6 41.0 491
38 Ccl 7.67 oL f.l 327 29.1 468
c2 7.67 58 5.8 I3.2 Il 479
P 7 163 11.5 16.9 41.6 500

dAmmonirm salts: a mixture of equal quantities by weight of ammonium carbonate, chloride,
phosphate, and sulfate.

bSamples: Cl-Control sample collected before mock-treatment with water.
C2-Control sample collected before second mock-treatment or before dosing with ammo-
nium salts,
C3-Control sample collected from control animals after second mock-treatment with
water.
P -Sample collected from animals administered ammonium salts 5 to 15 minutes before
death.

8%



Table 13. (Continued)

Glucose AAN BUN NPN Chlorides
Animal b mg. per mg. per mg. per mg. per mg. per
number Sample pH 100 ml. 100 ml. 100 ml. 100 ml. 100 ml. as NaCl

39 Gl 1«28 60 " 543 8.8 23.1 486
Cc2 7.90 7 4.4 3.6 22.2 513

P 1..55 192 8.3 18.0 37 .6 495

40 Cl 7.69 51 6.2 124 31.4 471
G2 7.61 72 6.4 12.8 33.0 465

P 7.38 181 8.4 23.7 46.1 481

41 Cl 7.70 55 6.8 11.3 27..9 500
G2 T 64 7.0 11.3 25,1 514

P T2l 235 9.1 15.6 33.8 524

42 Cl 776 97 Fad 8.1 21.2 563
Cc2 7.83 899 7.8 8.7 24.0 570

G3 7.76 64 7.4 8.8 21.3 552

43 Cl 7:17 67 559 7.0 16:5 465
Cc2 7 .76 68 3.8 559 16.4 465

C3 1:76 67 6.0 6.5 16,2 475

44 Cl 7.64 75 6.2 11.6 275 460
~ G2 T3 7 6.0 & 9y 25.7 496

c3 7.63 75 359 i e 26.0 520

45 Cl 727k 54 6.0 12.7 29.6 461
Cc2 7.90 62 65 12.6 20.2 490

C3 767 72 5.8 13.0 26.6 495

6%
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Table 14. Urine findings: ammonium salt mixture® poisoned sheep and con-

trols

Animal b d
number Sample Color Erythrocytesc Albumin Glucose®
34 Cl pale yellow negative negative negative
c2 pale yellow negative negative negative
pink positive positive negative
35 cl pale yellow negative negative negative
Cc2 pale yellow negative negative positive
P pink positive positive positive
36 cl yellow negative negative negative
c2 yellow negative negative negative
P pink positive positive positive
37 Ccl pale yellow negative negative negative
c2 pale yellow negative negative negative
P pink positive positive positive
38 ¢l yellow negative negative negative
c2 yellow negative negative negative
P amber positive positive positive

a ;
Ammonium salts:

carbonate, chloride, phosphate, and sulfates.

bSamples:

a mixture of equal quantities by weight of ammonium

Cl-Total urine collected during 1% hours before mock-treat-

ment with water.

C2-Total urine collected during 1% hours before second
mock-treatment or dosing with ammonium salt mixture.
C3-Total urine collected from controls after second mock-

treatment with water,
P -Total urine collected during poisoning.

o s
Erythrocytes reported negative for none observed and positive for

present.

d ; : ; i
Albumin reported negative for none detected and positive for positive

test.

e . o
Glucose reported negative for none detected and positive for positive

Eest.
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Table 14. (Continued)
Animal b c d &
number Sample Color Erythrocytes Albumin Glucose
39 Cl pale yellow negative negative negative
C2 pale yellow negative negative negative
P pink positive positive positive
40 Cl yellow negative negative negative
c2 yellow negative negative negative
P pink positive positive positive
41 cl amber negative negative negative
C2 amber negative negative negative
P red brown positive positive positive
42 Cl pale yellow negative negative negative
Cc2 pale yellow negative negative negative
C3 yellow negative negative negative
43 Cl pale yellow negative negative negative
c2 pale yellow negative negative negative
Cc3 pale yellow negative negative negative
44 Ccl yellow negative negative negative
c2 yellow negative negative negative
c3 yellow negative negative negative
45 Cl pale yellow negative negative negative
c2 pale yellow negative negative negative
Cc3 pale yellow negative negative negative

poisoned sheep.

34).

Abnormal findings were not revealed in the control sheep.

Glycosuria occurred in all but one of the animals (number

Sequence of blood chemical changes during ammonium chloride poisoning

The measurements of the pH, glucose, ammonia nitrogen (NH

3

-N), amino

acid nitrogen (AAN), urea nitrogen (BUN), and non-protein nitrogen (NPN)

made on the blood samples collected at 10-minute intervals from sheep given
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poisonous doées of ammonium chloride and the clinical signs observed at
each interval are listed in Tables 15, 16, 17, 18, 19, and 20. Measurements
made on the control animals are listed in Tables 21 and 22.

