OBSERVATIONS ON THE EFFECTS OF SODIUM GLUTAMATE,
SODIUM SUCCINATE AND L-ARGININE-HC1 ON

AuMONIA INTOXICATION IN LAMBS
S/FF2RI75,5

- £,
¢ At by
c. =

Charles Orramell Halght

A Thesis Submitted to the
Graduate Feculty in Partiel Fulfillment of
The Requirements for the Degree of

MASTER OF SCIENCE

Major Subject: Veterinary Physilology

———mma

Signatures have been redacted for privacy

_ versity
Of Science and Technology
Ames, Iowa

1861

1494133



i1

TABLE OF CONTENTS

INTRODUCTION . .
REVIEW OF LITERATURE .
Limitations and Toxicity of Urea. . .
Effect of Time and Rate of Administration of Urea
Toxicity Syncdrome « ‘ y
Therapeutic Value of Glutamic Acld .
Therspeutic Value of Argirine . .
BEXPERIMENTAL: o« & = @ w < & o o & % o & & & % % & 9
Pilot Studies with White Mice . .
Materials and methods.
Results and dlscussion .
Summary. 270
Experimental Studlies with Lamis
Materiels and methods.
Results and discussion
Summary .
GENERAL DISCUSSION . .
SUMMARY .
LITERATURE CITED . .
ACKNOWLEDGMENTS .

APPENDIX .

Page

A

=0 -gm

13
13
16
22
23
23
30
51
53
61
64
€8

70



Tacle

Teble

Tacle

Taple

Tacle

Tacle

Tacle

1ii

LIST OF TABLES

Protective effect of sodium glutamate,
sodium succinete and l-arginine-HCl when
administered gt different times prior to
the injJection of an LDgg dose of
ammonium chloride .

Protective effect of varlous combinations
of sodium glutamate, sodium succinate and
l-arginine+HCl when administered 30
minutes prior to the injection of zan LDgg
dose of ammonium chloride . . . -

Microgrems of NHz-N per 100 milliliters of
whole blood following the intraperitonesal
administration of varying emounts of
ammonium chloride ¢ % o s

Microgrzms of NHz-N per 100 milliliters of
whole hblood before and after the intra-
peritoneal zdministration of single doses
of sodium glutamate, sodium succinsate and
l-arginine-HC1. e

Micrograms of NHz-N per 100 milliliters of
whole blood before and after the intra-
peritoneal administration of combinations
of sodium glutamete, sodlum succlnate and
l-arginine-HC1. . .o s & & @

Microgrems of NH3z-N per 100 milliliters of
whole plood following the intraperitcneal
administretlon of sodium glutemate at
different time intervsels prior to a suo-
lethal toxlc dose of ammonium chloride.

Micrograms of NH3z-N per 100 milliliters of
whole blood followlng the intreperitoneal
aduinistration of sodium succinate at
difrerent time intervels prior to & sub-
letnal toxic dose of zmmonium chloride.

Page

16

19

31

34

36

38

40



Tacle 8.

Table 9.

Tacle 10.

Table 1l.

Table 1Z.

iv

Micrograms of NHz-N per 100 milliliters of
whole blood following the intraperitoneal
administration of l-arginine-HCl at
different time intervels prior to a sub-
lethal toxic dose of ammonium chloride. . .

Micrograms of NH3z-N per 100 milliliters of
whole blood following the intraperitoneal
adminlistrztion of a mixture of sodium
glutamate and sodium succinate at different
time intervals prior to a sub-lethal toxie
dose of ammonium chloride

Micrograms of NHz-N per 100 milliliters of
whole blood following the intraperitonesl
administration of a mixture of sodium
glutamate, sodlum succinate and
l-2rginine-HCl at different time intervals
prior to a sub-letnal toxic dose of
ammonlum chloride « « . « « « « « « ¢ + o &

Analyses of variance of experimental data
from the lamb studies T EE

Duncan's new multiple range test for
slgrnificance within treatments.

Page

43

45

50

71

72



Figure 1.

Figure 2.

Figure 3.

LIST OF FIGURES

Page
The urea cycle and 1its relationship to
the Krebs citric acid cycle . . . s W 3
Regression of optical density on micrograms
o NHz-N in standard solutions of emmonium
BHITEEE « © = & W & = W K & % & & % = B W @ 28

Graphic representation of approximate
NH3z-N values based on optical density
readings e o o I~ 29



INTRODUCTION

The use of urea and other non-protein nitrogen feedlng
compounds 2s a partial replacement for the protein nitrogen in
ruminant rations 1s now an established practice.

The amount of this non-protein nltrogen feeding compound
recommended for general use in ruminant rations is limited to
low levels principally because of the possibility of toxicity
developing when high levels zre fed. Thils toxlcity 1s believ-
ed to te due to the rapid liberation of ammonia in the rumen
resulting from the hydrolysis of the urea and the subsequent
scsorption of large ﬁuantitlea of ammonla into the portal
blood resulting in an emmonie intoxication. From the avall-
able informastion it would seem that the more useful non-
proteln nitrogen feeding compounds, 1lncluding urea, are in
general tne ones witn the highest degree of ammonia toxicity.

In view oif the widespread use of these non-protein nitro-
gen feeding compounds, knowledge of the ammonia toxlicity syn-
drome and of methods of preventing or alleviating this condi-
tion becomes a matter of paramount lmportance not only to the
practicing veterinarian but slso the nutritionist as well.

In attempting to arrive at the single dose toxic level
of eacn of the optic2lly pure amino acids and of mixtures -
thereof, Gullino et 21. (1956) found that l-arginine-HCl
afforded a protective mecheanism in adult male rats when 1t

was present in toxic mixtures of amino aclds. Greensteln



et al. (1956) found that four mM of l-arginine-HCl per kilo-
gram of body welght prevented ammonia toxicity when adminis-
tered intraperitoneally to adult male rats 60 to 20 minutes
prior to a lethal dose of ammonium acetzte.

The presence of a protective mechanism wherety ammonlea
is rewmoved from the body by converting glutemic acid to
glutamine has also been shown by Krebs (1935) and Tigerman
and MacVicar (1951).

Succinic acid was lncorporated into this study since
it is a reeadily available metatolite in the Krebs citric acid
cycle and could quite concelvably enhance the detoxification
of ammonla as shown 1in Figure 1.

Witn these facts in mind, 21 healthy, yearling, wetaer
lamos were obtained for study from the Department of Animal
Husbendry of Iowa State University and studles were initlated
to determine what role, if any, l-arginine-HCl, glutamic acld
and sucecinic acid play in the detoxification of ammonia in

lambs.
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REVIEW OF LITERATURE

The economic importance of urea and other non-protein
nitrogen feeding compounds has increased enormously over the
past one and one-half decades. Research literature which
Justifies the acceptance of these compounds as a partial
replacement for the protein nitrogen ln ruminant rations 1is
voluminous and was ably reviewed by Reid (1953) and Repp
(1955) .

Limitations and Toxicity of Urea

As a result of the wldespread use of urez e vast amount
of research on this and other non-protein nitrogen feeding
compounds has been carried on, thus accounting for the know-
ledge of the limitations and toxicity of thesse compounds.
Hart et al. (1239) did the first intensive experimental work
in the United States on the nutriticnal value of urea. It
was noted that when urea was fed to cattle at the rete of
4.3 per cent of the dry matter of the ration, diuresis result-
ed and kidney damege wes found at necropsy. They concluded
from thelr observations that kidney damesge was not observed
1f urea constituted less than 2.8 per cent of the dry matter
of the ration. These studlies were extended by Work et al.
(1943) and 1t was found that the harmful level of urea feed-
ing for cattle may be between £.29 and 2.8 per cent of the

dry matter of the ration. Evidence that these findings do not



apply to other species, at least to sheep, was shown by Harris
and Mitchell (1941), who found that rations containing as much
as 3.16 per cent urea on a dry weight basis did not exert any
detrimental effects on lamcs over a feeding period of 110
days. Work by Rupel et al. (1943) suggests that urea should
not te fed to dairy cattle at a rate exceeding one per cent
of the dry matter of the ration. Repp et al. (1953) encoun-
tered toxicity in lambs when urea was administered as a drench
at the rate of 40 grams per 100 pounds of body weight. The
treated lambs were able to tolerate blood ammonla levels as
high as 1.0 milligram per 100 milliliters of whole blood.

It is a rather universal belief that because of 1its
unpalatability ruminants,will not consume enough urea to
cause toxlcity symptoms. The assumption that urea polsoning
is unlikely except in gluttonous or fasted animals, or those
unaccustomed to urea feeds, has been made in an anonymous
report frou the Oklshoma Experiment Station (1953). Also
Dinning et al. (1949) stated in thelr work that it was not
posslible to lnduce steers to eat a sufficient guantity of
urea to produce symptoms of urea toxicity. However, Bulling-
ton et al. (1955) reported three cases of suspected urea
polsoning in Tennessee 1involving 16 head of dairy cattle of
wnich 10 died. 1In ell three cases inadequate mixing of the
feed was held responsible for the observed symptoms of urea

toxicity.



It would seem logical based on this literature review to
assume that with the ever increasing use of urea and other
non-protein nitrogen feeding compounds other cases of ammonliza
intoxication are certain to appear unless measures are made

available to prevent themn.
Effect of Time and Rate of Administration of Ures

It is of interest here to note the effects of time and
tne rete of administration on the toxicity of urea and other
amwonium-containling compounds. Kerr and Hendricks (1949)
studlied the use of ammonium chloride as a therapeutic agent
in human medlicline and observed that the occurrence of toxlclty
was due entirely to the ammonium ion and wes dependent upon
the rate of administration and virtually independent of total
smount administered. Payne made the same observations with
dogs and sheep- (Dr. Loyal C. Payne, Department of Physiology
and Pharmacology, College of Veterlnary Medicine, Iowa State
University of Science and Technology, Ames, Iowa. The Physio-
logical Response to Ammonium Carbonazte. Privete communication.
1956.) Pearson and Smith (1943) stated that the uresse activ-
1ty of rumen lngesta in dairy cattle 1s so great at all times
of the day and remains so little affected by relatively large
amounts of urea that all the urea ever llkely to be fed, even
to high production cows in full lactation, would resadily Ce

converted to ammonie within one hour.



