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ABSTRACT 

Five experiments were carried out to indirectly examine the 

role of ammonia in the heretofore undefined regulatory mechanism(s) 

responsible for the appetite depression observed in response to dietary 

amino acid imbalances or very high protein levels. 

In the first experiment, the effect of oxytetracycline was 

studied in chicks of two ages fed a methionine deficient diet, a non

protein nitrogen supplemented diet, or a high protein diet. Experimental 

results did not indicate that growth or appetite was influenced by the 

antibiotic supplementation of any dietary treatment. 

The effect of urease immunization on growth and appetite 

response of chicks to a dietary amino acid deficiency, an amino acid 

excess, or a high level of protein were studied in a second experiment. 

In order to produce anti-enzyme activity, chicks were given small 

urease injections at regular intervals for four weeks before being fed 

the experimental diets. Since the induction of anti-enzyme activity 

did not greatly alter the response of chickens to the experimental 

diets, it was concluded that the appetite depression associated with 

the feeding of amino acid imbalanced or high protein diets was not 

related to the recycling of ammonia nitrogen resulting from intestinal 

urease activity. 

In a third experiment, induction of anti-urease activity in 

mice by means of systematic urease injections appeared to improve 

ix 
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body weight and appetite response to 6% or 10% balanced protein diets. 

No influence of urease treatment was seen in animals receiving diets 

containing 5% excess DL-leucine or 68% protein. 

In a fourth experiment, the effect of an urease inhibitor, 

acetohydroxamic acid (AHA), on response to amino acid imbalanced and 

high protein diets was studied in adult and growing mice. In adult 

mice, AHA improved body weight and appetite response to a 10% protein 

balanced diet, a 10% protein diet containing a 5% DL-leucine excess, 

and a 68% protein diet. Results in growing males were generally either 

too slight or inconsistent for conclusive evaluation of the compound. 

In a fifth experiment, immediate appetite depression resulted 

in mice from single subcutaneous urease injections (0.033 unit/gm of 

body weight). Brain lesions were found in thalamic nuclei paraventri-

cularis of these animals. Both appetite depression and brain lesions 

were prevented by small dietary arginine supplements. The hypophagia 

resulting from urease injections ceased within 24 hours of treatment 

termination. These studies suggested a role of ammonia as a signal 

in an appetite regulatory mechanism related to dietary nitrogen and 

the nucleus paraventrici-laris as a receptor site in such a mechanism. 

Mature White Leghorn hens treated with monosodium glutamate 

gained weight at a constant rate without a corresponding increase in 

feed consumption during an 81 day period post-treatment. In broiler 

chicks treated with the compound, growth stimulation was observed at 

five weeks of age. 



Gold thio glucose treatment caused moderate appetite and growth 

stimulation in broiler chicks but did not influence body weight or 

feed intake of mature White Leghorn hens. 

Gold cysteine treatment did not alter the appetite response of 

mice or chickens to diets containing amino acid excesses. However, in 

both species, the compound stimulated consumption of a 6% balanced 

protein diet. 



CHAPTER I 

INTRODUCTION 

The maintenance of energy balance by adjustments in food 

intake is a well regulated animal function. Healthy animals, when 

given food ad libitum, will eat only as much as is necessary to meet 

their energy requirements for normal growth and maintenance. The 

central nervous system is able to interpret signals from both the 

external and internal environments of the animal and precisely and 

consistently direct eating behavior compatible with the animal's best 

nutritional interests. 

A vast amount of data, acquired during the past 20 years, 

concerning the physiological regulators of food intake, have led to 

the concept that feeding behavior is regulated by a variety of 

independent mechanisms which, under normal conditions, cooperate to 

maintain homeostasis. There is good evidence that relevant to this 

system are blood glucose, the size of body fat stores, blood amino 

acids, environmental temperature, sensations from the entire digestive 

tract, and water concentration or shifts of water among various body 

compartments as a result of eating. Accordingly, a number of theories 

have been proposed to account for the phenomenon of appetite regula

tion. 

1 
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The "glucostatic" theory of Mayer (1) has been offered to 

explain the short-term control of food intake in mammals excluding 

ruminants. It proposes the existence of glucoreceptors located in the 

ventromedial hypothalamus (VMH) which are sensitive to blood glucose 

in the measure that they can utilize it. This area has been designated 

a "satiety" center. It has been shown that electrical activity there 

is correlated with a state of satiety and arteriovenous glucose 

differences large enough to indicate glucose utilization. Neural 

connections have been demonstrated between the VMH nuclei and the 

lateral hypothalamus (LH) which has been designated a "feeding" center. 

Destruction of the VMH nuclei by stereotaxic lesioning results in 

hyperphagia and obesity. Electrical stimulation of the area causes 

cessation of feeding. Destruction of the LH results in aphagia and 

adipsia. It is believed that the VMH, acting as a brake, inhibits 

activity of the "feeding" center when glucose utilization is proceeding 

at appropriate levels. When arteriovenous glucose differences become 

small, activity of the "satiety" center decreases and feeding is 

initiated. 

Intravenous glucose injections have been observed to increase 

activity of the feeding center. Small glucagon injections have a 

similar effect. Conversely, insulin induced hypoglycemia resulted in 

low activity of the "satiety" center and increased activity in the 

"feeding" center. Other evidence in favor of a glucostatic mechanism 

is provided by the observation that single injections of gold 

thioglucose into mice induce hyperphagia and obesity as a result of 
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degeneration of nerve cells in the ventromedial hypothalamus. This 

is interpreted as demonstrating that the area contains cells that 

concentrate glucose. 

A mechanism accounting for the long-term regulation of energy 

(food) intake has been proposed by Kennedy (2) in the "lipostatic" 

hypothesis. He suggested that the long term regulation of body weight 

and hence food intake is governed by the body's fat content and that 

this is accomplished through hypothalamic sensitivity to varying 

concentrations of unspecified, circulating metabolites related to the 

size of body fat reserves. This proposal seems very plausible since 

animals mobilize a quantity of fat every day which is proportional to 

the total fat content of the body. 

The "lipostatic" theory would account for the fact that 

hyperphagia of VMH lesioned animals gradually disappears as the animal 

becomes obese. The lesion apparently gives the control system a new 

and higher set point requiring a greater amount of fat in the body. 

Once this point is reached, the animal no longer overeats. This 

theory implies that every animal has one preferred degree of fatness. 

Conn and Joseph (3) have presented convincing evidence for 

this hypothesis. They reported that normal rats, made superobese by 

force feeding, ate minimal amounts of food until their weights returned 

to normal. Similarly, Hoebel and Teitelbaum (4) found that obesity 

induced by insulin was quickly diminished when insulin treatment was 

terminated. These workers also found that hypothalamic obese rats, 

whether fasted or made superobese by force feeding, returned to their 
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prior level of obesity when allowed food ad libitum. From these studies, 

the authors concluded that control of food intake is mediated by cells 

of the ventromedial hypothalamus, the destruction of which results in a 

higher weight level to inhibit food intake. 

It has been shown that regulatory mechanisms exist which respond 

to amino acid composition and protein content of the diet. Food intake 

of both normal animals and gold thioglucose-obese or hypothalamic obese 

animals is depressed when protein content of the diet is very low or 

very high and when the proportions of amino acids differ greatly from 

the requirements of the animal. The "aminostatic" theory of 

Mellinkoff (5) proposes that the blood amino acid pattern influences 

appetite. This proposal was based on the observation that ingestion of 

diets containing imbalances of essential amino acids resulted in 

drastic changes in plasma free amino acid patterns which were followed 

closely in time (2-4 hrs) by appetite depression. Other investigators 

have suggested that plasma amino acid concentrations may act as signals 

in a regulatory mechanism. No evidence of sensitivity of the 

hypothalamic "feeding" or "satiety" centers to blood amino acid 

concentrations has been demonstrated. Electrical activity of these 

centers was not changed by intravenous infusion of protein hydrolysates 

which significantly raised blood amino acid concentrations (6). 

Although a large amount of experimental data has accumulated concerning 

appetite regulation with respect to dietary nitrogen, no specific 

biochemical signal and neural receptor system has been identified up 

to now. 
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A number of studies were carried out for the purpose of adding 

some knowledge to the understanding of appetite regulation througji 

detection of some metabolic or physiologic changes associated with 

appetite regulation in mice and chickens. 



CHAPTER II 

- ANTIBIOTICS, UREASE, AND ACETOHYDROXAMIC ACID EFFECTS 

ON APPETITE AND NITROGEN METABOLISM 

It has been shown that urea, normally considered the final 

end-product of protein metabolism in mammals, is further broken down 

to carbon dioxide and ammonia by bacterial urease in the gastro

intestinal tracts of a number of animals (7). Correspondingly in 

birds, uric acid, the major end-product of protein metabolism, being 

freely diffusible like urea, enters the intestinal lumen where it is 

hydrolyzed by bacterial enzymes to urea and other products, thus 

indirectly acting as a substrate for urease (8). 

Urease activity was completely abolished in the intestinal 

tracts of mice fed a mixture of antibiotics (9). Metabolism of ̂ C 

labeled urea was significantly decreased in rats fed antibiotics (10). 

Similarly, injections of urease and subsequent production of antienzyme 

activity have resulted in significant decreases in urea breakdown in 

chicks and rats (11), swine (12), and in sheep (13). The immunized 

animals grew faster and used feed more efficiently than the non-

immunized controls. Acetohydroxamic acid (AHA), administered orally 

or by injection to male CAF1 mice, reduced urease activity by 70% as 

14 14 
measured by CO2 exhalation following injection of C-urea (14,15). 

It was assumed that the improved growth and feed conversion 

observed in urease immunized animals was due to decreased ammonia 

6 
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concentration and concurrent lessening of metabolic stress on the liver 

for ammonia detoxification via urea or uric acid synthesis. Since 

dietary amino acid imbalances and high protein diets are known to result 

in high blood concentrations of amino acids and urea or uric acid, it 

was hypothesized 1) that intestinal ammonia production is one of the 

controlling factors in appetite regulation and 2) that animals 

possessing antiurease activity may more easily metabolize and therefore 

consume more of amino acid imbalanced or high protein diets. A number 

of experiments were carried out with chicks and mice to test this 

hypothesis using an antibiotic, urease immunization, and acetohydroxamic 

acid. The immediate effect of ammonia on appetite was studied in mice 

by means of urease injections. 

Experimental Procedures 

Experiment 1: Oxytetracycline and Dietary Protein 

A. Three hundred and twenty day-old White Leghorn cockerels 

were weighed, wingbanded, randomly placed in groups of eight birds 

each, and housed in electrically heated batteries having raised wire 

floors. The battery room was held between 21°C and 22°C and had 

continuous lighting. Feed and water were supplied ad libitum and 

four replicate groups were fed each dietary treatment. 

A semipurified, isolated soybean protein, basal diet was 

formulated as shown in Table 1 to contain 10% protein (N x 6.25). 