Clinical signs of poisoning appeared in each animal with the occurrence
of sharp increases of the blood ammonia. Although there was a progressive
change in the pH and glucose in each of the poisoned animals, the clinical,
signs did not appear in conjunction with these changes. Similar observa-
tions were made between the clinical signs and the amino acid and urea
fractions of the non-protein nitrogen. That the clinical signs observed
during poisoning correlated very closely with the fluctuation of the blood
ammonia level is exemplified in the case of animal 15, Signs of poisoning
occurred with the rise of blood ammonia and then subsided as the ammonia
level decreased. During this time, the other components of the blood had
not fluctuated sufficiently to warrant consideration. Twenty-four hours
later, signs of poisoning were not apparent by physical examination; how-
éver, the pH was lower than when severe signs had been seen in the same
animal as well as the others, and the non-protecin nitrogen was elevated
considerably. The ammonia nitrogen was above normal levels at that time

but below 1.00 mg. per 100 ml.

Necropsy Findings
The gross and microscopic lesions observed in all of the animals
administered ammonium salts were very similar regardless of the salt
employed. No consistent difference was found between those receiving ammo-

nium chloride, ammonium sulfate, or the ammonium salt mixture.



Table 15. Blood chemical changes and clinical signs observed during ammonium chloride poisoning:
sheep number 14

Sampling and Glucose NH3-N AAN BUN NPN
observation mg. per mg. per mg. per mg. per mg. per
time in min. pH 100 ml. 100 ml. 100 ml. 100 ml. 100 ml. Clinical signs
0 7:39 83 0.23 sy 8.0 21.4 Normal appearance
10 7.45 98 2.06 9.8 10,7 26.4 Very nervous, hyperesthetic
20 T 17 139 2.16 10.4 10.2 26.2 Mild muscle spasms, weakness
30 7.18 183 2.36 10.5 9.9 28.0 Down, unable to rise, severe
muscle spasms
40 6.98 126 2.60 10.7 12.6 27.6 Down, unable to rise, severe
muscle spasms
50 7.08 215 2.52 11.4 13.0 3Lk3 Tonic convulsion
60 7.04 222 3.02 11.6 11.7 33.2 Tonic spasms
70 6.90 219 3.36 13.8 13.1 35:1 Tonic convulsion
80 6.87 200 3.65 14.6 14.8 35.0 Tonic spasms, comatose
90 6.86 188 5.04 14.6 14.5 372 Repeated tonic convulsions
100 6.92 170 4.40 17.0 14.4 39.4 Repeated tonic convulsions,
state of tetany between
convulsions
110 6.89 170 3.50 15.6 15.0 43.4 Repeated tonic convulsions

115 ns ns ns ns ns ns Died

%9



Table 16. Blood chemical changes and clinical signs observed during ammonium chloride poisoning:
sheep number 15

Sampling and Glucose NH3-N AAN BUN NPN
observation mg. per mg. per mg. per mg. per mg. per
time in min, pH 100 ml. 100 ml. 100 ml. 100 ml. 100 ml. Clinical signs
0 7.41 45 0.14 7.8 10.0 26.7 Normal appearance
10 7.45 51 0.31 8.4 9.8 30.4 Normal appearance
20 7.53 55 2.31 B.6 10.2 26.8 Severe muscular trembling
30 7.42 51 1.30 8.7 10.5 27.8 Mild muscle spasms, weakness
40 7.44 51 1.27 8.9 By 1% | 28.6 Mild muscle spasms, weakness
50 7.40 52 1.20 8.6 10.5 295 Mild muscle spasms, down
60 7.55 55.6 1.48 7.8 El.B 30.0 Mild muscle spasms, unable
to rise
70 7.45 55.6 1.64 7.5 12.4 29.3 Mild muscle spasms, unable
to rise
80 7.47 56..1 112 7.6 121 30:2 Mild muscular trembling
90 7.41 58.6 101 8.1 11.0 30.3 Arose, apprehensive, slight
trembling
100 731 61.1 0.98 ?ed LE+3 30.8 Appears normal, except
hyperesthetic
160 ns ns ns ns ns ns Appears normal, eating hay

Second dose of ammonium chloride given 24 hours after initial dose

0 6.98 77 0.64 8.4 15.4 41.0 Normal appearance
10 7.00 90 2.18 Y0.2 16.7 45.8 Severe muscular trembling
20 7.02 101 2.41 10.7 17.2 49.0 Mild muscle spasms, weakness
30 7.00 112 2.45 9.6 17.9 49.9 Severe muscle spasms, down
40 7.06 122 2.06 9.5 18.9 47.5 Severe muscle spasms, unable
to rise
50 6.97 132 4.62 12,2 22.7 5157 Tonic convulsions

%S



Table 16. (Continued)

