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ABSTRACT 

Experiments were designed to determine the effects 

of a number of variables on food consumption, weight gain, 

and brain chemical concentrations. Of particular interest 

were the central nervous system inhibitor gamma-aminobutyric 

acid (GABA) and substrates and enzymes related to its 

metabolism. Variables tested included injection of 

exogenous GABA; feeding of compounds known to alter brain 

GABA concentration; the effects of purified amino acid 

diets, both balanced and imbalanced; and changes induced by 

the neurotoxin gold thioglucose (GTG). In addition, experi

ments were performed to determine the effects of forced 

feeding and the feeding of Vitamin B6 at varying levels in 

the diet. The majority of experiments were carried out with 

chickens, and mice were used in those involving GTG. 

Injections of young chicks with exogenous GABA were 

followed by suppression of food intake. This effect was 

quite transitory, and no observable long term alterations 

in health or behavior were noted. 

As expected, supplementing the diet of young chicks 

with amino-oxyacetic acid (AOAA) gave rise to elevations of 

brain GABA concentrations. Such a rise was accompanied by 

a decrease in food consumption and a smaller weight gain, 

although the biros did appear healthy. Thiosemicarbazide 

ix 
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(TC) was extremely toxic even when fed at levels as low as 

167 ppm of the diet. Changes in brain GABA concentration 

could not be brought about by direct feeding of GABA itself. 

Feeding of balanced and imbalanced purified amino 

acids at varying levels of nitrogen content over extended 

periods of time produced very consistent changes in feed 

intake and weight gain. Chicks ate more and gained more 

weight on balanced diets and when fed imbalanced diets, feed 

intake and weight gain decreased as the nitrogen content of 

the diet increased, A high initial inverse correlation of 

brain GABA concentration to feed intake was noted, which 

decreased over time. 

Brain GABA concentrations in GTG treated mice fed 

similar amino acid diets for extended periods of time did 

not correlate highly with feed consumption or weight gain. 

Although hyperphagic when fed a normal stock diet, GTG 

treated mice retained sensitivity to amino acid imbalance. 

Force feeding was followed by relatively rapid 

changes in GABA concentration. Infusion of feed was fol

lowed by a rise in GABA concentration. This rise was 

greater and more persistent in the case of animals fed amino 

acid imbalanced diets than in those fed balanced diets. 

Vitamin B6 supplementation experiments indicated a 

possible role for GABA and enzymes related to its metabolism 

in energy balance and the monitoring of energy stores by 

the brain. 
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It appears that there may Be separate mechanisms for 

the effects of long term fasting or feeding as compared to 

short term effects. GABA appears to be most directly in

volved in short term effects on food intake or following the 

ingestion of a meal, and a possible role for GABA in energy 

metabolism is postulated. 



INTRODUCTION 

To speak of appetite regulation in non-humans is a 

prime example of anthropomorphism. Appetite as we conceive 

of it, is a complex of emotional, psychological, and 

physical factors involving appearance, smell and taste, and 

social training, and is highly dependent on cultural back

ground. In other words, appetite, is a highly subjective 

concept. Thus, it is more appropriate to discuss the 

regulation of food consumption when referring to non-

humans. Great disparity, however, is to be found in the 

literature where both terms are to be found in wide use. 

At any rate, the subject has received much attention 

and a plethora of theories have evolved. Most of these will 

be briefly mentioned here with three in particular receiving 

closer attention. The theories which will be considered 

more closely are the glucostatic, aminostatic, and lipo-

static concepts of regulation of food intake. 

Early work in this field centered around peripheral 

or "gut" regulation, while more recent emphasis has been 

placed on control mechanisms in which the central nervous 

system plays a dominant role. 

Most theories involving gut control of food con

sumption [1,2] stress the idea that stretching and, contrac

tion of the alinentary tract regulates intake on a 
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meal-to-meal basis. [3,4]. Thermoregulation has been pro

posed to be a regulating mechanism by many workers. Hence 

the specific dynamic action of ingested food is believed to 

act as a signal to the animal to stop its food intake. Many 

proponents of this theory feel that a prime incentive in 

feeding is to keep the organism warm and that overeating is 

inhibited to prevent the occurrence of hyperthermia. 

Brobeck [5] proposed that an uncoupling of oxidative-

phosphorylation brought about an increase in heat production 

which led to cessation of food intake. 

In 19 47 Strominger [6] investigated the relation 

between food intake and water consumption in both normal and 

hypothalamic hyperphagic rats in the belief that osmoregula

tion might control eating. In 1957, Lepovsky et al. [7] 

studied the relation between gastric intestinal regulation 

of body water and its effect on food intake. During the 

next year, Harper and Spivey [8] published a report in which 

they proposed that dehydration of certain tissues after 

ingestion of a meal inhibited further food consumption. 

Other workers support the hypothesis that hormonal changes 

that accompany feeding play a major role in regulating 

feeding behavior. Two examples, in particular, of hormones 

which are affected by feeding or which may affect feeding 

behavior are glucagon and insulin. It has been demonstrated 

[9,10] that blood transfused from satiated animals can in

hibit food consumption in hungry animals. Recently, Bray 
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[11] reported extensive studies of the relationships between 

the endocrine system and feeding behavior. The effects of 

such procedures as hypophysectomy or removal of various 

endocrine glands in conjunction with hypothalamic lesioning 

or lack of lesioning in rats, as well as hormonal replace

ment therapy were discussed. Particularly noteworthy were 

the effects of insulin and the catecholamines, epinephrine 

and norepinephrine, on feeding behavior. Smith, Gibbs, and 

Young [12] have suggested that the gastrointestinal hormone, 

cholecystokinin, plays:a role in mediating satiety. 

As stated before, a great deal of relatively recent 

research has focused on cen-cral nervous system control of 

feeding behavior. Many workers feel that some humoral 

factor is being monitored. An area of the brain which has 

received particular attention is the hypothalamus. In 

addition, it is believed by many workers that these mech

anisms are involved in the maintenance of energy balance. 

The most popular of these mechanisms discussed in the past 

two decades have been the lipostatic, aminostatic, and 

glucostatic theories. 

Kennedy [13] and Mayer [14] have both suggested that 

long term energy balance may be regulated by monitoring of 

body adipose stores relative to body weight. Free fatty 

acid (FFA) level has been postulated as a factor which is 

monitored [15]. Much controversy exists in relation to this 

idea and evidence, both pro and con, can be found. One 
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aspect of this theory which does seem rather plausible and 

appealing is that the brain has a "set-point" [16] of 

adiposity which is readjusted under conditions such as 

hypothalamic obesity. It serves rather well to explain the 

dynamic and static phases of this condition, whereas other 

theories tend to break down on this point. 

Mellinkoff et al. [17] were the first worker's to 

report on a mechanism in which they felt that plasma amino 

acid levels served to regulate food intake. It should also 

be noted that they felt the pattern of amino acids, rather 

than total amino acid nitrogen, was the determining factor. 

In addition to amino acids, it has also befen noted that 

protein quantity and quality modify food intake [18J 

Another interesting effect observed by Mellinkoff 

et al. [17] was that ingestion of diets which were imbalanced 

with respect to amino acids resulted in marked changes in 

plasma amino acid levels which were followed closely in time 

(2-4 hours) by food intake suppression, Kumta and Harper 

[19] have reported similar effects and Harper, Benevenga, 

and Wohlheuter [2 0] have reviewed the vast amount of 

literature which has appeared concerning ingestion of amino 

acid imbalanced diets. Further mention of the effect of 

amino acid imbalanced deits on food intake will be made 

later in this report, with regard to animals which have 

received hypothalamic lesions. 
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Among the most prominent mechanisms proposed for the 

short term regulation of food intake is the "glucostatic" 

theory of Mayer and Arees [21]. This theory postulates the 

existence of a "satiety center" in the ventromedial hypo

thalamus (VMH) which contains glucoreceptor cells- These 

cells are believed to be sensitive to the rate of glucose 

utilization. Increased glucose utilization has been asso

ciated with increased electrical activity of the "satiety 

center." This ventromedial center is further supposed to be 

acting as a "brake" on a lateral hypothalamic "feeding 

center." The feeding center demonstrates rather constant 

activity and it is thus felt that changes in the "satiety 

center" mediate feeding behavior. It has been demonstrated 

by Mayer and Arees and others [22,23] that destruction of 

portions of the VMH by stereotoxic lesioning, or injections 

of gold thioglucose, leads to hyperphagia and obesity, while 

destruction of cells in the lateral hypothalamus (LH) 

"feeding center" leads to reduced electrical activity of 

those neurons and anorexia. Insulin induced hypoglycemia 

has been observed to cause reduced activity of neurons in 

the "satiety center," while the activity of neurons in the 

"feeding center" appears to be increased. Much additional 

data, which lend support to the "glucostatic" theory, have 

been accumulated. This makes sense, in light of the impor

tance of glucose in supplying the body's energy needs and 

the dependence of the brain on a constant supply of free 
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glucose. More recent evidence [24] has demonstrated that 

there are different types of glucoreceptors in the hypo

thalamus. Those in the VMH are dependent on insulin^for 

glucose uptake and are relatively sensitive to neurotoxins, 

such as gold thioglucose; while others, located in the LH, 

may be responsible for the effects of hypoglycemia in 

feeding behavior. 

There is little doubt that some form of sensitivity 

to glucose levels or rate of utilization plays a major role 

in the regulation of feeding behavior. An interesting point 

to note here is that upon ingestion of an amino acid im-

balanced diet, depression of food intake still occurs in 

animals which have been made hyperphagic by hypothalamic 

lesioning. This effect suggests a mechanism which can 

supersede or is separate from Mayer and Arees' [21] proposal. 

