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SUf1MARY

EFFECT OF CORTICOSTEROIOS ON NEUROTRANSMITTER METABO-

LISM IN RAT CENTRAL NERVOUS SYSTEM

Present data indicates that hormones especially

corticosteroids, apart from being responsible for

functional changes in the CNS, also bring about changes

which alter the general metabolism of the brain, thus

affecting different aspects of the neurotransmitter,

plastic and energetic functions of the neurone. It

is generally accepted that one of the most plastic

morphofunctional structures of the CNS is the synapse,

and most neurotropic compounds including steroid hor-

mones affect neuronal activity and other associated

structures by affecting synaptic transmission. Hor-

mones can alter the levels of neurotransmitters in

certain regions of the central and peripheral nervous

system by either altering their data of synthesis or

degradation, i.e. by affecting the activities of the

enzymes responsible for their metabolism.

The study has examined the metabolism of several

biogenic amines GABA, Norepinephrine (NE) Oopa~ine

(OA) and Serotonin (5-HT) and how their metabolism is

a ff ect ed by d iff ere nt cor tic 0 s t e r0 i d 1eve ls. Inn

attempt to plucidate the biochemical basis of beha-

vioural 8ffects of corlicosturuids, we have studjed

he influence of two of t h e s e ho rrnt.ne s , hydcocori isorie
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and dexamethasone on the relative concentrations of

NE, DA, 5-HT and GABA and their metabolic enzymes in

discrete regions of the brain with special emphasis

being paid to the limbic structures especially the

hypothalamus and hippocampus. We used a model of

single and multiple administration of high doses of

the hormones which causes hyper and hypocortisolism

in blood plasma respectively. We have also studied

how the metabolic enzymes vary under these hormonal

conditions.

The results of our study show that alteration

of corticosteroid status of rats, does cause changes

in the concentrations of the putative neurotransmitters

sufficient to cause gross behavioral changes. The

data also indicates that changes,seen in brain NE, DA,

5-HT and GABA are modulated through adrenocortical

steroids and that these hormones play a role in the

regulation of biogenic amine metabolism. It 1S sugg-

ested that corticosteroids could be used in therapy

of affective disorders.

The work is original and helps to Expand and

shed more light on available data on the control of

neurotransmitter metabolism by steroid hormones and

possible control mechanisms.
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CHAPTER 1

INTRODUCTION

1.1. GAMMA AMINOBUTYRIC ACID, PHYSIOLOGICAL ROLE,

METABOLISM AND TRANSPORT IN THE CENTRAL NERVOUS

SYSTEM.

r-Aminobutyric acid (GABA) is currently considered

a putative neurotransmitter because it meets the

criteria of a neurotransmitter i.e. it is synthesized

and accumulated by nerve endings and is released from

them. The release of GABA is effected as a result of

presynaptic excitation. Topographic distribution of

GABA and its synthetic enzyme g10tamate decarboxylase

indicate their close relationship to nerve structures

associated with inhibition. The inhibitory effect of

GABA is reduced by its antagonists like picrotoxin,

bicucullin and benzilpenicillin. The role of GABA as

a neurotransmitter has been intensively studied

(Roberts et a1., 1976; Krogsgaard-Larsen et a1., 1978;

Sytinskii, 1977). For a compound performing neuro-

transmitter function, it is necessary that it has a

mechanism for inactivation in the synaptic cleft. The

absence of an enzymatic ITechanism for GABA inactivation

in the synaptic cleft has led to criticism of its role

as a transmitter (Sytinskii, 1977). However, neuro-

transmitters can be inactivated as a result of active
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transportation through carrier systems with high

affinity mechanisms. Transport mechanisms specific

for GABA have been found in the other cells of the

organism as well, however, the kinetic properties of

GABA uptake In peripheral nerves differ from those

found in these cells. For brain cells a Km ~ 4.10-6

moles has been found (Sytinskii, 1972; Iversen, 1972).

This value is considerably lower than the Km for other

cells of the organism consequently in nervous tissue

there exists an uptake mechanism which can transport

GABA from a region of lower concentrations to that of

higher concentrations i.e. a high affinity mechanism.