These facts would account for the findings of Dinning
et al. (1948) who noted that urea in amounts exceeding 100
grams was fatal to steers when given orally as a drench, yet
amounts up to 400 grams produced no 111 effects when admin-
istered over a period of 24 hours as feed mixed with other

concentrates.
Toxicity Syndrome

Repp et al. (1955) described the typical urea toxicity
syndrome &8 being characterized by the following clinical symp-
toms 1n the order of thelr appearance: restlessness, ataxla,
lebored breathing, muscular spasms, tetany, collapse and death.
Clark et al. (1951) noted a decrease or cessation of rumen mo-
tility and a sherp rise in rumen pH when sub-lethal doses of
urea were introduced into the rumen of sheep. The previously
cited report from the Oklshoma Experiment Station (1953) also
states that the oral administration of 20 grams of urez per
100 pounds of body welght may give rise to colic, incoordina-
tion, tetany and bloat with death in three hours. Bullington
et a2l. (1955) observed profuse sweeting and salivation in three
field ceses of ureeg polsoning in dalry cattle. In a study of
urea toxicity Fujimoto and Tajima (1953) sacrificed five
goats by drenching individually with 50 grams of urea and

also drenching 10 rabktits with verying smounts of urea.



Necropsy findings showed leslons of acute catarrhal gastro-
enteritis, bronchitis, peribronchial and intra-glveolar
hemorrhages with congestion and nephrosls. Hemorrheges and
degenerative changes in the central nervous system were also
present.

Dinning et sl. (1948) also stzted in their peper that
ataxla appears in steers when the ammonia nitrogen of the sys-
temic blood reaches a level of epproximately 2.5 milligrems
per 100 milliliters of whole blood and symptoms of alkalosils
followed by death at a level of about 4.0 milligrems per 100
milliliters of blood.

The syndrome of hepatic come in human medicine parallels
that of armmonia intoxication or so-called urea polsoning in
our domestic ruminant animels. It has teen shown by Riddell
et al. (1954) trat the condition of hepstic coma 1s =actuslly
caused by an ammonia intoxication. Schwertz et 21. (1953)
and Singh et al. (1954) found elevated blood ammonisz levels
in patients with cirrhosis of the liver. Webster and Devidson
(1954) were able to induce hepatic com2 by the administration
of ammonium salts. Phillips et al. (1952) reported that
symptoms clinlcally indistinguishable from impendirg hepatic
coma resulted from the administration of several ammonium
corntalning compouncs 1lncluding urea and ammonlium chlorlde in
nine chronic alcoholics with advanced clrrhosis of the liver.
They noted a positive correlation between the clood aﬁmonia

conceniraticn and the observed toxicity syndrome.



Therapeutic Value of Glutamic Acid

The defense of the organism to high levels of blood
ammonia may follow several pathways as shown by Manning
(1967). One important route may be the storage of ammonia
as a nontoxic suostance. Krebs (1935) and Tigerman and
MacVicar (1951) have shown that glutamic acid has the ability
to combine with and store ammonia as the non-toxlic szalt,
glutamine. Work by McIlwain (1951) suggests that the anti-
convulsant action of glutamic acid may be due, in part, to
its ability to decrease the crain tissue content of energy-
rich creatine phosphate thus lowering i1ts metabollic response
to electrical stimulation.

Further evidence that hepatic coma is in part an ammonia
intoxicatlion has been shown by McDermott et al. (1955) who
classirled 28 patients with hepatic coma as falling into one
of three groups: spontaneous, exogenous or chronic encephalo-
'pathy- In the exogenous and chronic groups ammonia intoxica-
tion was found to te the predominznt feature and glutamic
acld was shown to be an effective a2djunct in treatment.

Welshe (1953) treated five episodes of hepatic coma in
three patients suffering from sub-acute or chronic liver
injury with sodium glutamate- On each occeaesion a return of
consclousness closely followed the administration of th=
drug. Alexander snd Porter (1984) observed a rapld recovery

in a petient in severe hepatic coma with convulsions when
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treated with intravenous sodium glutamste and adrenocortico-
trophic hormone. Walley (1954) noted definite improvemernt

in a patient in hepatic come upon treatment with intravenous
injection of sodium glutamate. Price et 2l. (1943) observed
that eplleptic seizures of the petit mal and psychomotor types
were decreased in frequency when glutemic zcid was used in
conjunction with known anticonvulsant therapy. The zsuthors
suggested that the favorable response to this drug may be due
to the detoxiflication of ammonia in the brain.

Richter et al. (1948) showed that ammonia is likerated
in the ctrain on stimulation. Their work suggested that in
conditions such as epilepsy, in which the btrain is abnormelly
irritacle, the toxlic action of ammonia may play a signiricant
role. Torda (1953) states that an accumulation of the ammo-
nium ion in the brain is the result of increased cercsbral
actlvity ocut 1s not necessarily the factor initiating con-
vulsions.

Conversely, Webster et al. (1954) found that sodium
glutamate had little, 1f any, beneficial effects on hepatic
coma or lmpending coma. It also failled to prevent onset of
lmpending coma induced by ammonium salts. They noted no con-
slstent changes 1n plesma ammonla concentrations following
glutamzte therapy. Singh et a2l. (1954) also observed the
fallure of glutamic acid to lower elevated blood ammonia
levels to normal in patients with hepatic cirrhosis. These

negative findings may te explained on the tasls of ocserve-
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tions made by McDermott et 2l. (1955), previously cited. In
his classification those cases representing spontaneous
encephalopathy were cases of true hepatic decompensation in
which the disorder of eammonia metabolism was only one of many
ciochemical defects and to which glutamic acid had only tran-
sient effects. Najarian and Harper (1956b) found thet sodium
glutamate was only slightly effective in preventing a rise 1in
plood ammonia when given concomitantly with glycine aznd was
completely ineffective 1n reducing the elevated blood ammonia
when administered one hour after the commencement of glycine
infusion 1n dogs.

Saperstein (1943) found that glutamic acid gave complete
protection from the convulsant effects of ammonium chloride

in rabbits.
Therapeutic Value of Arginlne

Another clinically significant mode of defense agalnst
ammonis intoxication is to increase the capaclity of the urea
cycle for the removal of ammonia by the use of one or more
of the sucstrate components of this cycle.

Gullino et al. (1956), Greenstein et al. (1956) and
du Rulsseau et 2l. (13956), in a2 series of experiments, have
shown that l—argininé-HCl affords coumplete protection to raﬁé

against LDgg,gg doses of ammonium acetzte. Najarlan and

Harper (1956b) induced elevated blood ammonia levels in dogs
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py intravenous infusion with glycine. When arginine was
admiristered concurrently with glycine no significent rise 1in
clood ammonia was evidenced. When arginine was given one hour
after the start of glycine administration, it effected a
proumpt reduction of blood ammonia levels. The rise in blood
urea which accompanied the marked fall in blood ammonia when
erginine was given indicated that this amino acld mediated

its effect on the blood ammonia through i1ts influence on the
production of urea. Najarien and Harper (1256a) also noted
the ablility of arglnine to decrease the eleveted blood ammonie
levels 1n 15 patients arflicted with several disease entities.
The decrease in blood ammonia was always accompanied by a sig-
nificant rise in the blood uree nitrogen. Manning and Delp
(12567) utilized intravenous infusions of l-arginine-HCl in the
treatment of hepatic coma in three patients with excellent
results.

Clementi (1951) estimated the effect of different rations
upon the execretion levels of uric ecid, urea and ammonia in
the fowl. It was noted that excretions of both urea and
aumonia relative to total nitrogen lngested tended to be
higher in birds on legume rations, which were relatively rich
in arginine, than in tnose on cereal rations which were low

in thls amino aclid.
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EXPERIMENTAL
Pilot Studies with White Mice

A serles of screening experiments was carried out to
determine what effect, 1f any, one might expect from sodium
glutamate, sodium sucecinate and l-arginine.-HCl when adminis-
tered singly and in combination to lambs concomitantly or
prior to an injection of a toxic dose of ammonla. Mice were
chosen for this part of the study because of thelr adaptabil-
ity from the standpoint of being readily available, inex-
pensive, easy to handle and because of the low total dosages
of l-arginine-HCl required to azrford protection. This was
quite important due to the limited supply of thls rather

expensive emino acid.

Materials snd methods

For the initial screening experiments adult CFW albino
mice weighing approximately 20 grems each were used. The mice
were allotted 2t random into groups of 10 mice each.

The dose level of all the compounds tested, including
that of ammonium chloride, was calculated on the basis of
milligrams of the compound per kilogram of body weight. This
amount was diluted with distilled water to 10 milliliters and
administered intraperitoneally at the level of 0.0l milliliter
per gram of cody weight.

The lethal dose of ammonium chloride was determined
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experimentally by injecting lots of 10 mice each intraperiton-
cally with added increments of this compound. When one or
more deaths were observed per treatment succeeding increments
were sdjusted to one milligram over and above that given the
preceding lot. The minimum dose of ammonium chloride that 1is
lethel to 99+ per cent of the mice was defined as being that
dose wherein all the mice in a lot of 20 succumbed to treat-
ment. This dose was found to be 625 milligrems of ammonium
chloride per kilogram of tody welght and is hereafter referred
to as LDgg-

Glutemic acid and succinic acid were administered intra-
peritoneally as the sodium salts since they sesre less irritat-
ing and sre more readlly soluvle then the acid forms. Protec-
tive levels of sodium glutamate and sodium succinate were cal-
culated on the assumption that one equivalent of either glu-
tamic acid or succinic acid as their sodium szlts would detox-
ify two equivalents of ammonis. This reasoning was based on
the fact that each tiwe the urea cycle passes through its
sequence of reactions free ammonia 1s removed directly at
Step 1 by glutamic acid and a2t Step £ by carbamylphosphste as
illustrated in Figure 1. The calculated dosages of sodium
glutamate and sodium succlinete were then doubled and rounded
off to 1800 and 3000 milligrems, respectively, per kilogram
of body'weight to assure levels of 2 sufficient magn}tude to
provide protection. Practically no toxicity was encountered

at these levels except for a transient depression of short
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duration in the case of sodium succlnate.

l-arginine-HCl was administered intraperitoneally at the
same level as that shown by Greenstein et egl. (1956) to give
complete protection against ammonia intoxicatlion 1in rats
namely, four millimcles or 843 milligrams per kilogram of
body weight.

