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INTRODUCTION 

Considerable inter es t has developed in the use of ammonia and ammonium 

salt s as a source of nitrogen for crops and in the use of ammoni um salts to 

suppl ement the prot ein nitrogen of ruminant feed s . Ur ea is employed for the 

s ame purpos es and is more widely used in feeds than are the ammonium sa lts. 

Because t1rea is hydro l yzed t o ammonia and carbon dioxide by the enzyme 

urease t ha t occur s in thf' gastrointes tina l trac t of a nimals , it is of 

inte rest as a so11rCL' of ammonia. 

Although ammonium sa lt s and urea are used extensive l y in feeds for 

ruminants and nume r ous s tudies dealing with the ir utilization and me t abo-

lism by ruminants l111de r diffe r ent feeding conditions have been reported, 

only a few reports are available that pertain t o the clin ical a nd patho-

l ogic effec t s - that m.1y be produced in sheep and other ruminants by t oxi c 

amounts of them . 

The pre sent s t udy was desig!'led t o demons tra t e the clinical and patho-

l ogic alterations produced in sheer by ammon ium sal t s adminis t ered intra-

ruminally. Difft>n·nt ammenium salts were ust!d t 0 prove that the alterations 

we r e due t o the ammonium ion and not t o the var i ous an ions. I n one phase 

of the s tu c.ly , b l uoc.l samples Wt re col lc ·cted a t tt·n- minu t t! in t erval s after 

dosing t o detcrminr· the sequence a nd significance of chemic.:il changes as 

they may be r e l a t ed t o c li nic;Jl s i g1:s . The me thods , rcs t1lts, and conclu-

sions of this s t 11d~ · f o llow. 
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LITERATURE REVIEW 

The use of ammonium salts au<l 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 e t a l. (14) produced clear evidence 

that urea could be utilized to supply a part of the protein needs for 

growth of cattle, and Hart ~t al. (23) found that ammonium bicarbonate 

served this purpose in growing calves. Very little at tention 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 rume n 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 sa lts. 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 conc luded 

that the clinical signs were caused by alkalosis rather than the high blood 

ammonia concentrations . 
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Severe alkalosis was also observed during urea poisoning in sheep by 

Cl a r k et a l. (7) . They were unable t o produce similar signs in s heep in 

which severe alkalosis was brought about with non-nitrogenous compounds . 

They conc luded that urea poisoning was due to some uni denti fied pr oduc t s 

formed by the reaction of the ammonia released from the urea wi th me t abolic 

produc t s of the rumen flora. 

Carbamate has also been s ugges ted as a factor in urea and ammonium 

salt poisoning i n ruminant s. Kaish i o ~ ~· (3la) reported tha t ammonium 

carbamate administered intravenously to goats produced clinical s i gns s i mi-

lar t o those they had observed in cattle and goats given i n trarumina l doses 

of urea . They s uggested that ammonium carbamate formed by the hydr ol ys is 

of urea i n t he r umen or abomasum was the cause of poisonin g . The t oxicity 

of ora l dose s of ammonium carbama te t o sheep was inves t iga t ed by Hale and 

King (22) . They observed the same clinical signs in sheep given ammonium 

carbamate as those given urea or ammonium sal t s and agreed with Ka1shio e t 

a l . (3 l a) that ammonium carbamate formed from urea in the rume n was t he r eal 

cause of poisoning . 

The repor t s of Kaishio ~ a l. (3 1a) and Hale and Ki ng (22) do no t pro -

vide ana l yt i ca l evidence that ammon ium car bamate was present i n the gas tro-

int es t i nal contents or tissues of any of the anima l s , but it is inferred in 

both r eports tha t the carbamat e por tion of t he ammonium carbamate was 

responsib l e for t he poisoning. Thes e researchers fai l e d t o consider the 

ammo nium portion of t he mo l ecule; it cannot be disregarded so eas ily . 

The possib l e formation of ammonium carbamate during t he enzymatic 

hydro l ys i s of urea was first suggested by Fenton (13) in 1885. Subsequent 

studies of t he hydrolysis of urea in aqueous unbuffered so lut ions , as 



4 

reported by Maek and Villars (40), Sumner~ al. (60), and Wang and Tarr 

(67), estab lished that ammonium carbama te was formed although it rapidly 

decomposed to ammonia and carbon dioxide. Sumner et al. (60) demons trated 

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 ~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 fo r ruminants. Dinning~ al. (11) reported that the clinical signs 

observed during poisoning with urea in sheep and cattle could be correlated 

with the peripheral blood ammonia l evels . Similar observations were made 

by Lewis (37) , ·Repp ~ !!.!.· (55) , Davis and Roberts (10) , and Oltjen ~al. 

(51) . The l at ter four groups r elated th~ clinical signs of poi soning by 

ammonium salts and urea to the direc t effec t of the ammonia in the periph -

eral blood. In each instance, signs of poisoning began to appear when the 

periphe r al blood ammonia nitrogen increased to approximately 1.0 mg . per 

100 ml . of blood. 

Repp ~ !!..!_ . (55) observed that the t oxicities of ammonium forma t e , 

acetate, and propionate to sheep would equate with the toxicity of urea 

when the dosage of each was expressed in t erms of ammonia nitrogen . 

A more thorough report of the importance o( blood ammonia in ammonium 

salt poisoning in sheep was presented by Lewis~!!..!_. (38). They found 

that changes in the r umen-ammonia concentration were paralleled by changes in 

portal b l ood-ammonia concentrati ons . Wilen the rumen-ammonia level reached 
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60 mi llimoles per liter oi ru ... cn ccutents, th~ 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 rume n contents by administering ammon ium ace tate, the periph-

eral b l ood - ammonia concentration increased , and when it exceeded 0 . 84 to 

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

Factors Infl ul':ncing Ammonia Po i soning 

The oral dosage of ammonium salts required to cause poisoning varies 

considerably and appears to de pend on a number of fac tors. The effect of 

diet, the ability of the gastroin t es tinal microf lora t o utilize ammonia , 

the pH of the gast r ointestinal contents , the concentration of ammonium 

salts, and the ability of the liver t o <le toxify absorbed ammonia are a few 

of t he fac tor s tha t have r eceived some attention. 

It has been demons trated by Coombe and Tribe (9) , Head (25) , Reis and 

Reid (54) , Anni son (1), and Clark~ a l. (7) that when the available carbo-

hydrate of the rumen is increased, ammonia utilization within the rumen is 

greatly increased, and the free ammon i a concentra ti on is greatly decreased. 

The adequacy of carbohydrate in the ration i s cons i dered to be an important 

factor in the prevention of poisoning while feeding urea . 

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

ruminants could adap t to urea a nd to ammonium salts so that a few days after 

an initial dose was given , several times the dose norma lly found to be 

toxic coul d be t olerated . The adaption was explained on the basis that the 
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balance of the microflora had changed in response t o 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) , 

B loomfield~ a l. (5), Gaertner (16), and Gaertner and von Engelhardt (17) to 

be dependent on the pH of the ruwen. It was demonstrated by Hogan (26) 

that the transport of ammonia acros s the rumen epithe lium 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 

v on Enge lhardt (17) tha t 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 ure~se a ctivi ty was found by 

Howe ll and Sumner (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 (61), Repp~ al . (55) , 

and Koval and Vas 'ko (36) r epor t ed 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 s uccess . 

The concentration of ammonia in the ru me n contents is a factor govern-

ing the toxicity of ammonium salts and urea. Hogan (26) r epor ted that the 

transport of ammonia across the rumen epi the lium increased with concentra-

tion gradient at pH 6.5. Gaertner (16) demonstrated that at l eve ls 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. 
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Lewis ~ ~- (38) also observed that the portal blood ammonia concentration 

para lle l ed the ammonia concentration in the rumen. 

Acc ord ing to Snyder (58) , in his review on liver function , a mmonia 

absorbed from the gastrointes tinal tract of all mammals enters the l iver 

from the porta l blood and is converted t o urea. Mann and Bollman (41) 

demonstrated the liver as the main site of ammon i a metabo lism . They were 

able to recover ammonia quantita t ively f r om the blood , tissues, and urine 

of dehepatized an i mals several hours after parenteral trea tment with ammo-

nium sa lts. Lewi s ~ a l . (38) suggested that when the quanti t y of ammonia 

absorbed is greate r than the l iver ' s capacity to convert it to urea, t he 

peripheral blood ammonia concentration increases. Signs of poisoning were 

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

the ammonia nitrogen r eached l eve l s of 0.84 mg. to 1. 50 mg . per 100 ml. 

Considering that the normal portal blood ammonia nitrogen of ruminants may 

a t times be in excess of 0 . 84 mg . to 1 .50 mg. per 100 ml., according t o 

McDonald (39) and Lewis~ tl· (38), t he speed with which the live r can 

convert it to urea can be a cri t ical factor in ammonium sal t poisoning . 

White ~ tl· (71), Bessman and Bessman (4) , and Phi ll ips ~ al. (52b) have 

r epor ted tha t signs of ammonia poisoning are observed in people suffering 

from i mpaired l iver f unction, such as cirr hosis of the liver , and t ha t the 

poisoning can r esul t f r om a high pro t ein die t or from therapy with ammonium 

salts, because the absorbed protein- derived ammonia or the ammon ium salts 

can pass unchanged through the damaged liver to the periphe r a l b l ood . 
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Toxicity of Ammonium Salts and Urea 

In view of the number of factors involved in t he me t abolism of ammo -

nium salts and urea , it is difficult to establish a definite toxic dose , 

es pec i ally when the dose is by the oral r oute . Therefore , the quantities 

reported as toxic doses should be accepted with rese rva tions because there 

may be cons ide r ab l e di fference in the degree of r esponse from animal t o 

animal depending upon the various factors involved . 

Withou t r eferring t o the we i gh t of t he animals, Nunn (50) lists the 

oral toxic doses of ammonium chloride fo r dogs , sheep , a nd horses a s 8 g ., 

25 to 80 g . , and 500 g . , respec tive l y . 

The toxic doses of ammonium sal t s and ur ea f or several anima l species 

that have been r eported on a weight bas i s are listed in Table 1. 

Ruminants 

_Clin i ca l and Patho l ogic Observations of Acute 
Ammonium Salt and Ur ea Poisoning 

Clinical signs The c linica l signs of acute ammonium salt and urea 

poisoning i n ruminants have been described by a number of inves t igator s. 

The c linical signs during urea poisoning in cattle have been reported by 

Davis and Rober ts ( 10) , Dinning e t al. (1 1) , Koval and Vas ' ko (36) , 

Szwabowicz (61), and Thamm ~al. (62); those in sheep by C lark ~ al . (7) 

and Repp~ a l. (55); and t hose in goa t s by Fujimot o and Ta jima ( 15) a nd 

Kita e t al. (32) . The clinical signs dur i ng ammonium salt poisoning in 

cattle have been desc ribed by Pr i ouzeau (53) and those in sheep by Lewis 

(37 ) , Oltjen ~ ~h· (51), and Repp et al. (55). The syndr ome was ve ry simi-

l a r in each instance , as indicated in the fo llowing desc ription . 



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~ al. (55) 
Ammonium formate oral 2.1 Repp ~al. (55) 
Ammonium nitrate oral 2.0 Topchyan & Averyanova (64) 
Ammonium propionate oral 3 . 0 Repp ~al. (55) 
Diammonium phosphate oral 2.2 Oltjen ~al. (51) 
Urea oral 0 . 5- 1. 0 Gallup ~al. (18) 

Nix & Anthony (49) 
Oltjen ~ al. (5 1) 

Dog Ammonium chloride parenteral 0 .15 Bassini & Ferrante (3) 

Rabbit Ammonium chloride oral 0.5 - 1. 0 Govan & Parkes (21) 
Ammon ium ni trate oral 2.0 Topchyan & Averyanova (64) 
Ammonium sulfate oral 0.5 Pr i ouzeau (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 Unde rhill & Kapsinow (65) 
Ammonium carbonate parenteral 1.50 Underhill & Kapsinow (65) 
Ammonium chloride parenteral 1. 25 Underhill & Kapsinow (65) 
Anunonium chroma te parenteral 1.00 Underhill & Kapsinow (65) 
Anunonium ci trate parenteral 1.50 Underhill & Kapsinow (65) 
Anunonium formate parenteral 1.00 Underhill & Kapsinow (65) 



Table 1 . (Con tinued) 

Dose r ange 
Route of g . /kg . 