This diet, deficient in methionine, was supplemented with 0.22% 

DL-methionine at the expense of glucose monohydrate resulting in a low 

(10%) protein balanced diet. A third low protein diet was formulated 
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Table 1. Composition of Low Protein Basal, 
Diets. ' 

High Protein, and Control 

Ingredient 
Basal 
% 

High Protein 
% 

Control 
% 

Isolated soybean protein 12.25 83.00 35.00 

Glucose monohydrate 70.25 - 48.00 

Animal fat 5.00 5.00 5.00 

Cellulose 2.90 2.50 1.60 

Purified Vitamin Mix^" 4.00 4.00 4.00 

Purified Mineral Mix^ 2.00 2.00 2.00 

Dicalcium phosphate 3.00 3.00 3.00 

Calcium carbonate 0.50 0.50 0.50 

Glycine 0.10 0.10 0.30 

DL-roethionine _ 0.60 

1. Supplied the following per kg of diet: 10,000 IU 
vitamin A, 960 ICU vitamin D^, 8.8 IU vitamin E, 8.8 mg thiamine HC1, 
12 mg riboflavin, 15.2 mg d-calcium pantothenate, 4.0 mg pyridoxine HC1, 
20 mg p-amino benzoic acid, 1000 mg inositol, 88 mg niacin, 2206 mg 
choline chloride, 30 meg vitamin B^, 0.2 mg biotin, 2.0 mg folic acid, 
6.6 mg menadione, and 50 mg ethoxyquin (as a preservative). 

2. Supplied the following per kg of diet: 1969 mg Na, 5641 mg 
CI, 5000 mg NaCl, 104 mg Mn, 289 mg Fe, 41 mg Cu, 77 mg Zn, 3114 mg K, 
1.2 mg Co, 562 mg Mg, 3.2 mg Mo, 3.1 mg I, and 2907 mg SÔ . 
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by supplementation of the basal diet with methionine and with 6.46% 

diammonium citrate (DAC) at a level equivalent to 5% protein at the 

expense of glucose monohydrate. The control and high protein diets 

containing 30% and 68% protein, respectively, were formulated as shown 

in Table 1. The five diets just described, including the basal, were 

each fed with and without the addition of oxytetracycline (OTC) at a 

level of 2 gm/kg of feed. The resulting ten diets were approximately 

isocaloric providing about 2860 kcal ME/kg. 

Feed intakes and body weights were determined at the end of 

the first and second weeks of the experiment at which time the 

experiment was terminated. Blood samples were taken by heart puncture 

from two birds in each replicate group. Following sacrifice by 

decapitation, livers and kidneys were removed and frozen. 

Plasma urea was determined colorimetrically (16) and plasma 

uric acid by the uricase method of Sigma (17). Liver xanthine 

dehydrogenase (XDH) activity was determined according to the method of 

Horecker and Heppel (18) and kidney arginase by the method of 

Worthington Biochemical Corporation (19). The results were subjected 

to analyses of variance and the treatment means reported. 

B. In the second phase of the first experiment, 140 day-old 

White Leghorn cockerels, housed identically to those described above, 

were maintained on a stock diet to one week of age at which time 

they were weighed and placed on the five experimental diets without 

the antibiotic. Four replicate groups of seven birds each were 
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fed each dietary treatment. At the end of one week, body weights and 

feed consumption were recorded. 

Appetite quotients (Q), defined as feed intake per kg of body 

weight^* were calculated for these birds and those in the first 

portion of the experiment on the same diets to enable comparisons of 

appetite response to the experimental diets at one day vs one week, i.e., 

Part A vs Part B. 

Experiment 2: Effects of Urease Injections on 
the Response of Chicks to Imbalanced Diets 

Jackbean urease,* dissolved in 0.85% NaCl, was injected intra

muscularly into 60 five-day-old Hubbard chicks of both sexes. Injec

tions were made on the same five successive days of each week for four 

weeks. The starting dose was 1 unit progressing to 2 units per injection 

during the fourth week. Each bird received a total of 30 units. 

The injected birds and an equal number of controls were housed 

as those of Experiment 1 and fed a stock diet until five weeks at which 

time they were weighed, wingbanded, and transferred to grower batteries. 

The following four diets from Experiment 1 were used: 10% 

protein-methionine deficient, 10% protein corrected, 68% protein, and 

a 30% protein control. A fifth diet was formulated using the basal 

(Table 1) + 0.22% DL-methionine with 5% DL-leucine added at the expense 

of glucose monohydrate. Four pens of six birds each, designated 

immunized males (IM), control males (CM), immunized females (IF), and 

* Type III, Sigma Chem. Co., one unit produces 1 mg ammonia 
nitrogen from urea in 5 minutes at pH 7.0 at 30°C. 
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control females (CF), were fed each dietary treatment. The experi

ment was terminated after five days on the experimental diets at which 

time birds were weighed and feed intake recorded. 

Experiment 3: Effect of Urease Injections on 
the Response of Adult Mice to Imbalanced and 
High Protein Diets 

A. Jackbean urease in 0.85% saline solution was injected sub-

cutaneously into five adult, CD-I, male and three female mice. Each 

animal received 0.5 unit in a volume of 0.1 ml daily for two weeks. 

Controls were untreated. Mice were housed individually in stainless 

steel, wire bottom cages at a room temperature of 26 ± 1°C. A stock 

diet and water were supplied ad libitum. 

After two weeks of injections, mice were weighed and placed 

on either the 10% protein-methionine deficient diet formulated for 

Experiment 1 (Table 1) or the corrected diet (methionine supplemented). 

Feed intake and body weights were recorded at the end of one week. 

In order to study the effects of a more severe amino acid 

imbalance, the above diets were diluted to contain 6% protein as shown 

in Table 2 and 0.2% DL-tryptophan, the second limiting amino acid in 

soybean protein, was added to the methionine deficient diet. Mice were 

maintained on the stock diet for five days, then weighed and placed on 

the 6% protein diets. This part of the experiment was terminated after 

six days when the mice were weighed and feed intake was recorded. 

B. A total of 43 three-month-old CD-I mice of both sexes (24 males 

and 19 females) were injected with urease in saline for six consecutive 
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Table 2. Composition of 6% Protein Inibalanced and Corrected Diets used 
in Experiment 3A. 

Ingredient 
Inibalanced Corrected 

Ingredient 
% % 

Basal (Table 1) 60.0 -

Corrected diet - 60.0 

Glucose monohydrate 34.0 34.2 

Animal fat 2.0 2.0 

Purified Vitamin Mix"'" 1.6 1.6 

Purified Mineral Mix^ 0.8 0.8 

Dicalcium phosphate 1.2 1.2 

Calcium carbonate 0.2 0.2 

DL-tryptophan 0.2 -

1. Supplied the following per kg of diet: 10,000 IU vitamin A, 
960 ICU vitamin D3, 8.8 IU vitamin E, 8.8 mg thiamine HC1, 12 mg 
riboflavin, 15.2 mg d-calcium pantothenate, 4.0 mg pyridoxine HC1, 
20 mg p-amino benzoic acid, 1000 mg inositol, 88 mg niacin, 2206 mg 
choline chloride, 30 meg vitamin B^, 0.2 mg biotin, 2.0 mg folic acid, 
6.6 mg menadione, and 50 mg ethoxyquin (as a preservative). 

2. Supplied the following per kg of diet: 1969 mg Na, 5641 mg 
CI, 5000 mg NaCl, 104 mg Mn, 289 mg Fe, 41 mg Cu, 77 mg Zn, 3114 mg K, 
1.2 mg Co, 562 mg Mg, 3.2 mg Mo, 3.1 mg I, and 2907 mg SÔ . 

/ 
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days each week for three weeks. The starting dose was 0.5 unit in 

0.1 ml of solution. This was gradually increased to 1,0 unit during 

the third week. Controls were untreated. Mice were housed as in 

part A and fed a stock diet. 

Four weeks after beginning the injections, mice were weighed 

and fed the following experimental diets from Experiment 2: 

1) balanced 10% protein, 2) balanced 10% protein + 5% DL-leucine, 

and 68% protein. After seven days, mice were weighed, feed intake 

recorded, and the experiment terminated. 

Experiment 4: The Influence of Urease Inhibition 
by Acetohydroxamic Acid on Appetite Regulation 
in Adult and Growing Mice 

Acetohydroxamic acid (AHA) was synthesized according to the 

method of Fishbein, Daly, and Streeter (20). 

A. The balanced, 10% protein diet of Experiment 3B was supplemented 

with AHA at a level of 250 mg/kg of feed, an amount calculated from the 

data of Fishbein (14) to produce 70% intestinal urease inhibition when 

given orally. Twenty-one adult mice (11 males and 10 females) were 

fed the above diet containing AHA ad libitum for three days. At this 

time, when urease inhibition should have been at a maximum, the 

treated animals and an equal number of untreated controls were weighed 

and placed on the same three diets (without AHA) used in Experiment 3B 

as outlined in Table 3. Feed intake was recorded on days 3 and 7 at 

which time the animals were weighed and the experiment was terminated. 
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Table 3. Composition of 6% protein diets used in Experiment 4B. 

Ingredient Balanced 
% 

DL-leucine Excess 
% 

Balanced (10% protein) diet*' 60.0 60.0 

Corn Oil 2.0 2.0 

Cerelose 36.6 31.6 

Dicalcium phosphate 1.2 1.2 

Calcium carbonate 0.2 0.2 

DL-leucine - 5.0 

1. As formulated in Experiment 1. 



B. Eleven days after weaning, 36 male mice were fed ad libitum 

for two days the low protein balanced diet containing AHA as in part A 

of this experiment. An equal number of controls received the diet 

without AHA for the same period. At the end of the two day period, 

all animals were weighed and placed on experimental diets. Twelve 

controls were fed each of the three dietary treatments used in part A. 

Itoelve pretreated animals were fed each of these diets which had been 

supplemented with AHA at levels of 250 mg/kg. Feed consumption was 

measured twice a week for 13 days and body weights recorded on days 

1, 7, and 13. 

In order to increase the severity of the leucine excess, the 

10% protein diets (balanced and leucine excess) were diluted to contain 

6% protein as shown in Table 3. The two resulting 6% protein diets 

and the high protein diet were supplemented with AHA at a level of 

500 mg/kg and each was fed to 12 AHA pretreated animals. The same 

diets without AHA were each fed to 12 controls for a seven day period. 

Feed intake was measured and body weights recorded on days 1 and 7. 

Experiment 5: The Immediate Effect of 
Ammonia on Appetite Regulation in Mice 

A. Twelve young adult mice (6 males and 6 females) were paired 

according to body weight and sex. One member of each pair received 

four consecutive, daily, sc injections consisting of 1 unit of urease 

in 0.1 ml of saline (0.033 unit/gm of body weight). The other members 

of the pairs received equal volumes of saline and served as controls. 

Animals were housed as in the preceeding mouse experiments with a 
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mouse stock diet (composition in Table 4) and water supplied ad libitum. 

All animals were weighed on the first treatment day and on days 4, 7, 9, 

and 11 thereafter. Feed consumption was measured daily through day 9. 

The experiment was terminated on day 11. 

B. Five young growing male mice were given four consecutive daily 

sc injections of urease in saline (0.033 unit/gm). Five controls 

received equal volumes of saline for the same period. The stock diet 

supplied ad libitum throughout the experiment was supplemented during 

the initial four day injection period with 0.2% L-arginine. Treatment 

was discontinued on days 4 and 5 and resumed on days 6 through 9. No 

injections were given on day 10. Dosage was doubled on days 11, 12, 

and 13. Body weights and feed intake were recorded daily except for 

days 10 and 11. The experiment was terminated on day 13, when animals 

were sacrificed by decapitation. Livers and kidneys were removed and 

frozen for arginase and urea determinations. Brains were removed and 

processed for histological examination. 