Preliminary studies were carried out to determine the
optimum time to administer the sodium glutamate, sodium suc-
cinate and l-arginine-HCl prior to the injection of an IDgg
aose of ammonium chloride. Accordingly, for each of the three
compounds designated above four lots of 10 mice each were in-
jected intraperitoneally with a protective dose of the appro-
priate drug. One lot in each of the four groups represented
a control. and hence wes not 1njected with ammonium chloride.
The remaining three lots in each group were injected at 0, 30
and 60 minutes, respectively, prior to the injection of the
ammonium chloride. As indicated in Table 1 it was found that
the greatest degree of protection was provided when the de-
toxifying agent was administered 30 minutes prior to the
injection of the ammonium chloride. As the result, all mice
trected with the test compounds were injected 30 minutes prior
to the administretion of the LDgg dose of ammonium chloride.

In the cases where animels succumted to treatment, deatﬂ
generally occurred within one hour end usually within 30
minutes following the injection of ammonium chloride. Clin-

ical symptoms of ammonia irtoxlecation preceding death con-



16

Tacle 1. Protective effect of sodium glutamete, sodium
succlnate and l-arginine-HdCl when adminlistered
singly at different times prior to the 1lnjection
of an LDgg dose of asmmonium chloride®

Time admin.

Detoxifying Dosage Lot prior to No.
agent (mg/kilo) no. NH4Cl (min.) survived
Sodium glutamate 1800 control - 10/10
" i 0 2/10
; < 30 3/10
" 3 60 3/10
Sodium succinate 3000 control - 10/10
4 1 0 2/10
B 2 30 4/10
" 3 60 0/10
l-erginine-HC1 843b . control -— 10/10
" 1 0 3/10
” 2 30 5/10
" 3 60 2/10

8625 milligrams of emmonium chloride per kilogrem of
cody weight.

bEquivalent to 4 md of l-arginine-HC1l per kilogrem of
tody welght.

sisted of: depression, dyspnea, protrusion of the eyebealls,

spastic muscular contractions and tetany.

Hesults and discussion

In Tacle 1 are recorded the effects of single doses of
sodium glutzmate, sodium succlnate and l-arginine-HCl when
they were administered intraperitoneally concomitantiy and

prior to a2 lethal dose of ammonium chloride. No clinical
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symptoms of toxicity from the test compounds were observed.
The animals in the control lot would immediately commence eat-
ing as soon as they were inj)Jected. However, in the case of
sodium succinate the mice exhiblted a brilef period of depres-
sion which lasted for approximstely 10 to 15 minutes after
which they appezred normal in all respects. A definite trend
seemed to exist in these data with greater survival at the 30
minute time interval; however, statistical analysis indicates
that differences were due to random variation.

It will te noted that in all three groups a definite
degree of protectlon agalnst ammonia intoxicatlon was provided
when the test compounds were administered concurrently with
the lethal dose of ammonium chloride. OSodlum glutamate and
l-arginine-HCl also provided some protection when injected
one hour prior to the ammonia challenge, however, sodium suc-
cinate gppeared of no value when administered at this time
interval (one hour). The greatest degree of resistance to
ammonia 1in all three groups was encountered when the admin-
1stration of the detoxifying compounds preceded the ammonium
chloride by 30 minutes. In the case of sodium glutamate there
appeared to be no dirference in this respect between 30 and
60 minute time intervels. However, subsequent experiments
incorporating various combinations of the test compounds were'

conducted at the 30 minute time interval.
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As shown in Tzcle 1 the effectiveness of the test com-
pounds in preventing ammonia toxicity when administered up to
30 minutes prior to a lethal dose of ammonium chloride was
found to be greatest when l-arginine-HCl was used, with sodium
glutamate belng the least effective.

Similar studies with various combinations of the test
compounds were conducted utilizing identical dosages of the
appropriate drugs as that used in the singly administered
experiments namely: 1800, 3000 and 843 milligrams (4 ml)
per Kilogram of body weight, respectively, for sodium glu-
tamate, sodium succinate and l-arginine-HCl. The results
of this study are recorded in Table 2. Eight lots of 10 mice
each were allotted at random into four groups. One lot in
each group was injected with the appropriate compounds fol-
lowed by an identical treatment in the remaining lot the
following day. The test compounds were not mixed but rether
were adminlstered intraperitoneally lmmediately following one
another and 30 minutes prior to the injection of an LDgg dose
of ammonium chloride. As 1in the case when the detoxifying
agents were administered singly, no toxic symptoms to the test
compounds developed except for a transient depression of short
duration when sodium succinste was present in the mixture.

Table 2 reveals that a combination of sodium glutamate
and sodium succlinate did not demonstrazte an eiflcacy which

was comparaple to that exhibited by other combinations studied



Tetle 2. Protective effect of various combinations of sodium glutamate, sodium
succinate and l-arginine-HCl when administered 30 minutes prior to the
injection ot an IDgg dose of ammonium chloride?

Time admin.
Detoxifylng Dosage Lot prior to No.
agents (mg/kilo) no . NH4C1 (min.) survived Replicates

control - 10/10

Sodium glutamate 1800

Sodium suceinate 3000 1 30 5/10 3/10
control i 10/10

Sodium glutamate 1800 ;

l-arginine-HC1 843b g 30 8/10 8/10
control - 10/10

Sodlum succinate 3000

l-arginiue-HC1 843 3 30 9/10 8/10
control - 10/10

Sodium giutamate 1800

Sodium succinate 3000 4 30 10/10 10/10

l-grginine-HC1 843

865 milligrams of ammonium chloride per kilogram of body weight.
PEquivalent to 4 mM of l-arginine-HC1l per kilogram of body weight.

6T
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although a marked protective actlon was nevertheless evi-
denced. The data indicate a 40 per cent survival rate when
tais compination of drugs was employed. All of the mice which
survived this treatment exhibited depression and dyspnea fol-
lowing the injection with ammonium chloride and two mice suf-
fered mild spastic muscular contractions.

Combinations of sodium glutamate and l-arginine-HCl were
approximately equal to sodium succinste and l-arginine-HCl1l in
their ability to defend the organism against ammonia intoxica-
tion. Survival restes of 80 and 85 per cent, respectively,
were indicative of a vigorous propensity to detoxify ammonia=.
Clinicel symptoms of ammonia toxicity in the mice surviving
this treatment included depression and dyspnes. All of the
surviving mice appeared normal in all respects within 30 min-
utes.

The data of lot 4 in Table 2 indicated 100 per cent sur-
vival when a combination of sodium glutamste, sodlium succin-
ate and l-arginine-HCl was administered 30 minutes prior to
a lethal dose of ammonium chloride. Clinicel symptoms of
ammonia intoxication were limited to a short period of de-
pression and dyspnea. The fact that more total chemicals
were given to tne umilce in this lot may have contributed some
added protective erfect.

Statistical anzlysis of these data shows & high degree
of significance between the treatments of lots 1 versus 2,

1 versus 3, and 1 versus 4. The efrectiveness of the agents
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used in lot 4 as opposed tc those used in lot 2 was found to
ce significant at the 0.05 level whereas the difference ob-
served between the treatments employed in lots 3 and 4 only
approached significance at the 0.05 level. No significant
difference was found between lots 2 and 3.

The postulation that one mey enhance the formetion of
urea oy introducing sucstrate components of the urea cycle
seems well founded. It has not been shown whether glutamic
acid exerts its effect by transferring its nitrogen to oxal-
acetic acid in the synthesis of aspartic acid as shown in
Step 4, Filgure 1, or in simply combining with and storing
ammonla as the non-toxic salt, glutamine. Further work in
the future on the value of aspartic acid as a prophylactic
agent in the prevention of ammonia intoxication would seem
to ce indiceted.

The discrepancy snown in this study, in the failure of
l-arginine-HC1l to provide 100 per cent protection against
lethal doses of emmonia, and thet of Greensteln et al. (1956)
may be explained by 1) the fact that the calculated LDgg dos-
age of ammonia reported here was slightly higher than that
found in Greenstein's work and 2) by species differences in
metabolic rates. Optimum time for administering arginine %o
white mice prior to an ammonia challenge was decreased by 50
per cent over tne time used with rats in Greenstein's study.

This might indicate a2 signiricant difference in rates of
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mwetabolisum between the two speciles.

Summary

Three metabolic compounds or their sodium salts were
administéred intraperitoneally singly and in combinetion to
adult white mice for the purpose of determining what effect
they might have on ammonia intoxication. Obtservations were
made on the effect of time between treatment and administra-
tion of a lethal dose of ammonium chloride. The highest
degree of protection was afforded when the administration of
the detoxlfying agents preceded the ammonia challenge by 30
minutes. In this respect l-arginine*HCl proved to be the
most efficient followed by sodium succinate and sodium gluta-
mate 1n that order. The effects of various combinations of
the above llsted compounds on ammonia toxicity were also
studied. Combinations of sodium glutamate and sodium suc-
cinate were least effective in preventing ammonia intoxication
and provided a survival rate of only 40 per cent. Sodium
glutamate and l-arginine+HC1l were gpproximately equal in value
to sodium succinzste and l-arginine*HCl in this respect when
administered 30 mlnutes prior to the injection of a lethal
dose of ammonium chloride. Survival rates in these two
treatments werc 80 and 85 per cent, respectively. Concomitant
admlinlistration of all three test compounds 30 minutes prior

to the aummonia challenge resulted in 100 per cent survival.
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An indlication of a protective mechanism against ammonia
intoxication from sodium glutamate, sodium succinate and
l-arginine-HCl when administered intraperitoneslly either

singly or in combinstion was demonstrated.
Experimental Studies with Lambs

With the information geined from the pilot studies with
white mice, experiments were conducted with yearling lambs for
the purpose of determining the efficiency of sodium glutamate,
sodium succinste and l-arginine-HCl in preventing symptoms of
ammonia intoxication in ruminants. A second purpose wes to
gain more information regarding the mechanism of ammonia
detoxification 1in rumlnants.