Animal Ammonium compound administra tion body wt . Reference 

Rat (Con t.) Ammonium iodide parenteral 1. 50 Underhi ll & Kapsinow (65) 
Ammonium lactate parenteral 1.50 Underhill & Kapsinow (65) 
Ammonium nitrate patenter al 1. 25 Underhill & Kapsinow (65) 
Ammonium phosphate dibasic parenteral 1. 50 Underhill & Kapsinow (65) 
Ammonium phospha te tribasic parenteral 1.50 Underhill & Kaps inow (65) 
Ammonium sulfate parenteral 1. 25 Under hi 11 & Kapsinow (65) 
Ammonium tartrate parenteral 1. 50 Underhill & Kapsinow (65) 
Ammonium valarianate parenteral 1.50 Underhill & Kaps ino·,,r (65) 

Mice Ammonium ace t a te intravenous 0 . 32 Warren (69) 
,...... 
0 

Ammonium bicarbonate intravenous 0 . 13 Warren (69) 
Ammonium carbonate intravenous 0 . 14 Warren (69) 
Ammonium chloride intravenous 0 . 24 Warren (69) 
Ammonium hydrm ... ide intravenous 0 . 06 Warren (69) 



11 

Within 30 t o 60 minutes afte r the intra rumina l admi nis tra tion of ammo -

n i um sa l ts or urea, du llne s s was noted . Thi s was f ollowed by mar ked hyper-

es t hesia , se ve r e mus cula r t witching ove r t he en ti re body , a t ony of the 

rumen , and a t axia . Seve re t etani c spasms invol ving a ll of t he ske l e ta l 

musc l es the n fo llowed . The anima l s went down with l egs stiffly extended 

and t onic convu l sions occurred . Br ea thing became extremely labor ed a nd 

r egurg itat i on of rumi na l con t en t s of t en occur r e d jus t be for e dea th . Fr o th-

ing a t the mouth , pulmonary edema , and cyanos i s we r e seen in t he advanced 

states o f po i son i ng . A pul se r a t e of 100 t o 200 a nd a s ubnorma l body t em-

pe rature we r e r e ported . Dea t h usually came 1.5 t o 2 . 5 h ours a fter the 

appear ance of clinica l s i gns. Ki ta ~~- (32) reported t hat the t e rmina l 

s t age was charac t erized by r esp ira t or y paralys is. 

Blood chemis try Very few measur ements of the b l ood c ompone n ts of 

r umi nan t s hav e been ma de du r ing ammonium sa lt or urea poisoning. Other 

t han the blood ammonia nitr ogen d i s cus sed ear l i e r, blood ure a nit r ogen, 

carbon di oxide , and t he pH are the on l y mea s urements that have rece i ved 

a t t ention . 

Blood ammonia nitrogen l eve l s we r e observed t o increase conside r ab l y 

in both c a ttle a nd sh ee p dur i ng urea and ammonium salt poisoning a s 

r e ported by Di n ning ~ al. ( 11 ) , Re pp ~ ~· ( 55), Lewis ~ ~· (38), Lewis 

(37) , Dav i s a nd Robe rts (10) , Thamm ~ al. ( 62) , and Olt jen et a l . (5 1) . 

In surv iving an i ma l s , t he bl ood ammonia n i trogen conce ntra ti on d id not r ise 

a bove 4 . 0 mg . pe r 100 ml . of b l ood. Those tha t die d e xceeded this c once n-

tra t i on. J uhas z (3 0) observed t ha t rumi na l motil i t y was c omple t e l y i nhib -

ited whe n the blood ammoni a n it r ogen reached 0 . 6 mg. pe r 100 ml. 
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Ur ea ni t rogen measurements were made of the blood of ca ttl e during 

urea poisoning by Di nning ct~· (11), of sheep by Lewi s (37 ) during ammo-

nium salt poisoning, and by Repp £.!_ ~· (55) during both ure a and ammonium 

salt poisoning . I n all the a nimals , the urea ni tr ogen of the blood 

increased considerably . Lewis (37) cons idered that the increase in blood 

urea was a r esu lt of its forma tion from the high c oncentration of ammonia 

t ha t en t ered the liver by way of the portal b l ood . 

Carbon di oxide and pH measurements of the blood of sheep during ammo-

nium salt and urea poisoning we re c onduc t ed by Lewis (37). He found that 

an acidosis developed during ammonium chloride poisoning and an alkalosis 

during ammonium acetate and urea po i soning . 

Pathol ogy The l es i on s in sheep that died as a r esult of urea poi-

saning have been briefly de scribed by Clark£!~· (7) . They observed an 

acute circulatory c ollapse wi th severe venous s t as is, severe pulmonary con-

ges tion and edema , hydrothorax, epicardial and e ndocardial hemorrhages, 

hemorrhagic diathesis in the smal l intes tines , and severe degeneration of 

the liver and k idneys. The rumen contents were strongly alkaline and gave 

off an odor of ammonia . Microscopi c examination of the liver and kidney 

tissues revea l ed seve re d iffuse fatty degeneration of t he liver and degen-

eration and nec rosis of the tubules of the renal cortex. The l esions in 

cat tle th at died as a r e su lt of a c ute ammonium sulfate poisoning were 

reported by Priouzeau (53) as consisting of nume r ous petechial hemorrhages 

in the sk in and throughout the carcass , l arge hemor rhagic patches in the 

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

tions in the int es tines, a nd an en l arged , friab l e liver. 



13 

A pa t hologic study ,,f acute urea poisoning in goats has been r epor t ed 

by Fujimot o a nd Tajima (15). They obsc.• rvc d an a cu t e ca tarrhal gas t ro -

enteritis, ne11hrosis , acute catarrha l bronchi tis accompanied by peribron-

chia l hemorrhage <> , i11t1· . - a lveolar hemorrhages of the lung tissues , inten-

sive con ges t ion and hemorrhages of the centra l nervous sys tem, and degenera -

ti on of ganglion cells. 

Non -ruminants 

Clinical signs Acute ammonium sa l t po i soning 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 c linica l signs included dyspnea, musc l e fasciculations, and con-

vulsions in each instanc0. Death was due to ear l y acu te pulmonary edema in 

rats , gui nea pigs, a nd ca t s . Although some pulmonary edema was observed in 

r abbi t s , it was not deemed sufficient t o hav e caused death. 

Blood chemis try Studies of the chemica l changes in blood occurring 

in non - ruminants during ammon ium sa lt poisoning have r eveal e d alterations 

of blood sugar l eve l s. Morita (48) demonstrated that a pronounced hyper -

glycemia , persis ting for severa l hours, occurred in cats administered ammo-

nium sa lts. This observation was fu rther investigated in rabbits by Gigon 

(20) , Ha zard and Va ille (24) , Horvath (27), Masamune (43) , Miyaura (46) , 

Miyos hi (47), a nd Wantoch (68) and in dogs by Talone (63) . They considered 

hyperg lycem i a to he a constan t f inding in ammonium sa lt po i soning . 
,, 

Sa take 

(57) demonstrated the hyperglycemic effect in adrena l ec t omized r abbi ts poi-

soned with ammon ium salts and conc luded that i t was not due t o i ncreased 
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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~ 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 nasa l 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 en l arged 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 variable degrees of hemorrhage. The a lveolar 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 anunonium chloride were 

described in the studies by Koenig and Koe nig (34) and Govan and Parkes 

(21). In contras t 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 ne crosis of the renal tubular epi the lium were the outstanding 

l esions . 
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Fazekas ( 12b) s t udied the microscopic l esions of the central nervous 

system of c a t s and rabbits that di ed of acut e ammonium chloride po i soning . 

Lesi ons in the brain consisted of watery swe llings in the vascular wa lls , 

fatty dege ne r a ti on of the encl"the l ia l cell s , a nd inc r ease of mi gratory ce lls 

around the v essels , swe lling of the g lial fibe rs, and degenera ti on of the 

ganglion cells. 
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HETHOD OF PROCEDURE 

Materials 

Anima l s 

Sheep origina ting from ranches in the Kerrville, Texas, vicinity were 

used in this s tudy. Forty - five adult ewes 3 to 10 years of age of mixed 

breeding were se l ected . Each animal was identified by a numbered ear tag. 

They were conditioned for one month prior to study on a grain and hay con-

centratc at the rate of l~ l bs . per day per ewe and on coastal Bermuda hay 

ad libidum . Ten of the ewes were pregnant , the r est barren . Al l appeared 

in satisfactory health. 

Ammonium salts 

1 1 2 The ammonium ch l oride , dibasic Qmmonium phosphate , ammon ium sulfa t e , 

and ammonium carbonate 2 ust'd to pr,>d11cc. poisoning were of analytical r eagent 

grade, meeting American Chemical Society specifications, obtained conuner-

cially . 

Preparation of animals and individual controls 

To determine if any of the clinical signs, blood chemi cal, or urine 

changes observed during poisoning we r e due to handling , the col lec tion of 

blood and urine sampl es , or the dosing methods, the follow ing procedures 

were conducted pri or t o the administration of ammonium sal ts . The sheep 

were placed individua lly into portab l e pens four feet square to facilitate 

1 
Mal l inkrodt Chemica l Works , St . Louis, Missouri . 

2 Matheson, Coleman and Be ll, Norwood, Ohio . 
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hand ling and ~ample collection . Each ewe was fitted with a r e t ention cath -

e t er connec t ed by plastic tubing to a li t er pl astic bottle for the continu-

ous collection of ur i ne . Blood and ur i ne sample s were t ake n l ~ h ours afte r 

ca thete r ization. Each ewe was then given 500 ml. of wate r intrarumina l l y 

v i a s t omach t ube . The second b l ood a nd urine sampl es we r e t a ke n l ~ hours 

af t e r the adminis tra tion of the wa t er . These control meas ures were fo llowe d 

i nuned i ately by t he admin i s tra ti on of arrunoni um sal ts . Cl ini cal obse rva tions 

were made and r ecorded throughou t t he period of t hese t r i a l s . 

Adminis t ration of Arrunonium Salts 

Admi nis t ra t ion of arrunonium chloride 

Anunonium chlor i de d i sso lved in d i s t i lled water was a dministe r e d intra -

rumi na lly t o two groups of s heep . One group was used t o s tudy the clinical 

and path o l ogic a lterations caused by arrunonium ch l or ide and t o compar e t hese 

with those found i n t he groups receiving other ammonium salts. The second 

gr oup was used t o study t he b l ood chemi cal a l te r a t ions a t 10 -minute inter-

vals dur ing the course of poi soning . Suff i c i en t ammonium ch l oride was given 

in each case t o ca use poison i ng and subsequen t dea th. 

St udy .£1 c linica l and patho l ogic a l tera t ions Doses of a rrunonium 

chloride , each di sso l ved i n 500 ml. of disti lled water, we r e adminis t ered 

t o e l eve n an i ma l s intrar uminal l y v i a stomach tuhe. The s tudy was made on 

no t mo r e than t wo sheep per day and i ncluded a l l e l even by the end of two 

weeks . 

It was desir ed to cause acu t e poisoni ng and s ubsequen t dea t h wi thin 

one t o fi ve hour s . To dete r mine t he quanti t y of arrunonium ch l oride neces-

sary t o ob t ain such effects , 4 ewes were given different dosages. Two ewes 
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(1 and 2) were give n 1. 0 g . per kg. of body weight. Sever e clinical signs 

of poisoning appeared within a few minu t es; bo t h r ecovered and we re ea ting 

hay wi thin t wo hours. Twenty- four hours after the initia l dose , each was 

given a second dose of 1 .5 g . per kg. of body weigh t which produce d cl ini-

ca l sign s of pois on ing and the death of the anima l s within 2 hours. A 

third ewe (3) was administer ed a dose of 2.5 g. per kg . of body we igh t . 