The exact nature of the mechanism is however unknown.

(Miller et al., 1978; Peck et a l .. 1976).

1.1.1. Distribution of GABA

According to biochemical, autoradiographic and

electrophysiological data, GABA is widely distributed

in the central nervous system of invertebrates. It

has also been established that GABA is present not

only in neurones of different regions of the brein,

but also in glial elements. This SL: -_._>r ·.,0 possible

participation of the latter in the metabolism of GABA

(Hosli and Hosli, 1979). The highest concentration of

GABA in invertebrates is located in the eNS, whereas

its content in the spinal cord and peripheral nerves

is considerably less. By examining tissue ext~acts
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from the brains of different vertebrates i.e. Molluscs,

lobsters, and crayfish, and comparing them with those

of mammals, it was shown that the concentration of

GABA in these animals is almost the same (Aoyama, 1958,

Sy t i n s k i i , 1972).

Data on the distribution of GABA in the eNS shows

great variance in its levels for different regions.

Very high concentrations of GABA are characteristic

for cells of the dorsal nucleus, purkinje cells, and

cells of the granular layer of the cerebellum. Low

concentrations or total absence of GABA is characte-

ristic of most diencephalic and mesencephalic nuclei

(Robinson and Wells, 1973). Concentrations of GABA

higher than 100 nmoles were foun~ in the globus pallidus

and median eminence. Lower concentrations of GABA

were found in the hypothalamus and septal 1 •nUC.tel. The

highest concentrations of GABA were found in the caudal

part and in the ventral regions at several levels of

the striatum (Van der Heyden et al., 1979). In expe-

riments carried out by Bertilsson (1977), it was found

that the substantia nigra contained the highest GABA

concentrations, followed by globus pallidus, N. accumbens,

deep cerebella nuclei, N. caudatus and cerebellar

cortex.
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1.1.2. Synthesis and Degradation of GABA

+NH3
I

HC- COO
ICH2ICH2I _
COO

glutamate decarboxylase
(pyridoxal phosphate)

L-glutamate

~-lK~to t L-glutamateg utara e

\, /,
GABA-Transferase
(pyridoxal phosphate)

4-aminobutyrate

NAOH
++2H COO

iCH2I
CH2I -COO

---,;--:-'~"':---:-----L-L_.>aldehyde
dehydrogenase

succinate

Fig 1. THE GABA Shunt

o
1/

He
ICH ->
I 2
CH2
~OO-
succinic

semialdehydE

In nervous tissue GABA is synthesized as a result of th8

decarboxylation of L. glutamic acid by the enzyme

glutamate decarboxylase in the presence of pyridoxal

phosphate as a coenzyme (Susz et al., 1966). The

first stage of GABA degradation involves its transa-

mination with ~-ketoglutaric acid to form succinic

semialdehyde. The reaction aEain requires pyridoxal

phosphate as a cofactor, the enzyme responsible is

GABA-Transaminase. Synthesis and catabolism of GABA

thus r8present a bypass of the ~-ketoglutarate dehydro-

genase reaction in the citric acid cycle.
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In mammals glutamate decarboxylase (GAD) exists

in'two forms: GAD I whose activity is inhibited by

chloride ions (Susz et 01., 1966) and GAD II which is

not sensitive to chloride ions (Malinoff and Kravitz,

1968). GAD II is not only located in nervous cells,

but also in other tissue of endodermal origin (Haber

et 01., 1970). The exact function of GAD II has not

been established, however it is thought to playa role

in the general biosynthesis of GABA.

studies of GAD activity have shown its specific

localization in the central nervous system. The mid-

brain region shows the highest activity with the spinal

cord nerves having little or no activity. In the

spinal ganglia, GAD activity has not been demonstrated.

The grey matter has GAD activity 4-5 times higher than

the white matter, while high activities of GAD have

also been established in the hippocampus and hypotha-

lamus regions of the brain. In certain brain regions

(cerebellum, thalamus and midbrain), GAD I activity is

directly proportional to GABA content (Sytinskii, 1972).