Preliminary studles were carried out to determine 1) the
suc-lethal dose of ammonium chloride that would produce
irrefutable symptoms of toxicosis and 2) the effect of such
doses of ammonium chloride on ammonia nitrogen levels of the
systemic blood. Observations were also made on the detoxify-
ing effects of the above llsted compounds when administered
singly and in various combinations concomitantly and prior

to a toxic dose of ammonium chloride.

laterials eand methods

For this part of the study £1 yesrling, wether lembs

weighing epproximately 85 pounds each were used. All lamts
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were fed a ration consisting of 0.25 pound soybean.oil meal,
0.50 pound cracked shell corn and all the brome-glfalfa hay

of medium quality they would consume. In determining the sub-
lethal toxlc dose of ammonium chloride six lambs, allotted at
random, were used. For the remaining studies all 21 lamts,
including the six mentioned, were used.

In view of tihe limited number of test animels available
it was necessary to use the animals more than once. All lambs
were glven a seven day rest period between treatments to
enable thelr metatolic processes to return to normal and after
the second treatment they were allowed & recuperative period
of not less than four weeks. Feed was wlthheld for 18 hours
prior to treatment but water wes avallable a2t all times.

Dosage levels of sodium glutamate, sodium succlnate and
l-arginine-HCl were calculated on the basis of grams per kilo-
gram of body welght. The assumption that one equivalent of
elther glutamic acld or succinic acid, a2s their sodium salts,
would detoxify two equivelents of ammonia has been previously
clted. Therefore, protective levels of 0,522, 0.945 and 0.737
grams per kilogrem of body welght, respectively, for sodium
glutamete, sodium succinate and l-arginine-HCl were calculated.
Experimentation demonstrated that these levels of sodium glu-
tzmete and sodium succinate were toxic to the extent that
they caused the animals to become depressed and a few animals

refused tc stand. Silrnce it was desiratle that the animzsls be
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in an upright position to facilitate blood wilthdrawel, all
injectlons of the Test compounds were made at one-half of the
calculated levels shown above. Since theoretically the cal-
culated dosage should provide 100 per cent protection against
ammonia intoxication, 1t was assumed that levels one-half as
great would affect a decided decrease in expected blood ammo-
nia nitrogen levels and mitigate or prevent the anticipated
syndrome of ammonia intoxication.

The animazls were bled just prior to treatment and at
intervals of 10, 15, 30, 45, 60, 75 and 90 minutes thereafter.
Blood samples were taken from the jugular vein and were
analyzed for ammonla nitrogen bty a microdiffusion method,
Seligson (1961). With the exception of the normal pre-
injection blood sample, all samples were transferred to the
diffusion flasks within three minutes.

Intraperitoneal injections of the compounds used were
made at intervzals of 30, 60 end 120 minutes prior to the
in)Jection of ammonium chloride. Normal blood samples were
withdrawn Just priot to the administration of the test com-
pounds but were not placed in diffusion flasks until after the
administration of the ammonium chloride because there wes a
tendency for a precipitate to form in the whole blood and po-
tassium cartonate mixture 1f left standing for any extended
period of time. The blood samples were kept in tightly corked
test tubes but may not have been conpletely free from the

absorption of some free ammonia from the environment with the
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result that the normal blood ammonia nitrogen values reported
throughout this study tended to te somewhat higher then one
would expect to find in the systemic blood of healthy animezls.
However, the data of Tables 6, 7, 8, 9 end 10 reveal respec-
tive average normal blood ammonlsa nitfogen values of 325, 284
ard 276 microgrems per 100 milliliters, when the blood samples
were kept for periods of 30, 60 and 120 minutes prior to
placing them in the difiusion flasks. These facts would indi-
cate either 1) the diffusion of ammonia nitrogen from the
blood to the environment rather than the more widely accepted
opposite view of absorption of environmental ammonia or 2)
that amounts of ammonlia nitrogen, absorbed from the surround-
ing air by whole blood left standing in tightly corked vessels
for periods up to 120 minutes, if present at all, are indeed
insignificant.

Ammonium chloride was used as a source of ammonia nitro-
gen because of 1ts relatively non-irritating qualities when
adminlistered intraperitoneelly and its stability when in
aqueous solution. The appropriate amount of ezch drug, in-
cluding ammonium chloride, was diluted to 50 milliliters in
distilled water and injJected intraperitoneeslly via the para-
lumbar fossa. Precaution was taken to 1lnsure that the needle
was inserted into the peritoneal cavity.

A restraining crate was constructed which enatled one

operator to perform all injJectlons and blood withdrawals. In
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instances where animals exhiblted convulsions and/or tetany
they were removed from the crate and placed on the floor.

In these cases it was sometimes impossible to obtain all of
the blood samples at the appropriate times. All results are
reported as microgrems of ammoniz nitrogen. Colorimeteric
readings were taken with a Klett-Summerson photoelectric
colorimeter employilng a blue filter with an approximete
spectral range of 400 to 465 millimicrons. Filgures 2 and 3
represent standard curves of azmmonia nitrogen used in deter-
wining the amount of this element present in the whole blood
samples. Figure 2 1llustrates the regression of optical
density of the standard solutions of ammonium sulfate upon
the mlcrograms of ammonia nitrogen present in the standard
solutions. The regression was found to be linear within the
range of 600 to 5000 micrograms of a:monia nitrogen per 100
milliliters of standard solution. Amounts of ammonia nitro-
gen below thls range were determined by plotting optical
density readings on a line connecting the linear regression
line at 600 micrograms of ammonia nitrogen and the point of
origin as shown in Figure 3. The fact that this lower range
actually presents a curvilinear regression was dlsregarded
as being insignificant to this study since 1) very few normal
blood samples fell below 300 micrograms of ammonia nitrogen_
per 100 milliliters of whole blood and 2) this study was con-

cerred more intimately with relative changes in amounts of
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vlood ammonia nitrogen rather than in actual amounts.

The characteristic symptoms otserved in determining the
sub-lethal toxic dose of ammonia nitrogen were nervousness,
increased salivation with frothing, dyspnea, muscular tremors
and ataxia. As illustrated in Table 3, when 42 milligrems of
emmonia nitrogen, as ammonium chloride, were injected 1intra-
peritoneally clinical symptoms of nervousness, profuse saliva-
tion and frothing, dyspnea, and muscular tremors were exhib-
ited. A pronounced ataxia of the hind guarters was observed
in one case and in another case convulsions and tetany with
recovery in 70 minutes. Approach o} toxic levels seemed to
stimulate micturition and defecation. Therefore it was con-
ciuded that 49 milligrams was the sub-lethal toxic dose of
aumonla nitrogen and this figure was used throughout the re-

mainder of this study.

Results and discussion

In Table 3 are recorded the blood ammonia nitrogen values
otbtained at the more significant levels of ammonium chloride
administration as well as the average values for each of the
three dose levels. The blood ammonia nitrogen levels ot which
clinical symptoms of ammonia intoxicatlion occurred are also
indlcated in this table. It will be noted that clinical
symptoms of depression, dyspnea and incressed szlivztion did

not occur until the btlood ammonia nitrogen level had risen to



Teble 3. Micrograms of NHz-N per 100 milliliters of whole blood following the
intraperitoneal adminlstration of varying emounts of emmonium chloride

Body Milligrams Grams of
weight of NHz-N per ammonium
(kilo- Kkillogram of chloride Bleeding intervels (minutes)
grams) body welght  edministered 0 +10  +15 +30 +45 +60 +75 +90
36.8 45 6.32 310 787 10202 840 820 740 660 425
39.5 45 6.79 378 _890 1211% 1065 _B78 _645 _589 450
Av. 344 832 1116 953 849 693 6256 438
4.7 49 7.29 345 1401P° 1584 1492 1128 634 896 395
41.4 49 7-76 415 1610P° 1519 1180 816 647 420 405
40.0 49 7.49 31z 1535° 1640 1423 o978 680 521 440
37.3 49 6.98 375 2013 £793° £351 2325 1649 1440 1128
Av. 362 1640 1884 1612z 1312 903 762 592
38.6 53 7.81 367 3824° 3796 3480 2963 2522 2012 1778
40.8 63 8.20 280 3665° 3912 3118 2780 2312 1922 1649
Av. 324 3745 3854 3299 2872 2417 1967 1714
8Exhicited clinical symptoms of depression, dyspnea and salivation.

PExhibited elinical symptoms of profuse sallvation and frothing, dyspnea,

muscular tremors and/or ataxia.

CExhibited clinical symptoms of

\

convulsions and tetany.

e
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approximately 1000 micrograms per 100 millillters of blood.
This was the approximate maximum blood ammoniea nitrogen level
attained following the intraperitoneal administration of 495
milligrems of ammonia nitrogen per kilogrem of body weight.
These criteria of ammonia intoxication were deemed non-
significent and of little value in this study. Injection
levels of 49 milligrams of ammonie nitrogen per kllogram of
cody welght resulted in maximum blood ammonis nitrogen values
of approximetely 1600 micrograms per 100 milliliters of blood
with one exception. This lemb showed a maximum blood ammonia
nitrogen level of 2793 micrograms per 100 milliliters and
exnibited extreme clinical symptoms of convulsions and tetany.
It seems doubtful that this was a normal response to this
level of ammonia nitrogen administration but rather was a re-
sult of an error 1ln dosage calculation. It will also be noted
that in all cases, with the exception of the lamb mentioned
acove, blood ammonia nitrogen levels had returned to approxi-
mately normal at the end of 90 minutes. Clinical symptoms
ocserved at tnis level included profuse salivation and in some
ceses Irothing, dyspnea, muscular tremors and ataxia. These
werc assumed to Ce dependable symptoms of ammonia intoxication
and were used as criteria throughout this study. Dose levels
of O3 milligrams of ammonle nitrogen or higher were found to
e unsatisfactory because of the consequent convulsions znd

tetany and the disadvantages of ottailning pericdic bloed
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samples under these conditions. Maximum blood ammonia nitro-
gen levels assoclated with this dose (53 mg.) of ammonia
nitrogen were found to be approximately 3900 micrograms per
100 milliliters of blood. Blood ammonia nitrogen levels re-
mained relatively high and clinical symptoms of toxlclty were
still present at the end of 90 minutes with eventual recovery.