C. In order to study the immediate effects of urease injections, 

five young growing male mice each received a single injection of 

urease (0.033 unit/gm) while an equal number of controls received 

saline. The mouse stock diet without arginine was fed ad libitum. 

Animals were sacrificed 24 hours after treatment and livers, kidneys, 

and brains removed as in part B. Feed consumption and body weights 

were recorded for the 24 hour period. 
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Table 4. Mouse stock diet. 

Ingredient Per Cent 

Soybean meal (48.5) 

Milo 

Fish meal (57) 

Dehydrated alfalfa meal (17) 

Dried whey 

Distiller dried solubles 

Animal fat 

Vitamin Pr-9 (w/o antibiotics) 

Salt (tm) 

DL-methionine 

Dynafos, ground 

Trace mineral mix 

Total 

28.80 

51.30 

3.00 

2.00 

1.00 

1.00 

6.00 

2.50 

0.20 

0.20 

2.00 

0.20 

100.00 

Note: % Protein = 22.5 
ME Kcal/lb = 1400 
% Calcium = 0.9 
% Available Phosphate = 0.6 



Results and Discussion 

Experiment 1 — The effect of oxytetracycline in chicks fed a 

methionine deficient diet, a non-protein nitrogen supplemented diet, or 

a high protein diet was studied in birds of two ages. 

A. Results at one week (Table 5) showed no statistically signifi

cant effect of the antibiotic supplementation on growth or feed intake, 

although birds fed the corrected diet with OTC and the hLgh protein 

diet with OTC had sligjitly higher body weights and feed intakes than 

those on the corresponding diets without the antibiotic. This lack 

of antibiotic effect could possibly indicate: 1) total absence or 

low activity of urease in existing intestinal microfloral populations, 

or 2) low levels of endogenous urea excretion into the intestinal 

tract. Both possibilities seem reasonable in birds of this age. 

Consumption of the low protein-methionine deficient diet 

resulted in significant growth depressions in birds both with and 

without OTC in comparison with those fed the same diets supplemented 

with DL-methionine (Corrected). Feed intake was lowest on these diets 

as had been expected. Growth and feed intakes of birds receiving the 

corrected + DAC diet were not significantly different from those of 

birds receiving the corrected diet alone. The feeding of the 68% 

protein diet improved growth significantly but not feed intake both 

in the presence and absence of the antibiotic supplement. The control 

diet (30% protein) produced best growth and feed consumption (Table 5). 



Table 5. Effect of oxytetracycline (OTC) and dietary nitrogen on growth and feed intake of 
chicks to one week of age. 

Diet 
Body Weight,̂ " gm Feed Intake gm/bird/7 day 

Diet 
w/o OTC w/ OTC mean w/o OTC w/ OTC mean 

10% Protein-meth deficient 44.5gh 43.9h 44.2 45.3de 45.3de 45.3 

10% Protein +0.2% DL-meth 
(balanced) 

50.3de 53.1cd 51.7 co £abcd jj.O 55.6abc 54.6 

10% Protein + 0.2% DL-meth +DAC2 

(balanced) 
49.0ef 48.2fg 48.6 47.1cde 51.7bcd 49.4 

68% Protein 58.7bc 60.5b 53.5 42.5e 50.0bcde 46.3 

Control (30% protein) 74.6a 72.7a 73.7 60.8a 58.2̂  59.5 

Mean 55.4 55.7 49.9 51.0 

1. All values are averages of four replicate groups. Those not having common letter 
superscripts were statistically different at the 0.05 level of probability. 

2. Diammonium citrate added in an amount equivalent to 5% protein. 
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At two weeks of age (Table 6), the oxytetracycline supplementa

tion significantly depressed body weight on the control diet but did 

not significantly alter the responses to the other experimental diets. 

In general, growth appeared directly related to adequacy of 

dietary nitrogen with the lowest rate seen in birds on the methionine 

deficient diet and the highest rate on the control diet. DAC did not 

significantly affect growth rate although body weight and feed intake 

were slightly lower than those of birds receiving the same diet.in the 

absence of DAC. As anticipated, protein efficiency ratio (PER) was 

highest on the corrected diet while feed conversion was best on the 

control diet (Table 6). 

Plasma urea concentrations determined at two weeks of age for 

those birds fed the experimental diets from hatching were not signifi

cantly affected by oxytetracycline (Table 7). Those birds fed the low 

protein-corrected diet (methionine supplemented) and this diet supple

mented with DAC exhibited significantly higher urea levels; while an 

intermediate level was exhibited by birds fed the low protein-methionine 

deficient diet. 

Kidney arginase levels expressed as units per gram of protein 

exhibited an average value of 50 for those birds not receiving the 

antibiotic supplement (Table 7). This value was significantly reduced 

to 44.7 with antibiotic feeding. These data suggest that the reported 

inhibition of intestinal urease activity and the concomitant reduction 

in ammonia recycling resulted in decreased kidney arginase activity. 



Table 6. Effect of oxytetracycline (OTC) and dietary nitrogen on growth, feed intake, and protein 
efficiency ratio (PER) of chicks to two weeks of age. 

Diet 
Body Weight,̂  gm Feed Intake,̂ " gm 

3 
PER 

Diet 
w/o OTC w/ OTC Mean w/o OTC w/ OTC Mean w/o OTC w/ OTC Mean 

10% Protein-meth deficient 49. 7de 45.4e 47.6 80.5 69.2 74.9 1.74 1.38 1.56 

10% Protein +0.2% DL-meth 
(balanced) 

72.4° 67.9C 70.2 115.5 107.6 111.6 3.04 2.47 2.76 

10% Protein +0.2% DL-meth 
+ DAC2 

60.^ 61.7cd 61.1 92.0 101.0 96.5 2.53 2.45 2.49 

68% Protein 94.3b 94.9b 94.6 110.2 125.7 118.0 0.80 0.84 0.82 

Control (30% protein) 130.7a 104.lb 117.4 151.0 154.3 152.7 2.12 2.18 2.15 

Mean 81.5 74.8 109.8 111.6 2.05 1.86 

1. All values are averages of four replicate groups. Means not having common letter 
superscripts are statistically different at the 0.05 level of probability. 

2. Diammonium citrate added in amount equivalent to 5% protein. 

3. Gm gain/gm protein consumed. 



Table 7. Some biochemical components of blood plasma and tissues of chicks at two weeks of age 
(Experiment 1A). 

Diet 

Plasma Urea* 
mg/100 ml 

2 
Kidney Arginase 
units/gm protein 

w/o OTC w/ OTC Mean w/o OTC w/ OTC Mean 

10% Protein-meth deficient 13. la 9.4bc 11.3ab 38.6b 33.0b 35.8a 

10% Protein +0.2% DL-meth 
(balanced) 

12.6a 12.4ab 12.5b 39.6b 38. lb 38.8a 

10% Protein +0.2% DL-meth + DAC2 

(balanced) 
10.8abc 13.7a 12.3b 39.6b 34.4b 37.0a 

68% Protein 10.7abc 9.5bc 10. la 68.3a 73.5a 70.9C 

Control (30% protein) 10.9abc 8.8C 63.7a 44.5b 54. lb 

Mean 11.6a 10.8a 50.0b 44.7a 

1. Means not having common letter superscripts are statistically different at the 0.05 
level of probability. 

2. Arginase units = vM urea liberated/min/gm protein under the conditions specified. 

3. Xanthine dehydrogenase units = yM cytochrome C reduced/min/gm protein. 



Table 7—Continued 

Diet 

Plasma Uric Acid 
mg/100 ml 

Liver XDH3 

units/gm protein 

w/o OTC w/ OTC Mean w/o OTC w/ OTC Mean 

10% Protein-meth deficient 0.50C 1.26c 0.88a 35.7ab 46.0ab 40.9b 

10% Protein +0.2% DL-meth 
(balanced) 

0.67° 1.47C 1.07a 20.2C 35.7ab 28.0a 

10% Protein +0.2% DL-meth + DAC2 

(balanced) 
1.20C 1.67C 1.44a 38.3ab 33.6b 35.9̂  

68% Protein 6.61a 7.46a 7.04c 48.4a 41.1ab 44.8C 

Control (30% protein) 2.82b 2.95b 2.89b 33. lb 37.2ab 35.2ab 

Mean 2.36a 2.96b 35. la 38.7a 



Among the dietary treatments, those birds fed the high protein diet 

exhibited the highest kidney arginase levels (70.9). Significantly 

lower levels were found in birds fed the control diet, and the lowest 

enzyme levels were determined in those birds fed the 10% protein diet 

regardless of methionine or DAC supplementation. 

Plasma uric acid levels were increased through oxytetracycline 

supplementation (2.36 vs 2.96 mg/100 ml) and there appeared to be a 

direct correlation between dietary protein consumption and plasma uric 

acid levels. The 10% intact protein diets resulted in plasma uric 

acid levels ranging from 0.88-1.44, while the 30% protein control diet 

resulted in plasma levels of 2.89, and the 68% protein diet produced 

an average plasma uric acid level of 7.04. There was no significant 

interaction between antibiotic supplementation and dietary formulation 

on plasma uric acid concentrations (Table 7). 

Liver xanthine dehydrogenase (XDH) activities followed a pattern 

similar to that exhibited by plasma uric acid concentrations. The 

highest level of this enzyme was found in the liver of birds fed the 

68% protein diet. 

B. During the second week the 10% protein-methionine deficient 

diet fed birds (group one) gained an average of 5.3 gm and consumed 

more feed in relation to BW kĝ "̂  than the birds fed the same diet 

from one week of age. The appetite quotient was slightly higher for 

group one than for group six (Table 8). These results suggest some 

metabolic adaptation to the methionine deficiency in those birds fed 

the deficient diet from one day of age (group two). The birds in 



Table 8. Effect of age on the response of chicks to imbalanced diets. 

Group Treatment 

Weight Gain, gm 

1-2 wks of age 

Teed Intake 

gm/day 

Appetite 
Quotient̂  

Experiment 1A 

1 10% Protein-meth deficient 

2 10% Protein +0.2% DL-meth 
(balanced) 

3 10% Protein +0.2% DL-meth + DAC2 

(balanced) 

4 68% Protein 

5 Control (30% protein) 

Experiment IB 

6 10% Protein-meth deficient 

7 10% Protein +0.2% DL-meth 
(balanced) 

8 10% Protein +0.2% DL-meth + DAC2 

9 68% Protein 

10 Control (30% protein) 

Diets started at 1 day of 

5.3 

22.1 

11.5 

35.7 

56.1 

4.8 

8.9 

6.4 

9.7 

12.9 

age 

Diets started at 1 week of age 

-3.5 

16.8 

13.5 

31.9 

47.8 

6.1 

8.0 

8.3 

8.9 

10.6 

47.6 

72.5 

56.3 

67.0 

72.6 

1 

44.8 

54.2 

54.9 

53.3 

61.2 

1. Q = gm feed consumed/day/BW kĝ  * ̂ . 

2. Diammonlum citrate added in an amount equivalent to 5% protein. 
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group two utilized the corrected diet more efficiently for growth 

than did group seven. The appetite quotient of the former being 

72.5 compared with 54.2 for the latter. These differences also suggest 

an adaptation of the birds to the low protein diet during the first 

week. 

Experiment 2 — The effect of urease injections on growth and 

appetite response of chicks to a dietary amino acid deficiency, amino 

acid excess or a high level of protein was studied in a second 

experiment. 