Glutamate decarboxylase is regarded as a cytoplasmic

component of nerve endings. Different brain regions

have been shown to have varying intercellular locali-

zation. In the cerebral cortex for example the acti-

vity of the enzyme was found only in the cytoplasm

(Chan ke Pan, 1963). A study of the transamination

of GABA has shown that the process proceeds not only

in the brain but also in other tissues. However, the
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highest activity of GABA-T was shown in nervous tissue.

The activity of GABA-T in the brain was shown to be

ten times higher than in the spinal cord (Padolfo, 1959;

1961; 1962). In the same experiments, high GABA-T

activities were shown in the hypothalamus, Cerebellum

and N. reticulata of rat brains.

studies on the subcellular localization of GABA-T,

showed mitochondria as having the highest activity of

the enzyme, where it was ten times more active than in

the non-mitochondrial fraction and six times more than

the microsomal fraction (Buu and Van Gelder, 1974).

The activity of GABA-T was also found in the fraction

enriched with nerve endings, however GABA-T in mito-

chondria was five times higher than in the synaptosomes.

It was speculated on the basis of this, that GABA

absorbed in neuronal perikarya and glia (Cytoplasmic

mitochondria) is rapidly degraded and does not accumu-

late in nerve endings (Buu and Van Gelder, 1974).

GABA is regarded as a physiological paradox since

its high concentrations in mammalian brain (15-25 mg)

do not correlate with the classical definition of trans-

mitter compounds. Topographical distribution of GABA

and its metabolic enzymes show, however, its locali-

zation in the nervous structures responsible mostly

for inhibition processes.
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1.1.3. GABA uptake and Transport

Nerve elements containing GABA and those synthe-

sizing it have a transport system for GABA with a high

affinity. Iversen and Neal (1968) speculated that the

physiological effects of GABA in the synapses are ter-

minated by the reuptake of GABA by a carrier mediated

system of high specificity. This was later shown in

whole brain slices and subcellular fractions. The

transport of GABA and its binding, like most sodium

-potassium dependent processes is sensitive to 2,4-

dinitrophenol and ouabain. The results of GABA binding

studies form the basis for suggesting that, GABA might

be transported by a mechanism similar to that of sugars

(Martin and Smith, 1973). According to this model of

transport, GABA is translocated by a sodium-potassium

dependend 81e ct ro c h em icalp 0 ten t ia 1 . + +The Na , K -ATPase

which acts as a pump in this process helps in maintai-

ning the sodium and potassium gradients. Despite the

fact that present data show GABA transport as trans-

membrane in nature, the actual mechanism of the neuro-

transmitter transport is far from being fully under-

stood.

It has been established that, GABA auickly accu-

mulates in the synaptosomes by a mechanism that is

very sensitive to temperature. ( Mar t in, 1972). By

incubating synaptosomes at DoC for 10 min, only 3% of

3H-GABA is accumulated as compared to the same
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incubation at 270C. These results prove that this IS

a membrane transport process. studies of GABA re-

uptake as a function of time show, that after incuba-

tion for 10 min, uptake decreases and is practically

complete after 15 mIn. Studies on the kinetics of

GABA transport in the synaptosomes of rat brain have

shown that the rate of reuptake is proportional to the

protein concentration in the range 0.05 to 0.2 mg

(Martin, 1973).

1.1.4. Effect of Ions on GABA Uptake

Y-Aminobutyric acid reuptake by synaptosomes

can take place in a simple medium containing NaCl, KCl

glucose and a buffer. (Martin, 1972). The absence of

glucose from the medium does not s~gnificantly alter

transport in the presence or absence of potassium,
,

which shows that the synaptosomes have adequate energy

reserves for maintaining transport without need for

exogeneous substrates. In the same experiments, the

effect of removing potassium from the incubation medium

was significant. At the start of incubation, an accu-

mulation of GABA was observed in the synaptosomes,

later on this process stopped. Maximum reuptake was

observed at concentrations of 3-6 nmoles. The complex-

ity of the GABA-potassiumint~raction was demonstrated

by the fact that maximum GABA reuptake was observed at

potassium ion concentrations of 3-6 nmoles, however

higher concentrations led to an inhibition of the
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reuptake process in the synaptosomes. From these

results it was evident, that potassium ions interract

with GABA transport system in two ways since they

stimulate transport at low concentrations and inhibit

at higher concentrations.