The errfects of single doses of sodium glutamate, sodium
succinate and l-arginine+HCl on normal blood ammonia nitrogen
levels are recorded in Table 4. In all but two cases there
was & considerable decrease in blood ammonia nitrogen levels
after the administratlion of the test compounds and in one lamb
no change was noted. By employing the "Sign Test" of Dlxon
and Mood (1946) these dsta were found to be statistically sig-
nificant at the 0.05 level. These two exceptions viz. 405
microgrems per 100 milliliters of blood obtained 60 minutes
following the administration of sodium succinste, and 764
micrograms per 10C milliliters of blood obtained 60 minutes
following the administrastion of l-arginine-HC1l might have
been due to the presence of minute quantities of calcium on
the walls of the colorimeter tuves resulting in the formation
of a cloudy precipitate of calcium hydroxide and hence a
higher than expected colorimetric reading, desplte extreme
preventetive precautions.

Normal blood ammoniz nitrogen levels were decreased DY

an average of 17, 21, and 10 per cent, respectively, for
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Teble 4. Micrograms of NH3-N per 100 milliliters of whole
blood tefore and after the intreperitoneal
administration of single doses of sodium glutamate,
sodium succinate and. l-arginine-HC1l

Time after administration

Compound of test compounds (minutes)
administered Normal +30 +60 +120
Sodium glutamatea 270 200

330 2560
210 155
270 200
Aversge 270 225 178
Sodium succinate® 385 290
260 190
310 220
280 405
220 270
290 230
Average 302 240 312 250
1-arginine-HC1® 335 300
290 220
395 764
210 135
330 210
260 250
230 145
230 . 180
Average 290 260 370 182

80.296 grams per kilogrem of body welght.
00.473 gramws per kilogram of body weight.

€0.368 grems per kilogram of body weight.
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sodlum glutemate, sodium succinate and l-arginine-HCl 30
minutes after theilr intraperitoneal administretion. Elimina-
tion of the two values mentioned above results in averasge
percentage decreases of 27 and 40 per cent, respectively, in
the normal blood ammonla nitrogen level 60 minutes after the
intraperitoneal administration of sodium succinate and
l-arginine-HCl. When the concentration of blood ammonia
nitrogen was determined 120 minutes after the administration
of sodium glutamate, sodlum succinate and l-arginine-HC1,
average decreases in the level of systemic blood ammonila
nitrogen of 34, 17 and 34 per cent, respectively, were noted.
In Table 5 are recorded the blood ammoniez nitrogen levels
obtained at 30, 60 and 120 minute intervals after the adminis-
tration of a combination of sodium glutamate and sodium suc-
cinaie and a combination of sodium glutamate, sodium sucecin-
ate and l-arginine-HCl. Here 18 cases exhibited a significent
decrease 1in blood ammonia nitrogen following the intraperi-
toneal administration of the test compounds which was shown
statistically to be a deflnlte departure from randomness.
0f the four remalning cases one showed an 1increase and three
snowed no change 1n the blood ammonla nitrogen level. Normal
blood ammonia nitrogen levels were lowered by an average of
20, 13 and 1< per cent, respectively, 30, 60 and 120 minute;
af ter the sdministration of a combination of sodium glutamate

and sodium succinate. When a combination of sodium glutamete,
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Table ©. Mlcrograms of NHz-N per 100 milllliters of whole
blocod before and after the intraperitonezl
administration of combinations of sodium
glutamate, sodium succinate and l-arginine-HCl

Time after administration

Compounds of test compounds (minutes)
administered Normal +30 +60 +120
Sodium glutamate? 300 230

and 310 200
Sodium sucecinate® 325 200
230 4395
120 190
250 210
125 85
260 210
300 300
375 200
230 Sl N 180
Average 261 210 226 230
Sodium glutamate? 365 290
Sodium succinate® 395 355
and 955 270
l-arginine-HC1® 280 220
230 125
445 345
145 145
355 270
375 220
240 175
270 . - 180
Average 314 284 221 215

80.296 grams per kilogram of body welght.
©0.473 grems per kilogramof body welght.

€0.368 grams per kilogram of body weight.
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sodium succinate and l-arginine-HCl was administered the
average decrease 1in the blood ammonia nitrogen levels were
10, 30 and 32 per cent, respectively, at post-injection times
of 30, 60 and 120 minutes. However, the t-test showed treat-
ment effects to be nonsignificant.

The blood ammonia nitrogen levels obtained when sodium
glutamate was administered intraperitoneally at intervals of
30, 60 and 120 minutes prior to a sub-lethal toxic dose of
ammonia nitrogen are recorded in Table 6. Within 15 minutes
after being challenged with the ammonia nitrogen all lots
exhibited average tlood ammonia nitrogen levels which were
greater than 1884 microgroms per 100 milliliters which was
the maximum value anticipated from this amount of ammonium
chloride injected as shown in Table 3. Lamb 1l reached a
maximum blood ammonia nitrogen level of 2845 micrograms per
100 milliliters 15 minutes after the administration of a
toxic dose of ammonium chloride. This lamb exhiblited convul-
sions and went into tetany seven minutes after being chal-
lenged with ammonia nitrogen and remained 1ln a recumbent posi-
tion for 70 minutes. At the end of 90 minutes the ©blood ammo-
nia nitrogen level of this lamb was stlll far above the normal
value of 210 microgrems per 100 milliliters; however, he
snowed no clinical symptoms of distress a2t this time other
than lethargy and depression and eventually recovered. The

remaining lamts manifested tlood ammonia nitrogen levels which



Table 6. Micrograms of NHz-N per 100 milliliters of whole blood following the
intraperitoneal administratirn of sodium glutamate at different time
intervals prlor to a sub-letahl toxic dose of ammonium chloride®

Grams of Time before

sodium adminis-
Kilograms glutamate tering
Lamb oI body adminis- ammonium Bleeding intervals (minutes)

no. weight tered® chloride 0 +10 +15 +30 +45 +60 +75 +90
3 45.9 13.59 30 330 1519°¢ 1724 1232 725 490 405 290
8 39.0 11.69 30 £70 20562C¢ 2338 1961 1401 1089 660 _310
Av. 300 1786 2031 1697 1083 720 533 300
8 40.0 11.84 60 310 1935° 1922, 1505 1180 816 738 435
1z 4.5 12.52 60 480 2052 20919 1453 842 425 355 _230
Av. 3956 1994 2007 1479 1011 621 o547 333
11 42.0 12.43 120 210 2£572€ 845 1948 1753 15619 1011 767
16 45.9 13.5¢ 120 270 1545 18319 1479 1011 673 _605 _320
Av. 240 2059 2338 1714 1382 1096 808 544

80.18725 grams of emmonium chloride per kilogram of body welght.

Ly, <96 grams per kilogram of body weilght.

CExhibited clinlical symptoms of profuse salivation, dyspnea, muscular tremors

and/or ataxia.
dExhibited elinical symptoms of convulsions.
€kxhibited clinical symptows of convulsions and tetany.

8¢
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approached normal or below 20 minutes after the administra-
tion of the ammonium chloride. Lambs 12 and 16 exhiblted max-
imum blood ammonia nitrogen values of 2081 and 1831 and were
in coordinate convulsions at 13 and 12 minutes, respectively,
following the intraperitoneal administratlon of ammonium
chloride. At the end of 90 minutes following the challenge
with ammonia nlitrogen the blood ammonlia nitrogen level of
lamb 16 approached the normal value of 270 micrograms per
100 milliliters while that of lamb 12 was less than half of
the normal value taken Just prior to the administration of
sodium glutamete. It will be noted that elinical symptoms of
convulsions did not occur until the blood ammonia nitrogen
level had risen to approximately 2000 micrograms per 100
milliliters of whole blood. While this wes not true in all
cases reported in this study 1t was found to be fairly reli-
acle in most of them.

In Table 7 are recorded the blood ammonia nitrogen values
octeined when sodium succinate was administered intraperi-
toneally at various time intervals prior to a sub-lethal toxic
dose of ammonium chloride. Lambts 6 and 17 which exhibited
meximum tlood ammonia nitrogen levels of 1050 and 816 micro-
grams per 100 milliliters, respectively, appeared to benefit
from the action of sodium succinate. Whether thls was a )
direct consequence of the detoxifying effects of sodlum suc-

cinzte seems dublous in view of the results ottained with the



Table 7. Micrograms of NHz-N per 100 milliliters of whole blood following the
intreperitoneal adminlistration of sodium succinate at different time
intervals prior to a sub-lethal toxic dose of ammonium chloride®

Grems of Time before

sodium adminlis-
Kilogrems succinete tering
Lemb of cody adminis- ammonium Bleeding intervels (minutes)

no. weight tered® chloride 0 +10 +156 +30 +45 +60 +75 +90
o 45.0 2l.28 30 260 2390° 2585 2078 1610 933 435 320
6 46.6 c2.04 30 385 777 9859 1050 i 4 A 621 500 345
Av. 323 15684 1785 15664 11%4 e 468 333
17 43.2 <0.41 60 310 816° 500 395 270 290 210 200
<V 4¢€.8 22+11 60 280 2273 2468C 1922 1388 816 588 405
Av. 296 1845 1484 11569 829 533 388 303
9 33.6 15.8¢ 120 220 1857f 2416C 1818 1857 1831 1701 1388
13 41.4 19.868 120 290 166gf 1740 1571 1115 ' 540 310
Av. 280 1760 2078 16925 1486 1304 1121  84¢

80.187<5 grams of ammonium chlor:’:c per kilogram of body weight.
0.473 grams per kilogram of body welght.

CExnibited clinicel symptoms of convulsions and tetany.

dExhibited clinical symptoms of depression, dyspnea and salivation.

€Exhibited no clinical symptoms of ammonia toxicity.

TExhiblted clinical symptoms of profuse sallivation, dyspnea, muscular tremors

and/or atexia.

oy
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remaining four lambs in thls lot. None of the lampcs, with the
exception of lamb 17, exhibited blood ammonia nitrogen levels
which approximated normal before 90 minutes following the ad-
ministration of the ammonium chloride. Lamb 9 became ataxic
at eight minutes followlng the ammonia nitrogen challenge and
was in tetany at <4 minutes. This lamb exhibited 2 blood
ammonla nitrogen level of 1388 micrograms per 100 milliliters
at the end of 90 minutes and refused to stend for an addition-
al 20 minutes but recovered. Lambs 5 and 20 manifested con-
vulsions and tetany at 11 and 19 minutes, respectively, at
which time their Dblood aﬁmonia nitrogen levels approximated
2500 micrograms per 100 milliliters. Only lamb 13 responded
to the ammonia nitrogen challenge as predicted in Table 3
cased on results obtained when ammonium chloride alone was
given, i.e., reached a2 peak blood ammonia nitrogen level of
approximately 1884 micrograms per 100 milliliters.