Experimental diet feeding was initiated at five weeks of age at 

which time those birds which had received the urease injections 

eriiibited body weights which were 3.8% greater than the corresponding 

control birds fed the same diet. Although Visek (21) has reported 

that induced urease immunity improves the growth rate of rats, mice, 

and chickens, this has not been reported in experimental animals fed a 

properly balanced diet such as the one fed to the chicks in this 

experiment. 

The feeding of the methionine deficient soybean protein diet 

containing 10% protein produced a growth depression of 14.7 gm in those 

birds which had been injected with urease, while a 2.6 gm weight loss 

occurred in the control birds. Supplementation of the corrected diet 

with 5% leucine elicited a 27.6 gm weight loss (3% of body weight) in 

the urease injected birds, while the uninjected controls gained slightly. 

The patterns of body weight changes suggest that the injection of urease 

and the induction of antienzyme activity, as reported by Visek, did 
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not substantially change the response pattern of chickens at five weeks 

of age to the 10% protein methionine supplemented diet, the 68% protein 

diet or the 30% protein control. These data do suggest an increased 

severity of the response to the 5% DL-leucine supplemented diet 

(Table 9). The hypophasia associated with the feeding of amino acid 

imbalanced or high protein diets in this experiment did not appear to 

be related to the recycling of nitrogen in the form of ammonia as the 

result of intestinal urease activities. Visek has reported that anti-

enzyme induction resulting from Jackbean urease injections in experi

mental animals and humans significantly inhibits intestinal urease and 

thereby alters the amount of ammonia reabsorption from the intestinal 

tract as well as producing significant alterations in intestinal mucosa. 

The present experiment was designed to test the hypothesis of the 

amino acid imbalanced hypophasia relationship with ammonia reabsorption. 

Experiment 3 — The response of urease injected mice to amino 

acid imbalanced and high protein diets was studied. 

A. Urease treated animals fed the 10% protein diets with and 

without methionine supplementation, gained 1.6 gm and 1.2 gm, 

respectively, while controls gained 0.1 gm (Table 10). Appetite of 

urease injected animals was improved on the balanced diet and slightly 

depressed on the deficient diet. It was concluded that a demonstrat-

able degree of methionine deficiency had not been achieved since 

neither body weight nor appetite of controls was adversely affected 

by the diet. 1 



Table 9. Body weight changes and appetite quotients of chicks immunized with urease and fed 
the experimental diets for five days. 

Diet 
Body Weight Change 1 ™ » gm 

2 
Appetite Quotient 

Diet 
Control Urease Mean Control Urease Mean 

10% Protein-meth deficient -2.6 -14.7 -8.7 61.3 56.9 59.1 

10% Protein +0.2% DL-meth 
(balanced) 

106.6 104.3 105.5 82.3 81.3 81.8 

10% Protein +0.2% DL-meth + 5% DL-leu 14.4 -27.6 -6.6 62.4 50.3 56.4 

68% Protein 88.5 82.0 85.3 53.9 48.2 51.1 

Control (30% protein) 162.2 176.9 169.6 72.3 73.9 73.1 

Mean 73.8 64.8 66.4 62.1 

1. Values are averages of six birds. 

0 75 
2. Q = gm feed consumed/day/BW kg 



Table 10. Effect of urease Injections on body weight, feed intake, and appetite quotient of adult 
mice. 

Diet 

Body Weight Change, 
gm/wk 

Control Urease Mean 

Feed Intake 
gm/day 

Control Urease Mean 

Appetite Quotient" 

Control Urease Mean 

Experiment 3A 

10% Protein-balanced 

10% Protein-meth deficient 

6% Protein-balanced 
3 

6% Protein-imbalanced 

Mean 

2 
Experiment 3B 

10% Protein-balanced 

10% Protein+ 5% DL-leucine 

68% Protein 

Mean 

0.1 

0.1 

cde 

cde 
1.6 0.9 

1.2® 0.7 

-1.4abc 0.7bcd -0.3 

-3.3C 

-1.1 

-0.1 

-0.8s  

-0.3 

a 

-2.3' 

0.3 

1.4 

-0.9£ 

0.6  

0.4 

ab -2.8 

5.0 

6.1 

4.5 

4.8 

5.1 

5.8 

5.5 

5.0 

5.6 

5.3 

5.4 

5.8 

4.8 

5.2 

67.6 80.1 73.9 

73.8 69.4 71.6 

57.7 69.1 63.4 

58.1 71.3 64.7 

64.3 72.5 

ab 

0.7 

-0.9 

0.3 

4.6 4.7 4.7 62.7 67.4 65.1 

3.8 4.1 4.0 55.7 58.4 57.1 

3.0 3.1 3.1 45.2 44.7 45.0 

3.8 4.0 55.5 56.8 

1. Animals received urease injections for two weeks. 

2. Animals received urease injections for three weeks. 

3. Methionine deficient + 0.2% DL-tryptophan. 

4. Values not having common letter superscripts were statistically significant at the 0.05 
level of probability. 

5. Q = gm feed consumed/day/BW kg 0.75 



Lowering the protein level to 6% and the addition of 0.2% 

DL-tryptophan resulted in a degree of imbalance sufficient to cause a 

weight loss of 3.3 gm in controls but no appetite depression, relative 

to the 6% protein balanced diet. At this protein level, beneficial 

effects of urease immunization on body weight and appetite became 

evident. Urease injected animals receiving the balanced diet gained 

0.7 gm; controls lost 1.3 gm. Weight loss resulting from the amino 

acid imbalanced diet was minimized in urease animals which averaged 

2.3 gm compared to an average 3.3 gm loss, by the controls. Urease 

improved feed intake and appetite quotients on both diets. 

B. Urease injections resulted in a statistically significant 

improvement in body weight of animals fed the 10% protein balanced 

diet. On this diet, treated mice gained an average of 1.4 gm while 

controls lost 0.1 gm. No influence of urease treatment was seen in mice 

receiving the DL-leucine excess or 68% protein diets. Appetite 

quotients of treated and control animals were very similar, reflecting 

dietary nitrogen balance and level but not urease treatment. 

Beneficial effects of urease injections on body weight in 

parts A and B were significant only in animals fed the balanced 6% and 

10% protein diets. 

It was concluded from coincident body weight data of A and B 

that urease injections were beneficial only to animals receiving 

balanced low protein diets (6% and 10%). Since appetite quotients 

appeared to be improved by urease injections in A but were not 

Influenced in B, it was not possible to determine whether the 
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beneficial effect on body weight was due to alleviation of appetite 

depression or removal of some degree of metabolic stress related to 

dietary nitrogen quality and quantity. 

Experiment 4 — The influence of an urease inhibitor, 

acetohydroxamic acid (AHA), on the appetite response to amino acid 

lmbalanced and high protein diets was investigated in two studies with 

adult and growing mice. 

A. The body weight loss observed in controls fed both the 

balanced and lmbalanced 10% protein diets was prevented in AHA pre-

treated animals (Table 11). On the 68% protein diet, controls maintained 

body weight while AHA treated animals gained an average of 1.2 gm. 

Although appetite quotients were consistently improved by AHA, overall 

differences were less pronounced than those observed during days 1-3, 

indicating a time dependent increase in capacity to metabolize excess 

nitrogen and a simultaneous lessening of AHA inhibition of urease 

activity. 

B. Dietary AHA supplementation stimulated growth and improved 

appetite quotients of young males receiving the 10% protein-balanced 

diet (Table 12). Controls and treated mice gained 4.6 gm and 6.4 gm, 

respectively, on this diet; corresponding appetite quotients were 

75.7 and 87.4. On the DL-leucine excess and 68% protein diets, growth 

depression was greater in animals receiving AHA supplements than in 

controls. Contrary to expectations, appetite was not depressed by the 

leucine excess diet with or without AHA. 



Table 11. Effect of acetohydroxamic acid on body weight and appetite quotient of adult mice fed 
DL-leucine excess or high protein diets for seven days (Experiment 4A). 

Diet 

Body Weight Changê " 
2 

Appetite Quotient 

Diet 

C AHA3 Mean 

1-3 days 1-7 days Diet 

C AHA3 Mean C AHA Mean C AHA Mean 

10% Protein-balanced -0.1ab 1.0b 0.5 54.1 71.2 62.7 62.7 71.7 67.2 

10% Protein + 5% DL-leucine -0.8a 0.1ab -0.4 43.8 62.6 53.2 55.7 62.8 59.3 

68% Protein 0 ab 1.2b 0.6 34.4 44.0 39.2 45.2 50.3 47.8 

Mean -0.3 0.8 44.1 59.3 54.5 54.5 61.6 

1. Values not having common letter superscripts were statistically different at the 0.05 
level of probability. 

2. Q = gm feed consumed/day/BW kĝ *̂ . 

3. Animals pretreated with AHA for three days. 



Table 12. Effect of acetohydroxanrLc acid on growth and appetite quotient of young male mice 
(Experiment 4B). 

Diet 
Body Weight Change,"̂ " gm 

2 
Appetite Quotient 

Diet 
C AHA Mean C AHA Mean 

3 
Diets fed weeks 1-2 

10% Protein-balanced 4.6b 6.4C 5.5 75.7 87.4 81.6 

10% Protein + 5% DL-leucine 4.4ab 3.1a 3.8 85.0 86.5 85.8 

68% Protein 3.8ab 2.7a 3.3 62.0 73.3 67.7 

Mean 4.3 4.1 74.2 82.4 

4 
Diets fed week 3 

6% Protein-balanced -0.4bc 0.1C -0.2 66.9 69.0 68.0 

6% Protein + 5% DL-leucine -2.1a -1.3ab -1.7 75.4 72.6 74.0 

68% Protein 2.5d 3.0d 2.8 54.3 53.6 54.0 

Mean 0 0.6 65.5 65.1 

1. Values not having common letter superscripts were statistically different at the 0.05 
level of probability. 

2. Q = gm feed consumed/day/BW kĝ *̂ . 

3. Animals designated "AHA" received diets containing 250 mg AHA/kg. 

4. Animals designated "AHA" received diets containing 500 mg AHA/kg. 
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During week 3, AHA prevented weight loss in animals receiving 

the 6% protein balanced diet. On the leucine excess diet, AHA reduced 

the weight loss observed in controls by 0.8 gm. Animals receiving the 

68% protein diet with AHA gained 0.5 gm more than controls. Appetite 

quotients did not appear to be influenced by AHA during this period. 

Experiment 5 — Several short tern studies were carried out 

with young adult and growing mice to investigate the relationship of 

ammonia metabolism to appetite regulation. 

A. Urease injections resulted in immediate appetite depression 

(Figure 1). During the injection period, saline injected controls 

consumed 4 gm to 5 gm of feed per day while urease animals averaged 

approximately 1 gm. Body weights of the latter decreased correspond

ingly and the controls gained weight. Injections were discontinued on 

day 4 because two of the urease mice (1 male and 1 female) were found 

dead. Neither had consumed more than 0.5 gm of feed during the pre-

ceeding 24 hours. After injections were stopped, feed intake of urease 

mice rose sharply, equaling that of the controls within 48 hours. By 

day 9, there was less than 1 gm difference in average body weight of 

controls and urease animals. 

These data strongly implicated ammonia, resulting from urea 

hydrolysis, as a factor in appetite regulation. 