Sampling and Glucose NH4-N AAN BUN NPN
observation mg. per mg. per mg. per mg. per mg. per
time in min. pH 100 ml. 100 ml. 100 ml. 100 ml. 100 ml. Clinical signs
60 <91 150 4.90 14.1 22 53.9 Tonic convulsions, remained
in tetany between con-
vulsions
70 17 154 6. 13 1753 26.7 61.9 Tonic convulsions, remained
in tetany between con-
vulsions
75 ns us ns ns ns ns Died

GG



Table 17. Blood chemical changes and clinical signs observed during ammonium chloride poisoning:
sheep number 17

Sampling and Glucose NH4-N AAN BUN NPN
observation mg. per mg. per mg. per - mg. per mg. per
time in min, pH 100 ml. 100 ml. 100 ml. 100 ml. 100 ml. Clinical signs
0 7.42 50 0.27 751 4.8 14.5 Normal appearance
10 7.45 69 2.27 10.1 6.8 20.8 Apprehensive, severe muscu-
lar trembling, weakness
20 7.26 94 3.22 11.3 9.2 22.9 Severe muscle spasms, down
30 7.08 147 3.68 12.0 8.7 25.5 Tonic convulsions, state of
tetany between convul-
sions
40 6,95 171 5.04 13..7 11.2 29.6 Tonic convulsions
50 6.66 173 5.47 15.8 LL.7 33.7 Tonic convulsions, vomition
57 ns ns ns ns ns ns Died

9¢



Table 18. Blood chemical changes and clinical signs observed during ammonium chloride poisoning:
sheep number 16

Sampling and Glucose NH3-N AAN BUN NPN
observation mg. per mg. per mg. per mg. per mg. per
time in min. pH 100 ml, 100 ml. 100 ml. 100 ml. 100 ml. Clinical signs
0 7.31 104 0.13 8.6 6.8 22.8 Normal appearance
10 7.34 96 0.88 8.9 8.3 25.0 Apprehensive
20 7+33 99 0.99 8.9 8.5 25.9 Apprehensive, hyperesthetic
30 732 92 LoD 8.7 9.2 24.2 Mild muscular trembling
40 129 96 1.32 9.2 9.4 29.8 Severe muscular trembling,
weakness
50 7.29 108 1.66 9.2 9.9 28.6 Severe muscular trembling,
muscle spasms
60 716 154 1.32 9.8 10.7 31.0 Down, unable to rise, muscle
spasms
70 6.97 192 2.14 11.4 11,2 32.:5 Tonic convulsions
80 6.92 199 2.78 11.3 13.4 36.0 Comatose, tonic spasms
90 6.92 200 3.16 11.9 133 39.9 Repeated tonic convulsions
intermittent and with
severe tonic muscle
spasms until death
100 6D 221 3.52 12.8 13.4 40,2
110 6.70 201 3.88 13.7 15.0 40.7
120 6.58 200 7.67 153 14.8 44,6
130 6.54 180 5.20 16.1 15.6 43.8
140 6.59 172 5.04 17.3 15.1 46,2
150 6.58 175 5.86 16.7 16,5 44,7

156 ns ns ns ns ns ns Died

LS



Table 19. Blood chemical changes and clinical signs observed during ammonium chloride poisoning:
sheep number 18

Sampling and Glucose NH4-N AAN - BUN NPN
observation mg. per mg. per mg. per mg. per mg. per
time in min. pH 100 ml. 100 ml. 100 ml. 100 ml. 100 ml. Clinical signs
0 7.34 57 027 7.9 L0/ 26.0 Normal appearance
10 7:33 79 0.86 9.0 11.9 30.3 Hyperesthetic
20 723 92 2.05 955 12.6 30.6 Severe muscular trembling,
weakness
30 7.18 102 2.43 10.2 1351 31..3 Severe muscle spasms, weak-
ness
40 7.07 122 3.07 10.5 14.1 34.8 Severe muscle spasms, down
50 6.96 158 3.94 12:3 161 39.6 Tonic convulsions
60 6.77 144 5.04 15.4 15.4 397 Tonic muscle spasms
70 6.60 121 Bre 7.3 7.9 18.2 46.6 Repeated tonic convulsions
until death, state of
tetany between convul-
sions
80 6.55 110 621 20.3 18.3 50.9
89 ns ns ns ns ns ns Died

86



Table 20. Blood chemical changes and clinical signs observed during ammonium chloride poisoning:
sheep number 19