The results obttained with lamcs 5, 9 and 20 would indi-
cate not only that sodium succinate was without value in the
prevention of ammonia intoxication in lambs but also that
sodium succinate had a detrimental influence in that it
aggravated and augmented the adverse blood ammonla nitrogen
pilcture. Whether this premise 1s valid or rather that the
unexpected aigh blood ammonia nitrogen levels manifested by )
these lambs were the result of individuel differences ln re-

sponse to thls level of ammonia nitrogen administration is not
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griown. Since 1t has been shown that sodium succinate, 1in
smounts approximating one gram per kilogram of body weignht,
exerts a depressing effect on lambs it is possible thet 1n
so doing it influences the normal detoxifylng mechanisms of
the animal in such a way as to be detrimental rather than
ceneficial.

The tloocd ammonia nitrogen values and thelir assocliested
clinical symptoms followlng the intraperitoneal administration
of l-arginine-HCl at intervals of 30, 60 and 120 minutes
prior to a sub-lethal toxic dose of ammonium chloride are
recorded in Table 8. The data do not suggest the enhancement
of any protective mechanism in lambs against ammonia toxicity
by l-arginine-HCl. Although lemb 17 did not manifest 2 maxi-
mum blood emmonla nltrogen level as great as would be expect-
ed, 1t would seem more probatle that this was an indivicual
response to this dose of ammonia nitrogen and not an indica-
tion of & protective mechanism. The blood ammonia nitrogen
level of this lamb had returned to normal 75 minutes after
the challenge with ammonium chloride. At no time were clin-
lcal symptoms of toxicosls more severe than a mild transient
attack of dyspnea and ptyalism.

The data suggest a positive correlation between the
severlity of the tToxicity syndrome and the length of time
elapsing between the administration of l-zrginine-HCl ard

ammonium chloride. Although lamb 11, which was injected with



Tavle 8. Micrograms of NHz-N per 100 milliliters of whole blood following the
intraperitoneal administration of l-arginine-HCl at different time
intervals prior to a sub-lethal toxic dose of ammonlium chloride®

Grams of Time before
1- arﬁinine adminis-

Kilogrems tering
Lamb of body adminis- anmonium Bleeding intervals (minutes)

no. welght tered® chloride 0 +10 +15 +30 +45 +60 +75 +90
11 41.8 15.38 30 385 1805° 20398 1688 1206 764 490 385
By 4.3 15.56%7 30 £20 1128¢ 1636° 1453 946 615 445 260
Av. 338 1467 1838 15671 1076 620 468 323

17 43.¢ 15.92 60 210 1102° 1349 842 520 310 210 166
18 44 .5 16.38 60 330 18&3911714 1388 1050 699 460 290
Av. 270 1493 1632 1115 785 505 235 228

) 43.2 15.92 120 230 2442f 2200f 1154 712 480 310 270
15 36 .8 15.56 120 230 2247 1974° 1766 1323 725 5756 280
Av. 230 2345 2117 1460 1018 603 443 275

20.187<5 grams of awmonium chloride per kllogram of body weight.
©0.368 grams per kilogram of body welght.

CExhipited clinical symptoms of depressicn, dyspnea snd salivation.

dExhibited clinical symptoms of profuse salivation, dyspnea, muscular tremors

and/or ataxia.
€Exnicited clinical symptoms of convulsions.

TExnibited clinlical symptoms of convulsions and tetany.

19974
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l-arginine-HC1l 30 minutes pricr to the ammonium chloride, had
s maximum recorded blood ammonia nitrogen level of 2039 micro-
grams per 100 milliliters, the level at which one would expect
convulsions to occur, he exhibited symptoms of toxicity which
were no more severe tnan mild musculer tremors and ataxia of
tane front quarters. Lamb 18 which wss injected with l-argin-
ine-HC1l 60 minutes before being subjected to the ammonium
chloride had a peak blcod ammonia nitrogen level which was
consliderably below that of lamb 11 and yet had symptoms which
were much more severe. Lambs S5 and 15 which were injected 120
minutes prior to the ammonium chloride administration had both
the highest blood ammonia nitrogen levels and the most severe
clinical symptoms of toxicosis. Respective maximum blood
amronla nitrogen values of 2442 and 2247 mlicrograms per 100
milliliters of blood together with clinical symptoms of con-
vulsions and tetany were noted.

When the administration of l-arginine-HCl preceded that
of ammonium chloride by 30 or €0 minutes the blood ammonia
nitrogen returned to normal or below 90 minutes following
the injection of ammonium chloride. When 120 minutes elapsed
between the two injections the blood ammonlz nitrogen had not
returned to normal at the end of 20 minutes although they
did epproach these values.

In Tatle 9 are recorded the tlood ammonia nitrogen values

octalned when a comblination of sodium glutemzte and sodium



Table 9. Micrograms of NH3-N per 100 milliliters of whole blood following the
intraperitoneal administration of a mixture of sodium glutamate and
sodium succinate at different time intervals prior to & sub-lethal

toxic dose of ammonium chloride®

Time

Grams of Grams of before

Kilo- sodium sodium adminis-

grams glutamate succinate tering

Lamb of body adminis- &adminis- ammonium Bleeding intervals (minutes)

no. weight teredP tered® chloride 0 +10 +15 +30 +45 +60 +75 +90
3 44.0 13.17 21.05 30 300 22479 2364d 1870 1545 1206 1011 803
3 45.% 13.41 21.43 30 310 19229 2104 1375 907 595 480 290
6 45.9 13.59 £l 30 325 21309 2247¢ 1948 1545 959 550 425
Av. 312 2100 2238 1731 1332 920 680 506

80.18725 grams of ammonium chloride per kilogram
©0.296 grams per kilogram of body weight.
©0.473 grems per kilogram of body weight.

of body welght.

dExhibited elinical symptoms of profuse sallivation, dyspnea, muscular tremors

and/or ataxiz.

€Exhicited clinical symptoms of convulsions.

Sy



Tacle 9. (Continued)
Time
Greams of Grems of cefore
Kilo- sodium sodium adminis-
gramws glutamate succinate tering
Lamb of cody adminis- adminis- ammonium Bleeding intervels (minutes)
rno. weignt tered tered chloride 0 +10 +15 +30 +45 +60 +75 +90
15 36.9 10.63 16.98 60 120 1401d 1688% 1336 686 445 290 210
16 45.2 15 .41 2l .40 60 125 1961f 2169 2221 1571 --& --8 355
18 43.6 12.90 20.60 60 230 1141B 1154 764 595 460 385 345
Av. 182 15601 1670 1440 ©951 453 338 303
9 35.56 10:51 16.78 120 375 2949r 2494f 2299 2013 1649 1466 1102
1.1 42.3 12.568 19.99 120 230 18579 20521 1453 998 605 480 310
14 43,0 12.%75 20.34 1z0 300 lOllh 1102 816 660 405 270 230
Av. 302 1939 1883 1523 124 886 732 647

fExnibited clinical symptoms of convuisions and tetany.

gUnable to oitain a blood sample due to convulsions and tetany.

DExhivited clinical symptoms of depresslon, dyspnea and sallvation.

9%
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succlnate was adminlstered intraperitoneally st various time
intervals prior to a sub-lethal toxic dose of ammonium chlor-
lde.

Of nine lambs so treated only two, lambs 14 and 18, gave
any indication of a protective mechanism attributable to this
combination of drugs. For the most part the results were
quite similar to those octained when only one of the two com-
pounds was administered. Maximum blood ammonia nitrogen
values in excess of amounts predicted from Table 3 when ammo-
nium chloride alone was administered, i.e. 1884 micrograms
per 100 milliliters of blood, were noted. Lamb 9 which
exniplted a maxlimum recorded tlood ammonia nitrogen level of
<249 micrograms went into extreme tetanic selzures beginning
10 minutes after the administration of ammonium chloride.
Regurgitation‘of approximately 50 milliliters of rumen ingesta
at 15 minutes raised some doubts as to whether this lamb
would survive and consecquently an attempt to relieve the
tetanic contractions with intraperitoneal pentobarbital sodium
was initiated. Following the administration of 10 milliliters
of this anaesthetic a transient period of about 10 minutes
duration, in which there was complete muscular relaxation, was
noted followed by a return of the original symptoms. The
intraperitoneal injection of a supplementary 10 milliliters
of pentobarbital sodium inhictited the symptoms for an addi-

tional 13 minutes after which there was a short perlod of
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relatively mild muscular contractlorns mainly of the extensor
zuscles of locomotion. This lamb was standing and appeared
to be normal in outward appearances 85 minutes after the
initial convulsions and tetany. Whlle it was not always pos-
sicle to obtain blood samples from lambs that were in convul-
sions and tetany, no undue dirficulty was encountered in with-
drawing all of the samples from this lamb. When it wes found
to te relatively impossible to restraln an animal suffi-
ciently, when in convulsions or tetany, to obtain blood
samples then the animal was returned to the holding pen for

a rest period of at least seven days. An obvious exception
to this was lampb 16. Despite repeated atteupts it was not
possible to obtalin blood samples at the 60 and 75 minute time
intervals; however, 1n this case the data from the remaining
readings were recorded and used in this study.

The aversge values of blood ammonia nitrogen for the
various bleeding intervals which are shown 1n this table are
of interest 1n showing that one could expect lower maximum
blood ammonia nitrogen values when a combination of sodium
glutamate and sodlium succinate 1s administered 60 minutes
prior to a sub-lethal dose of ammonium chlorlde than when
they are administered elther 30 or 120 minutes previous to
the ammonium chloride. Apperently the blood ammonia nitrogen
values are only a rough index of the severity of the asso-

clated symptoms since the clinical symptoms exhibited 1in this
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lot were equally as severe as those produced when the test
compounds were administered either 30 or 120 minutes prior to
the ammonium chloride.

The micrograms of ammonisz nitrogen per 100 milliliters
of whole blood following the intraperitoneal administration
of a mixture of sodium glutamate, sodlum succinate and
l-arginine-HCl at different tiue intervals prior to a sub-
lethal toxic dose of ammonium chloride are given in Table 10.