B. Arginine supplementation of the stock diet prevented the 

severe weight loss and appetite depression observed in urease injected 

animals of the preceeding study. However, normal growth and feed 
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intake were inhibited through day 4, i.e., until 24 hours after 

injections were discontinued (Figure 2). After that time, feed intakes 

were similar for both groups and growth rates were parallel. Contrary 

to expectation, resumption of urease treatment on days 6 to 9 (without 

arginine supplementation) did not influence either appetite or growth; 

nor did doubling the urease dose on days 11 and 12 markedly affect 

these parameters. Differences in liver and kidney arginase and urea 

were quite small and offered no explanation for absence of urease 

effect. Histological examination of brains revealed no abnormalities. 

From the above data it was concluded that dietary arginine was 

responsible for relieving appetite depression and weight loss normally 

resulting from urease injections by increasing the urea cycle 

efficiency and consequent ammonia detoxification. During this period 

some form of adaptation to urease occurred since subsequent injections 

did not have the expected adverse effects. The only logical explanation 

offered is that this species may have been able to develop urease 

immunity in a far shorter period of time than required by rats and 

chickens. 

C. During the 24 hours post-treatment, urease injected animals 

lost an average of 4.5 gm; saline treated controls lost 0.7 gm. Urease 

animals ate 0.6 gm of feed while saline animals ate 2.6 gm. Liver 

and kidney arginase activities were not altered by urease treatment. 

There were no striking differences in the urea values. 

Changes in body weight and feed intake for 24 hours post-

treatment are compared with and without supplementary arginine in 
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Figure 2. The effect of urease injections + arginine on growth and feed consumption of young 
male mice (Experiment 5B). 
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Table 13. These data showed that £rginine strikingly reduced the 

immediate adverse effects of urease on body weight and feed intake and 

strongly suggested ammonia as being the primary cause of appetite 

depression. The fact that urease animals without arginine lost an 

average of 4:5 gm in 24 hours implied the presence of adipsia along 

with hypophagia or aphagia. It may be possible that ammonia in some 

manner, which is reversible, affects an area of the brain comparable to 

the lateral hypothalamus which has been shown to regulate both food and 

water intake in rats (22,23). 

Table 13. The effect of dietary arginine on body weight and feed 
intake of growing male mice 24 hours after urease or saline 
injection (Experiment 5B and C). 

Treatment 
Body Weight Change 

gm 
Feed Intake 

gm 

Saline -0.7®1 2.6a 

2 
+ Arginine -0.2a 2.8a 

Urease -4.5b 0.6b 

2 
+ Arginine -i.oa 2.8a 

1. Means not having a common letter superscript were signifi
cantly different at the 0.05 level of probability. 

2. Animals received University of Arizona mouse stock diet 
containing 22.5% protein supplemented with 0.2% L-arginine. 

Histological studies revealed the presence of extrahypothalamic 

lesions in urease treated animals but not in controls (Figure 3). The 

lesions were bilaterally symmetrical and located directly below the 



Figure 3. Photomicrographs of hematoxylln-and-eosln stained sections 
through the thalamus and third ventricle of (a) a mouse 
that had been injected with urease, and (b) a mouse that 
had been injected with saline. 
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third ventricle in the nucleus paraventricularis of the thalamus 

(Figure 4). According to the consulting pathologist, the lesions were 

of a reversible type characterized by loss of neuropil, neuron 

degeneration, neurophogia, and glial cell accumulation. 

The results of these studies suggest the possibility of an 

appetite regulatory mechanism having receptors located in the nucleus 

paraventricularis which are sensitive to ammonia, the toxic end product 

of amino acid catabolism. 

Summary 

Five experiments were carried out to indirectly examine the role 

of ammonia in the heretofore undefined regulatory mechanism(s) 

responsible for the appetite depression observed in response to dietary 

amino acid imbalances or very high protein levels. 

In the first experiment, the effect of oxytetracycline was 

studied in chicks of two ages fed a methionine deficient diet, a non

protein nitrogen supplemented diet, or a high protein diet. Experimental 

results did not indicate that growth or appetite was influenced by the 

antibiotic supplementation of any dietary treatment. 

The effect of urease immunization on growth and appetite 

response of chicks to a dietary amino acid deficiency, an amino acid 

excess, or a high level of protein were studied in a second experiment. 

In order to produce antienzyme activity, chicks were given small 

urease injections at regular intervals for four weeks before being fed 

the experimental diets. Since the induction of antienzyme activity 

did not greatly alter the response of chickens to the experimental 
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TPA 

HVM HL 

Figure 4. Cross section diagram of the brain showing area of the 
lesion (TPA, nucleus paraventricularis; TV, ventriculus 
tertius; HVM, nucleus ventromedialis; HL, nucleus lateralis) 
according to A Stereotaxic Atlas of the Rat Brain by 
N. M. Sherwood and P. S. Timiras, University of California 
Press, Berkeley, 1970. 
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diets, it was concluded that the appetite depression associated with 

the feeding of amino acid imbalanced or high protein diets was not 

related to the recycling of ammonia nitrogen resulting from intestinal 

urease activity. 

In a third experiment, induction of anti-urease activity in 

mice by means of systematic urease injections appeared to improve 

body weight and appetite response to 6% or 10% balanced protein diets. 

No influence of urease treatment was seen in animals receiving diets 

containing 5% excess DL-leucine or 68% protein. 

In a fourth experiment, the effect of an urease inhibitor, 

acetohydroxamic acid, on response to amino acid imbalanced and high 

protein diets was studied in adult and growing mice. In adult mice, 

AHA improved body weight and appetite response to a 10% protein balanced 

diet, a 10% protein diet containing a 5% DL-leucine excess, and a 

68% protein diet. Results in growing males were generally either too 

slight or inconsistent for conclusive evaluation of the compound. 

In a fifth experiment, immediate appetite depression resulted 

in mice from single subcutaneous urease injections (0.033 unit/gm of 

body weight). Brain lesions were found in thalamic nuclei paraventri-

cularis of these animals. Both appetite depression and brain lesions 

were prevented by small dietary arginine supplements. The hypophagia 

resulting from urease injections ceased within 24 hours of treatment 

termination. These studies suggested a role of ammonia as a signal 

in an appetite regulatory mechanism related to dietary nitrogen and 

the nucleus paraventricularis as a receptor site in such a mechanism. 
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CHAPTER III 

THE EFFECT OF MONOSODIUM GLUTAMATE ON CHICKENS 

Monosodium glutamate (MSG), a compound widely used as a human 

food additive, and recently associated with the "Chinese restaurant 

syndrome" in adult humans, has been reported to induce brain lesions in 

neonatal mice and albino rats by Olney (24) at dose levels varying 

from 0.5 mg/gm to 4 mg/gm of body weight. Higher doses (5-7 mg/gm) 

were required to produce brain lesions in adult mice. Olney and 

Sharpe (25) found similar lesions in one premature infant monkey 

injected 8 hours after birth with 2.7 mg/gm. The long range effects 

of MSG treatment were increased rate of weight gain with eventual 

obesity, skeletal stunting, and sterility of the female. Males were 

slightly but consistently hypophagic compared to controls. Feed intake 

data of females was not presented. 

Lesions were found in the preoptic and arcuate nuclei of the 

hypothalamus and in several extrahypothalamic areas including the 

subfornical organs, dentate, gyrus, and hippocampus. GTG lesions with 

subsequent obesity have been described in these identical areas of 

the mouse brain in a review by Liebelt and Perry (26). 

Since, to our knowledge, no studies on the effect of MSG in 

chickens have been reported, and because of similarities in location 

and nature of MSG and GTG induced lesions and obesity resulting from 
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treatment with both compounds, it was believed that investigation of 

MSG treatment of chickens, both newly hatched and adult, might yield 

data basic to the understanding of appetite regulation in this species 

and having possible practical application with respect to growth 

stimulation and improved feed efficiency. 

Procedure 

Experiment 1: The Effect of Monosodium 
Glutamate on Laying Hens 

A group of eleven-month-old, inbred SC White Leghorn hens were 

injected in the breast muscle with monosodium glutamate (MSG) dissolved 

in 1.03% NaCl solution (0.5 gm MSG/ml of saline). Over a two day 

period, hens received total doses ranging from 5.0 mg to 3.7 mg per 

gram of body weight. Control hens received no treatment. All birds 

were housed in individual cages at a room temperature of 26 ± 2°C. 

Standard laying mash and water were supplied ad libitum. 

Birds were weighed on the first day of treatment and at 

intervals thereafter. On day 81 post-treatment the experiment was 

terminated. Egg production was recorded for the first four weeks 

and feed intake measured at several intervals during that period. 

Experiment 2: The Effect of MSG on Growth 
of Broiler Chicks 

To determine the long range effects of MSG, 80 day-old broiler 

chicks were weighed, wingbanded, and placed in groups of eight birds 

per pen according to body weight i 1 gm. These were housed as in 

Experiment 1, Chapter 2, with the standard University of Arizona 



broiler diet and water supplied ad libitum. Treatment consisted of 

daily, 0.25 ml, intramuscular (leg) injections of an MSG solution 

containing 300 mg/ml. Treated birds received either 15, 10, or 5 con

secutive injections beginning on day 2. Controls were untreated. 

Birds were weighed at irregular intervals and at 15 weeks when 

the experiment was terminated. At four weeks, several controls and 

one pen of males, which had received 15 injections, were sacrificed by 

decapitation. Brains were removed, fixed in 10% buffered formalin, 

paraffin embedded, sectioned, and stained with hematoxylin and eosin 

for light microscopy. At the termination of the experiment, brains 

from a number of very obese, treated birds and controls were similarly 

removed and processed for histological study. 

Results and Discussion 

Experiment 1 — In hens, MSG treatment resulted in consistent 

body weight gain (Figure 5). Average starting weight of treated birds 

was slightly less than controls, but, in 81 days, treated birds gained 

an average of 361 gm compared to 57 gm for the controls. Feed 

consumption (Table 14) and body weight changes of both groups were 

similar until day 20. At this time MSG treated birds surpassed the 

controls in weight and continued to gain at a constant rate for the 

remainder of the experiment. On day 25, average feed intake of treated 

birds was 26 gm less than that of controls (tabulated values being 

averages over a five day period ending on day 25). Data relating 

MSG treatment and egg production were inconsistent and are not reported. 
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Figure 5. Average body weight in grams for monosodium glutamate 
injected and control hens for 81 days post-treatment. 
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Table 14. Average daily feed intake of MSG treated and control hens. 

Day Post Treatment 
Control 
gm/bird 

MSG 
gm/bird 

6 113 129 

8 111 124 

10 121 119 

13 97 99 

25 127 100 

Average 114 114 

The above results in hens were similar to those reported in 

mice by Olney (24), who found that one to nine day old treated mice 

gained more weight while consuming slightly less food than the 

untreated controls. He also reported that MSG treated mice continued 

to gain weight beyond the age of five months and that reproductive 

capacity of females was adversely affected. 

Experiment 2 — MSG treated birds and controls grew at similar 

rates until five weeks (Table 15) when average body weights at all three 

levels of MSG treatment were significantly higher than those of the 

control birds. This trend continued until termination of the experi

ment. At 10 weeks, treated birds were approximately 200 gm heavier 

than controls and at 15 weeks maximum body weight, an average of 475 gm 

more than the controls, was observed in the group which received 750 mg 

of MSG. 
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Table 15. The effect of MSG on growth rate of male broiler chicks. 