Clinical s igns of po is oning appeared immediate l y , a nd the anima l died 26 

minutes after the administra tion . A fou rth ewe (4) was given 1.0 g . per 

kg. of body weigh t. Within a few minutes after adminis tration , mi ld s i gns 

of poi son ing appeared and then began t o subside within 20 minutes . The 

animal appeared to be normal a t the end of an hour. A second dose of 1. 0 g . 

per kg. of body we i ght was adminis t ered 1 hou r a nd 55 minutes after the 

init ia l dose . Progressive s i gns of po i soning developed, and death occurred 

1 hour and 35 minutes af t e r dos ing . 

Because a dose of 2.5 g . of a nunon ium chloride per kg. of body weigh t 

was mor e than that required t o produce optimum effects and a dose of 1. 0 g . 

per kg . o f body we i ght was l ess , the r emaini ng seven ewes were administe red 

dos es of 1. 5 g . pe r kg . of body wt..:igh t. This qu:rn tity was s ufficien t to 

cause s i gns of po i S•)ning and suhseq Ut·nL dc.·iilil in [ivt> of the seven. Addi-

tional d<' ses of amm(in ium chl oridv we n · re•4ui rvd in t\,1l1 o f the seven . 

The WC:'ight of each animal , the dosc•s ii "d quant ity 0f ammonium chl or ide 

each rec e i ve d, and the inter va l t'f t iml' that transpir ed fr om t he initia l 

dose to the time of death of L':.tch animell arC' n ·cnrdcd in Tab l e 2 . 

In order t o pr ovide additional Cl•ntro l infll r ma ti on on t he i nf luence 

t hat handling , samp l e collecti on , nnd dosing via s t omach tube may have on 

clinica l s i g ns, b l ood chemic:.il, and urine ch:rn gc•s , two of the an imals (12 
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Table 2 . Ammonium chloride poisoning: dosage and surviva l time 

Survival time 
af ter initial 

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

1 30.7 1. 0 g. initial dose 25 : 20 
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 . sing le dose :26 

4 38.9 1. 0 g. initial dose 3:30 
1. 0 g. 1 hr. 55 min. l a ter 

5 40.7 1. 5 g . single dose 1:10 

6 34.2 1.5 g. singl e dose : 25 

7 35 . 9 1.5 g. initial dose 3:40 
0.5 g. 50 min. later 

8 39.1 1. 5 g. singl e dose 2:55 

9 41. 6 1. 5 g. singl e dose : 56 

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 . later 
1. 0 g . 1 hr. 45 min. later 

11 39 .3 1. 5 g . s ingl e dose 1:12 

and 13) wen: use d as contro l s. They were hand l ed i11 the same manne r and at 

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

chl oride . However, in s t ead of ammonium ch l oride , they were administered 

500 ml. o f water. Clinica l observations and co llections of bl ood and urine 
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samples were made i n the same manner and at the same time as those admini s -

tered ammonium salts . 

Study of progres s ive blood chemical alterations Six ewes we r e used 

t o study the sequency of blood chemical changes and to determine , if pos -

sible , how t hese changes relate to the poisoning syndrome. A dose of 2.5 g. 

per kg . of body weight of ammonium ch l or ide was administered to each ewe . 

The ammonium chloride was dis s olved in 300 ml. of distilled wate r and 

administered through the l eft paralumbar fossa into the rumen by syringe 

and need l e . A singl e dose was sufficient t o cause progressive c l inical 

signs of po i soning and subsequent dea t h in 5 of the 6 ewes . In the excep-

t ion , ewe 15 , clinical signs of poisoning appeared within 20 minutes but 

subsided within an hour . The ewe appeared to be norma l after two hours . A 

second dose of 2 . 5 g . per kg . of body we ight was adminis tered 24 hour s after 

the initial dose t o this ewe , and signs of poisoning appeared wi thin the 

first 10 minutes . The ewe died l hour l ater. 

The weight of each animal , the doses and quantity of ammonium ch l oride 

each received , and the interval of time t ha t transpired f rom t he i nit i a l 

dose to the time of death for each anima l are r ecorded in Table 3 . 

In order t o determine the e ffects of handling , intr arumina l inocula-

tions , and the drawing of b l ood sampl es may have on blood chemi ca l levels, 

two ewes (20 and 21) were used as contr ols. Each ewe was admini stered 

300 ml. of water ins t ead of ammonium chloride . Otherwise , they were dosed , 

b l ed , a nd handled in the same manner and f or a similar period o f time as 

we re the ewes t ha t r eceived the ammonium chloride . 
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Tab l e 3 . Ammonium chlor ide poisoning: dosage and surv iva l time 

Survival time 
after initial 

Anima l Kg. NH4C l given dose 
numbe r body wt. g . per kg. body wt . hours: minutes 

14 38.4 2.5 g. s ing le dose 2:22 

15 33.5 2 . 5 g . initial dose 25: 25 
2 .5 g . 24 hrs . l ater 

16 36 . 2 2.5 g. singl e dose :50 

17 41.0 2.5 g . single dose 2:50 

18 42. 3 2.5 g . single dose 1: 27 

19 40 .0 2 .5 g . single dose 2:21 

Administra tion of ammon ium su l fate 

Twelve ewes were used to study c linical , b l ood chemical, and histo l ogic 

change s caused by the intrarumi na l adminis t ration of ammonium su l fate . 

Doses of ammoni um s ulfate , each disso lved in 500 ml. of distille d 

water , were administered intraruminally via stomach tube to eight ewes. To 

cause acute poisoning and death, it was necessary t o admi niste r multiple 

doses (see Table 4) t o al l but one of the ewes. I n each case , succeed ing 

doses were not administe r ed until the ewe had re covered from the signs pro -

duced by the preceding dose . 

The we ight of each animal , the doses and quanti t y of ammon ium su l fa t e 

each received , and the interva l of time that transpired from t he initial 

dose to the time of death of each anima l are r ecorded in Table 4 . 
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Tab le 4 . Ammonium sulf1tc po i soning: dosage• a nd survival timl· 

Survival time 
af t er initial 

Ani mal Kg . Nl14 ( S04 )2 given dose 
numbe r body wt. g . PL' r kg . body wt . hours:minutes 

22 40.5 1. 5 g . initia l 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 . i nitial dose 4:12 
1. 0 g. 25 min . later 
1.0 g . 30 min . l ater 
25 g . 1 hr. 20 min. later 

24 38 . 9 2 . 5 g . initial dose 1:58 
2 . 5 g . 30 min. later 

25 3 1.1 2 . 5 g. initial dose 1:25 
2.5 g . 30 min . later 

26 34 . 6 3.0 g. initial dose 1 :40 
3.0 g . 30 min. l ater 

27 35 . 7 3.0 g. initial dose 3:03 
3 .0 g . 45 min . l ate r 
3.0 g. 45 min . l a ter 
3.0 g. 45 min. l a t er 

28 32.3 3 .5 g . single dose 1:57 

29 39.1 3.5 g. initial dose 3 :41 
3.0 g . 4 0 min. later 
2.0 g. 48 min. l ater 

The other four animals (30, 31, 32, and 33) were tised as controls to 

determine the influence that handling , sample colle ction , and dosing via 

stomach t.ube may have on clinical s i gns , blood chemica l , 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) tl1at were administered ammonium sulfate with the 

exception that they were administered 500 1nl . of wate r . Cl inical observa-

tions and col l ec tions of blood and urine samp les were made in the same man-

ne r and at the same time as with the ewes administered ammonium sulfate, 

and then they were e l ec troc uted . 

Administration of ammonium salt mixture 

Twelve ewes were used in this study t o determine clinica l , blood 

chemical , and histolog ic changes caused by the intraruminal administrati on 

of a mi xture of inorganic ammonium sal ts . 

Eigh t ewes were administered a mixture of four ammonium salts in suf-

ficient quantities to cause clinical signs of poisoning and subsequent 

dea th. The mix ture consisted of equal quanti t ies by weight of ammonium 

ch l or i de , ammonium s ulfate , ammonium carbonate , and ammon ium phosphate . 

Each dose of the mixtu r e was disso l ved in 500 ml. of disti lled water and 

ad ministered intra rumina lly via stomach tube . 

An initial dose of 2.0 g . of mixture per kg . of body weight was give n 

to e ach of the e i ght ewes . This was s uffic i ent t o cause c linical signs and 

subseq uent death in four of the eigh t . The other four required addi tiona l 

doses of 1 . 0 to 2.0 g . per kg . of body weight to cause death . 

The weight of each anima l, the doses and quantity of the ammon ium salt 

mix t ure , and the interval of time tha t t ranspired f rom t he i n itia l dose to 

the time of dea th of each anima l are recorded in Tab l e 5 . 

Four a nimals (42 , 43 , 44 , and 45) were used as control s. They were 

handled in the same manner and at the same t ime as four ewes (34 , 38 , 39 , 

and 40) tha t were adminis t er ed t he ammonium salt mixture with t he exception 
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Table 5 . Ammonium salt mixturca poisoning : dosage and survival time 

Animal Kg . 
number body wt . 

34 30 . 5 

35 35 . 2 

36 34 . 9 

37 34 . 3 

38 33 . 4 

39 43 . 2 

40 39 . 3 

4 1 39 . 3 

Ammonium salts given in 
g . per kg. body wt . 

2. 0 g . single dose 

2.0 g . sing l e dose 

2 . 0 g . initial dose 
1.0 g. 1 hr. 36 min . later 

2 . 0 g . initial dose 
1. 0 g . 48 min . later 

2.0 g . singl e dose 

2 .0 g . initial dose 
1. 0 g . 1 hr. 53 min. later 
1. 0 g. 30 min . later 

2 . 0 g . initia l dose 
2 . 0 g . 2 hr s . 51 min . late r 

2 . 0 g . single dose 

Survival time 
after i nitial 

dose 
hours:minutes 

: 25 

: 39 

2 : 31 

1 : 42 

: 48 

3: 27 

3 : 39 

: 43 

aAmmonium sal t mixtur e : a mixture of equal quantit ies by weight of 
ammonium chlor i de , car bonate , phospha t e , and sulfate. 

that they were administered 500 ml . of water instead of ammonium salts . 

Collections of b lood a nd urine samp l es and clinical obse r vations were made 

in the same manne r and time as wi th the ewes given ammon ium sa lts. They 

wer e then e l ec trocuted . 
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Clinical Procedure 

Obser va t ions 

Observa tions of the gene r a l hea lth and be hav i or of all a nima ls we r e 

made during the a.m. a nd p .m. da ily pr i or t o the adminis tration of ammonium 

salts . On the day that each an ima l was po i soned , it wa s unde r constant 

obse rva tion during t he control measure s take n prior to the administration 

of ammonium s a lt s a nd thereaf t e r unti l the animal die d. Control animals 

we re observed in the same manne r. Individua l changes in r e spiration , 

exc r e t a , and o the r c linica l signs WL're r ecorded . Ruman motility, respira-

tion and pulse r a t e , and body t empe r a ture we r e obse rve d and recorded for 

eac h anima l be fo re an d a ft e r each st ep of the pre tre a t ment period and sev -

eral times af t e r the a dminis tra tion of ammon ium sa lts. 

Bl ood chemi.s t ry 

With the except ion of t he· g r oup of a nima] s used in the study of pr o-

g r essive b lood chemi ca l alte rat i ons , three j ugula r blood samples were co l-

l ec t ed f r om e ach ewe . One was co llec t e d befor e the intraruminal adminis -

tration of 500 ml . of d i s tilled wa t e r, the sec ond prior t o the administra -

tion of the ammonium salts, and the third jus t pr eceding the death of the 

s heep . Heparin sodium was used as the anticoagula nt . The se samples we re 

use d f o r de termina ti ons of the n on- pro t e in nitrogen, urea nitrogen, amino 

acid nitrogen, glucose , c hlorides, and pl!. 

Multiple blood s a mples we r e collec t e d f r om each anima l in the group 

use d in the s tudy of pr ogr essive bl ood chemi cal alte r a ti ons . Each animal 

was bled be f or e and every 10 mi nutes af t e r t he adminis trati on of ammonium 

chloride until s ubsequent death o f the poi soned anima l. 
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For con t rol purposes to determine if blood chemical changes we r e 

influenced by handling procedures or the frequent blood co llection, t wo 

animals were bled before the intraruminal administration of 500 ml . of 

water and every 10 minu t es thereafter. A total of e leven col l ect i ons were 

made from each cont r ol . 