It will be noted from the average blood ammonia nitrogen
values calculated in this table that the maximum blood ammonis
nitrogen levels attained when the test compounds were adminis-
tered either 30 or 60 minutes prior to the ammonium chloride
were substantially lower than those shown in Table 3 when
ammonium chloride was adminlstered alone, i1.e. 1884 micrograms
per 100 milliliters.

It 1s not known whether the unexpectedly low tlood values
snown by lamb 14 are valid. They may posslbly be explained
by the inadvertent injection of the ammonium chloride into the
perirenal fat resulting in a greatly reduced rate of absorp-'
tion into the systemic blood. The average peak blood ammonia
nitrogen values obtained when 120 minutes were allowed to
elapse between the injection of the test compounds and the
ammonium chloride were significantly higher than one would
expect 1f, 1n rect, there was no prophylactic effect from the
test compounds. The reason for this is not clesr, however, 1t

would seem logical to assume from thls and previous teables
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Table 10. Micrograms of NH3-N per 100 milliliters of whole bleod following the intraperitconeal administration of a mixture of
sodium glutamate, sodium succinate and l-arginine-HCl at different time intervals prior to a sub-lethal toxic dose
of ammonium chloride®

CGrams of Grams of Time before
Kiloy rams sodium sodium Grams of administering
Lamb of body glutamate succinate & l-arginine+HCl ammonium Bleeding intervals (minutes)

no.  welght administered  administered.  administeredd chloride ] +¥10  +15  +30 +#L5  +60  +15  +90
6 L3.2 12.79 20.43 15.90 30 365 1063 1u‘0; 1375 816 550  L25 325
6 L5.55 13.47 21.52 16.74 30 280 1610° 1974 1753 115L 790 Lo 325
15 3h.5 10.20 16.30 12.70 30 395 WLo® 1779 1128 565 L8O 330 375
Av. 347 1371 1731 19 845 607 L2 32
1l L1.8 12.38 19.75 15.40 60 s 8168 660  Los 365 330 U5 330
1h L3.2 12.79 20.41 15.92 60 U5 1167 1519; 141 621 ULS0 300 200
20 L6.6 13.79 22,0l 17.15 60 355 2078% 23y0" 1792 12711 855 550 395
Av. 315 135k 1523 1113 752 5L5 398 308
6 L6.8 13.85 22.14 17.22 120 240 15197 1896 Lk 96 565 LSO 300
9 33.2 9.83 15.49 12.23 120 270 23517 2325 1011 565 500 Los 330
20 Ls.9 13.59 21.71 16.089 120 315 2312° 2156 1831 1479 907 673 510

Av. 295 2061 2126 1419 997 657 523 380

8).18725 grams of amonium chloride per kilogram of bedy weight.

Y0,296 grams per kilogram of body weight.

€0.L73 grams per kilogram of body weight.

40,368 grams per kilogram of body weight.

®Exhibited clinical symptoms of profuse salivation, dyspnea, muscular tramors and/or ataxia.
fixhibited clinical symptoms of convulsicns.

Bexhibited no clinical symptoms of ammonia toxicity.

Ppxhibited clinical symptoms of convulsions and tetany.
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that whatever tenefit may be‘derived from these test com-

pounds, whether given slingly or 1n combination, has been com-

pletely exhausted by 120 minutes following thelr 1injection.
Statistical analyses of data in Tables 6 through 10 are

presented under the section titled '"General Discussion".
Summary

The sodium salts of two metabolic compounds namely,
glutamic acid and succinic acid, and l-arginine-HCl were
administered intraperitoneally singly and 1n combination to
yearling wether lamcs for the purpose of determining thelr
prophylactic value in preventing or alleviating the syndrome
of ammonia intoxication. Observations were made on the
eIfect of time between treatment and the administration of a
sub-lethal toxic dose of ammonium chloride. The sub-lethal
toxic dose of ammonium chloride which, when adminlistered
intreperitoneally, would produce irrefutable symptoms of
toxlcosls was found to be 0.18725 grams per killogrem of tody
welght which 1s equivalent to 49 milligrams of ammonia nitro-
gen. Mexlmum blood ammonia nitrogen levels were reached
approximately 15 minutes following the injection of this
amount of ammonium chloride.

The average normal blood ammonia nitrogen value for
yearlling wether lamcs was found to te 300 micrograms per 100

milliliters ol whole blood with a range of 125 to 480 micro-

grams.
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When the lambs were not challenged with ammonium chloride
a very definlite decrease in blood ammonia nitrogen from the
normal was observed when the test compounds were given elther
singly or in comblnation. Of the three compounds tested only
sodlum succinate and l-arginine-HCl exhiblted any detoxifylng
properties agalinst high blood levels of ammonia, however, this
effect was not consistently observed in all cases. The abil-
ity of these compounds to exert this effect was found to be
greatest when they were administered 60 minutes prior to the
toxlc dose of ammonium chloride. This was also true in all
mi xtures of the test compounds in which sodium succinate and
l-arginine-HCl were component parts. No effect wes noted
when the test compounds were administered two hours prior to
the ammonium chloride undoubtedly due to the fact that the
major portion of the test compounds was completely metabol-

ized at the time of the ammonia challenge.
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GENERAL DISCUSSION

The production of livestock for meat purposes in the
United States is a vast and dynamic industry. Workers in the
fields of education and industry ss well zs those people who
are intimetely connected with the production of livestock,
such a&s ranchers and cattle feeders, are constantly at work
on new and more efficient methods of producing high quality
animals at the lowest possible cost. Among the principzal
areas of endeavor have been the fields of animal breeding,
nutrition, management, and sanitation and disease control.

In the field of animal nutrition economics assumes a
positlon of great importance and consequently workers zre
constently on the alert for new sources of relatively 1lnex-
pensive, nigh quality feedstuffs. In ruminant nutrition this
proctlem has been partielly allayed through the use of seversl
non-protein nitrogen feeding compounds of which urea has been
the most prominent in past yesrs 28 well zs at the present
time.

The widespreesd use of urea has been based on its abllity
to release ammonia when it i1s acted upon bty the enzyne,
urease, wnlch 1s present in the rumen of sheep and cattle.
The litverated ammonia 1s then utilized by the rumen microflors
in the synthesls of cellular protoplesm. The host animel 1s
atble to penefit from this symclotic relationsnip wheh these

cacteria ere digested and broken down in the abomasum and
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small intestine tc the basic constituent amino acids which
are then absorbed and utilized in the synthesis of btody pro-
tein by the host.

The 1ldeal non-proteln nitrogen feeding compound would
be one which is non-toxic, inexpensive, completely utilizable
by the rumen microflora and highly palatable. When used at
recommended levels urea fulfills the first three of these
recuirements but unfortunately problems have arisen through
1ts 1ndiscriminate use as well as from inadequate mixing of
the ration and improper adaptation of the animels and their
rumen microorganisms to this type of feedstuff. When adminis-
tered et levels above that which can be utilized by the rumen
microflora, the excess ammonia 1s absorbed intc the portel
blood producing the typicel syndrome of ammonis intoxication.

These clinical symptoms were found to include, in the
order of their appearance: apprehension, depression, polypnea,
micturition and defecation, muscular tremors, hyperesthesia,
increased sazlivetion with frothing, dyspnea, ataxia, convul-
sions, tetany, bloat, coma and death.

Necropsy examination of the lambs that succumbed: to
treatment, were performed by the Iowa State University Diag-
nostic Laboratory. Due to the acute nature of this condition
very few lesions were found. The basic findings conslsted A
primarily of numercus petechial hemorrhages and a consider-

acle amount of edemz throughout the cadaver. In one case a
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small myocardial infarct was found in the wall of the left
ventricle near the apex. In most every case the hemoglobin
and myoglobin displayed a brownish discoloration suggestive
of the presence of methemoglobin.

Similar toxicity problems seem unavoidable with the use
cf other non-protein nitrogen feeding compounds, such &s
ammonium acetete, ammonium formate snd proplonamide. This
thesls problem was initiated with the hope that a means could
be found of reducing the toxielty and associated hazards of
feeding nen-protein nitrogen feeding compounds to ruminant
animals.

Preliminary studlies employing adult CFW albino mice were
nost encouraging. A very definite protective effect was shown
by all three of the test compounds with l-arginine-HCl exhib-
iting the grealest effect followed by sodium succinzte and
sodium glutemate. The greater degree of protection afforded
wnen combinations of sodium glutamate and l-arginine-HC1,
sodium succlnate and l-arginine-HCl or sodium glutamate,
sodium succinate and l-arginine-HCl were used 28 opposed to
a comblnation of sodium glutamate end sodium succinate was
found to be statistically significant at the 0.0l level. It
will be noted that in all tnree of these combinations
l-arginine-HCl wes a component part which would further sub-
stantiate the claim that this compound possesses a relstively

vigorous propensity to detoxify ammonia. When & combinstion
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or all three of the test compounds was administered complete
protection was provided ageinst a lethal dose of ammonium
chloride.

Essentially the same principles embodied in the experi-
mental design used with mice were employed in the lamb study
with the exceptions ceing that 1) a sub-lethal toxic dose of
ammonium chloride was used, 2) blood emmonia nitrogen levels
together with clinical symptoms were used as criterla of
toxicity and 3) observetions were made on the effect of vary-
ing the time between administration of the test compounds and
the toxic dose of ammonium chloride.

Due to the highly divergent responses obtained from some
of the lambs to the dosage of ammonium chloride used in this
study some difficulty was encountered in arriving 2t a set
of vaiid conclusions. The conclusions which were reached
through a statlistlical analysis of the data are therefore open
to some question and will be discussed at the appropriate
time.

Tne reeson for the wide deviations in the response of
some of the lambs to an equivelent dose of ammonium chloride
is not known. It would seem unlikely that this is a normal
verietion due to individual differences in susceptibility to
ammonium chloride. It also seems improbable that 1t was due
to faulty technicue in making the intraperitoneal 1injections

since more often than not the observed blood ammonia nitrogen
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level far exceeded the expected level. A possible explanation
mey lie in the presence of only limited emounts of arginase

in the hepatic cells of these animals which would seriously
impede the synthesis of urea and consequently the detoxifica-
tion of ammonia. A measurement of blood ureas at various time
intervals following the administration of a toxlic dose of
ammonium chloride would give an indirect measurement of the
arginase activity of the liver. Since blood ures determina-
tions were not obtained from the lambs in thls study, this
point is justifiably open to criticlsm.