Many other studies involving various other parts of 

the brain and the use of a plethora of pharmacological 

agents have been done. A large number of reports on the 

effects of environmental factors on feeding behavior have 

been published. The purpose of this review, thus far, has 

been merely to report on some of the major categories of 

thought in the field, since the amount of literature in 

existence is too voluminous to cover in a report of this 

nature. At times, one is tempted to believe there are as 

many theories concerning the regulation of food intake as 

there are workers pursuing research in the field. Actually, 



many of these theories do appear to have their good points, 

and no one idea in particular is a coverall. In truth, what 

governs food intake consists of a complex interaction of 

several different facets of metabolism. It also seems 

reasonable to assume that energy balance is a prime deter

minant, at least as pertains to short term regulation of 

food intake. 

Gamma-aminobutyric acid (GABA) has been known to be 

a central nervous system *(CNS) inhibitor for some time [25] . 

In order to explain this author's interest in GABA in rela

tion to the regulation of food intake, some aspects of its 

metabolism will be discussed here. 

GABA is a carboxylic acid which has the following 

structure: H 

I 
H-C-CH 2~CH2-COOH 

nh2 

and is found almost uniquely in the CNS. It is formed from 

the amino acid, glutamate, by the action of glutamic acid 

decarboxylase (GAD) (E.C. 4.1.1.15) in a reaction involving 

removal of the a-carboxyl group of glutamate. This is an 

irreversible reaction. The resultant GABA can be converted 

to succinic semialdehyde (SSA) by the action of GABA-trans-

aminase (GABA-T) (E.C. 2.6.1.19). This reaction is re

versible, but under normal conditions, equilibrium highly 

favors the formation of SSA. These reactions form a part of 



what, as a whole, is referred to as the GABA cycle. The 

total scheme is shown below: 

NH, 

aKG 

AA pool 

.GD 
glutamate 

[0] - NH 

succ SSA 

GAD + B6 

GABA 

B6 + GABA-T 

SSADH 

GD = glutamate dehydrogenase 

SSADH = succinic semialdehyde dehydrogenase 

aKG = a-ketoglutarate 

succ = succinate 

B6 = B6 vitamin coenzyme 

It is important to note here a number of aspects 

concerning the GABA cycle. 

1. It provides a bypass route by which aKG can be con

verted to succinate. This fact may be of importance 

when considering energy metabolism in the brain. 

2. The reaction occurs with glutamate as an immediate 

obligatory precursor to GABA. 

3. Both enzymes directly involved in the metabolism of 

GABA require B6 as a coenzyme. In relation to this 

last point, GAD is known to have a lower binding 
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affinity for B6 and is more sensitive to a de

ficiency of the coenzyme [26]. 

Much work has been done on the relation of the co

enzyme to the activities of GAD and GABA-T and subsequent 

results on GABA levels [27,28], Tews and Lovell [29] re

ported that mice fed a pyridoxine deficient diet showed a 

small (20%) but significant decrease in GABA levels. This 

effect has been demonstrated by other workers. A number of 

experiments have been performed to demonstrate the effects 

of either increases or decreases of GABA on brain activity 

and subsequent behavioral modification. Chemicals are 

available for these purposes which act by inhibiting either 

the enzyme responsible for GABA synthesis or the trans

aminase responsible for its degradation. Although GABA 

does not generally cross the blood-brain barrier, it will 

do so in chicks two weeks of age or younger. 

There were a number of reasons why it was con

sidered to be of interest to look at GABA with regard to 

the regulation of food intake. Since GABA can be formed 

from a-ketoglutarate, a Krebs cycle intermediate, it can be 

related to energy metabolism. In fact, it is possible to 

consider it as an indirect metabolite of glucose, which has 

long been considered to be the prime energy metabolite of 

the body. By principles of mass action, it would appear 

that if more glucose were available for metabolism, 
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corresponding to a higher energy state, more a-KG will be 

formed, which in turn can enter the GABA shunt. In low 

energy states, less formation of a-KG from glucose would be 

anticipated and energy would be conserved by keeping that 

which was available in the Krebs cycle. Since GABA is a 

known CNS inhibitor, it is of interest to note that the 

GABA cycle presents a process whereby levels of inhibitor 

might be expected to increase in higher energy situations. 

To extend this theory a step further, increasing GABA levels 

might provide for cessation of energy (food) consumption. A 

system based on GABA might be considered to be an extension 

of Mayer and Arees1 [21] theory in that it has as the 

mediator, a metabolite Of glucose. Thus, for example, the 

brain's demand for a constant supply of free glucose— 

perhaps to maintain necessary inhibitory functions mediated 

by the CNS. Since GABA is formed directly from glutamate, 

we could have a mechanism by which amino acids or proteins 

might themselves provide for satiety reactions. 

Glutamate levels are particularly high in the brain. 

This seems particularly reasonable if one considers it to be 

the prime source of what may be a major CNS inhibitor. All 

this becomes even more interesting when one considers what 

happens when an animal is fed an amino acid imbalanced diet. 

Because of the limiting amino acid, the system is presented 

with an excess of amino acids which can not be stored or 

used in protein formation. The amino acids are usually used 
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for energy metabolism after transamination and conversion to 

Krebs cycle intermediates. In a large number of cases, 

glutamate is an intermediary metabolic product in the break

down of excess amino acids. Here too, then, is a possible 

manner in which a CNS inhibitor may be affected. It might 

serve to explain why animals, even those made hyperphagic by 

hypothalamic lesioning, reduce food consumption when given 

an imbalanced diet. Thus, we would have an override for the 

glucostat. 

Fats obviously could enter this scheme after first 

being metabolized to acetyl CoA, from which they could then 

enter the Krebs cycle. The next important part to consider 

is the dependence of GAD and GABA-T on pyridoxine, and 

particularly that GAD is more severely hindered by its 

shortage. It has been demonstrated that maternal depriva

tion can have permanent effects on progeny [26]. A large 

number of studies have been done on coenzyme effects on the 

GABA cycle [30-33]. Due to the greater sensitivity of GAD 

than of GABA-T to B6 reduction, the symptoms of lowered 

brain concentration of GABA are similar to those of B6 

deprivation. It has been noted that reduction of the con

centration of GABA in the brains of experimental animals 

has led to states of nervous hyperexcitability and other 

nervous disorders, while elevations in its concentration may 

exert a tranquilizing effect. Deficiencies of B6 are also 

associated with various nervous disorders. 
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Pica, a condition in which animals eat just about 

anything given to them, can be brought about by the absence 

of B6 from the diet. The nervous excitability noted when 

GABA is decreased or when B6 is low is quite similar to 

that observed during extreme hunger, and particularly 

insulin induced hypoglycemia. Rising GABA levels might 

serve to explain post-prandial satiety and drowsiness. For 

these reasons and others, it became of interest to observe 

the effects of various treatments which alterered or bore a 

resemblance to normal feeding behavior, and subsequently to 

determine effects, if any, on brain GABA. 



EXPERIMENTAL 

General 

All chemicals used in these experiments were A.R. 

grade unless otherwise noted. Chickens were obtained from The 

University of Arizona Poultry Science Farm, located "near 

Tucson, Arizona. In all cases in which chicks were used, 

except as otherwise noted, birds were Hubbard broiler 

chicks. Experiments were generally begun when the chicks 

were three days old in order to allow for absorption of 

the yolk sac and to allow acclimatization of the animals to 

their environment. Young birds were kept in an electrically 

heated battery, the pens of which had raised wire floors. 

Starting weights between groups were approximately equal. 

The battery room temperature was held between 21°C and 22°C 

and the room was provided with constant lighting. Unless 

otherwise noted feed and water were supplied ad libitum. 

Conditions for measuring feed intake and weight change are 

listed with each specific experiment. 

Work involving mature birds was performed using 

adult laying hens. In most cases these birds were kept in 

an outside cage house subject to ambient temperature and 

weather conditions. Blood samples were obtained by per

forming a direct heart puncture. If the bird was to 

remain alive after the blood sample was taken, a maximum 

13 
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of 8 mis whole blood was collected. This figure applies to 

adult birds. If the bird was to be sacrificed immediately 

after collection of the blood sample, 10 mis whole blood 

was usually drawn off. In the case of chicks, blood col

lection was always followed by sacrifice of the animal. 

Therefore, anywhere from 4-6 mis whole blood was taken from 

the bird in these cases. 

Materials 

Gamma aminobutyric acid (GABA) was purchased from 

Calbiochem, San Diego, California. Amino oxyacetic acid 

was obtained from Eastman Kodak, Rochester, New York. 

Purified amino acids were obtained from Nutritional Bio-

chemicals Corp., Cleveland, Ohio. Gold thioglucose (GTG) 

(solganal) was obtained from Schering Corp., Bloomfield, 

N.J. Gabase was obtained either in solid form from 

Worthington Biochemicals, Freehold, N.J., or in glycerol 

suspension from Sigma Chemical Corp., St. Louis, Mo. 

Glucose-6-phosphate dehydrogenase (G-6-PDH, E.C. 

1.1.1.49), phosphofructokinase (PFK, E.C. 2.7.1.11), and 

myokinase (MK, E.C. 2.7.4.3) were purchased from Sigma 

Chemical Corp., St. Louis, Missouri. Succinic semialdehyde 

(SSA) was obtained from Procurement Chemical Company, New 

York, N.Y. 
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Blood 

All blood was collected using heparinized syringes 

and in a manner so as to prevent hemolysis of red blood 

cells. The blood was then centrifuged at 1000 g for 10 

minutes. The straw colored plasma was transferred, using 

disposable glass pipettes, to glass screw capped vials. 

Samples were prepared for amino acid analysis in the fol

lowing manner, except where noted in the individual experi-

Wv 
mental sections. Two mis of 20% .(??) sulfosalicylic acid was 

w 

mixed with three mis of plasma to which one ml of distilled 

water had been added. Each tube was thoroughly shaken to 

insure complete mixing of the components in the tube and to 

facilitate precipitation of unwanted protein. At this point 

the liquid in the tubes would take on a milky appearance as 

the protein came out of solution. All tubes were then 

covered with Parafilm and put in a refrigerator at 4°C to 

stand overnight. On the following day, the precipitated 

protein was spun down at 1000 g for 10 minutes. The re

sulting supernatant was filtered into four dram screw capped 

vials, and pH was adjusted to 2.2. 