Treatment 
Total 
MSG 
mg 

Average Body Weight,̂ " gm 
Treatment 

Total 
MSG 
mg 2 days 3 weeks 5 weeks 10 weeks 15 weeks 

Control 0 59.3 533a 1028a 2256a 2954a 

15 injections 1125 59.7 526a 1085b 2411b 322 3b 

10 injections 750 59.7 514a 110 8b 245 7b 3429b 

5 injections 375 59.3 539a 1138b 2400b 3391b 

1. Values are averages of eight birds. Those having different 
superscripts are statistically different at the 0.05 level of probability. 

Histological examination of brains removed at four weeks (two 

weeks post treatment) revealed no acute lesions. It was suggested by 

the examining pathologist that the type of lesion described in the 

literature, always demonstrated in a matter of hours after MSG treat

ment, is reversible and that the time lapse in this experiment between 

treatment and sacrifice could have been sufficient for loss of observable 

evidence. The fact that metabolic effects persisted up to 15 weeks 

suggested the explanation that reversible hypothalamic lesioning 

resulted in some permanent change in one or more of the endocrine glands 

affecting the intermediary metabolism of ingested nutrients. 

Summary 

Two experiments were carried out to evaluate the effects of 

monosodium glutamate in chickens. In the first, mature SC White Leghorn 

hens were injected with MSG and feed consumption and body weight 

changes followed for a period of 81 days. Throughout this period, 



treated birds gained weight at a constant rate without a corresponding 

increase in feed consumption. Controls maintained relatively constant 

body weights during the experiment. 

In the second experiment, newly hatched broiler chicks were 

injected with MSG and growth was followed for 15 weeks. MSG treatment 

resulted in growth stimulation, first observable at five weeks of age. 

No evidence of brain lesions was found in chicks sacrificed two weeks 

after treatment. 



CHAPTER IV 

EFFECT OF GOLD THIOGLUCOSE IN THE DOMESTIC FOWL 

Single intraperitoneal or subcutaneous injections of gold 

thioglucose (GTG) have been reported to produce lesions in the 

ventromedial region of the hypothalamus in several strains of mice (27) 

and rats (28) which lead to hyperphagia and obesity. Similar GTG 

injections in Japanese Quail (29) failed to produce hypothalamic 

damage, hyperphagia, or obesity. Electrolytic lesions placed in the 

hypothalami of SC White Leghorn adult male chickens resulted in a 

moderate degree of hyperphagia and obesity accompanied, in some cases, 

by functional castration (30). In the White-Throated Sparrow, similar 

electrolytic lesions caused immediate weight gains, primarily as body 

fat, comparable in size to those observed in unlesioned controls 

caused by normal photoperiod stimulation prior to vernal migration (31). 

Aphagia in the chicken has been reported to result from electrolytic 

lesioning of the lateral hypothalamus (32). 

The above data suggest the presence of hypothalamic "satiety" 

and "feeding" centers in chickens similar to those studied extensively 

in mammals (33). Since, to our knowledge, no investigations on the 

effect of GTG on appetite regulation in chickens have been reported, 

two experiments were carried out to study the effect of this compound 

in chickens at various ages. 

50 



51 

Procedure 

Experiment 1: The Effect of Gold 
Thioglucose on Broiler Chickens 

A. Twenty-four, week-old broiler chicks of both sexes received 

single intravenous injections of GTG in physiologic saline solution. 

Birds were housed and fed as in MSG Experiment 2 in pens containing 

three males and three females each. One pen served as untreated 

controls. 

The GTG solution was prepared by extracting Solganal* with 

ether, ethanol, and water. The resulting aqueous solution contained 

50 mg GTG/ml. Birds received injections varying from 0.02 mg to 

0.4 mg per gram of body weight. 

At four weeks, birds were transferred to a growing battery and 

at eight weeks to an outside cage house open to ambient temperature 

where they remained until termination of the experiment at nineteen 

weeks. Feed consumption was measured during weeks 3-6 and during 

week 9. Body weights were recorded weekly for nine weeks post-treatment 

and at the end of the experiment. At this time several of the heaviest 

treated birds and controls were sacrificed and brains were removed and 

processed as described previously. 

B. Thirteen, week-old male broiler chicks were fasted for 24 hours 

before receiving single intravenous injections of GTG in physiologic 

saline solution. Seven birds received doses of 0.25 mg/gm of body 

weight and six received 0.38 mg/gm of body weight. Six birds served 

* Brand of aurothioglucose injection, Schering Corporation, 
Bloomfield, N.J. 



as untreated controls. All birds were housed and fed as in the previous 

experiment. Birds were weighed on the day of treatment and at irregular 

intervals until termination of the experiment at 19 weeks. Feed intake 

was measured during weeks 3, 4, 5, 6, and 9. 

C. Seventy-two day-old broiler chicks (48 males and 24 females) 

were placed in groups of eight birds each, according to sex and body 

weight. Each group was housed in a pen of an electrically heated 

brooder battery and cared for as birds of the preceeding experiment. 

Gold thioglucose suspended in sesame oil was injected into the leg 

muscles of treated birds at either one, two, or four days of age with 

dose levels varying from 0.17 mg/gm to 0.50 mg/gm of body weight as 

outlined in Table 12. Controls consisted of one pen of untreated 

females and two pens of untreated males. Birds were weighed on the 

day of treatment and at irregular intervals until the experiment was 

discontinued at 15 weeks. 

Experiment 2: The Effect of Gold 
Thioglucose on Hens 

Eleven ten-month-old inbred SC White Leghorn hens were given 

wing vein injections of GTG in physiologic saline. Doses varied from 

0.01 mg/gm to 0.90 mg/gm of body weight. One month later, five hens 

were fasted for 48 hours and then injected in the breast muscle with 

GTG suspended in sesame oil. Doses ranged from 1.0 mg/gm to 1.5 mg/gm 

of body weight. Five untreated birds served as controls. One of 

these was fasted for the same period as the treated birds. All birds 

were housed in individual cages at a constant room temperature 
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of 26 ± 2°C with laying mash and water supplied ad libitum. Egg 

production and feed intake were recorded for approximately two months 

following treatment. Birds were weighed at irregular intervals until 

the experiment was discontinued at 14 months of age. 

Results and Discussion 

Experiment 1 — Three studies were carried out to determine 

the effect of gold thioglucose in broiler chickens. 

A. No immediate mortality resulted from GTG injections, no 

differences were seen in feed consumption, no birds became obese, and 

at no time did the body weight of any treated bird surpass that of the 

heaviest control by more than 5%. A high rate of mortality began in 

experimental birds at nine weeks which was coincident with the onset 

of a six week period of ambient temperatures in excess of 100°F. A 

maximum cage house temperature of 108°F was recorded during that 

period. No evidence of hypothalamic destruction was found in treated 

birds. 

It was concluded from the above results that either the GTG 

doses were not large enough to produce obesity or that this species 

is not sensitive to the compound. However, the higher mortality of 

treated birds during heat stress suggested that GTG doses may have 

impaired the anatomically closely related function of body temperature 

regulation as has been reported in obese rats (34) and a hypothalamic, 

hyperphagic, obese monkey (35). 



B. Three GTG treated chicks died during the first 48 hours after 

injection and another died after week 5. There was no further 

mortality until a period of extremely high ambient temperatures from 

weeks 14-19, when daytime temperatures reached a maximum of 112°F 

and one nighttime low of 90°F was recorded. There was one survivor of 

the group given 0.38 mg of GTG/gm of body weight, four survivors of 

the 0.25 mg/gm group, and five control survivors. 

Growth and feed consumption data are shown in Table 16. By 

week 5, groups two and three weighed 10% and 6%, respectively, more 

than the control, group one. At this time, daily feed intake of groups 

two and three was 8 gm and 6 gm, respectively, more than the controls. 

By week 14, groups two and three weighed 376 gm and 293 gm, respectively, 

more than group one. It was concluded from these data that GTG 

injections resulted in moderate increases in growth rate and feed 

consumption. 

C. Mortality of treated male chicks was approximately twice that 

of females for a given dose of GTG (Table 17). Possibly age at 

injection and sex may have been factors in the resulting degree of 

toxicity, since all the females were injected at one day while males 

were injected at two or four days of age. 

Sex differences were seen in growth response to GTG (Table 18). 

Growth of treated females was slightly depressed until 15 weeks when 

body weights of groups two and three slightly exceeded the control 

average, group one. The major effect of GTG in females was impaired 

adaptation to heat stress as evidenced by the number of survivors in 



Table 16. Effect of gold thloglucose on body weight and feed intake of male broiler chickenŝ " to 
fourteen weeks of age. 

Group Treatment 

Average Body Weight 
gm 

Average Feed Intake 
gm/ day/bird 

Group Treatment 
1 wk 3 wk 4 wk 5 wk 7 wk 8 wk 14 wk 2 wk 3 wk 4 wk 5 wk 6 wk 9 wk 

1 Control 89 432 669 969 1586 1842 3193 33 39 63 70 72 97 

2 0.25 mg GTG/gm 101 463 728 1065 1771 2069 3569 29 46 66 78 88 108 

3 0.38 mg GTG/gm 93 379 697 1032 1670 1943 3486 21 38 54 76 82 103 

1. Intravenous injections given at one week of age. 

Ui 
Ul 
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Table 17. The effect of different sc doses of gold thioglucose on 
mortality of broiler chicks. 

Sex 

Number 
of 

Birds 

Age at 
Treatment 

days 
GTG Dose 
mg/gm Mortality^" 

Female 8 1 0.25 12.5 

Female 8 1 0.50 37.5 

Male 8 2 0.25 37.5 

Male 8 2 0.40 82.5 

Male 16 2 0.50 62.5 

Male 16 4 0.17 37.5 

1. Recorded during the first 48 hours post-treatment. 

Table 18. Effect of gold thioglucose on body weight of broiler 
chickens at different ages. 

Group Sex 
Dose, mg/gm 

Average Body Weight, gm Number 
of 

Survivors 
Group Sex 

of Body Weight 
3 wk 5 wk 10 wk 15 wk 

Number 
of 

Survivors 

1 Female Untreated 
control 

465 935 1903 2580 5 

2 Female 0.25 454 897 1721 2640 2 

3 Female 0.50 405 846 1788 2600 3 

4 Male Untreated 
control 

564 1112 2360 2950 8 

5 Male 0.17 522 1063 2377 3360 6 

6 Male 0.25 534 1025 2078 - 0 

7 Male 0.50 468 1010 2241 3040 1 
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groups two and three compared to controls following the period of high 

ambient temperatures recorded during weeks 10-15. 

Growth of males was depressed until ten weeks when the average 

body weight of group five equalled that of group four. Mortality 

during the next five weeks was high in all groups due to heat stress. 

However, group four was the least affected, and among the treated birds 

group five which received the lowest dose of GTG, had the most 

survivors. At the end of the experiment, group five weighed an average 

of 410 gm or 14% more than the control, group four. 

It was concluded that 1) males were more sensitive to the 

toxicity of GTG, 2) body temperature regulation was impaired in both 

sexes, and 3) growth was stimulated in males only and observable at 

15 weeks. 

Experiment 2 — The effect of gold thioglucose injections on 

mature SC White Leghorn hens was investigated. 