A summation of the analysis of variance is presented in
the Appendix. Obviously significant differences were found
among the blood ammonia nitrogen levels at the various bleed-
ing intervals following the administration of ammonium chlor-
ide. The maximum blood ammonia nitrogen levels were recorded
10 to 15 minutes following the administration of the toxic
dose of ammonium chloride and were found to range from a low
of 816 to a high of 2849 micrograms per 100 milliliters. The
treatment effects were also found to be significant at the
.01 level which is, perhaps, not as obvious from a casual
glance at the data. Within treatments the time at which the
test compounds were given prior to the toxic dose of ammonium
cnloride was also found to be highly significent. It would
appear from the data that the optimum time to esdminister these

compounds, prior to the ammonium chloride, would be scmewhere
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cetween 30 and 120 minutes. Further studies to determine this
optimum tiue would appear to be indicated.

The differences observed between the maximum blood
ammonia nitrogen levels attained following the administration
of the test compounds and those of the controls were found to
ce significant at the .05 level.

A more critical analysis of the data was obtained through
the use of the new multiple range test, Duncan (1955). Those
treatments which were found to be significantly better, at the
.05 level, in their ablility to detoxify ammonia in lambs were:
l-arginine-HCl administered 60 minutes prior to the challeng-
ing dose of ammonia nitrogen, sodium succinate administered
at the 60 minute interval, a combination of sodium glutamate
and sodium succinate administered 2t 60 minutes and a com-
bination of all three of the tes: compounds when adminlstered
at either 30 or 60 minutes prior to the ammonium chloride.

The facts, however, would refute these statistical find-
ings. To say that these are valid conclusions is unwerranted
and misleeding and they must be tempered with discretion and
good judgment. The average maximum blood ammonia nitrogen
level reached when l-arginine-HCl wes 2dministered 60 minutes
prior to a toxic dose of ammonium chloride was found to be
1532 micrograms per 100 milliliters which is 352 micrograms
below the average for the controls. However, the data reveal

thet one of the two lamts injected et this time interval
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sctually exhibited a maximum blood ammonia nltrogen level
wnich wase only one microgream below the average maximum level
attained in the control animaels when only ammonium chloride
was administered. The remaining lamb in this lot hed an un-
expectedly low blood ammonia nitrogen level, the reason for
wnich 1s unknown.

The same situation exists in the data obtained when
sodium succinzte was administered 60 minutes prior to the
suo-lethel toxic dose of ammonium chloride with the exception
that one of the two lemos in this lot exhibited blood ammonia
nitrogen levels which far exceeded the controls. This lemb
snowed clinical symptoms of convulslons and tetany 15 minutes
after the injection of ammonium chloride.

The average maximum blood ammonia nitrogen levels re-
corded wnhen & combination of sodlium glutamete and scdium
succinate was injected 60 minutes prior to the ammonium chlor-
ide were found to be below that of the controls and yet here
egain one of the lambs had a maximum tlood ammonia nitrogen
level which was considerably higher than the controls. Sim-
ilar findings were noted when a2 combination of sodium gluta-
mate, sodium succinate and l-arginine-HCl wes administered at
either 30 or 60 minutes prior to the ammonium chloride.

Desplite the fact thet no evidence was found 1n any of
the three test compounds 1hdicat1ve of any eapprecizble amount

of protection against ammonia intoxication in lembs there is
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evidence in the date of two significant trends. In all cases,
except wnen sodium glutamate was edministered alone, the
average maximum blood ammonia nitrogen levels were below those
of the controls when the test compounds were administered 60
minutes prior to the ammonium chloride. A combination of all
three of the test compounds appesred to exert the most influ-
ence on blood ammoniz nitrogen levels when sdministered elther
30 or 60 minutes prior to a sub-lethal toxic dose of ammonium

chloride.
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SUMMARY

The sodium salts of two metabtolic compounds, (glutamic
acid, succinic scid) and l-arginine-HCl were admlnistered
intraperitoneelly to btoth white mice and yearling lamts for
purposes bf determining their prophylactic velue 1in the pre-
vention of ammonia intexication.

In the pilot studies with white mice survival rates of
30, 40 énd 50 per cent, respectively, were obtained when
scdium glutamste, sodium succinate and l-arginine-HC1l were
adirinistered singly 30 minutes prior to a minimum lethal dose
of 65 milligrams of ammonium chloride per kilogram of body
welgnt. When comblnations of sodium glutamate and sodium
succinate, sodium glutamate and l-arginine-HCl, sodium suc-
cinate ¢nd l-erginire-HC1l and sodium glutemete, sodium suc-
cinate end l-azrginine-HCl were administered intraperitoneslly
30 minutes prior to a lethal dose of ammonium chloride, re-
spective survival rates of 40, 80, 85 and 100 per cent were
noted. ©Statistical analysis of these data revealed a high
degree of significance between each of the latter three
cowblinatlions, all of which contsined l-srginine-HCl, sas
opposed to a mixture contalning only sodium glutamste and
sodium succinate. The detoxifying properties of a combination
of all three of the test compounds were found to be statis-
tically greester at the 0.05 level than that shown b§ 2 com-

bination conteining only sodium glutamste end l-arginine.HCl.
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A degree of protection against ammonlia intoxication was demon-
strated by all three of the test compounds with l-arginine-HCl
being the most active and sodium glutamate the least.

The second part of this thesls problem was concerned
with the effects of the three test compounds on ammonia in-
toxication in lambs. The criteria of ammonia intoxication
used in this study were based on clinical symptoms and blood
ammonla nitrogen levels. The sub-lethal toxic dose of ammo-
nium chloride which would produce incontrovertible symptoms
of toxlcity was found to be 0.18725 grams of ammonium chloride
per kilogram of Cody welght which i1s equivalent to 49 milli-
grams of ammonla nitrogen per kilogram of body weight. 1In
general, symptoums of toxicity assoclated with this level of
ammonia nitrogen, listed in the order of thelr appearance,
were: apprehension, depression, polypnea, micturition end
defecation, muscular tremors, hyperesthesla, profuse saliva-
tion with frothing, dyspnea and ataxia. Juguler blood samples
were taken at 0, 10, 15, 30, 45, 60, 75 and S0 minute inter-
vals following the intraperitoneal administration of the
ammonium chloride and were analyzed for blood ammonia nitro-
gen by a microdiffusion method, Sellgson (1951). Clinical
manifestations of toxicosls were first noted when the blood
ammonia nitrogen level approached 1000 micrograms per 100
milliliters. At levels of approximately 2000 mlcrograms

convulsions were otserved wita fatalities occurring at blood
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levels of approximately 4000 micrograms. Normal blood ammonia
nitrogen levels were found to average 300 micrograms per 100
milliliters with a range of 125 to 480 micrograms.
Observations were made on the effects of time between
treatments and the administration of the toxic dose of ammo-
nium chloride. All treatments with the test compounds were
given at three different time intervals of 30, 60 and 120
minutes prior to the toxic dose of ammonium chloride. Pesk
blood ammonia nitrogen levels were attalned approximately 15
minutes following the injection of ammonium chloride. A sig-
nificant decrease in the normal blood ammonia nitrogen level
was found when the test compounds were administered singly or
in combination; however, no evidence indicative of the
presence of a marked protective mechanism against hligh levels
of blood ammonia nitrogen was observed in any of the experi-
ments followlng the injection of a sub-lethal toxic dose of
eammonium chlorlde. There appears to be a wide variation in
the response of individual lambs to this dosage level of
ammonium chloride. Lesions noted at necropsy of those animals
that succumbed to treatment were limited by the acute nature
of the condition and primarily conslsted of generalized
petechiatlion, anasarca and a brownish discoloration of the
myoglobin and hemoglobin suggesting the presence of methemo-

globin.
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APPENDIX



Taocle 11. Anealyses of variance of experimental dats from the lemb studles

Source of variation a.f. 8.8, M.S. F
Intervals 7 106146338 15163763 75.55%%
Treatments - 10 8283548 552237 2. 75%#
Agents vs. control 5 2327682 465536 2.32%
Control vs. egents 1 413329 413329 2.06
Agents 4 1914353 4785868 2.38
Times 2 4484296 2242148 11.17%%
Agents vs. times 8 1471570 183946 0.92
Intervals vs. treatment 105 . 5236721 49874 0.25
Error 190 38133815 200704
Total 317 157800422

##Denotes significence at 0.0l 1:vel.

*Denotes significance at 0.05 level:

T



Tacle 12. Duncen's new multiple range test for significance within trestments
Treatment x E—fls i-fls —J-C-—-'El.& i—fla i-—-fl 2 i—-fl ]
1. 8y¢0 1322.68 540.06% 534.14% 506.93*% 468.01% 438.64% 351.74
<« Gjeo 1e7c .44 489.92% 483.C0% 455.69% 417.77 388.40 301.80
3. G+S3( 1227.42  444.80% 438.88% 410.67 372.756 343.38 256.48
4. Control 1133.09 350.47 344.65 313.34 278.42 249.056 162.15
5. G+8720 1129.42  346.80 340.88 312.67 274.75 245.38 168.48
6. Ajco 1061.12 278 .50 272.58 244.37 206.45 177.08 90.18
7. G+S+A120 1057.08 274.46 268.54 240.33 202.41 173.04 86.14
8. Ggzg 1049.756 267.13 261.21 233.00 195.08 165.71 78.81
Y Ggo 1048.06 <65.44 <59 .52 231.31 193.39 163.02 77.12
10. B83g 1005.18 <20, 56 214 .64 186.453 148.51 119.14 32.24
11. Agzg 970.24 188.3< 182.40 154.19 116.27 86.90 -
12. G+S+Azq 884 .04 101.42 95.05 67.29 29.37 - -
15. G+3gg 854.67 72.05 66.13 37.92 -= - -
14. Sgq 816.75 34.13 28.21 -- - - -
15. G+S+Agg 788.954 5.92 - - — - -
16. Agpo 782.62 - - -— - - -
“Denotes significance at 0.05 level.
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