Each sample was labeled and submitted for analysis 

on a Beckman automatic amino acid analyzer. Samples were 

stored in a refrigerator until such time as they could be 

analyzed. 
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Collection of Brains 

As noted above, if blood was also to be collected 

from the animals, this was done just prior to sacrifice by 

•cervical dislocation. Heads were then cut off, the skull 

cap was opened, and the brain was removed. The whole brain 

was removed and placed on a previously tared piece of 

aluminum foil. The wrapped brain was then frozen by placing 

it in dry ice. In most cases, the total time for this 

procedure did not exceed three minutes. Brains were stored 

in frozen form until they were used for sample preparation. 

Sample Preparation of Brains 

Each brain was placed in approximately 10 mis cold 

80% ethanol in a glass tube and ground thoroughly using a 

Teflon homogenizer. The resulting homogenate was heat 

coagulated for 5 minutes at 50°C in a constant temperature 

water bath. Sample tubes were then spun at 1000 g for 5 

minutes. 

The supernatant was poured into a 50 ml glass 

beaker and evaporated to dryness on a hot plate. Care was 

taken to prevent any charring from occurring at this stage. 

The material which remained was resuspended in two ml of 

distilled 1^0 and recentrifuged at 18,000 g, using a 

special high speed attachment on the centrifuge, for 10 

minutes. The clear supernatant was transferred to a one 
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dram glass vial and either used immediately for GABA assay 

or frozen until ready to be used. 

When amino acid analysis of these brain extracts 

was desired, 0.2 ml of ethanol extract was diluted to 3 ml 

using pH 2.2 citrate buffer. Samples were then submitted 

for analysis. 

In one experiment where analyses of brain concentra

tions of ATP, ADP, and AMP were desired, an alternate 

method of extraction was used. Frozen brain samples were 

placed in a previously tared test tube which had been cooled 

by placing it on dry ice. The combined sample and test tube 

were then quickly weighed and placed back on the dry ice. 

Sample weight was obtained by difference, and a volume of 

6% (^) perchloric acid was then added to the frozen brain 

sample. An allowance of 0.7 x sample weight was made, to 

account for the water content of the brain tissue. The 

combined sample and perchloric acid were then rapidly 

homogenized using a Teflon homogenizer. The homogenates 

were allowed to stand for approximately 15 minutes, and 

were then spun at 0°C for 10 minutes at 1000 g. The 

resulting supernatant from each tube was carefully with

drawn and placed in a correspondingly labelled test tube. 

The residue from each sample was resuspended in an addi

tional two ml 6% perchloric acid and recentrifuged under the 

conditions noted above. This supernatant was pooled with 

its corresponding fraction from the first centrifugation. 
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Three drops of methyl red were then added to each pooled 

sample extract, giving each solution a transparent pink 

appearance. Samples were next titrated to a yellow end-

point, using 5 M K^CO^. All tubes were placed on ice and 

allowed to stand for approximately 20 minutes. They were 

then spun down at 0°C for 20 minutes at 1000 g. The 

resulting clear yellow supernatant from each sample'was 

then placed in its own labelled two dram screw capped vial, 

and residues were discarded. 

When amino acid analysis of the brain extracts was 

desired, 0.1 ml of each extract was diluted to 3 ml using 

distilled 1^0, and pH was adjusted to 2.2 using one N HCl. 

These preparations were then submitted for analysis in the 

usual manner. 

The previously mentioned extracts which had a pH 

near 7.0 were either used immediately for GABA analysis or 

stored frozen until they could be used for GABA and ATP, 

ADP, and AMP analysis. 

GABA Assay 

In those cases where solid GABase was used, brain 

extracts were assayed using the enzyme system of Jakoby and 

Scott (34) for GABA in the following manner. Into a micro-

cell were pipetted 0.04 ml of brain extract, 0.04 ml 

distilled H^Or 0.06 ml chilled enzyme solution (50 mg/ml, 

pH 7.1), and 0.4 ml of a chilled solution containing equal 
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volumes of 0.05 M a-ketoglutarate, 0.7% mercaptoethanol, and 

a solution of 10 mg/ml NADP in pH 6.5 phosphate buffer. 

This last addition, followed by gentle inversion of the 

microcell to thoroughly mix its contents, initiated the 

reaction. Production of NADPH was monitored at 340 my on a 

Beckman DB-GT double beam grating spectrophotometer against 

air as reference. Chart speed was 0.5 inches per minute. 

Reference standards were also run any time brain extracts 

were run. 

The reaction usually ran at a fairly constant rate 

for some 5-10 minutes after initiation, and GABA concentra

tion was calculated using AOD/2 minutes. Recovery of GABA 

through the extraction process was determined to be 95% by 

using internal standards. 

When the glycerol preparation of GABase was used, 

it was first diluted 1:5 using a mixture of 50% (^) glycerol 

in distilled H^O. To run an assay, the following components 

were pipetted into a microcuvette: 0.7 ml sodium pyro

phosphate buffer at a concentration of 1.0 M, pH 8.6; 0.1 

ml brain extract; 0.1 ml of the diluted GABase preparation; 

and 0.1 ml NADP (3.3 mg per ml, pH 6.5 phosphate buffer). 

The cuvette was gently inverted to insure mixing of the 

components. The reaction was monitored under the same 

conditions described above. Again, standards were run each 

time GABA determinations were performed. 
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Measurement of ADP and AMP 

Assay of these compounds was based upon the 

following reaction sequence, 

MK,Mg2+ 

1. AMP + ATP > 2 ADP 

2+ + 
PK,Mg ,K 

2. 2 ADP + 2 PEP 2 ATP + 2 PYRUVATE 

3. 2 PYRUVATE + 2 NADH + 2H+ ^ LACTATE + 2 NAD+ 

This method too is described in detail elsewhere (35). 

Samples prepared with HCIO^ were also found to be 

satisfactory for use in the determination of GABA. In these 

cases, the previously mentioned glycerol preparation of 

GABase was used. Appropriate adjustments were made in the 

volume of buffer used. Assay was carried out in the same 

manner as with the extracts prepared using ethanol, except 

that generally, 0.2 ml extract in a total volume of one ml 

was used in the case of the HCIO^ extracts, as opposed to 

0.1 ml extract in a total volume of one ml in that of the 

ethanol preparations. 
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Determination of Enzyme Activities 

Glutamate dehydrogenase (E.G. 1,4.1.2) was deter

mined using the method of Freedland (36), The method of 

Jakoby (37) was used in determining succinic semialdehyde 

dehydrogenase (E.C. 1.2.1.16) activity, and lactic de

hydrogenase (E.C. 1.1.1.27) was determined using the 

method of Bergmeyer, Bernt, and Hess (38). Insocitric 

dehydrogenase (E.C. 1.1.1.42) was determined according to 

the method of Siebert (39). GABA-transaminase (E.C. 

2.6.1.19) was measured as described by Jakoby (40). 

Specific 

GABA Injection Experiments 

In the first of these trials, 14 one-week-old birds 

in one pen were injected once an hour over a four-hour 

period with 0.2 mis of a solution containing 100 mg per ml 

GABA, while another pen of 14 animals was administered an 

equal volume of physiological saline according to the same 

treatment schedule. Disposable insulin syringes were used 

and all injections were intraperitoneal. Alternate sides of 

the abdomen were injected during alternate injection 

periods. Injection time for each animal InBted an average 

of approximately fifteen seconds and injected birds were 

segregated from those yet to be treated until all injections 

had been given. Following completion of injections, each 
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group of birds was returned to its pen where broiler 

starter feed and water were available ad libitum. During 

the remainder of each hour following treatment, effort was 

made to disturb the animals as little as possible. It was 

possible to observe the animals through a window in a door 

leading to the battery room. Procedures were identical 

during the second of the two five-hour feeding trials except 

for the fact that the birds were one day older and that 

treatments applied to each pen were reversed so the birds 

could be used as their own cross controls. 

Prior to the start of the first trial the animals 

were matched in order that starting weights were approxi

mately equal, and equal numbers of males and females were 

contained in each pen. Weights of the chicks were again 

measured before initiation of the second trial to ensure 

that this variable had not been radically altered. Feed was 

weighed prior to the start of each trial and at the con

clusion of both five-hour periods. Care was taken to pro

vide each group of animals with equal amounts of food at 

the start of each trial. Feed weights were again determined 

on the morning following the second trial to determine 

whether or not there had been any lingering after-effects 

of the treatments. 
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A third trial was performed using one-week-old birds. 

There were 12 birds in each of two groups. Concentrations 

and amounts given at each injection time were the same as in 

the first two trials. However, injections were given once 

an hour over a two-hour period, following the same proce

dure. Feed intake was measured 14 hours after the last 

injection was administered. 

Similar trials were also attempted with ten-day-old 

birds using animals which had not been subjected to any 

former treatments. 

Amino-Oxyacetic Acid (AOAA) 
Experiments 

In this experiment, birds were placed on the diets at 

3 days of age. Two pens (6 birds per pen) of male Hubbards 

and one pen (6 birds) of female Hubbards each were placed on 

both the treatment and the control diets. The treatment 

diet consisted of 667 mg AOAA per kg broiler starter feed, 

while controls were fed broiler starter alone. Feed intakes 

and weights were recorded on a daily basis. On day 7 of the 

experimental period, one pen each of both experimental and 

control males was sacrificed and their brains collected for 

analysis. Each treatment brain was taken in alternating 

fashion with a control brain. On day 8, the females were 
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sacrificed and on day 9 data on the remaining males were 

recorded, but these birds were not sacrificed. 

Similar experiments were performed using either GABA 

or thiosemicarbazide as feed supplements. Weight gains and 

feed intake were observed, but no birds were sacrificed to 

obtain samples for brain analysis. 