No mortality resulted from iv GTG injections at levels of 

0.01 mg/gm to 0.90 mg/gm of body weight. Fasting followed by injec

tions of 1 mg/gm or greater caused three deaths of the five hens 

injected intramuscularly. The effect of GTG on body weight was not 

interpretable due to the great variation observed in controls and 

test birds (Table 19). Hen 7 was the only treated bird that gained 

more than the control maximum of 258 gm. However, it did not seem 

likely that the relatively low dose (0.05 mg/gm) this hen received 

could have caused the observed 442 gm gain. Hens 20 and 21 stopped 

laying immediately after treatment. The 48 hour fast was most likely 
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Table 19. The effect of gold thioglucose on weight gain, egg produc
tion, and feed intake of hens. 

1 2 3 
Hen GTG, mg/gm Weight Gain Egg Production Feed Intake 

of Body Weight gm % gm/day 

GTG in saline iv 

1 0.01 201 70 100 
2 0.02 -103 64 100 
11 0.03 -149 75 95 
3 0.04 - 43 70 94 
4 0.04 24 82 93 
5 0.04 - 97 82 97 
6 0.04 92 82 104 
8 0.04 - 30 24 79 
7 0.05 442 58 124 
13 0.80 201 72 106 
12 0.90 95 68 101 

GTG in sesame oil im 

19 1.014 — 

20 1.00 -130 315 76 
21 1.15, 160 315 87 
22 1.504 - - -

23 1.104 — — 

Controls 

9 -257 76 121 
10 1 78 141 
14 59 0 81 
15 258 69 85 
24 67 50 86 

1. Measured from initial treatment to 14 months. 

2. Measured from treatment to 12 months. 

3. Average during 12th month. 

4. Birds 19, 22, and 23 survived one, three, and 21 days, 
respectively. 

5. Out of production for two weeks post-treatment. 



a factor. Both resumed laying after about two weeks and continued at 

rates of 60% and 70%, respectively, for the last ten days of the 

period recorded. Control hen 24, fasted similarly to the treated birds, 

stopped laying for nine days and resumed at a rate of 85% for the 

remainder of the period. Feed intake did not appear to be influenced 

by GTG at any treatment level. 

It was concluded from the above data that 1) pretreatment 

fasting enhanced GTG toxicity, 2) the for hens under these 

conditions was 1.0 mg/gm, and 3) the dose caused impairment of egg 

production. 

Summary 

In studies to determine the effect of GTG on chickens, the 

LD̂ g for broiler chicks during the first week of life was found to be 

approximately 0.5 mg/gm of body weight. Survivors exhibited some 

impairment of ability to regulate body temperature as evidenced by 

the high environmental temperatures. Per cent mortality directly 

proportional to dose level. Moderate growth and appetite stimulation 

were observed in treated birds at 15 weeks, but conclusive evaluation of 

the compound was not possible due to mortality occurring during the 

experimental period. 

GTG treatment of mature SC White Leghorn hens did not appear 

to influence body weight or feed intake. The was found to be 

1.0 mg/gm of body weight, a level which caused a marked decrease in 

egg production. 



CHAPTER V 

THE EFFECT OF GOLD CYSTEINE ON APPETITE REGULATORY 

MECHANISMS SENSITIVE TO DIETARY 

AMINO ACID BALANCE 

Appetite depression resulting from dietary amino acid 

imbalances, amino acid excesses, and high levels of protein has been 

demonstrated in all species studied. However, the mechanisms involved 

remain obscure. Leung, Rogers, and Harper (36) have demonstrated 

that the plasma amino acid pattern becomes abnormal within one to 

three hours after ingestion of a meal containing an amino acid 

imbalance. The same workers (37) have reported food intake depression 

occurring three to six hours after an animal begins to ingest a diet 

with an amino acid imbalance. The close association between plasma 

amino acid changes and food intake of animals fed amino acid 

imbalanced diets have led to the suggestion by Frazier et al. (38) and 

Almquist (39) that the signal for food intake depression might arise 

from an accumulation in the blood of amino acids that cannot be used 

for protein synthesis. Such accumulations occur after ingestion of 

amino acid imbalances, amino acid excesses, and high protein diets. 

In animals fed amino acid deficient or imbalanced diets a more 

specific signal would be the low plasma concentration of the limiting 

amino acid as reported by Halstead and Gallagiher (40). 
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Studies by Leung and Rogers (41) have implicated the central 

nervous system as site of receptors sensitive to low plasma amino acid 

concentrations. These investigators reported that food intake of rats 

fed an imbalanced diet was stimulated by infusing very small amounts 

of the limiting amino acid into the carotid artery whereas infusing 

the same amount into the jugular vein did not have this effect. Leung 

and Rogers (42) and Scharrer, Baile, and Mayer (43) have demonstrated 

in rats that the neurological mechanisms involved in reduction of food 

intake as influenced by an amino acid imbalanced or high protein diet 

are still intact after ventromedial hypothalamic (VMH) lesions. A 

possible amino acid receptor site was suggested by an autoradiogram 

study by Garweg and Kortmann (44) which showed that the hypothalamus 

35 
of the normal mouse selectively incorporates radioactive cysteine- S 

into the neurons of the nucleus supraopticus and paraventricularis. 

Further evidence of specific amino acid involvement in the hypothalamus 

was reported by Olney and Ho (45) who found that infant mice orally 

treated with glutamate, aspartate, and cysteine developed retinal and 

hypothalamic neuron destruction seemingly identical with that found 

after MSG treatment leading to obesity and neuroendocrine disturbances 

as adults. 

Assuming the existence of a central mechanism regulating food 

intake based on a metering of plasma amino acids similar in nature 

to the glucostatic mechanism involving metering of blood glucose by 

the ventromedial hypothalamus, an appropriate line of investigation 

appeared to be an attempt at neuronal impairment of the receptors by 
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the use of a gold labeled amino acid analogous to VMH lesioning by 

gold thioglucose. Gold cysteine was synthesized according to the method 

of Trenner and Bacher (46) and used in a series of experiments with 

mice and chickens to study the proposed mechanism. 

Procedure 

Experiment 1: Appetite Response in Gold Cysteine 
Treated Mice and Chicks to Dietary Amino Acid Excesses 

A. Sixteen weanling mice (9 males and 7 females) received single 

sc injections of gold cysteine (G-Cys) suspended in sesame oil. The 

dose level was 0.5 mg/gm of body weight. Controls (6 males and 

6 females) were untreated. Animals were weighed before injections, 

and at times coinciding with feed intake records for experimental 

diets. Mice were individually housed as in previous experiments with 

water and diets supplied ad libitum. 

Three semipurified casein diets containing excesses of lysine, 

DL-leucine, or methionine were formulated as shown in Table 20 and 

fed along with balanced control diets of corresponding protein levels 

to G-Cys treated and control animals as outlined in Table 21. Animals 

were fed the mouse stock diet, containing 22.5% protein, during the 

intervals between semipurified test diets. The experiment was 

terminated at ten weeks when body weights were recorded and brains 

were removed from two G-Cys females having somewhat excessive body 

weights (25% greater than the control average) for histological 

examination. 



Table 20. Composition of casein diets imbalanced by excess lysine, leucine, or methionine. 

Lysine Leucine Methionine 
Ingredients Control 

% 
Imbal. 

% 
Control 

% 
Imbal. 

% 
Control 

% 
Imbal. 
% 

Casein 10.0 10.0 9.8 9.8 6.0 6.0 
Glucose Monohydrate 78.6 77.0 65.3 60.3 79.3 74.8 
Cellulose - - 3.0 3.0 - -

Corn Oil 1.0 1.0 5.0 5.0 5.0 5.0 
Purified vitamin mix^- 4.0 4.0 4.0 4.0 4.0 4.0 
Purified mineral mix^ 2.0 2.0 - - 2.0 2.0 
Trace mineral mix^ - - 0.2 0.2 - -

Choline Chloride - - 0.2 0.2 0.2 0.2 
Salt - - 0.2 0.2 - -

Dicalcium Phosphate 3.5 3.5 - - 3.0 3.0 
Sodium Phosphate—monobasic - - 0.7 0.7 - -

Calcium Carbonate - - 1.8 1.8 - -

Cr203 0.2 0.2 0.2 0.2 - -

Bentonite - - 9.6 9.6 - -

Glycine 0.3 0.3 - - - -

L-Arginine 0.4 - - - - -

L-Lysine - 2.0 - - - -

DL-Leucine - - - 5.0 - -

DL-Me thionine • 5.0 

1. Supplied the following per Kg of diet: 10,000 IU vitamin A, 960 ICU vitamin D3, 8.8 IU 
Vitamin E, 8.8 mg thiamin HC1, 12 mg riboflavin, 15.2 mg d-calcium pantothenate, 4.0 mg pyridoxine 
HC1, 20 mg p-amino benzoic acid, 1000 mg inositol, 88 mg niacin, 2206 mg choline chloride, 30 meg 
vitamin Bi2> 0»2 mg biotin, 2.0 mg folic acid, 6.6 mg menadione and 50 mg ethoxyquin (as a preserva
tive) . 

2. Supplied the following per Kg of diet: 1969 mg Na, 5641 mg CI, 5000 mg NaCl, 104 mg Mil, 
289 mg Fe, 41 mg Cu, 77 mg Zn, 3114 mg K, 1.2 mg Co, 562 mg Mg, 3.2 mg Mo, 3.1 mg I, and 2907 mg SO4 

3. Supplied the following per Kg of diet: 20 mg Fe, 60 mg Zn, 1 mg Mb, 60 mg Ma, 168 mg Ca 
4 mg Cu, 1.5 mg I, and 1.5 mg Co. 



Table 21. Effect of G-Cys on average body weight change and feed consumption of mice fed amino acid 
excess diets (Experiment 1A). 

Diet Treatment 

Days 
on 
Diet 

Time 
Post-

treatment 

Males •Females 

Diet Treatment 

Days 
on 
Diet 

Time 
Post-

treatment 
No. 

Animals 
ABW1 

gm 

Average 
Feed 
Intake 
gm/day 

No. 
Animals 

ABW 
gm 

Average 
Feed 
Intake 
gm/day 

Stock diet Control 3 week 3 6 5.6 3.9 6 3.9 2.6 
G-Cys 3 9 5.1 4.7 3.7 

10% Casein- Control 7 week 4 3 -0.5 5.9 3 0.4 4.7 
balanced G-Cys 7 4 -0.8 4.5 3 0.2 5.9 

10% Casein Control 7 week 4 3 -1.6 5.7 3 0.5 4.8 
+ 2% lysine G-Cys 7 5 -0.1 5.6 4 -0.2 5.3 

10% Casein- Control 4 week 5 3 2.8 5.6 3 3.3 5.3 
balanced G-Cys 4 4 3.6 5.8 3 3.1 6.1 

10% Casein Control 4 week 5 3 1.8 5.2 3 0.2 3.8 
+ 5% DL-leucine G-Cys 4 5 0.4 4.8 4 0.9 4.3 

6% Casein- Control 6 week 6 3 -0.6 4.1 3 -1.3 3.7 
balanced G-Cys 6 4 0 3.2 3 0.3 4.2 

6% Casein Control 6 week 6 3 -7.2 2.5 3 -6.2 1.6 
+ 5% DL-meth G-Cys 6 5 -7.8 2.7 4 -7.1 1.5 

1. ABW's are from treatment day through week 3. 



Table 21—Continued 

Diet 

Days Time 
on Pos t-

Treatment Diet treatment 

Males Females 

Diet 

Days Time 
on Pos t-

Treatment Diet treatment 
No. 