Sampling and Glucose NH4-N AAN BUN NPN
observation mg. per mg. per mg. per mg. per mg. per
time in min. pH 100 ml. 100 ml. 100 ml. 100 ml. 100 ml. Clinical signs
0 7.3% 65 0.12 7.8 5.8 20.1 Normal appearance
10 7.36 80 0.54 8.0 T2 20.0 Normal appearance
20 7.50 81 1.04 8.6 6.9 22.3 Mild muscular trembling
30 1+31 84 1.16 78 8.4 23.0 Mild muscular trembling,
hyperesthetic
40 7.40 96 L.22 8.9 8.5 23.8 Severe muscular trembling,
hyperesthetic
50 7.40 111 1.58 9.0 9.9 25.2 Severe muscular trembling,
weakness
60 7.40 145 0.78 849 10.8 25.6 Mild muscle spasms, down
70 132 161 2.09 9.0 121 28.9 Severe muscle spasms, unable
to rise
80 7.28 197 1,39 10.1 13.4 32.2 Severe muscle spasms
90 7.16 221 1.38 10.7 17.4 30.9 Tonic muscle spasms,
opisthotonus
100 7.00 253 3.30 13,2 16.6 35.4 Tonic convulsions
110 6.98 242 4.54 13.8 17.59 36.4 Repeated tonic convulsions
until death, state of
tetany between convul-
sions
120 6.96 221 5.50 16.1 191 38.5
130 6.86 210 4.97 17.7 20.5 41.8
140 6.89 244 6.14 18.0 17.7 40.0

144 ns ns ns ns ns ns Died

66



Table 21. Blood chemical and clinical signs observed in untreated controls during ammonium chloride
poisoning: control sheep number 20

Sampling and Glucose NH4-N AAN BUN NPN
observation mg. per mg. per mg. per mg. per mg. per
time in min. pH 100 ml. 100 ml. 100 ml. 100 ml. 100 ml. Clinical signs
0 7 35 42 0.32 7.7 8 23.2 Normal appearance during
entire 100 minutes
10 7.4:30 45 0.24 8.3 8.5 22,2
20 7-43 45 0.27 7.5 g&.1 20.9
30 7.41 46 0.27 7.4 8.0 22.3
40 7.49 51 0.28 y 8.0 21.0
50 7.49 50 0.29 8.0 8.4 20.4
60 7-55 51 0.2 7.2 8.0 223
70 7.50 51 0.26 6.8 10.2 23.4
80 7:55 51 027 T2 9.6 22.8
90 7.45 53 0.24 8.l 9.1 22.2
100 7.42 53 0.25 7.4 9.9 22.4

09



Table 22. Blood chemical and clinical signs observed in untreated controls during ammonium chloride
poisoning: control sheep number 21

Sampling and Gluccse NH4-N AAN . BUN NPN
observation mg. per mg. per mg. per mg. per mg. per
time in min. pH 100 ml. 100 ml. 100 ml. 100 ml. 100 ml. Clinical signs
0 7.43 63 0.24 9.3 9.8 24.3 Normal appearance during
entire 100 minutes
10 7.48 62 0.24 7.8 10.0 24.8
20 754 62 0.22 T 2 9.8 25.7
30 7.43 57 0.21 7:2 10.5 23.2
40 7.47 58 0.21 6.9 9.9 23.0
50 7.47 63 0.19 6.8 9.1 22:7
60 7.48 58 0.7 il 9.7 22.0
70 7.42 56 0.17 7:2 8.4 23.6
80 7:57 56 0.21 7:2 8.9 22.3
950 Fu37 52 0.22 6:9 8.4 22.7
100 7.43 53 0:21 5.9 8.5 23.0

T:9
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Cardiovascular system

General passive hyperemia was grossly prominent in all of the poisoned
animals. The blood was bright red in some and dark red in others.
Petechial and ecchymotic hemorrhages were present in the epicardium and
myocardium and along the aorta of each animal. Massive myocardial hemor-
rhages as shown in Figure 2 were observed in several animals.

On histologic examination of the heart tissues, numerous hemorrhages
were found in the myocardium of each animal. The degree of hemorrhage
varied from animal to animal within each group. In some, only petechial or
small ecchymotic hemorrhages were found while massive hemorrhages were seen

in others.

Digestive system

Other than mild hyperemia of the mucosa of the rumen and retioulum, no
changes were found in the rumen, reticulum, omasum, and abomasum. The
small intestines of all of the poisoned sheep were hyperemic. Petechial
hemorrhages were found in the submucosa of the small intestines of half of
them.

Microscopically, passive hyperemia occurred in all of the digestive
tissues examined. Mild cloudy swelling of the hepatic cells of the cen-

trolobular regions was observed.

Endocrine system

Other than severe passive hyperemia, no changes were observed in the

adrenal, pituitary, thyroid, and pancreatic glands.
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Figure 2. Massive myocardial hemorrhages in the heart of ewe 25. Death
occurred 1 hour and 25 minutes after the administration of ammo-
nium sulfate
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Lymphatic system

Passive hyperemia was found in all of the lymphatic tissues examined
grossly, and most of the lymph nodes contained blood within their sinuses
giving the appearance of hemorrhages. Numerous petechial and ecchymotic
hemorrhages were present in the thymus gland of each poisoned animal (Fig-
ure 3).

On histologic examination, focal accumulations of erythrocytes were
found within the sinuses of most of the lymph nodes examined. In view of
the numerous hemorrhages observed in various tissues, it is most probable
that the erythrocytes were carried into the sinuses by the lymph that
drained from the hemorrhagic areas.