Long Term Amino Acid Imbalance 
Feeding Experiment 

Three-day-old birds were separated into 15 pens 

containing three males and three females in each group. In 

this experiment white leghorn chicks were used as the test 

animals. Following division into the pens mentioned above, 

all animals were fed a six per cent casein basal diet for a 

period of one week. This was done in order to ensure that 

the intakes of all groups were very nearly equivalent when 

they were consuming the same diet, and in addition to give 

the birds a chance to become accustomed to the consistency 

of the purified diets. Feed and water were administered 

ad libitum at all times during the experiment. Feed intake 

and collective body weight of each pen was checked twice 

during the period in which all animals were being fed the 

basal diet. Ingredients of the basal diet are listed in 

Table 1. 

After one week on the basal diet, twelve groups 

were switched to new experimental diets, supplemented with 

additional nitrogen in the form of free amino acids. A 



25 

Table 1. Long Term Amino Acid Imbalance Experimental 
Casein Basal Diet, 6% Protein 

Ingredient % 37.5 kg 

Starch 74.25 61.25 lbs 

Casein 6. 00 4,95 lbs 

Cellulose (Solka floe) 5.00 4.13 lbs 

Corn Oil 5.00 4.13 lbs 

Purified Vitamin Mixa 4.00 3,3 lbs 

Purified Mineral Mix 2,00 1,65 lbs 

Dicalcium Phosphate 2,50 2,06 lbs 

Calcium Carbonate 1.00 0,83 lbs 

Arginine 0,20 0,165 lbs 

(75 gm) 

a 
Supplies the following per kg of diet: 5734.42 

I.U. of vitamin A, 9.82 I.U. vitamin E, 0.002 mg vitamin 
B"L2 r 1.39 mg vitamin K, 1.82 mg riboflavin, 25.08 mg 
niacin, 9.87 mg pantothenic acid, 843.82 mg choline, 4.33 mg 
folic acid, 4.48 mg pyridoxine, 0.27 mg biotin. 

Supplies the following in p.p.m.: 20 Fe, 60 Zn, 
60 Mn, 4 Cu, 1 Mo. 
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listing of these amino acids and their amounts is presented 

in Table 2. 

As noted, the mixture was made balanced or im-

balanced by the inclusion or exclusion of L-histidine. By 

addition of these amino acid mixtures to the six per cent 

casein basal diet in the proportions shown in Table 3, 

diets both balanced and imbalanced with respect to amino 

acids were make up at levels equivalent to thirteen and 

twenty per cent protein content. . 

Thus, with the inclusion of the six per cent casein 

basal diet, five diets were tested for their effects in 

this experiment. Three pens of animals were fed each diet. 

Cumulative feed intake and body weight were measured for 

each group at regular intervals. Animals were sacrificed 

and brain samples taken from one group on each treatment on 

the second day, the fifth day, and the fourteenth day 

following the time at which feeding of the supplemented 

diets had been initiated. One bird from each of the five 

groups was sacrificed in sequential order until all thirty 

birds had been taken. Prior to sacrifice, blood samples 

were drawn from each bird. However, it was necessary to 

pool the samples obtained from each group due to the small 

volume of blood which could be taken from the Leghorn chick, 

normally a small bird. The experimenter did not wish to 

kill the animal until he was ready to rapidly remove and 

treat its brain. Blood and brains were analyzed for free 
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Table 2. Composition of Purified Amino Acid Mixture Used 
in Long Term Amino Acid Imbalance Feeding 
Experiment 

Amino Acid 

Amino Acid Mixture 
= NRC w/o Histidine 

Cgm) 

Lysine 121.0 

Histidine .(44.0) 

Arginine 132. 0 

Threonine 77.0 

Glycine 110, 0 

Methionine 82.5 

Leucine 154.0 

Isoleucine 82. 5 

Valine 93.5 

Phenylalanine 143.0 

Tryptophan 22.0 

1017.5 C1061.5) 
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Table 3. Long Term Amino Acid Imbalance Experimental 
Diets, 5 kg (11 lbs each). 

1 2 3 4 5 

Casein basal, gm 5000 5000 5000 5000 5000 

AA Mix w/o Histidine, gm — 340 680 

AA Mix complete, gm -•<- - 350 700 
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amino acids, and in addition, brains were analyzed for GABA 

as reported in the general experimental section. 

Experiments with GTG Treated Mice 

One hundred thirty weanling mice were injected with 

0.5 mg GTG per gram body weight using a suspension con

taining 50 mg GTG/ml oil base. A number of mice which did 

not appear to respond to their original GTG injection were 

given a repeat dose at the same level. GTG treated mice 

were generally lethargic for a few days following treatment, 

but then recovered. 

Two weeks following injection, the animals were 

placed in pairs in cages with males separated from females. 

Purina mouse chow and water were supplied ad libitum. 

Between the third and fourth week following injection, each 

animal was placed in its own individual cage. This was done 

to prevent further cannibalism, which had occurred in two 

cases among the GTG treated animals. It was found to be 

necessary even though liberal amounts of food were supplied 

to all animals. Condition of the mice and feed and water 

were checked on a daily basis. Body weights were measured 

twice weekly. A rotating schedule was set up so that each 

animal was placed in a clean cage and given a fresh water 

bottle every other week. Weights were always obtained as 

nearly as possible at the same time of day. After 
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approximately two months following injection average adult 

weight of control mice was approximately 35 grams. Among 

the GTG treated animals, only females which attained a 

weight in excess of 40 grams, and males weighing 50 grams 

or more, were considered adequate for experimentation. Due 

to these stipulations and the high initial mortality rate, 

only 2 2 obese animals were obtained. Experiments were 

performed using 20 GTG treated obese animals and 20 control 

animals. 

Feeding of regular mouse chow was continued for 

three and one-half months after injection of the animals. 

Purified agar based diets, both balanced and imbalanced 

with respect to amino acids, were prepared. Ingredients and 

amounts are listed in Tables 4 and 5. 

Solid ingredients were mixed in a rectangular cake 

pan with the water which had been brought to a boil, until 

a homogeneous consistency was obtained. The milky white 

homogenate was then allowed to stand overnight at room 

temperature to set. The resulting cakes which had a waxlike 

consistency were stored in a cold room at 0°C when not in 

use. Prior to initiation of the feeding of these diets to 

the animals, feed intake was restricted for a period of 7 

days. All animals were then fed the basal diet for 2 days 

in an attempt to accommodate them to the change from dry 

pellet feed to the agar based diets. Cakes were cut into 
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Table 4. Histidine Imbalanced Amino Acid Mixture 

% 

L-Methionine 5.0 

L-Threonine 7.5 

L-Tryptophan 2.5 

L-Valine 10.0 

L-Isoleucine 10.0 

L-Leucine 15,0 

L-Phenylalanina 15.0 

L-Lysine HC1 15.0 

L^Arginine HC1 10,0 

Sodium Acetate 10.0 

100. 0 
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Table 5. Components Added to Agar and Water to Formulate 
Experimental Diets3 

Histidine 
Imbalanced 

Histidine 
Balanced 

Amino acid mixture 6.0% — 

L-Methionine 0.3 0.3 

L-Threonine 0.2 0.2 

Vitamin mix*3 0.5 0.5 

Salt mixc 5.0 5.0 

Dextrose 41.4 41.4 

Corn Starch 41.4 41.4 

Corn Oil 5,0 5.0 

Choline Chloride 0,2 0,2 

Casein T-T- 6.0 

aFive g agar and 5 0 ml H20 per 10 00 g total diet. 

Vitamin mix supplies the following: thiamine-HCl 5, 
riboflavin 5, niacinamide 25, Ca Dr-pantothenate 20, 
pyridoxine-HCl 5, folic acid .5, menadione .5, d^-brotin .2, 
Vitamin B^2 (0.1% in mannitol) 20, ascorbic acid 50, Vitamin 
E acetate 400, Vitamin A acetate and Vitamin D2 12,31, 

Q 
Salt mix supplies the following: CaCOo 2 9.29, 

CaHP04-2H20 0.43, KH2P04 34.31, NaCl 25.06, MgS04-7H20 9.98, 
FeCC6H507)•6H20 0.623, CUSO4 0.156, MnS04«H20 0.121, 
ZnCl2 0.020, KI .0005, (NH4)6M07)24•4H20 .0025, Na2Se03*5H20 
.0015. 
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portions weighing approximately ten grams for the controls 

and fifteen grams for the GTG treated animals. Each 

portion was placed in a mouse feeder numbered to 

correspond to the cage in which it was to be placed/ and 

total weight of the feeder and feed was recorded to the 

nearest tenth of a gram. Animals were weighed on a daily 

basis at approximately the same time each day during feeding 

of both the balanced and imbalanced diets. Fresh food was 

provided each day since it tended to become somewhat dry if 

left in a feeder at room temperature for longer periods. 

It was feared that this drying out of the diet would make 

it less palatable to the mice. Mouse papers placed under 

the cages collected any food dropped by each mouse, so that 

it was possible to determine which food, if any, had 

originally come from which cage. These papers were changed 

daily during feeding of the agar based diets. 

Prior to giving each animal a fresh portion of food, 

the previous day's feeder was removed from its cage and any 

food which had dropped through was placed back in its 

corresponding feeder. Papers were then changed and the new 

feeder and feed were placed in the respective cage. Feeders 

containing the old feed were then placed in an oven at 40°C 

in order to bring the food which remained to its dry weight. 

A portion of feed in a feeder which had been placed in an 

empty cage at the same time as the old samples was also 
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dried in order to allow for determination of the original 

percentage dry weight of each day's feed. This percentage 

was multiplied with the weight of moist food given to each 

animal on the appropriate day. Differences between starting 

and finished dry weights for each group were recorded as 

the daily feed intake. 

Feeding of the experimental diets was carried out 

for a period of 8 days. At the conclusion of this period 

all animals were placed back on regular mouse chow. Feeding 

was continued for another six weeks and, as had been done 

prior to feeding of the agar based diets, animal weights 

were recorded twice weekly. At the end of this six week 

period it was decided to determine the effects, if any, of 

short term fasting on these mice. It was desired to deter

mine whether GTG treated animals would show a different 

response with respect to GABA levels relative to those mice 

which had been sham injected. 