At each bleeding , two samples we r e prepared . One was collected for 

the measurement of non- protein nitrogen , urea nitrogen , amino acid nitrogen , 

glucose , chlorides, a nd pH . Heparin sodium was used as the anticoagulant . 

The other was col l ected under specia l conditions fo r the measurement of 

a mmonia nitrogen. Blood collected for this purpose mus t be preserved 

immediately in orde r t o prevent new ammon i a formation . (Ammonia forms in 

unpreserved shed blood and b l ood filtrates due t o cleamination reactions . ) 

The method of Gangol li and Nicholson ( 19) for the preparation of bl ood sam-

ples and spectrophotometric estima ti on or ~" nonia nitrogen was employed 

using diffus i on chambers desc rib ed by Conway and Ryrne (8) for the d i s t i l -

l a tion of ammonia . 

The procedures used on all b l ood samp l es for the meas urement of pH , 

g lucose , amino acid nitr ogen, 11rea nitrogen, non-protein nitrogen, and 

chlorides were the same . The pH was measured on the heparinized blood sam-

ples i mmedia t ely after co llection, employing a Beckman pH meter . Shortly 

thereafter , protein- free blood fil tra te~ w0re prepared by the tungs t ic acid 

method of Fo lin and Wu (Oser 52a , p . 1027). The filtr ates were used for 

the other measuremen t s made in the following order : glucose, amino acid , 

ni tr ogen , urea ni trogen, non-protein nitrogen , and chloridPs . The glucose , 

amino acid ni trogen , and urea measurements were conduc t ed on the f r esh l y 
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prepared f iltrates. The r emainder of each fi ltrate was placed in a test 

tube, sealed , and frozen until time permitted the measurement of the non-

protein nitroge n and chlorides . 

The procedures used for these measurements were as fol l ows: glucose 

was estimated by the method of Folin and Wu (Oser 52a , pp. 1052 -1053) ; 

amino acid nitrogen by the method of Davidson (Ose r 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 meas uremen ts were made with a Bausch and Lomb Spectronic 20 spectro -

photometer . 

Urology 

Urine samples we r e collected into 1 lic c r plastic bottles on a contin-

uous basis by means of a retention catheter. Three samples were collected 

fr om each animal. The first sample was urine co llected fo r l ~ hours fol -

l owing the placement of the cathe t er. The second sample was t he urine col -

lected for 132 hour s fo llowing the intraruminal admi nistration of water . 

The third sample was the tota l urine eliminated from the time of administra-

tion of ammonium salts until death of the anima l. Urine sampl es collected 

from control an i mals corrL'spondf'd in sequence and time of collection to 

those that received ammonium salts. 

The c olor of each urine sample was noted, and each was examined for 

the presence of erythrocytes, albumin, and glucose . The examination for 

the presence of erytll r ocyt<'s was made on sedirncr.t from centrifuged urine 
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samples with the aid of a microscope. The presence of albumin was deter -

mined by the Osgood -Haskins (Oser 52a , p. 1187) method and of glucosP. by 

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

Necropsy Procedure 

Complete necropsies were performed immediately after death . All gross 

l esions were recorded , and the following tissues were taken from each ani -

mal for microscopic examina tion. 

Cardiovascular system 

Lef t and righ t ventricle of the heart 

Anterior aorta 

Digestive system 

Esophagus 

Recticulum 

Dorsal rumen wall 

Ventral rume n wall 

Oma sum 

Endocrine ~stem 

Adrenal g land 

Lymphatic system 

Bronchial lymph node 

Cervical lymph nod€' 

Hepatic 1 ymph node 

Medias tinal lymph node 

Abomasum 

Duodenum 

Jejunum 

Ileum 

Cecum 

Pituitary gland 

Colon 

Rectum 

Liver 

Pancreas 

Thyroid gland 

Mvsenu·ri c lymph node 

Pa r oticl iymph node 

Spl t:'Cn 

Thymus 
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Muscu l ar system 

Skeletal musc le f r om the pectoral r egion 

Nervous system 

Frontal lobe of the cerebral cortex Midb r ain 

Occipital l obe of the cerebral cortex Anter i or medulla ob l ongata 

Cerebe llar cortex Pos t e rior medulla oblonga ta 

Corpus s t riatum Cervical spinal cor d 

Thalamus Thoracic spinal cord 

Hippocampus Lumbar spinal cord 

Respiratory sys t em 

Larynx 

Mid-trachea 

Dor sal a nd vent ra l r egions of right and l ef t apical lobes of the lungs 

Dorsal and ventral regions of the ri gh t and left car diac lobes of the 
lungs 

Ante rior and posterior r egions of the right and left diaphragmatic 
lobes of the lungs 

Mid l a teral and median regions of the right and left diaphrngmatic 
lobes of the lungs 

Ur ogenital system 

Kidney Ut erus 

Urinary b l adde r Uterine carunc l es 

Ovary 

Tissues, 6 to 10 mm thick, collected for the microscopic examination 

we re submerged in 10% forma l in fo r a minimum of 48 hours . The tissues were 

trimmed , dehydrated in graduated conc0ntrations of ethyl alcohol , cleared 
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in Clearing Agent 1 and infiltrated in paraffin in the routine manner in an 

Autotechnicon1 . Tissues were embedded in paraffin, sec tioned at eigh t 

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 Techn1con Company , Chauncey, New York. 
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FINDINGS 

Clinical Findings 

Clinica l effects of poisonous doses of ammonium chloride 

Cl inica l signs Clinica l signs of poisoning were apparen t within 5 

to 20 minutes afte r the sheep had received the ammonium chl or i de . App r ox i -

mate l y the same signs were seen in a ll but one of the sheep . Those obser ved 

in ewe number 7 differed from those observed in the o t hers and wi l l be 

described separate ly . 

The an i ma l s first became abnorma lly ~pprehensive and rest l ess . Th i s 

was fo llowed by mild tremliling of t he musculature extending over the entire 

body accompanied by extr eme hyperes t hes in. They re sponded violen tly t o 

noise and t ouch but not t o moving objects . At about t he same t ime , 

mydrias is , an increased pulse rate , a marked increase in re spiratory volume , 

and atony of the rumen were observed. 

As the musc le tremor s became more severe , t onic musc l e s pasms began to 

oc cur tha t increased in frequency and s everi t y wi thin a few minutes. Spas -

tic movements of the fac ial and cervical musculature were f irst noticed . 

After a few moments , the muscle spasms were a l so seen in the muscu l ature of 

the body a nd limbs . At the t ime that the musc l e spasms began , ro t atory 

nystagmus and weakness of t he poste rior limbs were a ls o observed . A short 

time later , the anima l s dropped t o th€•ir s t e rnums i n a normal recumbe nt 

position a nd us ua lly could not r e ga in their feet . 

Within a few minutes after the anim~ l s were down , severe t onic con-

vu l sions occurred (Figure 1) . In appeA rance , the convulsions we r e charac -

t erized by opisthotonus, vio l en t trembling wi th l egs fully ex tended , 
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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 musculRture. and the arres t 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 t he intervals 

between convulsions, there was some relaxation of the muscles, a lthough the 

body remained rigid and the head, neck, and l egs remained extended . The 

respiration was labored, and after the second or third convulsion, there 

was some frothing at the mouth . The body t emperature remained norma l 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 poisoni ng progressed 

due to partial paralysis of the costal and abdominal muscles. During the 

interva l between the last two agonal convulsions, vomition with violen t 

retching was observed in sheep 4 and 7 . Death occurred after a fina l vio-

lent convul sion . When complete relaxation of the musculature occurred and 

r espiration ceased , the heart continued to beat for another 1 to 5 minutes. 

Hear t func t ion terminated in fibrillation in one of the animals. At the 

t ime of death , the v enous blood was bright red in some of the ewes and dark 

r ed in others . The urine of al l of the ewes was pink dur i ng the last 

s tages 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, char acterized by mild muscular trembling accompanied by depression. 

After thirty minutes, the animal no l onger trembled and appeared to recover . 

After the second dose of ammonium chloride, the muscular tremb ling recurred 
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and again was ·accompanied by de pression. The animal was lethargic and not 

responsive to noise, touch, or moving objects . Muscular weakness was 

apparent, and the animal could no l onger stand 1 hour and 40 minutes afte r 

the initial dose. The an imal lost consciousness soon after going down and 

remained in a comatose state . Thirty minutes after the animal went down, 

t onic muscle spasms of the body musculature were observed that increased in 

tempo until clonic- tonic convulsions occurred. Opisthotonus and paddling 

of all fou r limbs occurred wi th each seizure . Severe convulsions of this 

type continued intermittently until death an honr and twenty-five minutes 

later. Respiration, heart rate, and body temp~rature followed a course 

s i milar to that observed in the other ewes. 

The r espiration rate, pulse rate, body t emperature, and rumen motility 

rate of each of the sheep in this group are listed in Table 6 . 

Blood chemistry 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 11 

animals were slightly above the normal range prior t o the administration of 

annnonium chloride. Severe hyperglycemia was found in each after dosing. 

The g l ucose level had inc reased 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 moti l ity rates and body t empe ratures of sheep poisoned with 
ammonium ch l oride and of controls 

Respiration Pulse OF. body Rumen motility 
Animal rate Eer min. rate Eer min. t emeerature rate eer min . 
number Beforea After5 Beforea After5 Beforea AfterEi Beforea Afterc 

1 44 48 80 170 102.0 106.2 2 0 
2 32 44 92 180 102.8 108.0 1 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 

c 0 n t r o 1 s 

12d 30 32 84 76 103 . 2 103 . 0 2 2 
13d 54 48 92 92 102.0 102.0 2 2 

aObserved just before t he 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. 
d Control anima ls observed befor e and af ter r eceiving 500 ml. of wate r instead of ammonium 

chloride. 

w 
I.JI 



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

Animal 
number 

l 

2 

3 

4 

5 

6 

a 

NPN Chlorides 

a Sample pH 

Glucose 
mg. per 
100 ml. 

AAN 
mg. per 
100 ml. 

BUN 
mg. per 
100 ml . 

mg. per mg. per 
100 ml . 100 ml. as NaCl 

c 
Pl 
P2 

c 
Pl 
P2 

c 
p 

Cl 
C2 
p 

Cl 
C2 
p 

Cl 
C2 
p 

7.77 
7.57 
6.87 

7.81 
7 . 49 
7 . 49 

7 . 89 
7.21 

7.72 
7 .76 
7. 15 

7. 77 
7.70 
7 . 27 

7.62 
7.76 
6.92 

43 
54 

184 

30 
76 

154 

49 
161 

39 
60 

200 

41 
44 

160 

60 
73 

234 

6.8 
8 . 5 

16 . 2 

7 . 2 
6.0 

13 . 4 

6.5 
15.6 

5.2 
5.5 

16 . 6 

6.0 
5.0 

10 .6 

8.0 
7.9 

13.2 

12.l 
15 . 8 
30 . 2 

11 . 9 
14 . 9 
16 . 9 

10. 7 
17 . 5 

8 . 2 
8 . 1 

15 . 5 

12.5 
12.3 
14 . 5 

8 . 4 
9 . 2 

12 . 7 

34 . 9 505 
37 . 5 550 
58 . 2 590 

34 . 0 515 
37.2 560 
40 . 5 565 

34 . 9 451 
40 . 9 600 

27 . 2 
23 . 5 
37 . 9 

28.9 
27 .0 
38 . 9 

24 . 5 
27 . 0 
38.4 

512 
480 
550 

458 
425 
496 

590 
595 
676 

Sampl es : Cl -Control sample collected before mock-treatment wi th water . 
C and C2- Cont r o l samp l e collected before second mock- treatment or before dosing with 

ammonium chloride. 
C3 -Control sample co llec t ed f r om contro l animals after second mock- treatment with 

water. 
Pl - Sample co llec t ed during severe convulsion from poi soned animals that r ecovered . 
P2- Samp l e collected 5 t o 15 minu t es before death from animals poisoned a second time . 
P -Sample collected from animals administered ammonium ch loride 5 to 15 minut es 

befor e death. 