Several changes were observed in the thymus glands. Severe passive
hyperemia and hemorrhages were present in the centrolobular areas of each
of the glandsr(Figure 4). A number of Hassall's corpuscles had undergone
cystic degeneration and necrosis in most of the glands (Figure 5). Accumu-
lations of polymorphonuclear leucocytes and eosinophiles (Figure 6) were
present within the lobules of each gland in varying concentrations., Numer-
ous round reticuloendothelial cells having round nuclei and pink-stained
cytoplasm that closely resembled large plasma cells were observed in the
centrolobular areas of most of the glands. These features were not

observed in the glands of the control animals.

Muscular system

The only changes found in the skeletal muscles examined were severe

passive hyperemia and varying degrees of hemorrhage.



Figure 3. Numervus hemorrhages in the thymus gland at the base of the
heart of sheep 38 poisoned with a mixture of ammonium salts

Figure 4. Passive hyperemia and hemorrhage in the centrolobular area
of the thymus gland of sheep 5 poisoned with ammonium
chloride
Mayer's hematoxylin and eosin Y. x 100
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Figure 5. Cystic degeneration and necrosis of Hassall's corpuscles and
hemorrhage in the thymus gland of sheep 36 poisoned with a
mixture of ammonium salts
Mayer's hematoxylin and eosin Y. x 250

Figure 6. Neutrophiles, eosinophiles, and a degenerated Hassall's cor-
puscle in the thymus gland of sheep 22 poisoned with ammo-

nium sulfate
Mayer's hematoxylin and eosin Y. x 250
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Nervous system

On gross examination, severe passive congestion was observed in the
brain and spinal cord of all of the poisoned sheep.

Microscopically, passive hyperemia of the brain and spinal cord was
found in each animal. A few contained a number of small hemorrhages (Fig-

ure 7).

Respiratory system

Other than general hyperemia and a number of petechiae in the trachea,
very little gross change was seen in the upper respiratory tract.

Microscopically, there were a few foci of hemorrhage in the submucosa
of the trachea as well as passive hyperemia.

Grossly, the lungs were distended and severely congested with blood.

A great number of subserous petechial and ecchymotic hemorrhages were
observed (Figure 8). Upon cutting through the lung, a bright red sanguin-
eous fluid drained freely from the cut surface (Figure 9). Numerous hemor-
rhages were seen in the submucosa of the bronchi. Hemorrhagic fluid was
observed in the lumina of the bronchioles of the lungs of several of the
animals. Lungs in which hemorrhagic fluids were not observed in the bron-
chioles contained a small amount of serous fluid but not the amount expected
in severe pulmonary edema,

Microscopically, the pulmonary lesions were similar in all of the
poisoned animals and were found to be consistent in all lobes of the lungs.
The most prominent alteration observed was severe diffuse hyperemia. The
alveolar capillaries were extremely distended and filled with erythrocytes

to the extent that very little alveolar space remained, thereby presenting



Figure 7. Passive hyperemia in the spinal cord of sheep 11 poisoned
with ammonium chloride
Mayer's hematoxylin and eosin Y. x 25

Figure 8. Severe congestion and hemorrhages in a diaphragmatic lobe of
the lungs of sheep 27 poisoned with ammonium sulphate
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Figure 9. Transverse section of the lung observed in Figure 8

Figure 10. Active hyperemia, atelectasis, and alveolar emphysema in
the lung of sheep 37 poisoned with a mixture of ammonium
salts
Mayer's hematoxylin and eosin Y. x 100
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the appearance of atelectasis (Figure 10). Alveolar hemorrhages were found
in wmost of the lungs, and in a few, hemorrhagic fluid was found in the
lumina of the bronchioles (Figure 11). Alveolar emphysema was present in
varying degrees in all lobes of each of the lungs. There was alveolar
edema in many of the lungs (Figure 12) but some contained very little. The

musculature of the bronchi and bronchioles was slightly hyperplastic.

Urogenital system

Other than passive hyperemia, no gross or microscopic lesions were
observed in the urinary bladders, ovaries, and uteri of the barren ewes or
the few that were pregnant. The fetuses of the latter were well developed,
without wool growth, and estimated to be at about the 110th to 120th day of
fetation. The fetal membranes were severely congested, and numerous small
subcutaneous hemorrhages occurred in the fetuses.

On gross examination, cloudy swelling and severe passive hyperemia
were obvious in the kidneys of the majority of the poisoned ewes, and
petechiae were found in some of them.

Microscopic examination of the kidneys revealed multiple focal areas
of cloudy swelling and early coagulative necrosis of the proximal convoluted
tubules, marked diffuse hyperemia of the glomerular tufts, and degeneration
of the glomerular tuft cells (Figures 13 and 14). The glomerular tufts
were greatly distended with blood, and the glomerular filtrate contained an
amorphous coagulum and a few erythrocytes (Figures 15 and 16). Many of the
cells of the glomerular tufts were vacuolated, presenting the appearance of

hydropic swelling.