Four groups of mice were made up, consisting of ten 

animals each. Each group contained an equal number of GTG 

treated and control mice. One group was sacrificed at time 

zero by cervical dislocation and brains were taken as has 

been previously described. One group each was taken at 

three hours fasting and one at six hours after removal of 

food in the same manner as the time zero animals. The 

fourth group was allowed to continue feeding ad libitum 
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during these collections and its members were sacrificed 

and brains taken at random intervals throughout the six-

hour period. Brains were stored frozen until they were 

extracted with ethanol and analyzed for GABA. 

Tube Feeding Experiments 

Mature laying hens were used in these twe experi

ments. The diets used in both trials were basically the 

same and any variations are listed with the descriptions 

of the individual experiments. Shown in Table 6 is the diet 

used in the first of these experiments. 

Birds were fasted for two hours prior to feeding 

30 ml of the liquid diet. Feeding was carried out by in

sertion of a rubber tube into the crop, which was attached 

to a 50 cc plastic syringe filled with the dose to be given. 

A plunger was then used to deliver the diet to the animal. 

Brain and blood samples were obtained from four birds sacri

ficed at the time of feeding the treated birds (time zero). 

In the first of these experiments 8 birds received each 

treatment. Four animals from each treatment group were 

sacrificed at both two hours and four hours post feeding. 

It was later found that valine had been omitted from 

both diets in the first experiment, and the experiment was 

repeated with this aTnino acid included. This experiment 

was essentially a repeat of the initial one , except 
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Table 6. Composition of Purified Amino Acid Diets Used in 
Tube Feeding Experiments9 

Ingredient 
AA balanced 

wt. g 
Lysine deficient 

wt. g 

Glucose monohydrate 4 0 . 0 0  4 0 . 0 0  

Glutamate 4 5 . 0 0  4 5 . 0 0  

L-lysine 2 . 4 4  -T-

L'-histidine 1 . 4 6  1 . 4 6  

L-arginine 3 . 9 2  3 .  9 2  

L-threonine 1 .  9 5  1 . 9 5  

Glycine 2 . 9 3  2 . 9 3  

L-cystine 1 , 2 2  1 , 2 2  

L r -methionine 1 , 4 0  1 , 4 0  

L-isoleucine 2 , 4 4  2 . 4 4  

L r -leucine 5 . 8 6  5 . 8 6  

L-tyrosine 2 . 2 0  2 . 2 0  

L~phenylalanine 2 . 2 0  2 , 2 0  

Sodium bicarbonate 4 . 0 0  4 , 0 0  

Distilled water 3 0 0 . 0 0  3 0 0 . 0 0  

aFinal neutralization was carried out using 6N NaOH. 
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that additional cerelose was substituted for the 

glutamate originally used as a filler, and twice as many 

birds were fed each diet. In addition, samples were 

obtained not only at the original intervals of two hours 

and four hours post feeding, but also at three and 6 hours 

post feeding. 

Vitamin B6 Feeding Experiment 

In this trial, three experimental diets were used 

(Table 7). Each treatment group, consisting of 6 pens, re

ceived one of the three experimental diets. Each pen con

tained 4 male and 4 female Hubbard broiler chicks. Initial 

body weights and starting feed weights were obtained. Four 

animals were taken from one of the subgroups making up each 

of the total of three treatment groups on each day of 

sacrifice. Thus, a total of 12 chicks was taken collectively 

from the first three subgroups on the first day of sacri

fice, 12 collectively from subgroups 4, 5, and 6 on the 

second day of sacrifice, and so on. Eventually this rota

tion returned to the first three subgroups, at which time 

the four remaining animals in each of those pens were sacri

ficed. The order was continued until termination of the 

experimental period. Brains, livers, and blood were col

lected from each bird. Because of the small volume which 

could be obtained from most of these animals, blood samples 

for each treatment were pooled on each collection day. 
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Table 7. Basal Diet Used in Vitamin B6 Experiments 

Basal Diet % 

Glucose Monohydrate 53.5 

Soy Protein (ADM) 30.0 

Corn Oil 5.0 

Dicalcium Phosphate 4.3 

Purified Salt Mixa 3.0 

Purified Vitamin Mix-Pyridoxine Deficient 4.0 

Glycine 0.25 

DL-Methionine 0.50 

Salt mix supplies the following: CaC03 29.29, 
CaHP04-2H20 0.43, KH2P04 34.31, NaCl 25.06, MgS04•7H20 9.98, 
Fe (C6H507) • 6H20 0.623, CuS04 0.156, MnS04"H20 0.121, 
ZnCl2 0.020, KI .0005, (nh4)6M07)24*4H20 .0025, Na2Se03*5H20 
.0015. 

^Vitamin mix supplies the following: thiamine-HCl 5, 
riboflavin 5, niacinamide 25, Ca D-pantothenate 20, folic 
acid .5, menadione .5, d-brotin .2, Vitamin B^2 (0.1% 
in mannitol) 20, ascorbic acid 50, Vitamin E acetate 400, 
Vitamin A acetate and Vitamin D2 12.31. 
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Although total feed intake was recorded for each pen at the 

conclusion of the experiment, those values corresponding to 

the removal of the first four animals from each pen were 

inadvertently not obtained. Thus it was not possible to 

correlate feeding behavior during the experiment with 

treatment condition or weight gain. 

It was decided to measure ADP, AMP, and GABA 

concentrations of brain samples obtained from these animals, 



RESULTS AND DISCUSSION 

Short Term Injection Experiments Involving 
the Use of Exogenous Gamma 

Aminobutyric Acid 

In this series of experiments an attempt was made to 

determine whether or not injected GABA would produce any 

alterations in feed intake. 

Results indicated that hourly injections of twenty 

milligrams of GABA administered intraperitoneally did 

diminish food consumption of young chicks relative to 

controls receiving concurrent injections of an equivalent 

volume of physiological saline. This was never found to be 

the case when birds older than ten days of age were simi

larly treated. This is very consistent with reports in the 

literature which indicate that GABA does not cross the blood 

brain barrier of birds older than two weeks of age [41]. Data 

on bird weights and feed intakes are presented in Table 8. 

The first two sections of the table represent in

formation obtained on birds given hourly injections over a 

five-hour period. The third section reports food consump

tion during an overnight period of 17 hours following the 

final injection of the previous day's experimental period. 

The last section reports the overnight feed consumption of 

birds given hourly GABA injections over a 2-hour period. 

40 
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Table 8. Feed Intake of Young Chicks Following Injections 
of Either GABA or Physiological Saline 

Avg. Body Wt. 
g 

Pen 
Feed Intake 

g 

Trial 1 (14 birds/treatment): 5 hr 

20 mg GABA 
injected per hr 79.92 • 18 

Control 73. 00 33 

Trial 2 (14 birds/treatment): 5 hr 

20 mg GABA 
injected per hr 76. 64 14 

Control 74. 35 24 

Overnight Intake Following 
Trial 2 (14 birds/treatment): 17 hr 

20 mg GABA 
injected per hr 76. 64 42 

Control 74.46 46 

Trial 3 (24 birds/treatment): 14 hr—-

20 mg GABA 
injected per hr 74. 87 86 

Control 75.15 133 
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It will be noted that for the two separate five-

hour trials, the chicks were used as their own cross 

controls and that the apparent effects of GAB were 

reversed concomitantly with the change of treatment groups. 

At no time were the animals observed to suffer any apparent 

adverse effects from any of these treatments. In fact if 

anything the birds following an injection of GABA appeared 

to be quite content as they would when sated following a 

normal period of feeding. Following an injection of GABA, 

birds so treated demonstrated a greater average time lag in 

return to the feeding trough than did those animals which 

had received a dose of physiological saline. Feeding 

activity of GABA-treated birds did not appear to be as 

intense when they did resume eating. The overnight reduc

tion in feed consumption of the last group of birds was of 

interest as the author can ascertain no reason other than 

lingering effects of the previous afternoon's injected GABA 

as to why this should have taken place. However, the effect 

was not permanent. 

Feed consumption of both pens of birds was measured 

over the next 24 hours and it was observed that both sets of 

animals had consumed nearly identical amounts of feed. Brain 

GABA levels were not measured at this time. This experiment 

was performed in a preliminary attempt to observe the 

effects of exogenously introduced GABA on feed consumption. 

The injection of GABA was the only variable altered in these 



43 

experiments. Previously reported work by other investi

gators [41] had demonstrated that injected GABA was followed 

by a rise in brain levels of the substance. 

GABA has not been reported to cross the blood brain 

barrier of birds after two weeks of age, and no effect on 

feed consumption could be induced on birds older than ten 

days of age in our work by the injection of GABA. 

Amino-Oxyacetic Acid Feeding Trials 

As reported by Johnston and Balcar [42], AOAA has 

been noted to increase brain concentration of GABA. There

fore it was of interest to determine whether or not AOAA 

affected feed consumption as well. 

Results of feeding birds a diet of stock broiler 

starting feed which contained AOAA added at a concentration 

of two grams per three thousand grams starter, versus those 

obtained on controls fed starter feed with no additive are 

presented in Table 9. All values reported in the table 

represent means obtained using six animals. Throughout the 

experimental period, groups of animals receiving AOAA in 

their diet weighed less and consumed less feed than did the 

controls. The last column of figures presented in the table 

represents the ratio of the weight of food consumed which 

was required to bring about a one gram gain in the weight 

of the birds. The rest of the figures are believed to be 

self-explanatory. 



Table 9. Effects of Amino-Oxyacetic Acid on Broiler Chicks* 

Dietary 
treatment 

Feeding 
period 
days 

Body weight, g Feed 
intake/ 
bird, g 

GABA 
mcg/g 
brain 

Dietary 
treatment 

Feeding 
period 
days Initial Change Avg. 