Table 7. (Continued) 

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

7 Cl 7.65 so 6 .6 9.6 23.1 536 
C2 7.81 73 5 . 6 9 . 4 24 . 0 599 
p 7.38 234 10 . 3 14 . 3 33 . 8 588 

8 Cl 7 . 60 35 9.9 12 . 2 29.7 485 
C2 7 . 72 38 5.9 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 7.73 45 7.3 8 .7 25 . 1 530 
p 7.23 154 l6 . 2 13.0 34.1 550 

w 
10 Cl 7.88 45 4 .3 15.1 34.1 478 -..J 

C2 7.71 45 6 . 1 15.4 32.l 485 
p 7 .18 130 16 .9 28.4 64 . 1 625 

11 Cl 7 . 70 45 6 .2 9.0 24.8 545 
C2 7 . 73 65 5.9 10 . 7 26.9 520 
p 7 . 26 154 12.5 13.5 37.1 575 

c o n t r o 1 s 

12 Cl 7 . 62 41 6.7 11. 2 26 . 8 510 
C2 7 . 70 57 6 . 1 12.5 28.4 515 
CJ 7 .69 40 6.1 11. 4 27 . 8 500 

13 Cl 7.75 40 4.9 9 . 9 24 . 9 485 
C2 7.62 40 6 . 0 12 . l 24 . 0 485 
C3 7.76 68 6 . 1 11. 2 26.3 482 
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increase with the greates t increase uccurring in the amino acid fraction in 

all but sheep nu mhvr 8. 

The blood chloride leve l s after dosing were found t o be elevated in 

all but one (sheep 9) of th e anima l s . 

With the exception of a sl ight 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 lis ted in Table 8. Hematuria , 

charac t erized by the pink discolored urine and the presence of erythrocytes, 

was observed in all of the animals during the l at ter stages of poisoning. 

Albuminuria was found in all but three of the poisoned animals and 

gl ycosuria in one . Abnorma l findings were not disclosed in the urine of 

the two control sheep. 

Clinical effec ts of poisonous doses of ammonium sul fate 

Clinical signs Clinical signs of poisoning observed in the sheep 

administered ammonium s ul fa te , with minor exceptions, were not visibly dif-

ferent from thos e 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 chlor ide group , and while severe tonic con-

vulsions were seen in all of the animals, clonic-tonic convulsions were 

a l so obse rved in sheep number 28. Vomition was observed in only one of the 

sheep (number 29) , and it occurred during the inte rva l between the l as t two 

convulsions . 
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Table 8. Urine findings: ammonium chloride poisoned sheep and controls 

Animal 
number a Sample Color Erythrocytes b Albumin c Glucose d 

1 

2 

3 

c 
Pl 
P2 

c 
Pl 
P2 

c 
p 

4 Cl 
C2 
p 

5 Cl 
C2 
p 

6 Cl 
C2 
p 

yellow 
yellow 
pink 

yellow 
pink 
amber 

amber 
pink 

pale yellow 
pale yellow 
pink 

amber 
amber 
pink 

pale yellow 
pale yellow 
amber 

negative negative negative 
positive negative negative 
positive positive negative 

negative negative negative 
positive negative negative 
positive positive negative 

negative negative negative 
positive positive negative 

negative negative negative 
negative negative negative 
positive positive negative 

positive negative negative 
negative negative negative 
positive positive negative 

negative negative negative 
negative negative negative 
positive negative negative 

a Samples: Cl-Total urine collected during l ~ hours before mock-treat-

b 

ment with water. 
C and C2-Total urine collected during l~ 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 dur ing poisoning from animals that 

later recovered . 
P2-Total urine collected during second poisoning period. 
P -Total urine col l ected during poisoning. 

Erythrocytes reported negative for none observed and positive for 
present. 

cAlbumin reported ne gative for none detected and positive for positive 
test. 

d Glucose reported negative for none detected and positive for positive 
test. 
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Table 8 . (Continued) 

Animal 
number Sample a Color Erythrocytes b Albumin c Glucose d 

7 Cl yellow negative negative negative 
C2 yellow negative negative negative 
p pink positive negative positive 

8 Cl amber negative negative negative 
C2 amber negative negative nega tive 
p pink positive positive negative 

9 Cl pale yellow negative negative negative 
C2 pale yellow negative negative negative 
p pink positive negative negative 

10 Cl pale yellow negative negative negative 
C2 pale yellow negative negative negative 
p pink positive positive negative 

ll 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 

13 Cl 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. 

Blood chemistry findings The chemical findings made on the blood 

samples collected from this group of sheep are listed in Table 10. 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 l evels . The blood chloride levels of these sheep did not 



Tab l e 9 . Respi r ation , pulse, and rumen motility rates and body temperature of sheep poisoned with 
ammonium sulfat e and of controls 

Animal 
number 

22 
23 
24 
25 
26 
27 
28 
29 

Respiration 
rate per min . 

Beforea Afterb 

40 
36 
40 
28 
28 
32 
36 
36 

36 
40 
28 
36 

44 
48 
48 
32 
72 
52 
56 
60 

Jt) 
]() 

32 
32 

Pulse 
rate per min. 

Beforea Af terb 

80 
96 
80 
80 
84 

120 
80 
88 

RO 
84 
80 
96 

160 
220 
160 
172 
230 
168 
216 
192 

c o n t r o l s 

84 
80 
80 

884 

0 F . body 
t emperature 

Beforea Afterb 

103 . 4 
103 . 8 
103 . 6 
104.4 
103.2 
103.4 
I 03 . 4 
103.6 

103 . 0 
103.2 
103 .0 
102 . 4 

105 . 4 
107.2 
107 . 0 
106 . 2 
105.6 
107.4 
106.8 
107 . 6 

103.2 
102 . 8 
103 . 0 
102.6 

Rumen motility 
rate per min . 

Beforea AfterC 

3 
3 
1 
2 
2 
2 
1 
1 

2 
2 
1 
3 

0 
0 
0 
0 
0 
0 
0 
0 

1 
2 
1 
2 

aObserved just before the administration of ammonium sulfate. 

b Observed after administration of ammonium su l fate 5 t o 15 minutes before death . 

c Observed afte r administration of ammonium sulfate before convulsive seizures occurred . 

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



Table 10 . Bl ood chemical findings : sheep poisoned with annnonium sulfate and. controls 

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

22 Cl 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 17 . 3 26.0 61.5 483 

23 Cl 7 . 50 52 5.9 8.5 23.7 529 
C2 7 . 60 44 5 . 5 8.6 22.4 475 
p 6.93 173 14 . 4 19.4 47.9 485 

24 Cl 7.62 76 5.0 9 . 1 22.7 408 .c--
C2 7.65 92 4.8 8 . 7 22.4 427 N 

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 11. 5 25.4 445 
p 7.32 191 10.4 14.3 35.0 435 

26 Cl 7.69 50 5.9 11 . 6 28.1 47 8 
C2 7 . 67 66 5.2 11.3 23 . 0 462 
p 7. 04 126 11. 9 23 . 5 44.9 NS 

a Samples: Cl -Cont ro l sample collected before mock-treatment with water. 
C2- Control sample collected before second mock- treatment or before dosing with anuno-

nium sul fate . 
C3 - Control sampl e col l ected f r om control animal s after second mock- treatment with 

water . 
p - Sample collected from animal s administered ammonium sulfate 5 to 15 minutes before 

death. 



Tab l e 10 . {Continued) 

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

27 Cl 7.66 53 5.2 10 . 5 26.4 NS 
C2 7 . 72 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 7. 71 58 5.9 9.8 24 .2 433 
p 7.30 166 12.1 21. l 52.l NS 

29 Cl 7.71 53 6.4 11. 7 29.9 450 ~ 

C2 7 . 68 71 6.5 11.8 30.0 450 I.Al 

p 7.21 198 10.8 23 . 3 47.0 480 

c o n t r o 1 s 

30 Cl 7.73 62 5.3 7.0 17.9 462 
C2 7 . 73 92 4 . 8 6.9 17.7 485 
C3 7 . 78 59 3.4 5 . 9 14.1 457 

31 Cl 7.64 25 7.0 15 . 7 35.0 498 
C2 7.60 20 6 . 1 16 . 7 37 . 2 536 
C3 7.64 13 7.0 17.2 30 . l 487 

32 Cl 7.67 67 4.7 13 . 3 24.8 503 
C2 7.67 92 5.0 13.9 29 . 0 493 
C3 7.66 77 4 . 9 12.1 26 . 4 468 

33 Cl 7.6 1 54 5 . 9 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 
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increase. An acidosis and hyperglycemi a were cons t an t features of ammonium 

sulfate pois on ing . The non-protein nitroge n increased in these s hee p in a 

manner similar to tha t found in the ammonium chl orid e group . As with the 

ammonium chloride group , the urea and amino acid f r ac tions accounted for 

most of the increase, and the greatest increase was in the amino acid frac-

tion. 

Urine fi ndings The findings made on the urine samples collected 

from this group of sheep are listed in Table 11. Hematuria and albuminuria 

were found in all of the poisoned sheep. Glycos uria was found in only two 

of the animals. None of the findings of the urine from the control sheep 

were abnormal. 

Clinical effects of poisonou~ doses of ammonium salt mixture 

Clinical signs The clinical signs observed in the sheep poisoned 

with the ammonium salt mixture were very similar t o thos e observed in the 

group poisoned with ammonium chloride and those poisoned with ammonium sul-

fate. The central nervous sys tem 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 t emperature, and rumen motility 

rate of each of the sheep of this group are listed in Table 12. 

Blood chemis try 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 a nd those poisoned wi th 
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Table 11. Urine findings: ammonium sulfate poisoned sheep and controls 

Animal 
number a Sample Color Erythrocytes b Albumin c Glucose d 

22 Cl 
C2 
p 

23 Cl 
C2 
p 

24 Cl 
C2 
p 

25 Cl 
C2 
p 

26 Cl 
C2 
p 

27 Cl 
C2 
p 

pale yellow 
pale yellow 
pink 

pale yellow 
pale yellow 
pink 

amber 
amber 
dark amber 

pale yellow 
pale yellow 
pink 

yellow 
yellow 
amber 

pale yellow 
pale yellow 
pink 

negative negative negative 
negative negative negative 
positive positive negative 

negative negative negative 
negative negative negative 
positive positive positive 

negative negative negative 
negative negative negative 
positive positive negative 

negative negative negative 
negative negative positive 
positive positive positive 

negative nega tive negative 
negative negative negative 
positive positive negative 

negative negative negative 
negative negative negative 
positive positive negative 

a Samples: Cl-Total urine collected during l~ hours before mock-treat-

b 

ment with water. 
C2-Total urine collected during l~ hours before second 

mock-treatment or dosing with anunonium sulfate. 
C3-Total uri11e collected from controls after second mock-

treatment with water. 
P -Total urine collected during poison ing. 

Erythrocytes reported nega tive for none 0bserved ~nd positive for 
present. 

cAlbumin reported negative for none detected and positive for positive 
test. 

d Glucose reported nega tive· for n011c de tected and positive for positive 
test. 
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Table 11. (Continued) 

Animal b d number a Color Erythrocytes Albumin c Sample Glucose 

28 Cl pale yellow negative negative negative 
C2 pale ye ll ow negative negative negative 
p pink positive pos itive negative 

29 Cl 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 
C3 pale yellow negative negative negative 

31 Cl pale yellow negative negative negative 
C2 pale ye llow negative negative negative 
C3 pale ye llow negative negative negative 

32 Cl yellow negative negative negative 
C2 ye llow negative negative negative 
C3 ye ll ow negative negative negative 

33 Cl pale yellow negative negative negative 
C2 yellow negative negative negative 
C3 yellow negative negative negative 

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

chloride levels did not increase. Acidosis and hyperglycemia were found 

with t his group similar to that found in the other two groups . The non-

protein nitr ogen was i ncreased in these sheep t o 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 Tab l e 14. Hematuria and albuminuria were found in all of the 



Table 12. Respiration , pulse and rumen motility ra tes, and body temperature o f sheep poisoned 
with the ammonium salt mixturea and of controls 

Animal 
number 

34 
35 
36 
37 
38 
39 
40 
4 1 

d 

Respiration 
rate per min. 