Figure 11, Hemorrhage into the lumina of bronchiole and a bronchus,
hyperemia, and alveolar emphysema in the lung of sheep 8
poisoned with ammonium chloride
Mayer's hematoxylin and eosin Y. x 25

Hyperemia, alveolar edema, and alveolar emphysema in the
lung of sheep 24 poisoned with ammonium sulfate
Mayer's hematoxylin and eosin Y. x 100

Figure 12,
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Figure 13.

Figure 14.

Severe cloudy swelling and early coagulative necrosis of
the proximal convoluted tubules, hyperemia of the glomer-
ular tufts, degeneration of the glomerular tuft cells, and
amorphous deposits within the glomerulli in a kidney of
sheep 4 poisoned with ammonium chloride

Mayer's hematoxylin and eosin Y. x 100

Severe cloudy swelling and early coagulative necrosis of
the proximal convoluted tubules, hyperemia of the glomer-
ular tuft, dilation of the glomerular capillary, and amor-
phous deposits and an occasional erythrocyte within the
glomerulus in a kidney of sheep 8 poisoned with ammonium
chloride

Mayer's hematoxylin and eosin Y. x 400






Figure 15. Severe cloudy swelling and early coagulative necrosis of
the proximal convoluted tubules, hyperemia of the glomer-
ular tuft, and dilation of the glomerular capillary in a
kidney of sheep 37 poisoned with a mixture of ammonium
salts
Mayer's hematoxylin and eosin Y. x 400

Figure 16. Hyperemia of the glomerular tuft, dilation of the glomer-
ular capillary, and amorphous deposits and an occasional
erythrocyte within the glomerulus in a kidney of sheep 28
poisoned with ammonium sulfate
Mayer's hematoxylin and eosin Y. x 400
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DISCUSSION

It was evident from these studies that the quantity of ammonium salts
required to cause poisoning is variable from animal to animal. In some
sheep, a single dose caused severe clinical signs and death within as lit-
tle as 30 minutes; in others, additional doses were required to cause death.
The early observations of Walley (66) that ammonium salts could cause severe
nervous signs in livestock lasting for 20 to 30 minutes and that the animals
would recover completely without apparent confusion and seek food were con-
firmed in these experiments, especially with sheep 1, 2, and 39.

Whether or not the damage to metabolic function and tissues would have
been repairable in animals that recovered from acute poisoning is not
revealed in this study. That kidney damage did occur was demonstrated by
the hematuria and albuminuria observed in those that were severely poisoned
but appeared normal 24 hours later.

The clinical signs observed during these experiments did not differ
from those described by Lewis (37), Oltjen et _l..(51), and Repp et al. (55).
Body temperatures were not discussed in their reports. Koval and Vas'ko
(36) reported that the body temperature of cattle during urea poisoning was
subnormal, but they did not indicate the stage of poisoning that the tem-
peratures had been taken. The body temperature of the sheep in these
studies consistently increased sharply during the 5 to 10 minutes preceding
death (Tables 5, 6, and 7).

The poisoning syndrome brought about by ammonium salts appeared to be

related directly to the concentration of ammonia nitrogen in the peripheral

blood. Clinical signs of poisoning appeared when the blood ammonia nitro-
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gen reacﬁed 0.80 to 1.00 mg. per 100 ml. and became more severe as the con-
centration increased (Tables 11-16). At concentrations above 2.00 to 2.50
mg. per 100 ml., tonic convulsions occurred. These observations are in
close agreement with those reported by Lewis (37) and Repp et al. (55).

The changes observed in the pH values of the blood did not appear to
be related to the clinical signs of poisoning. Although the pH changed to
lower values in all cases and the changes observed in sheep 38, 40, 41, and
42 (Tables 11, 13, 14, and 15) decreased with the appearance and progress
of the signs of poisoning, this correlation did not occur in sheep 39 and
43 (Tables 12 and 16). 1In fact, the acidosis observed in sheep 39 twenty-
two hours after it recovered from severe poisoning was more marked than it
was during the period when the signs of poisoning were observed. Neverthe-
less, acidosis is one of the consistent changes that occurred during inor-
ganic ammonium salt poisoning. It must be given consideration as an impor-
tant part of the syndrome that may require corrective measures when therapy
is applied to animals poisoned with ammonium salts.

The sharp 2- to 4-fold increase of blood glucose observed in all of the
poisoned animals must also be considered a constant feature of ammonium
salt poisoning. Although there was a close correlation between the rise of
blood glucose levels and the development of clinical signs of poisoning in
sheep 38, 40, 41, 42, and 43 (Tables 11, 13, 14, 15, and 16), this correla-
tion was not observed in sheep 39 (Table 12)., The blood glucose was not
elevated in sheep 39 during the first 110 minutes of poisoning nor 22 hours
later, but when the second dose of ammonium chloride was given 24 hours
after the initial dose, the blood glucose promptly increased. In evaluating

these observations, two major questions arise: 1) What was the cause of



83

the rise in blood glucose and 2) what is its significance in the poisoning
syndrome ?