Animals 
ABW1 

gm 

Average 
Feed 
Intake 
gm/day 

No. 
Animals 

ABW 
gm 

Average 
Feed 
Intake 
gm/day 

Stock diet for one week, then groups swi .tched 

6% Casein- Control 2 week 8 3 0.2 4.2 3 -0.4 3.2 
balanced G-Cys 2 5 -0.4 4.1 4 -0.5 4.0 

6% Casein Control 2 week 8 3 -3.1 2.0 3 -2.4 1.2 
+5% DL-meth G-Cys 2 4 -3.0 2.0 3 -2.7 1.5 

Overall Control week 10 6 10.6 6 8.5 
diets G-Cys 9 10.3 7 8.8 

in 
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B. Forty-eight weanling mice (26 males and 22 females) were given 

single sc G-Cys injections (0.6 mg/gm of body weight). Controls 

(12 males and 12 females) were untreated. The same general procedure 

as described in part A was followed. The leucine and methionine excess 

diets were tested and this part of the experiment was terminated 

16 weeks after treatment. 

C. Sixteen, fourteen-day-old broiler chicks of both sexes received 

single intramuscular (leg) injections of G-Cys suspended in sesame oil. 

Doses varied from 0.1 to 0.4 mg/gm of body weight. Four birds served as 

untreated controls. Birds were housed as in the preceeding chick 

experiments. Five weeks after treatment, survivors were weighed and 

placed in two groups, each group being housed in one pen of a growing 

battery. Control birds were housed in a third pen. 

Each of the semipurified casein diets containing an amino acid 

excess and the corresponding balanced diets used in part A was fed for 

two days to one pen of treated birds. Untreated controls received 

only the balanced diets. All birds were fed the stock diet for 

five-day intervals between experimental diets and until three months 

post-treatment when surviving birds were weighed and the experiment 

was terminated. Feed consumption of experimental diets was recorded. 

Experiment 2: Body Weight and Appetite Response 
of Gold Cysteine Treated Mice to Dietary Amino 
Acid Imbalances 

One hundred forty-seven suckling mice, three to nine days old, 

of both sexes were injected sc with G-Cys suspended in sesame oil. 
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Each received a dose of 0.6 mg/gm of body weight. Survivors were 

individually housed after weaning and maintained as in the previous 

mouse experiments. 

Fifty weanling males received the same dose of G-Cys as given 

above and were similarly maintained. Twelve controls were untreated. 

Feed intake of a stock diet was recorded for six weeks. At this time, 

a total of 12 animals were chosen from both groups on a basis of body 

weights in excess of the heaviest control. 

Body weights of the G-Cys treated animals were reduced to 

approximately those of controls by limiting feed intake for three days. 

The semipurified, 10% (ADM) protein, methionine-deficient and balanced 

diets used in Chapter II were each fed to six controls and six treated 

animals for seven days. Animals were weighed immediately before being 

fed the diets and at the end of seven days. Feed intake was recorded. 

Animals were fed a stock diet for five days with treated 

animals given a limited amount during the last three days to adjust 

body weights to those of controls, as before. The 6% (ADM) protein, 

methionine-deficient diet containing a 0.2% supplement of the second 

limiting amino acid, tryptophan and the balanced control diet used in 

Chapter II were each fed to six control and six treated mice for 

seven days. Feed intake and body weights were recorded and the 

experiment was terminated at the end of this period. 
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Results and Discussion 

Experiment 1 — Three studies were carried out to investigate 

the response of gold cysteine treated mice and chicks to dietary amino 

acid excesses. 

A. No mortality resulted from the G-Cys injections. Feed intake 

data (Table 21) showed no pronounced effect of G-Cys on appetite of 

mice fed either amino acid excess or balanced diets. Treated females 

tended to consume more than their respective controls on all diets 

except the one having a 5% DL-methionine excess. As was expected, 

body weight changes reflected feed intake and toxicity of the specific 

amino acids. Average body weight changes over the entire experiment 

were 10.6 gm and 10.3 gm for control and G-Cys males, respectively; 

8.5 gm and 8.8 gm for control and G-Cys females. No hypothalamic damage 

was found in brains of treated females. 

The negative evidence above, concerning G-Cys impairment of the 

appetite regulatory mechanism responsive to dietary amino excesses did 

not preclude impairment of other possible mechanisms sensitive to 

amino acid deficiencies or more moderate types of imbalance. 

B. Gold cysteine injections in mice at the level of 0.6 mg/gm of 

body weight resulted in 16.7% mortality. No consistent influence of 

the compound on feed intake or body weight was observed in either sex 

fed any diet (Table 22). Excess leucine or methionine depressed 

appetite of both controls and treated animals and consequently caused 

loss of body weight. Over the entire experimental period, control and 



Table 22. Effect of G-Cys on average body weight change, and feed consumption of mice fed amino 
acid excess diets (Experiment IB). 

Males Females 

Average Average 
Days Time No. Feed No. * Feed 
on Post- Animals ABW Intake Animals ABW Intake 

Diet Treatment Diet treatment (survivors) gm gm/day (survivors) gm gm/day 

10% Casein- Control 4 week 1 6 -0.1 3.6 6 0.2 2.9 
balanced G-Cys 7 -1.1 2.9 T -0.1 2.8 

10% Casein Control 6 -1.3 2.2 6 -2.7 2.2 
+ 5% DL-leucine G-Cys 8 -2.9 2.4 8 -2.6 1.7 

6% Casein- Control 6 week 3 6 -2.0 3.0 6 -1.4 3.2 
balanced G-Cys 7 -1.7 4.1 7 -1.9 3.0 

6% Casein Control 5 -6.5 1.3 4 -5.4 1.3 
+ 5% DL-meth G-Cys 6 -6.1 1.4 7 -6.2 1.4 

6% Casein- Control 2 week 4^" 5 0.1 3.2 4 -0.8 3.9 
balanced G-Cys 7 -0.7 2.9 6 -0.5 3.8 

6% Casein Control 6 -3.6 2.0 6 -3.5 2.0 
+5% DL-meth G-Cys 6 -3.4 1.6 6 -2.7 2.0 

1. Switched imbalanced and balanced diets within treatments, i.e., control which formerly 
received balance diet received imbalanced diet, etc. 

O • 
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treated males gained 20.6 gm and 20.3 gm, respectively; the correspond

ing females gained 15.9 gm and 16.0 gm. 

C. Doses of G-Cys greater than .2 mg/gm resulted in 87.5% 

mortality within 24 hours in chicks. None occurred at the 0.2 mg/gm 

level or below. The three dietary amino acid excesses caused marked 

appetite depression in treated birds (Table 23). It was not possible 

to determine if G-Cys relieved this depression to any extent because 

controls were not fed the imbalanced diets. G-Cys treated birds 

consumed more of the three balanced diets than did controls. The 

influence of treatment was most evident on the 6% balanced casein diet 

and was not related to body size. Average body weights of controls and 

treated birds were 1523 gm and 1515 gm, respectively, immediately 

before receiving the diet; corresponding average feed intakes were 

38 gm/bird/day and 48 gm/bird/day. These data suggested that G-Cys 

treatment was responsible for some alleviation of appetite depression 

caused by a low protein diet but none in the case of dietary amino acid 

excesses. 

At the end of the experiment, average body weights of controls 

and treated birds were 2757 gm and 2997 gm, respectively. No conclu

sions could be reached from these data due to the small number of 

controls relative to treated birds and the disproportion of sexes 

surviving in each group. 
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Table 23. Effect of gold cysteine on feed intake of broiler chickens 
fed amino acid excess or balanced diets. 

Diet Treatment Average Feed Intake 
gm/day 

10% Casein-balanced Control 71 

G-Cys 72 

10% Casein + 2% L-lysine G-Cys AO 

10% Casein-balanced Control 60 

G-Cys 66 

10% Casein + 5% DL-leucine G-Cys 28 

6% Casein-balanced Control 38 

G-Cys 48 

6% Casein + 5% DL-methionine G-Cys 7 
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Experiment 2 — The influence of gold cysteine treatment on 

the appetite response of mice to diets containing amino acid imbalances 

was studied. 

Mortality of the G-Cys treated, suckling mice was 87% compared 

to 18% for those treated as weanlings. Perry (47) reported similarly 

with GTG that suckling mice three to fourteen days old frequently die 

when the GTG treatment is 1/10 to 1/4 the obesity-producing dose of 

mature animals. Average total feed consumption for treated weanlings 

and controls was 188 gm vs 192 gm for the six week period recorded. 

Average body weights were 31.1 gm and 30.0 gm for treated animals and 

controls, respectively. However, the weight range of treated mice was 

24.4 gm to 41.5 gm as compared to 24.7 gm to 32.9 gm for the controls. 

Treated animals gained an average of 5.4 gm on both the 

balanced and methionine deficient, 10% protein diets while controls 

essentially maintained starting body weight (Table 24). Appetite as 

reflected by feed intake/unit of metabolic body size (Q) was slightly 

depressed in treated animals by the deficient diet. This was not true 

for controls. 

A similar effect was observed on the 6% protein diets. The 

more severe dietary amino acid imbalance did not influence the appetite 

quotient of controls but depressed that of treated animals to 63.8 

compared to 76.8 of those receiving the balanced diet. Appetite 

quotients of treated animals on both the balanced and imbalanced diets 

were higjher than those of control animals fed the corresponding diets. 
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Table 24. The effect of gold cysteine on body weight change, feed 
Intake, and appetite quotient of adult mice fed amino acid 
iiribalanced diets for one week (Experiment 2). 

Diet Treatment 

Average 
Body Weight 
Change 
gm 

Average 
Feed 
Intake 
gm/day 

Q1  

Balanced (10% protein) Control o.ia  5.0 69.6 

G-Cys 5.4e  6.7 85.0 

Methionine deficient Control 0.1a b  6.1 74.5 
(10% protein) Ct 

G-Cys 5.4 5.7 71.0 

Balanced (6% protein) Control -1.3b  4.5 57.7 

G-Cys 5.0® 6.0 76.8 

2 
Imbalanced Control -3.3a  4.8 58.1 

(6% protein) A 
G-Cys 2.6 5.2 63.8 

0.75 
1. Q = average feed consumed gm/day/W kg 

2. Methionine deficient +0.2% DL-tryptophan. 
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Treated animals gained 5.0 gm and 2.6 gm on the balanced and imbalanced 

diets, respectively, while controls lost 1.3 gm and 3.3 gm on the same 

diet. 

Although, on three out of the four diets fed, G-Cys treated 

animals ate slightly more than the controls, the differences in feed 

intake alone were not large enough to account for the relatively large 

weight gains of treated animals. Unquestionably, more efficient 

metabolic use of nutrients occurred in G-Cys animals. However, without 

further evidence it was not possible to conclude whether the beneficial 

effects observed were due to a G-Cys influence on some related 

neuroendocrine function or related in some unexplained way to appetite 

stimulation following pretest feed limitation and consequent weight 

loss. 

Summary 

In the first experiment, gold cysteine treatment did not alter 

the appetite response of mice or chickens to dietary excesses of 

lysine, leucine, or methionine. However, in chickens, the compound 

stimulated consumption of a balanced 6% casein diet by 25%. 

In a second experiment, using treated mice selected on the 

basis of body weights as being "takes," gold cysteine significantly 

improved body weight response to imbalanced and low protein diets but 

0.75 
increased consumption/BW kg * only of the balanced low protein diets. 
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