Befor e5 Afterc 

40 
32 
40 
~o 

44 
64 
32 
44 

64 
32 
40 
48 

60 
36 
48 
40 
62 

140 
44 
48 

52 
JG 
44 
44 

Pu l se 
rate per min. 

Before5 Afterc 

100 212 
88 212 
84 196 
80 220 
96 256 
76 160 
80 196 
84 220 

c o n t 

76 80 
96 84 
80 80 
96 88 

0 F . body 
temperature 

Before5 Afterc 

104 . 0 105.4 
104. 2 107.0 
103.8 110.0 
103 . 6 107 . 0 
104 . 6 108.7 
1 04 . 0 108 . 6 
103.4 106. 4 
102 . 4 106.4 

r o 1 s 

104 . 0 104 . 0 
103 . 8 103.6 
102 . 8 103.0 
103 . 8 103.8 

Rumen motility 
rate per min . 

Be fore 5 Afterd 

1 0 
1 0 
1 0 
2 0 
2 0 
1 0 
1 0 
1 0 

1 1 
1 1 
1 1 
2 l 

Ammonium s a lt mixture , a mixtur <:! of C'qual quantities by weight of arranonium carbonate, 
ch l oride , phosphate , and s ul fate. 

b Observed just before the administration of ammonium salts. 
c Observed af t e r administration of ammonium salts 5 to 15 minutes before death. 
d Observed af t e r administration of ammonium salts before convulsive seizures . 
e Con trol animals observed be fo r e and after receiving 500 ml. of water instead of ammonium 

salts. 

.i:-
-..J 



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

Animal 
number 

34 

35 

36 

37 

38 

b Sample 

Cl 
C2 
p 

Cl 
C2 
p 

Cl 
C2 
p 

Cl 
C2 
p 

Cl 
C2 
p 

pH 

7.70 
7. 72 
7.01 

7.73 
7.75 
7 . 14 

7 . 69 
7.64 
7.37 

7. 72 
7.72 
7.31 

7.67 
7.67 
7.15 

Glucose 
mg . pe r 
100 ml. 

97 
117 
228 

102 
109 
181 

54 
44 

122 

64 
76 

172 

51 
58 

163 

AAN 
mg . per 
100 ml . 

7.2 
6 . 5 

16.6 

5.5 
5.3 

11 .3 

6.5 
6 . 5 
8.6 

6 . 5 
5.8 

13. 2 

6.1 
5 . 8 

11.5 

BUN 
mg . per 
100 ml. 

8.5 
9 . 1 

16.0 

9.9 
8.6 

14 . 5 

12.6 
11. 9 
20 . 5 

13.0 
12.9 
18.6 

12.7 
13.2 
16.9 

NPN Ch l orides 
mg . per mg . per 
100 ml . 100 ml . as NaCl 

23.0 590 
22 . 5 590 
38.7 622 

23 . 3 448 
22.1 452 
31. l 485 

30.0 504 
28.7 505 
40 . 8 500 

30.3 
29 . 0 
41.0 

29.1 
31.1 
41. 6 

453 
464 
491 

468 
479 
500 

aAmmoni• •m salts: a mixture of equa l quantities by we igh t of ammonium carbonate , chloride , 
phosphate , and sulfate. 

b Samples: Cl -Control sample collec ted be fore mock-treatment with water. 
C2 - Con trol samp le collected before s e cond mock-treatment or before dosing with annno -

nium salts . 
C3-Control samp l e co llected from control animals a f ter second mock- treatment with 

water . 
P -S ample collec ted from animals administe red ammonium salts 5 to 15 minutes before 

death . 



Table 13. (Cont inued) 

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

39 Cl 7. 78 60 ' 5 . 3 8.8 23.1 486 
C2 7.90 77 4.4 3.6 22.2 513 
p 7.55 192 8. 3 18 . 0 37.6 495 

40 Cl 7.69 51 6.2 12. 4 31.4 471 
C2 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 
C2 7 . 73 64 7.0 11. 3 25 . 1 514 
p 7.21 235 9 . 1 15.6 33 . 8 524 

~ 

42 Cl 7. 76 97 7.7 8.1 21. 2 563 
\.() 

C2 7. 83 99 7.8 8.7 24 .0 57 0 
C3 7.76 64 7 . 4 8.8 21.3 552 

43 Cl 7 . 77 67 5 . 9 7.0 16.5 465 
C2 7.76 68 5.8 5.9 16. 4 465 
C3 7.76 67 6.0 6.5 16.2 47 5 

44 Cl 7.64 75 6.2 11.6 27.5 460 
C2 7.73 77 6 . 0 11. 7 25.7 496 
CJ 7.63 75 5.9 11.1 26 . 0 520 

45 Cl 7.71 54 6 . 0 12.7 29.6 461 
C2 7.90 62 6.5 12.6 20 . 2 490 
C3 7.67 72 5.8 13 . 0 26.6 495 
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Table 14. Urine findings: ammonium salt mixturea poisoned sheep and con-
trols 

Animal b d number Sample Color Erythrocytes c Albumin Glucose e 

34 Cl pale yellow negative negative negative 
C2 pale yellow negative negative negative 

pink positive positive negative 

35 Cl pale yellow negative negative negative 
C2 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 Cl pale yellow negative negative negative 
C2 pale yellow negative negative negative 
p pink positive positive positive 

38 Cl yellow negative negative negative 
C2 yellow negative negative negative 
p amber positive positive positive 

aAmmonium salts: a mixture of equal quantities by weigh t of ammonium 
carbonate, chloride, phosphate, and sulfates. 

b 

c 

Samples: Cl-Total urine collected during l ~ hours before mock-treat-
ment with water. 

C2-Total urine collected during l ~ 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 . 

Erythrocytes repor t ed negative for none observed and positive for 
present. 

dAlbumin reported nega tive for none detected and positive for positive 
test. 

e Glucose reported negative for none detected and positive for positive 
test. 
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Table 14. (Continued) 

Animal b d number Sample Color Erythrocytes c Albumin Glucose e 

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 nega tive negative negative 
C2 pale yellow negative negative negative 
C3 yellow negative negative negative 

43 Cl pale yellow negative negative negative 
C2 pale yellow negative negative negative 
C3 pale yellow negative negative negative 

44 Cl yellow negative negative negative 
C2 yellow negative negative negative 
C3 yellow negative negative nega tive 

45 Cl pale yellow negative negative negative 
C2 pale yellow negative negative negative 
C3 pale yellow negative negative negative 

poisoned sheep. Glycosuria occurred in all but one of the animals (number 

34). Abnormal findings were not revealed in the control sheep. 

Seguence of blood chemical changes during ammonium chloride poisoning 

The measurements of the pH, glucose, ammonia nitrogen (NH3- 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 doses of anunonium chloride and the clinical signs observed at 

each interva l 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 anunonia. 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 

anunonia level is exemplified in the case of animal 15 . Signs of poisoning 

occurred with the rise of blood ammonia and then subsided as the anunonia 

l evel dec reased . During this time, the other components of the blood had 

not fluctuated sufficiently to warrant consideration. Twenty-four hours 

later, signs of poisoning we re not apparent by physical examination; how-

ever, the pH was lower than when severe signs had been seen in the same 

animal as well as the others, and the non-pro t ein nitrogen was e levated 

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, anunonium sulfate, or the ammonium salt mixture. 



Tab l e 15 . Blood chemical changes and c l inical signs observed during ammonium chloriqe poisoning: 
s heep 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 7.7 8 . 0 21.4 Normal appearance 
10 7 .45 98 2 . 06 9.8 10.7 26 . 4 Very nervous, hyperesthe tic 
20 7.17 139 2.16 10.4 10 . 2 26.2 Mild muscle spasms, weaknes s 
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 31.3 Tonic convuls i on 
60 7 . 04 222 3.02 11. 6 11. 7 33 . 2 Tonic spasms 
70 6 . 90 219 3.36 13.8 13.l 35.l 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 37.2 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 5.50 15 . 6 15.0 43 .4 Repeated tonic convulsions 
115 ns ns ns ns ns ns Died 

\Jl 
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Table 16. Blood chemical changes and clinica l signs observed during ammonium ch loride poisoning: 
sheep number 15 

Sampling and Glucose NH3 -N AAN BUN NPN 
observation mg. per mg . pe r mg. per mg . per mg. per 
t ime 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 8.6 10.2 26.8 Severe muscular trembling 
30 7 .42 51 1.30 8 .7 10 . 5 27 . 8 Mild musc le spas ms, weakness 
40 7.44 5 1 1. 27 8.9 11. l 28.6 Mild muscle spasms, weakness 
50 7.40 52 1.20 8.6 10 .5 29 . 5 Mild muscle spasms , down 
60 7.55 55.6 1.48 7 . 8 11.8 30.0 Mild muscle spasms , unable 

t o rise 
70 7 .45 55 . 6 1.64 7.5 12 .4 29 . 3 Mild muscle spasms , unable 

to rise 
80 7 .4 7 56.l 1.12 7.6 12. l 30.2 Mild muscular trembling 
90 7 .41 58.6 1.01 8.1 11. 0 30.3 Arose , apprehens ive , slight 

trembling 
100 7 .31 61.1 0.98 7 . 5 11.3 30 . 8 Appears normal, except 

hype r es thetic 
160 ns ns ns ns ns ns Appears normal, eating hay 

Second dose of anunonium 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 10.2 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 musc le spasms , unable 

t o rise 
50 6 . 97 132 4.62 12.2 22 .7 51. 7 Tonic convulsions 

\JI 
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Table 16. (Continued) 

Sampli ng and Glucose NH 3- N AAN BUN NPN 
observation mg. pt! r 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 6.91 150 4 . 90 14 .1 27.2 53.9 Tonic convulsions , remained 
in tetany between con-
vu l s i ons 

70 6.57 154 6.13 17.3 26 . 7 61. 9 Tonic convulsions , remained 
in t etany between con-
vu ls ions 

75 ns ns ns ns ns ns Died 

V1 
V1 



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

Sampling and Glucose NH 3- N AAN BUN NPN 
observation mg . per mg . per mg . per mg. per mg . per 
t ime in min . pH 100 ml. 100 ml. 100 ml. 100 ml. 100 ml. Clinica 1 signs 

0 7 . 4 2 50 0 . 27 7.1 4.8 14 .5 Normal appearance 
10 7 . 45 69 2.27 10.l 6 . 8 20 . 8 Apprehe nsive, severe muscu-

lar trembling , weaknes s 
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 Toni c convulsions , sta t e of 

tetany between convul -
s ions 

40 6.95 171 5 . 04 13. 7 11. 2 29.6 Tonic convulsions 
so 6.66 173 5.47 15.8 11. 7 33 . 7 Tonic convulsi ons , vomit ion 
57 ns ns ns ns ns ns Died 

V1 

"' 



Tab l e 18. Blood chemical changes and clinical signs obser ved during ammonium chloride poisoning : 
sheep number 16 

Sampling and Gl ucose NH3- N AAN BUN NPN 
obse r vation 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 No r mal a ppearance 
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 7 . 32 92 1.13 8 . 7 9.2 24.2 Mi ld muscu l ar trembling 
40 7.29 96 1.32 9 . 2 9 . 4 29.8 Severe muscu lar trembling, 

weaknes s 
50 7.29 108 1.66 9.2 9 . 9 28.6 Severe muscula r trembling, 

musc le spasms 
60 7.16 154 1. 32 9.8 10 . 7 31.0 Down , unab l e 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 13. 3 39.9 Repeated t on i c convulsions 

intermittent and wi t h 
severe tonic muscle 
spasms unti l dea t h 

100 6.75 221 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 15. 3 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.l 46 .2 
150 6.58 175 5 . 86 16. 7 16 . 5 44. 7 
156 ns ns ns ns ns ns Died 

\Jl 
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Table 19. Blood chemical changes and clinical signs observed dur ing ammonium chloride poisoning: 
sheep number 18 

Sampling and Glucose NH3 - N AAN BUN NPN 
observa tion mg. per mg. per mg . per mg . per mg . pe r 
time in min. pH 100 ml. 100 ml. 100 ml. 100 ml. 100 ml. Clinical signs 