On first evaluation, it would seem logical to consider this rise in
glucose as the result of glucose mobilization brought about by adrenalin
release due to the severe nervous state of the animal. However, Satake
(57) has demonstrated that ammonium chloride given subcutaneously produced
hyperglycemia in adrenalectomized rabbits to the same degree as in those
with intact adrenal glands. While it is possible that this may not be the
case in sheep, there is evidence supporting the premise that the hyper-
glycemia observed was not strictly due to the mobilization of glucose by
adrenalin release.

Adrenalin release would have been expected in many of these animals
because of the excitement incident to the handling, the collection of urine
and blood samples, and the administration of fluids intraruminally. Appar-
ently this was the case with many of the sheep if one considers an elevated
blood glucose level as an indicator of increased adrenalin release. Accord-
to Dukes (l12a, p. 49) the normal values for blood glucose in sheep fall
within a range of 30 to 50 mg. per 100 ml. of blood. The blood chemical val-
ues recorded in Tables 7, 10, 13, and 15 through 22 reveal that 24 of the
sheep had levels above this range prior to receiving the ammonium salts.
Nine of the 12 control sheep also had levels above this range during one or
more of the sample collection periods. Although these values were far lower

than those found when the animals were poisoned, it may be argued that the
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higher values found during poisoning were related to the degree of excita-
tion or stimulation caused by the severe nervous state of the poisoned ani-
mals. While this appears to be a logical possibility, this assumption does
not agree with the findings in sheep 1, 2, and 39 (Tables 8 and 14). Those
sheep were severely poisoned by the initial dose of ammonium chloride and
recovered. The blood samples collected during the time that severe signs
of poisoning were observed did not have appreciably elevated glucose levels.
After the second dose of ammonium chloride 24 hours later, the blood glu-
cose levels increased to about three times the previous levels in each of
the sheep. The great difference in the blood glucose levels observed in
these three sheep cannot be easily explained as a glucose mobilization
phenomenon. The differences do provide support for a premise that other
factors are involved as the cause of the hyperglycemia.

The prime factor that must be taken into consideration as a cause of
the hyperglycemia is the possible effect of blood ammonia on the metabolism
of glucose. There is an interrelationship between the metabolic cycles
involving ammonia and glucose. Ammonia is metabolized in the liver by way
of the urea cycle as portrayed in Figure 17. Fumaric acid and urea are two
products that are not directly reintroduced into the cycle. Fumaric acid
is also a component of the tricarboxylic acid cycle portrayed in Figure 18
through which pyruvate derived from glucose is metabolized. If there is an
overabundance of one of the products, such as fumaric acid, the activity of
the cycle will decrease, thereby decreasing the metabolism of glucose.
Furthermore, fumaric acid is converted to malic acid by the addition of
water in a reaction that is catalyzed by the enzyme fumarase. An over-

abundance of malic acid inhibits the dehydrogenation of succinic acid of
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the tricarboxylic acid cycle by competing with succinic acid as a substrate
for succinic acid dehydrogenase (31lb, pp. 205-211). This would result in
an increase in the blood glucose concentration.

That overloading of the tricarboxylic acid cycle during ammonium salt
poisoning did occur is indirectly supported. For every mole of urea formed
in the urea cycle, a mole of fumaric acid is formed. Since the blood urea
levels nearly doubled during poisoning in each animal in these studies, it
may be assumed that an equivalent increase in fumaric acid production also
occurred. The increased amount of fumaric acid would upset the equilibrium
of the tricarboxylic acid cycle, and the increased amount of malic acid sub-
sequently formed from the fumaric acid would inhibit the dehydrogenation of
succinic acid, thereby impairing a part of the cycle's function. This would
lead to a considerable decrease of the metabolism of glucose by way of the
tricarboxylic acid cycle, thereby permitting an accumulation of glucose.
That the increases in blood glucose levels of sheep 38 through 43 correlate
closely with the increascs of blood urea nitrogen also appear to support
this premise. The reverse effect was demonstrated in man by Brown et al.
(6): Glucose administered orally or intravenously brought about a signifi-
cant rise in blood ammonia. They attributed this rise in ammonia to the
interference of glucose with the urea cycle through the common product,
fumaric acid.

The increase in the amino acids in the blood also parallels the

increase in the urea nitrogen concentration. This reflects an increased
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activity of the urea cycle and of the transamination reactions of tri-
carboxylic acid cycle intermediates indicated in Figure 15.

The cause of the hyperglycemia may, therefore, be attributed primarily
to a reduction in glucose metabolism due to an imbalance of the tricarboxy-
lic acid cycle brought about by the great activity of the urea cycle and
partially to glucose mobilization caused by adrenalin release. The signifi-
cance of the hyperglycemia to the poisoning is not revealed in these experi-
ments except that it is a constant feature of ammonium salt poisoning.