Feed 
intake/ 
bird, g 

GABA 
mcg/g 
brain 

667 ppm AOAA 
treated 7 62.5 63.3 125.83 102.0 442.52a 

+ 23.60 

Control 7 67.7 109. 7 177.33 155.3 232.30b 

+ 13.41 

667 ppm AOAA 
treated 8 71. 2 74.8 146.00 135.0 378.96a 

+122.86 

Control 8 68.3 116.0 184.33 179.5 273.80a 

± 16.47 

667 ppm AOAA 
treated 9 63.2 77.2 140.33 134.6 

Control 9 66.7 146.5 213.17 163.1 

*Means not having common letter superscripts are significantly different 
at the 0.05 level of probability. 
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In all cases the weight gain of the controls was 

significantly higher than that of the treated groups. 

Relative the their controls, brain GABA levels wore sig

nificantly higher for the AOAA fed animals which were 

sacrificed after seven days on the experimental diet. Al

though this was not the case with the eight day group, this 

is believed to have been the result of the large variation 

resulting from two widely divergent values obtained for 

brain GABA concentrations from animals in the eight day 

treated group. It will be noted however, that the average 

GABA concentration of brains taken from the eight day 

treated group was still higher than that of animals from 

their corresponding control group. The average eight day 

GABA concentration was also much higher than that for the 

seven day control group and tends toward that for the seven 

day treated group. 

Birds receiving AOAA as a supplement to their diet 

never showed any apparent adverse effects other than reduced 

feed consumption and growth rate. Glutamate concentrations 

of soma of the brain samples were also determined, but the 

number of values was inadequate for statistical analysis. 

However, it was found that as the GABA concentration of a 

brain increased, the glutamate concentration of that brain 

tended to decrease. This result would appear to be con

sistent with the inhibition of GABA transaminase, a known 

effect of AOAA. GABA transaminase transfers the amino group 
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of GABA to a molecule of a-ketoglutarate during conversion 

of the former compound to succinic semialdehyde. In so 

doing it forms a new molecule of glutamate. Thus it seems 

logical that inhibition of this enzyme could contribute- to 

a decrease in brain glutamate concentration along with the 

concurrent rise in GABA level. 

In a similar experiment involving the feeding of 

supplemental GABA no effect on feed intake or weight gain 

was observed. Feeding trials in which thiosemicarbazide 

was added as a supplement were also performed to determine 

its effect on feed intake. Thiosemicarbazide has been shown 

to reduce GABA concentration [43]. This compound was found 

to be extremely toxic even when added at a level as low as 

167 ppm in the diet of the chicks. At this level all birds 

were highly irritable by the second to third day and were 

susceptible to audiogenic seizures. This would be con

sistent with a known effect of the chemical, the reduction 

of brain concentrations of GABA. No brain samples were 

obtained from these animals. After one week an average of 

two-thirds of the chicks were dead, with the remainder too 

weak to feed. 

The results of the AOAA feeding trials may also 

mean that the poorer feed conversion for the treated animals 

might indicate that larger amounts of the brain's free amino 

acid pool, including glutamate of course, were being 

utilized for maintenance and conversion to energy substrates 
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The most pertinent example of the latter process to this 

discussion would be a shift of the equilibrium dynamics of 

glutamate dehydrogenase which favored production of a-

ketoglutarate from glutamate. This, too, might be expected 

to result in a decrease in the concentration of free brain 

glutamate. 

Long Term Amino Acid Imbalance Feeding Trials 
Involving the Use of Birds 

These experiments were carried out in an attempt to 

determine the effects of feeding both balanced and im

balanced diets at various nitrogen levels as supplied by 

free amino acids on feed intake, weight gain, and brain 

GABA concentration of growing chicks. 

The following tables indicate results obtained 

when birds were fed a 6% basal casein diet, or the 6% 

basal casein diet supplemented with either balanced 

or imbalanced purified amino acids at the levels indicated. 

Data on feed consumption and weight gains were in accord 

with expectations. Tables 10, 11, and 12 report results 

obtained for animals maintained on the diets for 2 days, 

5 days, and 14 days, respectively. Feed consumption results 

are presented in Figure 1. 

As will be noted, the patterns were very consistent 

throughout the experimental period. Birds did most poorly 

on the 6% protein diet which was far below their normal 

optimal feeding level of 20%. It has been previously noted 



Table 10. The Effect of Amino Acid Imbalance on Body Weight, Brain GABA Concen
tration, and Feed Consumption (Day 2)a 

Body Weight 
Change per 

Bird 
g 

Feed Intake 
per Bird 

g 
Brain GABA Concentrations 

mcg/g Brain 

Treatment I 
6% Basal 
Protein 
Day 1 to 
Day 2 
Total 

-0.17 
-0. 83 
-1.00 

4.67 
2.33 
7. 00 170.32 + 43.86 

Treatment II 
6% Basal + 
7% Imbalanced 
Amino Acids 
Day 1 to 
Day 2 
Total 

3. 67 
0. 33 
4. 00 

5.83 
4.00 
9.83 211.20 + 63.16 

Treatment III 
5% Basal + 
14% Imbalanced 
Amino Acids 
3 ay 1 to 
Day 2 

0. 50 
0.33 
0.83 

3.50 
1. 83 
5.33 217.53 + 45.44 



Table 10.—Continued The Effect.of Amino Acid Imbalance on Body Weight, Brain 
GABA Concentration, and Feed Consumption (Day 2)a 

Body Weight 
Change per 

Bird 
g 

Feed Intake 
per Bird 

g 
Brain GABA Concentrations 

mcg/g Brain 

Treatment IV 
6% Basal + 
7% Balanced 
Amino Acids 
Day 1 to 
Day 2 
Total 

6.17 
2.16 
8.33 

8.17 
5.67 

13.83 165.22 + 49.50 

Treatment V 
6% Basal + 
14% Balanced 
Amino Acids 
Day 1 to 
Day 2 
Total 

6.33 
2,50 
8.83 

7.17 
4.83 

12.00 190.81 + 19.70 

Correlation between average feed intake/bird during last indicated 
interval of feeding period and average brain GABA concentration for corresponding 
groups was -0,98. 



Table 11. The Effect of Amino Acid Imbalance on Body Weight, Brain GABA Concen
tration, and Feed Consumption (Day 5)a 

Body Weight 
Change per 

Bird 
g 

Feed Intake 
per Bird 

g 
Brain GABA Concentrations 

mcg/g Brain 

Treatment I 
6% Basal 
Protein 
Day 1 to -0.17 4,00 
Day 2 to 0.00 >..00 
Day 4 to -2.50 5.67 
Day 5 -1.00 1.50 
Total -3.67 13.17 163.70 + 46.18 

Treatment II 
6% Basal + 
1% Imbalanced 
Amino Acids 
Day lto 1.83 4.83 
Day 2 to .67 3.17 
Day 4 to 4.33 11.33 
Day 5 1.83 . 4.33 
Total 8.66 23.66 155.43 + 41.18 

Treatment III 
6% Basal + 
14% Imbalanced 
Amino Acids 
Day 1 to 0,00 3.83 
Day 2 to 0.67 2.17 
Day 4 to 0.67 6.17 
Day 5 0.50 2.50 
Total 1.84 14.67 212.81 + 72.29 



Table 11.—Continued The Effect of Amino Acid Imbalance on Body Weight, Brain 
GABA Concentration, and Feed Consumption (Day 5)a 

Body Weight 
Change per Feed Intake 

Bird per Bird Brain GABA Concentrations 
g g mcg/g Brain 

Treatment IV 
6% Basal + 
7% Balanced 
Amino Acids 
Day 1 to 4.17 8.50 
Day 2 to 2.83 6.83 
Day 4 to 6.50 16.00 
Day 5 3.17 7.33 
Total 16.67 38. 66 182.40 + 36.88 

Treatment V 
6% Basal + 
14% Balanced 
Amino Acids 
Day 1 to 2. 67 4.33 
Day 2 to 3.50 4.83 
Day 4 to 3.83 10.33 
Day 5 1.67 4.83 
Total 11.67 24.32 181.77 + 6.50 

— 

Correlation between average feed intake/bird during last indicated 
interval of feeding period and average brain GABA concentration for corresponding 
groups was -0,89. 



Table 12. The Effect of Amino Acid Imbalance on Body Weight, Brain GABA Concen
tration, and Feed Consumption (Day 14)a 

Body Weight 
Change per 

Bird 
g 

Feed Intake 
per Bird 

g 
Brain GABA Concentrations 

mcg/g Brain 

Treatment I 
6% Basal 
Protein 
Day 1 to 
Day 2 to 
Day 4 to 
Day 5 to 
Day 7 to 
Day 9 to 
Day 14 
Total 

-1,5 
1.0 
1. 4 

-1.0 
1.0 
0 . 2  

-0.6 
0.5 

3,20 
0. 83 
8. 40 
2 . 2 0  
5. 40 
8 . 6 0  

114.40 
143.03 158.20 + 85.67 

Treatment II 
6% Basal + 
7% Imbalanced 
Amino Acids 
Day 1 to 
Day 
Day 
Day 
Day 
Day 
Day 14 
Total 

2 
4 
5 
7 
9 

to 
to 
to 
to 
to 

4.16 
1. 50 
3. 67 
0 .  0 0  
3.00 
7.50 

-1.67 
18.16 

6 . 2 0  
6.17 

12.33 
4.00 

10.67 
13.50 

109.00 
161.87 179.13 + 36.39 



Table 12.—Continued The Effect of Amino Acid Imbalance on Body Weight, Brain 
GABA Concentration, and Feed Consumption (Day 14)a 

Body Weight 
Change per 

Bird 
g 

Feed Intake 
per Bird 

g 
Brain GABA Concentrations 

mcg/g Brain 

Treatment III 
6% Basal + 
14% Imbalanced 
Amino Acids 
Day 1 to 0.33 4.30 
Day 2 to 0.17 2.83 
Day 4 to 2.50 10.67 
Day 5 to -0.83 1.50 
Day 7 to -1.00 4.83 
Day 9 to 0.50 7.00 
Day 14 2.40 122.80 
Total 4.07 153.93 139.72 + 65.12 

Treatment IV 
6% Basal + 
7% Balanced 
Amino Acids 
Day lto 4.20 7.80 
Day 2 to 2.20 7.00 
Day 4 to 7.80 16.00 
Day 5 to 1.00 8.20 
Day 7 to 9.00 21.00 
Day 9 to 9.00 25.20 
Day 14 17.20 156.00 
Total 50.40 241.20 157.98 + 58.33 



Table 12.—Continued The Effect of Amino Acid Imbalance on Body Weight, Brain 
GABA Concentration, and Feed Consumption (Day 14)a 

Body Weight 
Change per Feed Intake 

Bird per Bird Brain GABA Concentrations 
g g mcg/g Brain 

Treatment V 
6% Basal + 
14% Balanced 
Amino Acids 
Day 1 to 4.17 8.00 
Day 2 to 2.00 4.67 
Day 4 to 4.33 15.00 
Day 5 to 2. 67 5.00 
Day 7 to 5. 33 11.83 
Day 9 to 8.67 14.50 
Day 14 19.00 153.00 
Total 46.17 212.00 

£ 
Correlation between average feed intake/bird during last indicated 

interval of feeding period and average brain GABA concentration for corresponding 
groups was -0.50. 
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by investigators [44 , 45] that animals markedly reduce their 

feed consumption when fed diets either very high or very low 

in protein content. One popularly held theory is that this 

effect comes about as a consequence of the resulting rise 

in free amino acid pools. This is also believed to be the 

case when animals are fed a diet imbalanced with respect to 

amino acids. The tables show that, throughout the experi

mental period, animals fed the very low protein basal diet 

had the lowest average feed intakes and body weight gains. 