0 7.34 57 0.27 7 . 9 10.7 26.0 Normal appearance 
10 7.33 79 0.86 9.0 11. 9 30.3 Hyperesthetic 
20 7 . 23 92 2.05 9.5 12.6 30.6 Seve re muscular trembling , 

weakness 
30 7.18 102 2 . 43 10.2 13.l 31. 3 Severe muscle spasms, weak-

ness 
40 7.07 122 3.07 10 . 5 14. l 34 . 8 Severe muscle spasms, down 
50 6 . 96 158 3 . 94 12.3 16 . 1 39.6 Tonic convulsions 
60 6. 77 144 5.04 15.4 15.4 39.7 Tonic muscle spasms 
70 6 . 60 121 5.73 17.9 18 . 2 46.6 Repeated tonic convulsions 

until death , state of 
tetany between canvul-
sions 

80 6.55 110 6.21 20.3 18.3 50.9 
89 ns ns ns ns ns ns Died 

\J1 
00 



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

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 65 0 . 12 7 . 8 5 . 8 20.1 Norma l appearance 
10 7.36 80 0 . 54 8 . 0 7.2 20.0 Normal appearance 
20 7.50 81 l.04 8.6 6.9 22 .3 Mild muscular trembling 
30 7.51 84 1.16 7 . 8 8.4 23.0 Mild muscular trembling , 

hyperesthetic 
40 7 .40 96 1. 22 8.9 8.5 23.8 Severe muscular trembl ing, 

hyperesthetic 
50 7 .40 111 1.58 9 . 0 9 . 9 25.2 Severe muscular trembling , 

weakness 
60 7 . 40 145 0 . 78 8.9 10.8 25.6 Mi l d muscle spasms, down 
70 7.32 161 2.09 9.0 12 . l 28.9 Severe muscle spas ms, unable 

to rise 
80 7.28 197 l. 39 10.1 13.4 32 . 2 Severe muscle spasms 
90 7.16 221 l. 38 10.7 17.4 30.9 Tonic muscle spasms, 

opis thotonus 
100 7.00 253 3.30 13.2 16.6 35 .4 Tonic convulsions 
110 6.98 242 4.54 13 .8 17 . 7 36 . 4 Repeated tonic convulsions 

until death, state of 
tetany between convul -
sions 

120 6 . 96 221 5.50 16 . l 19.l 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 

Ul 
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Tab l e 21 . Blood chemical and c l i nical signs observed i n unt reated controls during ammonium chloride 
poisoning: control sheep number 20 

Sampling and Glucose NHrN AAN BUN NPN 
observation mg . per mg. per mg . pe r 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 . 1 23 . 2 Normal appearance during 
entire 100 minutes 

10 7 . 50 45 0.24 8 . 3 8 . 5 22.2 
20 7.43 45 0.27 7 . 5 8 . 1 20 . 9 
30 7 .41 46 0.27 7.4 8.0 22.3 
40 7 . 49 51 0 . 28 7.2 8 . 0 21. 0 
50 7.49 so 0 . 29 8 . 0 8.4 20 . 4 
60 7.55 51 0 . 25 7. 2 8 . 0 22.3 
70 7 .50 51 0.26 6 . 8 10 . 2 23.4 
80 7.55 51 0.27 7 . 2 9.6 22.8 
90 7 . 45 53 0. 24 8 . 1 9.1 22.2 

100 7.42 53 0.25 7 .4 9 . 9 22.4 

"' 0 



Tab l e 22 . Blood chemical and clinical signs observed in untreated controls during anunonium ch l oride 
poisoning: cont r ol sheep number 21 

Samp ling and Gluc L'Se NH3-N AAN BUN NPN 
observat i on mg. per mg . pe r 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 dur i ng 
entire 100 minutes 

10 7 . 48 62 0.24 7.8 10.0 24. 8 
20 7.54 62 0.22 7 . 2 9 . 8 25 .7 
30 7 .43 57 0.21 7 . 2 10 . 5 23.2 
40 7 .4 7 58 0 . 21 6.9 9.9 23 . 0 
50 7.47 63 0. lq 6. 8 9 .1 22 .7 
60 7 .48 58 0.17 7. l 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 
90 7.37 52 0.22 6.9 8 .4 22 . 7 

JOO 7.43 53 0.21 6.9 8 .5 23 . 0 

(]\ 
t--' 
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Card iovascular system 

Gene r al passive hyperemia was grossly prominent in al l 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 Figur e 2 were observed in severa l animals . 

On histologic examination of the heart tissue s, numerous hemorrhages 

we re found in the myocardium of each animal. The degree of hemorrhage 

varied from animal to animal within each group . In some , only petechia l or 

small ecchymotic hemorrhag~s were found while mass ive hemorrhage s were seen 

in others. 

Digestive system 

Other than mild hyperemia of the mucosa of the rumen and retioulum, no 

changes were found in the rume n, r e ticulum, omasum, and abomasum. The 

sma ll 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 hy peremia occurred in all of the digestive 

tissues examined . Mild cloudy swe lling of the he patic cells of the cen-

trolobular regions was observed. 

Endocrine system 

Other than seve re passive hyperemia. 0 0 changes were observed in the 

adrenal , pituitary , thyroid, and pancreatic g lands . 
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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 

gross ly, and most of the l ymph nodes contained blood within their sinuses 

giving the appea r a nce of hemorrhages . Nume r ous petechia l and e cchymotic 

hemorrhages were present in the thymus g l a nd of each poisoned animal (Fig-

ure 3). 

On histo l ogi c examination, focal accumul a tions of e rythrocytes were 

found within the sinuses of most of the l ymph nodes examined . In view of 

the numerous he morrhages observed in various tissues, it is mos t probable 

that the erythr ocy t es were carried in t o the sinuses by the l ymph that 

drained from the hemorrhagic a r eas . 

Several changes were observed in the thymus g l ands. Severe passive 

hype r emi a a nd hemorrhages were present in the centrolobular areas of each 

of the gl ands (Figure 4) . A number of Hassall' s corpusc les had undergone 

cys tic degeneration and necros i s in mos t of the glands (F i gure 5). Accumu-

l at i ons of po lymorphonuc l ear l eucocyte s and eosinophiles (Figure 6) were 

present within the lobules of each g land in var y ing concentrations. Numer-

ous r ound r eticuloendothe lial cells having r ound nuc l e i and pink-s t ained 

cy t oplasm tha t c lose l y r esemb le d l a r ge plasma ce lls we r e obse r ved in the 

centrolobular a r eas of mos t of the g l ands . These f eatures we r e no t 

observed in the g l a nds of the c ontro l animals. 

Muscular system 

The only changes found in the skele t a l musc l es examined were severe 

passive hyperemia and varying degrees of hemorrhage . 



Figur e 3 . Nume r ~iu s hemorrh..iges i n the thymus g l and at t he base of t he 
hear t of sheep 38 po i s on<.' c..I with a mi xture of ammonium salts 

Figure 4 . Pas s ive hype r emi a a nd hemorrhage in t he cen trol obul ar area 
of the th ymus g l a nd of shee p 5 poisoned with ammonium 
chloride 
Maye r ' s hema t oxylin and eos i n 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 
mix ture of anunonium salts 
Mayer's hematoxy lin 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 
Maye r's hematoxy lin and eosin Y. x 250 
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Nervous system 

On gross examination, severe passive congestion was observed i n the 

brain and spinal cord of al l of the poisoned shee p. 

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). 

Respirat ory sys tem 

Other than general hype remia and a number of pe techiae i n t he trachea , 

very little gross change was seen in the upper respiratory tract. 

Microscopically, there were a ff:'w foci of hemorrhage in the submucosa 

of the trachea as we ll as passive hyperemia . 

Grossly , the lungs were dis tended and severely congested with blood . 

A gr eat number of subsC'rous pe t echial a nd 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) . Nume r ous hemor -

rhages were seen in the submucosa of the bronchi . Hemorrhag i c fluid was 

observed in the lumina of the bronchioles of the lungs of several of the 

animals . Lungs in which hemorrhagic fluids were n ot observed in the bron-

chi o l es contained a small amoun t of serous fluid but not the amoun t expec t ed 

in severe pulmonary edema . 

Microscopical l y , the pu l monary l esions we r e simi l a r in a ll of the 

poisoned animals and were found to be consistent i n all l obes of the lungs . 

The most prominent a ltera tion observed was severe diffuse hyperemia. The 

a lveol ar capil l ar ies were extremely distended a nd fil l ed with ery t hrocytes 

to the extent that very l ittle a l veolar space remained , thereby presenting 



Figur e 7. Passive hyperemia in the spina l cord of sheep 11 poisoned 
with ammonium chloride 
Mayer ' s hema t oxylin and eos in Y. x 25 

Figur e 8 . Severe conge s ti on a nd hemorrhages in a diaphr agmatic lobe of 
the lungs of s heep 27 poisoned with anunonium sulpha t e 
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Figur e 9 . Transverse s ection of t he lung obser ved in Figure 8 

Figure 10 . Ac tive hyper emia, atelectasis, and alveol ar emphysema in 
t he lung of sheep 37 poisoned wi th a mixture of ammonium 
sa lts 
Mayer' s hematoxylin and eosin Y. x 100 
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the appearance of ate l ectasis (Figure 10) . Alveolar hemorrhages were found 

in most of the lungs , and in a few , hemorrhagic flu i d was found in the 

l umina of the bronchio l es (Figure 11). Al veolar emphysema was present in 

varying degrees in a ll l obes of each of the lungs . There was alveolar 

edema in many of the l ungs (Figure 12) but some contained ve r y litt l e . The 

muscu l ature of t he bronchi and bronchiol es was slightly hyperp l ast i c . 

Urogenital ~~ 

Other than passive hyperemia , no gross or microscopic l esions we re 

observed in the urinary b l adders , ovar i es , and uteri of the bar r en ewes or 

the few tha t were pregnant. The fetuses of the latter were wel l developed , 

without wool growt h , and estimated t o be a t about the llOth t o 120th day of 

fetation . The feta l membranes were severe l y congested , and numerous small 

subcutaneous hemorrhages occurred in the fe tuses . 

On gross examinat i on , cloudy swe ll ing and severe passive hyperemia 

were obv i ous in the kidneys of the majority of the poisoned ewes , and 

petechiae were fo und in some of them. 

Mi c r oscopic e xami nati on of the ki dneys revealed mu lt ipl e foc al areas 

of cloudy swelling a nd early coagul a tive necrosis of the proximal convoluted 

tubules , mar ked diffuse hyperemia of the gl ome r ular t uf t s , and degeneration 

of the g l ome rular tuft cells (Figures 13 and 14) . The g l omerular tu f ts 

were great l y distended with b l ood , a nd the gl omerular filtrate con t ained an 

amorphous coagulum and a few erythrocytes (Figures 15 and 16) . Many of the 

ce lls of t he g l omerular tufts were vacuolated , presenting the appea rance of 

hydropic swelling . 