The tissue damage observed primarily involves the vascular, respira-
tory, and urinary systems. Severe congestion accompanied by hemorrhages of
the various organs and the musculature was a constant observation. Examina-
tion of the vascular system within the various tissues leaves the impres-
sion that direct damage has occurred to the endothelial lining of the ves-
sel walls so that capillary membranes would break down and hemorrhages
would occur. The fact that the glomerular tuft cells of the kidneys had
undergone degenerative changes that permitted the passage of albumin aqd
erythrocytes into the urine (Tables 8, 11, and 14) lends some support that
direct damage to the vascular endothelial cells had occurred. It is pos-
sible that the hyperemia and hemorrhages might have been the result of
other factors; the question will have to be resolved by further study.

The hyperemia and hemorrhages found in the lungs of these sheep were
similar to the lesions observed during the early stages of pneumonia
caused by chemical irritants. It has been demonstrated in dogs by Robin
et al. (56) and Jacquez et al. (29) that the partial pressure of gaseous
ammonia in the alveolar air of the lungs is equal to that in the arterial

blood. The ammonium ion does not readily penetrate cell membranes and is
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relatively ﬁon—t_c:-:]c, but un-ionized ammonia (NH3) passes through cell mem-
branes freely (Milne et al. (45) and Gaertner and von Englehardt (17)).
Warren (69, 70) attributed the toxicity of ammonium salts to the amount of
un-ionized ammonia present in the blood. While the free ammonia was not
measured in the exhaled air of the animals of these experiments, its trans-
port across the alveolar membrane from the blood in sheep does not appear
improbable. 1Its passage through the alveolar cells and its unbuffered
presence in the alveolar air may account for the irritant effect observed.
The damage to the kidncys appeared to be due to the action of a toxic
agent on the glomerular tuft cells and the renal tubules. The hematuria
and albuminuria appeared to have had their origin from the glomerular tufts.
Urinary ammonia is produced as a deamination product by the renal tubules
cell, from which it diffuses into the {luid within the tubular lumen (Milne
et al. (45)), its diffusion gradient dependent upon the pH of the urine and
the concentration of the ammonia in the urine. As the amount of ammonia in
the tubular fluid increases, less ammonia can diffuse out of the cells, and
the direction of the diffusion mav be reversed. It appears that the early

coagulative necrosis that occurred in these sheep may have been caused by

the accumulation of toxic quantities of ammonia in the cells.
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SUMMARY

A study was made of the clinical and pathologic alterations found in
sheep that had been poisoned with ammonium salts. Forty-five sheep were
used in the study; 33 were poisoned with amuonium salts and 12 were employed
as controls. The experimental method and results of administering toxic
quantities of different ammonium salts intraruminally to sheep and of mock-
treatment of controls are described.

Toxic quantities of ammonium chloride, of ammonium sulfate, or of a
mixture of ammonium chloride, carbonate, phosphate, and sulfate resulted in
muscular trembling, tonic muscle spasms, muscular weakness, tonic convul-
sions, and subsequent death. Ruminal stasis, rapid pulse, labored breath-
ing, and a high body temperature were constant clinical findings.

Examination of the blood and urine disclosed sharp increases in the
amino acid and urea levels of the blood, hyperammonemia, severe acidosis,
hyperglycemia, hematuria, and albuminuria in each of the poisoned animals.
The hyperglycemia appeared to be due to a disturbance in the metabolism of
glucose.

A study of the sequence of blood chemical changes and the correlation
of the changes with clinical signs of poisoning was conducted on six of the
sheep administered toxic quantities of ammonium chloride. The clinical
signs were correlated with increases in blood ammonia levels but not with
changes in the amino acid, urea, or glucose levels or of the pH. Clinical
signs of poisoning appeared when the blood ammonia level reached approxi-

mately 1.0 mg. per 100 ml. of blood. Convulsions occurred with levels
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above 2.5 - 3.0 mg. per 100 ml. and terminal blood ammonia levels were
above 5.0 mg. per 100 ml.

General passive hyperemia and numerous petechial and ecchymotic hemor-
rhages in the body musculature, heart, thymus gland, and lungs were constant
alterations observed on gross examination.

On microscopic examination, the pulmonary lesions consisted of severe
hyperemia, hemorrhages, alveolar edema, and alveolar emphysema. Degenera-
tion and necrosis of Hassall's corpuscles and centrolobular hemorrhages
were found in the thymus glands. Lesions in the kidneys consisted of
severe cloudy swelling and multiple foci of early coagulative necrosis of
the proximal convoluted tubules, general hyperemia of the glomerular tufts,
and degeneration of the glomerular tuft cells.

With the exception of elevated blood chloride levels found in the
group of shéep that received ammonium chloride, differences in the clinical
and pathologic alterations were not found between any of the groups receiv-

ing ammonium salts.
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