The next most severely affected groups were those fed the 

basal diet supplemented with 14% imbalanced amino acid 

mixtures. Although it too was imbalanced and contained a 

lower level of nitrogen, the diet supplemented with 7% free 

amino acids was more beneficial than the basal diet supple

mented with 14% imbalanced free amino acids. 

There is no question that the two balanced supple

mented diets were more effective in bringing about weight 

gain. These data indicate that the animals were slightly 

more efficient in utilizing the diet supplemented with the 

higher level of balanced amino acids (14%) for body weight 

gain. The relatively small difference in effect between 

the diet supplemented with 7% balanced free amino acids and 

that supplemented with 14% is probably accounted for by the 

fact that when we speak of the optimal range for weight 

gain, it is in reference to whole protein. Protein quality 

and ease of digestion of the molecule to its component 



amino acids then become very important considerations. 

These factors affect availability of amino acids for sub

sequent absorption. Thus, a diet consisting of 13 per cent 

intact protein is not likely to be as efficient in growth 

production as one containing the same equivalent amount of 

protein but of which 7% of that equivalent protein is in 

the form of readily available individual pure amino acids. 

Tables 10, 11, and 12 also report brain GABA 

concentrations pertaining to birds from the various treat

ment groups. Correlation between GABA concentration and 

food consumption was initially quite high as shown in Table 

10. It should be noted that this correlation is negative, 

as would be expected because of the inverse nature of the 

postulated mechanism. However, this correlation decreases 

when determined with data obtained using animals sacrificed 

at the latter two collection times. One problem here is 

that GABA values determined on individual brains were 

related to consumption and weight gain averages of treatment 

groups. Also, when dealing with a group of animals which 

is housed together in the same pen, it is virtually 

impossible to know at the time of sacrifice whether an 

animal has just fed and is satiated or hungry and was about 

to commence feeding when it was taken. The best solution 

is obviously individual housing and feeding, but this still 

does not necessarily solve the last problem when dealing 

with animals on ad libitum feeding programs. 
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Results of Experiments with Gold 
Thioglucose (GTG) Treated Mice 

The purpose of these experiments was to determine if 

brain GABA concentrations were affected in animals injected 

with GTG, and to observe feeding patterns in animals so 

treated. The effects of this drug (GTG) have been discussed 

previously in this report. 

GTG proved to be extremely toxic during the first 

three to four weeks following injection, with males being 

more susceptible than females. Thus, of the large number 

which had initially been treated, approximately 40% of the 

animals survived longer than one month. Those treated mice 

which survived generally displayed voracious hunger. Those 

animals which did become obese tended to display the silver 

dollar appearance which has previously been noted by workers 

in ours and other laboratories [46]. 

All mice responded to the agar based diet with a de

creased food intake. The first pair of graphs in this section 

(Figures 2 and 3) show average cumulative feed intakes of 

the animals as indicated. There was no wide difference 

between treated animals and their corresponding controls 

with regard to the amounts of food consumed. It should be 

noted that the patterns of response to balanced and im-

balanced diets are similar for treated and untreated groups. 

GTG treated animals fed the imbalanced diet ate less than 

did GTG treated mice fed the balanced diet. This was in 
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agreement with previously cited evidence. The second pair of 

graphs (Figures 4 and 5) show average weight gains recorded 

during the period of feeding of the balanced and imbalanced 

diets. Here, too, patterns were quite similar as to com

parisons between corresponding groups. The starting weights 

of the GTG treated animals were admittedly relatively high, 

but as can be seen this does not appear to have had any 

effect on the overall nature of the weight gain of these 

animals. The important thing to note here is that the 

characteristics of the patterns for both the control animals 

and the GTG treated mice are quite similar. A number of 

other graphs are presented which show results for various 

groups as labeled (Figures 6 through 11). 

The purpose in presenting these graphs is to demon

strate further the great similarity between control and GTG 

treated animals in their responses to a balanced diet as 

opposed to one imbalanced with respect to amino acids. 

Table 13 lists results of brain GABA determinations. 

Results which were obtained in the case of this 

experiment do not indicate any significant differences in 

GABA concentration. 

One obvious difficulty in working with GTG treated 

animals is the inability to determine early in the experi

mental period whether or not GTG has lesioned the ventro

medial hypothalamus of an animal. The only way to do this 

is by histological examination of the brain of the animal 
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Table 13. The Effect of Fasting on GABA Concentrations in 
Brains of GTG Treated Mice 

Brain GABA Levels, rncg/g fresh wt 
Feeding 
Schedule Control GTG Treated 

0 Hours 
Fasting 448. 00 323. 6 3 

3 Hours 
Fasting 401. 56 + 188.50 322. 62 + 66. 40 

6 Hours 
Fasting 295. 67 + 84.79 380. 17 + 41. 17 

Ad Libitum 313. 02 + 105.30a 287. 43 + 99. 58 

3" 
+ standard error of mean. 
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under consideration; but then, of course, the animal is 

lost for further feeding trials. The high mortality rate 

of the treated mice in this experiment was also a severe 

problem because of the limited numbers of animals it left 

the experimenter to study. There is a possibility in the 

case of these trials that feeding of the agar based diet 

altered any effects which might have been observed upon 

short term fasting of the animals, particularly those which 

had been fed the imbalanced diets. A notable character

istic in the patterns of animals fed an imbalanced diet as 

opposed to those of mice given a balanced diet was the 

initial lag in the intakes of the former, followed by a 

recovery to intake levels similar to those of the corre

sponding controls. This suggests a readjustment of the 

mechanism regulating feed consumption when the animal was 

forced to continue consuming the more deleterious diet. 

It did appear, too, that hyperphagic obese animals were 

more sensitive to changes in their diet, demonstrated by 

severely decreased feed intake. 

Results of Tube Feeding Experiments 

The purpose of these experiments was to determine 

the short term effects of forced feeding on various 

parameters pertaining to GABA. 

As noted in the experimental section both amino 

acid mixtures fed in the first trial were imbalanced with 
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respect to amino acids. Results of analysis of blood 

samples and brains taken from animals during this first 

trial are presented in Table 14. 

Time zero results are the averages obtained using 

four animals, and those for the two diets fed represent 

eight animals each. In all cases in which feed was ad

ministered, plasma glutamate concentrations were elevated. 

The rise in plasma concentration of glutamate appeared to 

be more rapid in the case of the hens fed the diet which 

was deficient in valine alone than it was for that of birds 

fed the diet which was deficient with respect to both 

valine and lysine. After four hours post feeding the birds 

fed the valine deficient mixture alone showed levels which 

were quite close to the glutamate concentrations obtained 

in the case of time zero animals. The rise in plasma 

glutamate concentration of the birds fed the doubly de

ficient mixture was slower but more persistent. Brain 

glutamate concentrations were generally higher when plasma 

concentrations were lower but no definite correlation could 

be established. Animals had been fasted for two hours prior 

to feeding, and it is possible that the relatively high 

brain glutamate concentration obtained in the case of the 

time zero animals represented an attempt by these animals' 

systems to furnish additional energy metabolites. As has 

been previously discussed in this report, brain GABA con

centration rose 49% faster in the case of the animals fed 
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Table 14. GABA and Glutamate Concentrations Resulting from 
the Feeding of a Diet Imbalanced with Respect to 
Either One or Tv/o Essential Amino Acids 

Glutamate 

Dietary Brain GABA Plasma Brain 
Time Treatment mcg/g fresh wt um/100 ml um/g 

0 Control 211. 0 21. 3 2.83 
+ 102.3a ± 1"7 + 0.66 

2 hr + Lysine 158.5 55. 9 2.40 
- Valine + 5.0 + 25.3 + 0. 72 

2 hr - Lysine 212.5 . 29.5 2. 64 
- Valine + 36.1 + 5.5 + 0.82 

4 hr + Lysine 342. 5 20. 9 2. 61 
- Valine + 129.4 + 12. 6 + 1.28 

4 hr - Lysine 407. 7 51. 6 2. 27 
- Valine + 125.9 + 30.0 + 0.56 

a+ standard error of mean. 
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the doubly deficient diet than it did in birds fed a diet 

deficient only with respect to valine. Relations, if any, 

between GABA concentrations and plasma and brain glutamate 

concentrations appear to be somewhat complex. Results of 

these determinations appear in Table 15. 

In a second study birds were fed test diets, one of 

which was balanced with respect to amino acid and one which 

was deficient only with respect to lysine. Samples were 

taken for a longer period post feeding and at more frequent 

intervals during this period. 