Figure 11. Hemorrhage into the lumina of bronchiole and a bronchus , 
hyperemia , and alveolar emphysema in t he lung of sheep 8 
poisoned with ammonium chloride 
Mayer ' s hematoxylin and eos in Y. x 25 

Figure 12 . Hyperemia , alveol a r edema, and a lveo lar emphysema in the 
l ung of she e p 24 poisoned with ammonium sulfate 
Mayer ' s hematoxylin and eosin Y. x 100 
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Figure 13 . Severe cloudy swe ll ing and ear l y coagulat i ve necr os i s of 
the proximal convoluted t ubu l es, hyperemia of the glomer-
u l ar t ufts, degeneration of t he gl omeru l ar t uft ce lls , and 
amorphous deposi t s wi t hi n t he glomerul li in a ki dney of 
sheep 4 poisoned with ammonium ch l or i de 
Mayer ' s hematoxylin and eosin Y. x 100 

Fi gure 14 . Seve r e c l oudy swel l i n g and ear l y coagula tive necrosis of 
t he pr oximal convolu t ed t ubu l es , hyperemi a of the gl ome r -
u l ar tuft, di l a tion of the g l omeru lar capil l a r y , and amor -
phous deposits and an occasional erythr ocy t e with in the 
g l omerul us in a kidney of sheep 8 poisoned with ammonium 
chloride 
Maye r' s hema t oxy l i n and eosin Y. x 400 
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Figure 15 . Sever e c l oudy swell ing and early coagulative necr os is of 
the proximal convolut ed tubules, hyperemia of the glomer -
ular tuft, and dilation of t he gl omeru l ar capillary in a 
kidney of sheep 37 poi soned with a mix ture of ammonium 
salts 
Mayer ' s hematoxylin and eosin Y. x 400 

Figure 16. Hyperemia of the g l omerular tuft , di l ation of the gl omer -
ular capi llary , and amorphous deposits and an occasional 
e r y throcy te within the gl omerul us in a kidney of shee p 28 
poisoned with ammonium sul fa te 
Mayer's hematoxylin and eos in Y. x 400 
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DISCUSSION 

It was evid ent from these studies that the quantity of ammonium salts 

required to cause poisoning is variable from animal to animal . In some 

sheep, a s ingl e dose caused severe c linica l s i gns and death within as lit-

tle as 30 minutes; in others , addi t ional doses were required to cause death. 

The early observations of Walley (66) tha t ammonium sa lts could cause severe 

ne rvous signs in livestock lasting for 20 t o 30 minutes and that the animals 

would recover compl e t ely without appar en t confusion and seek food were con-

firmed in the se experiments , especially with sheep 1, 2, a nd 39 . 

Whether or not the damage to me t abo lic function and tissues wou l d have 

been repairable in animals that recovered from acu t e poisoning is not 

revealed in this study. That kidney damage did occur was demonstrated by 

the hematuria and a l buminuria observed in those that were severely poisoned 

but appeared normal 24 h ours later. 

The clinical signs observed during these expe riments did not differ 

from thos e described by Lewis (37), Oltjen ~al. (51), and Repp~ a l. ( 55). 

Body tempe ratures were not discussed in their r eports . Koval and Vas'ko 

(36) reported that the body t empera ture of cattle during urea poisoning was 

subnorma l , but they did n ot indicate the stage of poisoning that t he t em-

peratures had been take n . The body temperature of the sheep i n t hese 

studies consistently increased sharply during the 5 to 10 minut es pr eceding 

dea th (Tab le s 5 , 6, and 7). 

The poisoning syndrome brought abou t by ammonium salts appeared to be 

related direct l y t o the concentrati on of ammonia nitrogen in the peripheral 

blood. Cl inical signs of poisoning appea r ed whe n the blood ammonia nitr o -
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gen reached 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., t onic convulsions occurred. These observations are in 

close agreement with those reported by Lewis (37) and Repp£.!_~· (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). In fact, the acidosis observed in sheep 39 twenty -

t wo 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 t herapy 

i s applied to animals poisoned with ammonium salts . 

The sharp 2- to 4-fold increase of blood glucose observed in al l of the 

poisoned animals must also be considered a constant fea ture of ammonium 

sa l t poisoning. Although there was a close correlation between the rise of 

b l ood 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 fi r st 110 minutes of poisoning nor 22 hours 

later, but when the second dose of ammonium ch l oride was given 24 hours 

after the initial dose, the blood glucose promptly increased . In evalua ting 

these observations, two major questions arise: 1) What was the cause of 
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the rise in blood glucose and 2) what is its significance in t he poisoning 

syndrome? 

On first evalua ti on , it woul d seem logical to consider t h i s rise in 

glucose as the r esul t of g lucose mobilization br ought about by adrenalin 

r e l ease due to the severe nervous state of the animal . / 

However , Satake 

(57 ) has demons tra t ed that ammonium chloride given subcutaneous ly produced 

hyperg l ycemia in adrenalec t omized rabbits t o the same degree as in those 

with intact adrena l g l a nds . While it is possible t hat this may not be the 

case in sheep , there is evidence supporting the pr emise that the hyper-

glycemia observed was not strict ly due to the mobi lizat ion of g lucos e by 

adrenalin release. 

Adrenalin release would have been expected in many of these anima l s 

bec ause of the exci t emen t incident t o the handling , the collection of urine 

and blood samp l es , and the administration of fluids intraruminal l y . Appar -

ently this was the case with many of the sheep if one conside r s an elevated 

b l ood g l ucose leve l as an indicator of increased adrenalin release . Accord -

t o Dukes (12a , p . 49) the normal values for b lood glucose in sheep fal l 

wi thin a range o f 30 to 50 mg . per 100 ml. of blood . The blood chemic a l val -

ues recorded in Tables 7 , 10, 13, and 15 through 22 reveal tha t 24 of the 

sheep had l eve l s above this range prior to receiving the ammoni um sal t s. 

Nine of the 12 control sheep a lso had l eve ls above this r ange during one or 

more of the samp l e co llection periods . Although these values wer e far l owe r 

than those found when the anima l s we re poisoned , it may be a r gued 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 co llec t ed during the time that severe signs 

of poisoning were observed did not have appreciably e l evated glucose levels. 

After the second dose of ammonium chloride 24 hours later, the blood glu-

cose levels increased to about three times the previous l eve ls in each of 

the sheep . The great difference in the blood glucose l eve ls observed in 

these t hree sheep cannot be easily explained as a g lucose mobilization 

phenomenon. The differences do provide support for a premise that other 

factors are involved as the cause of the hyperglycemia. 

The prime fac t or 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 . Anunonia is metabolized in the liver by way 

of the urea cyc le 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 cyc le 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 de c r~asing the metabolism of glucose. 

Furthermore, fumaric acid is converted to malic acid by the addit ion 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 tri carboxylic acid cycle by competing with succinic ac id as a substrate 

for succinic acid dehydrogenase (3 lb, pp. 205 - 211) . This would result i n 

an increase in the blood glucose concentration . 

That overloading of the tricarboxylic acid cyc l e during ammonium sal t 

poisoning did occur is indirectly supported. For every mo l e 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 equiva l en t increase in fumaric acid pr oduc tion also 

occurred. The increased amount of fumaric acid would upset the equi librium 

of the tricarboxylic acid cycle , and the increased amount of malic acid sub-

sequently formed from the fumaric acid would inhibit the dehydrogenat ion of 

succinic acid , thereby impairing a part of the cycle's function . This would 

lead to a consider~b l e decrease of the metabolism of g l ucose by way of the 

tri carboxylic acid cycle, thereby permitting an accumulation of glucose . 

That the increases in blood glucose levels of sheep 38 through 43 correlate 

closely with the i ncreas0s of b l ood urea nitrogen also appear to suppor t 

this premise. The r~verse effec t was demonstrated in man by Brown et al. 

(6): Glucose administered orally or intravenously brought about a signifi-

cant rise in blood ~mmonia. They attributed this rise in ammonia t o t he 

interference of glucose with the urea cyc l e through the common product , 

fumaric ac id. 

The increase in the amino acids in the bl ood also para llels the 

increase in the urea nitrogen concentr3tion. This reflects an increased 
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activity of the urea cycle and of the transamination reactions of tri-

carboxylic acid cycle intermedia tes indicated in Figure 15. 

The cause of the hyperg l ycemia may, therefore, be attributed primarily 

to a r eduction in glucose metabolism due to an imbalance of the t ricarboxy -

lic acid cycle brought about by the great activi ty of the urea cycle and 

partially to glucose mobilization caused by adrenalin release. The signifi-

cance of the hyperglycemia to the poi soning is not revealed in these experi-

ments except that it is a cons t ant 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 observa tion. Examina-

tion of the vascular system within the various tissues leaves the impre s -

sion that direct damage has occurred to the endothelial lining of the ves -

s e l 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 tha t permitted the passage of albumin and 

erythrocytes into the urine (Tables 8, 11, and 14) l ends some suppor t that 

direct damage to the vascular endothelia l 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 chemica l irritants. It has been demonstrated in do gs by Robin 

~ tl· (56) and Jacquez ~ tl· (29) that the partial pressure of gaseous 

ammonia in the alve olar air of the lungs is equal to that in the arterial 

blood . The ammonium ion does no t readily penetrate cell membranes and is 
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relat ively non-L 0xJc , hut un - ionized anunonia (t-.1H3) passes through ce ll mem-

branes freely (Milne ~ !!..!_. (-'.5) .:m<l Gaertne r and von Englehardt (17)). 

Warren (69 , 70) attr ibuted the t oxici t y of ammonium sa lts t o the amoun t of 

un-ionized ammonia presen t in the blood . While the free anunonia was not 

measured in the exha l ed air of the anima ls of these exper iment s , its tra ns -

port across the alveolar membrane from the blood in sheep does no t a ppear 

improbab l e . Its passage through the a lveolar ce lls and i ts unbuffered 

presence in the a lveo l ar ai r may account for the irritant effect observed. 

The damage t o the kidneys appe ared to be due to the ac tion of a t oxic 

agent on the g l ome rul .:ir tu ft cel l s and th0 rena l tubule s . The hematuria 

and albuminuria a ppear ed t o have had thei r origin f r om the glome rular tufts. 

Urinary ammonia is produc~d as a deamina ti on produc t by the r enal tubules 

cell , from which it diffuses in t o the f luid with in the tubular lumen (Milne 

~ !!..!_ . (45)) , its diffusion gradien t dep<'nden t up on the pH of the urine and 

the concen tra tion of the ammonia in the urine . As the amount of ammonia in 

the tubular f luid inc r eases , l ess ammonia can diffuse out of the ce lls , and 

the direction of the diffusion mav be reversed . It appea rs that the ear l y 

coagulat ive nec rosis tha t occurred i n these s he e p may have been caused by 

the accumulation of toxi c quantit ies of ammon ia in the c e lls . 
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SUMMARY 

A study was made of the clinical and pathologic a ltera t ions found in 

sheep that had been poisoned with arrunonium salts. Forty-five sheep were 

used in the study; 33 we r e pois oned with ar.u .• onium salts and 12 were employed 

as controls. The experimental method and results of administering toxic 

quantities of differ e nt 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 s pasms, muscular weakness , tonic convul-

sions , and subsequent death. Ruminal s t asis, rapid pulse , l abored breath -

ing, and a high body temperature we re constant clinical findings. 

Examination of the blood and urine disclosed sharp increases in the 

amino acid and urea l evel s of the blood, hyperammonemia, severe acidosis, 

hyperg l ycemia, hematuria, and a lbuminuria in each of the poisoned animals. 

The hype r g l ycemia appeared to be due to a disturbance in the me tabolism of 

glucose. 

A study of the sequence of blood chemical changes and the corre l ation 

of the c hanges with c linical signs of poisoning was conducted on six of the 

sheep administered toxic quantities of ammonium chloride . The clinical 

signs were corre l ated with increases in blood ammonia l evels bu t not wi th 

changes in the amino acid, urea, or glucose l eve ls or of the pH. Clinical 

signs of poisoning appeared when the blood ammonia l eve l reached approxi -

mate l y 1.0 mg. per 100 ml. of b l ood . Convulsions occurred with leve ls 
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above 2.5 3 . 0 mg. per 100 ml. and terminal blood ammonia leve l s we re 

above 5.0 mg. per 100 ml . 

General passive hype r emi a and numerous petechial and ecchymotic hemor -

rhages in t he body musc ulature , heart , thymus gland , and lungs were constant 

alterations observed on gross examination. 

On microscopic e xamination , the pulmonary lesions cons i sted of severe 

hyperemia, hemorrhages, a lveolar edema , and alveolar emphysema . Degenera-

tion and necrosis of Hassa ll' s corpusc l es and centrolobular hemor rhages 

were found in the thymus gl ands . Lesions in the kidneys consisted of 

severe c l oudy swel l ing and multip l e foci of early coagulative necrosis of 

the proximal convoluted tubules, ge neral hyperemia of the g l omeru l ar tufts, 

and degeneration of the glomeru l ar tuft cells . 

With t h e exception of e l evated b l ood chloride l eve l s found in the 

group of sheep that receive d ammonium chloride , differences in the clinical 

and pathologic a ltera tions were not found between any of t he groups receiv -

ing ammonium sa lts . 
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