In addition, the activities of a number of enzymes 

relating to energy, glutamate, and GABA metabolism were 

measured on some of the brains taken at each interval during 

the experimental period. This was done in an attempt to 

determine which, if any, of these enzymes might be of more 

central importance following the ingestion of a meal. It 

was also desired to determine any measurable effects on the 

activity of these enzymes of amino acid imbalance relative 

to feeding of a complete diet. No particularly noteworthy 

alteration in activities of the enzymes listed appears to 

have occurred. Glutamate decarboxylase was not measured on 

these brain samples which had been stored, owing to its 

great lability in the stored state. GABA levels were again 

seen to rise after the feeding of either mixture as they had 

in the case of the first trial. The elevation in GABA level 

was more persistent in those brains taken from animals fed 



Table 15. The Effects of Tube Feeding on Brain Enzyme Activities and GABA 
Concentration*1" 

Post Feeding Time of Sacrifice 

2 Hour 3 Hour 4 Hour 6 Hour 

In- In- In- In-
0 Hour Complete complete Complete complete Complete complete Complete complete 

Brain GDH 79,6AB# 92 

C
Q

 <
 C

O
 

79. 1AB 125.7B 95. 8AB 112, 
AB 
2 72. 4A 

L
O

 00 

9AB 93 .4AB 

SSADH 202,6AB 137 ,4A 252. 8AB 170,9^ 240. 8AB 258. 2AB 274. 6B 193. 3AB 239 .6M 

LDH 739.3AB 691 .1AB 757. 1AB 717.3AB 777. 3B 829. 9B 824. 5B 525. 1A S29 .6B 

B 
Isocitrate 266.4 
Dehydrogenase 

150 ,4A 165. 5A 198.0AB 189, 2M 196. 2AB 160. 1A 224. oAB 172 .oA 

GABA-T 24.9^ 24 .4AB 25. oAB 37. 7B 32. 8AB 34. 1AB 19, 7A 25. 4AB 30 .oM 

GABA 153.5BC 91 .5A 149. 8BC 184.9° 259. 1° 111. 2AB 159. 7BC 128. oAB 161 .8BC 

All enzyme activities are listed in I.U./g protein. GABA is listed in mcg/g brain (fresh 
wt) . 

Values not having common letter superscripts are significantly different at the 0.05 
level of probability. 
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a mixture which was imbalanced with respect to amino acids 

than it was for brains obtained from animals fed a complete 

diet. In light of these results and because of the 

results obtained when activities of other enzymes were 

measured, it is felt that it would be of particular interest 

to measure effects of feeding trials of this sort on the 

activity of glutamate decarboxylase using brains which have 

been freshly taken and have not been stored. There is a 

possibility that some factor such as rate of formation of 

GABA as mediated by this latter enzyme may be important in 

the regulation of food consumption. 

Results of Vitamin B6 Experiments 

As discussed previously, Vitamin B6 plays a central 

role in the GABA cycle. Therefore, it was of interest to 

determine whether a deficiency of this coenzyme would alter 

feed intake and/or GABA concentration. It was also desired 

to determine if a correlation exists between brain ADP and 

AMP levels and brain GABA concentrations. 

At this stage it is impossible to make any state

ments about early response and intakes of birds on the 

diets. Total pen intakes increased in correspondence with 

increased supplementation of the vitamin, as did body 

weights. There was a marked increase in body weights 

between animals fed the diet supplemented at a level of 0 mg 

per kg and those fed the diet to which 3 mg per kg had been 



77 

added. This increase was not nearly so dramatic with 

respect to these factors when differences in response to 

the diet supplemented at 3 mg/kg diet and that supplemented 

at 6 mg/kg diet are considered (Table 16). 

Animals fed the diet supplemented at the lowest 

level were extremely irritable, were easily subject to 

audiogenic seizures, and showed other classical symptoms of 

Vitamin B6 deficiency. A small number of animals fed the 

diet supplemented at a level of 3 mg vitamin per kg of diet 

showed mild symptoms of vitamin deficiency, while those fed 

the diet supplemented at the highest level were quite 

healthy. 

It should be noted that ADP and AMP concentrations 

decreased rather sharply at the highest levels of vitamin 

supplementation (Table 17). This might be expected if the 

increased amount of vitamin helped to produce energy levels 

higher than in the other conditions. In addition, GABA 

concentrations were lowest when no supplemental vitamin was 

provided. If GABA levels are related to energy levels, and 

Vitamin B6 deficiency produces a low energy state, this 

trend is in the expected direction. 

A highly significant correlation of + 0.972 was 

obtained between brain ADP levels and glutamate dehydro

genase (GD) activities on day 7 (Table 17). This was 

expected since GD is an allosteric enzyme and is specific

ally activated by ADP; however, these data do indicate that 
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Table 16. Average Weights of Birds Fed Diets Containing 
Varying Levels of Vitamin B6 

Treatment 1 Treatment 2 Treatment 3 
0 mg Vitamin B6 3 mg Vitamin B6 6 mg Vitamin B6 

Days on per kg Diet per kg Diet per kg Diet 
Diet g g g 

3 214 + 7a 221 + 19 241 + 20 

4 237 + 12 255 + 36 241' + 33 

6 227 + 31 290 + 18 323 + 33 

7 239 + 37 283 + 70 366 + 10 

10 240 + 25 383 + 29 397 + 24 

12 249 + 28 442 + 21 485 + 47 

13 287 + 17 483 + 42 542 + 27 

14 268 + 13 493 + 38 576 + 41 

a+ standard mean. 



Table 17. Vitamin B6 Supplementation and Various Brain Parameters 

ADP AMP GABA GD GABA-T 
y Moles per jj Moles per y Gram per I.U. per I.U. per 

Gram Brain Gram Brain Gram Brain Gram Protein Gram Protein 

Day 7 

Treatment 1 
(0 mg Vitamin B6 per 
kg diet) .094 + .023 .082 + .072 158.22 + 12.96 26.09 + 17.09 17.08 + 8.78 

Treatment 2 

(3 mg Vitamin B6 per 
kg diet) ,099 + .070 .094 + .015 227.59 + 15.70 34.65 + 13.87 14.96 + 12.52 

Treatment 3 

(6 mg Vitamin B6 per 
kg diet) .076 + .067 .056 + .030 225.67 + 74.95 14.75 + 4.53 9.17 + 1.32 

Day 14 

Treatment 1 
(0 mg Vitamin B6 per 

kg diet) .055 + .020 .035 + .006 172.59 + 46.70 

Treatment 2 
(3 mg Vitamin B6 per 
kg diet) .008 + .002 .011 + .009 202.12 + 33.24 

Treatment 3 
(6 mg Vitamin B6 per 

kg diet) .008 + .002 .011 + .009 202.12 + 33.24 

*Not determined. 



lowered energy status of brain tissue, as evidenced by 

increased ADP levels, stimulates the production of 

glutamate. In the absence of sufficient dietary pyridoxine 

the production of GABA was reduced; while the degredation 

of GABA by the aminotransferase enzyme is almost two times 

greater in B6 deficiency than when 6 mg B6/kg diet was fed. 



SUMMARY 

The original purpose of these investigations was to 

determine whether or not GABA might affect or in any way 

itself be affected by food consumption. It was also desired 

to determine if the problem might be worthy of continued 

investigation. The author feels that these objectives have 

been met, although the scope and nature of the problem are 

far greater than was originally envisioned. The work 

presented here would appear to indicate that it is necessary 

to consider both short term and long term effects when one 

speaks of the regulation of food consumption. 

The most demonstrable effects on GABA concentration, 

or conversely the effects of GABA concentration pertaining 

to feed consumption, were observed in experiments of rela

tively short duration. Thus the decreases in feed consump

tion of young birds following injections of exogenous GABA, 

or post feeding rises in GABA levels in the brains of 

mature laying hens. Effects were seen to be reversible in 

both these cases and were particularly transient in the 

latter examples. This transience would be quite consistent 

with the regulation of food consumption on a meal-to-meal 

basis. In addition, the tube feeding experiments indicated 

that, at least on a short term basis, the administration of 

food imbalancea with respect to amino acids leads to a 

81 
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faster and higher rise in GABA concentration than does the 

intake of a meal which is balanced with respect to amino 

acids. The rise was also observed to be more persistent in 

the former case. 

In the experiment involving the supplemental 

feeding of AOAA, GABA concentrations were elevated in the 

brains of animals fed the chemical, and a corresponding 

decrease in feed consumption was noted. In long term 

experiments involving the feeding of low protein and 

balanced and imbalanced amino acids, GABA concentrations 

correlated better with observed effects in those animals 

maintained on the diets for the shorter lengths of time. 

The worse the diet for the well being of the animal, the 

higher the level of its brain GABA, at least on a general 

basis. With increased time on the diets, the effect on 

GABA appeared to be lessened. This seems to have been the 

case in which any long term treatment was effected. 

Although GABA levels were not determined on mice 

when they were first subjected to amino acid imbalanced 

diets, the pattern of their response suggests that something 

of the nature just mentioned is taking place. Thus it may 

be that GABA is implicated in a mechanism which relatively 

rapidly tells an animal to avoid a potentially deleterious 

diet. Under conditions where this is not possible, 

compensatory mechanisms might set in in order to avoid 
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starvation of the animal. Thus we might have a case in

volving the lesser of two evils. 

The results of the Vitamin B6 feeding experiments 

pointed toward a possible role of GABA in energy metabolism. 

It appears that GABA and the enzymes involved in its 

metabolism may serve to monitor energy levels in the brain. 

Brain glutamate levels may be of central importance in 

these processes. 

How the short term changes in GABA were effected 

still remains to be elucidated. The problem is a complex 

one and many barriers need to be overcome. One obvious 

difficulty is biological variation. Another is the problem 

of determining whether an animal has just fed or fasted or 

is somewhere in between in an experiment where feeding is 

carried out ad libitum. Force feeding or fasting experi

ments help to alleviate this problem. Numerous other 

experiments come to mind. For example, the effects of 

diets of varying composition on the GABA system could be 

be tested. In conclusion the author feels that, although 

complex, the question of GABA and its possible role in the 

regulation of food consumption is worthy of continued 

investigation. 
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