The best established characteristic of GABA

transport is the requirement for sodium which has been

observed by several investigators (Iversen and Neal,

1965; Martin and Smith, 1972; Martin, 1973). The accu-

mulation of GABA proceeds at a constant rate for at

least eight minutes at all the sodium concentrations

tested without any sign of a lag period or other

anomaly. Thus, the data on GABA is suitable for ana-

lysis of transport by an enzyme kinetics approach. An

interesting feature of the GABA t~ansport system is

the pronounced sigmoid shape of t~e sodium-dependent

curves similar to those observed with allosteric enzymes.

The fact that nearly identical sigmoid curves are

obtained with both the SU8rose and choline chloride

replacements of sodium chloride indicates that the

shape of the curves is not an artifact. By analysing

the kinetic curves, it is possible to conclude that

GABA transport systems exhibit allosteric properties,

in which case, the GABA transport system would have

more than one sodium site and these sites would inter-

act in such a way that the binding of sodium at one

site influences the binding of sodium at successively
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1973).

010

(Martin and Smith, 1972; Martin,

the influence of other ions on GABA uptake has

been surveyed at low sodium concentrations. Potassium

and magnesium had little effect on uptake at low levels

of sodium but the addition of calcium stimulated the

uptake (Simon et al., 1974).

Further examination of the effects of ions show

that calcium strongly stimulated GABA transport at low

sodium concentrations but had only slight effects at

high sodium concentrations (Martin, 1972; Wheeler,

1980). The addition of 20 mM calc'ium chloride clearly

eliminated the sigmoid character of the curve. The

fact that the double reciprocal plot for sodium is li-

near in the presence of 20 mM calcium is consistent

with a mechanism in which only one sodium ion is re-

quired for GABA transport.

In view of the fact t8at allosteric systems typi-

cally function in a regulatory manner, the apparent

allosteric effects observed for the GABA transport

system suggests that the transport system may be subject

to metabolic regulation and thereby serve to modulate

synaptic transmission by controlling the time that GABA
remains in the extracellular fluid (Martin and Smith, 1972),
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In studies on GABA transport, a lot of emphasis has

been laid on the process of GABA release from the synap-

tosomes. Thus, it has been shown that synaptosomes

are capable of quickly releasing accumulated GABA.

During this process, release was maximal over a dura-

tion of forty seconds following stimulation (Simon

et al., 1974). The rate of 14C GABA release from

synaptosomes over a duration of twenty seconds before

and after addition of calcium in the medium in the

presence of depolarizing concentrations of potassium

(56 mM) made it possible to demonstrate the dependence

of the process on calcium which is an absolute stimu-

lant. The release of GABA caused by calcium ions in-

creases in the range upto 1 mM and is asymptotic in

t~e proximity of the physiological concentrations of

calcium. This observation is in agreement with avail-

able data on the asymptotic dependence of metabolite

secretions on calcium in the central nervous system

in vivo (William et a1., 1973). The calcium dependent

release is inhibited by magnesium and manganese ions

which are known to be inhibitors of coupled stimulus-

secretory processes. It should be noted that the sti-

mulation of GABA release is specific for synaptosomes.

Though myelin fractions and microsomes have the ability

to accumulate GABA, none of these fractions has been

shown to release measurable amounts of the transmitter

following stimulation with calcium. Similarly, homo-

genates of glial cells of Hela tissue cultures or
synaptic ganglia can also accumulate GABA.
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(Williams et a1., 1973). However, upon stimulation by

calcium. less than 0.01% of the total radioactivity

accumulated is released. By adding low concentrations

of GABA in the incubation medium a sponteneous release

of radioactive GABA from synaptosomes was observed in

the same experiment. Moreover the said process required

the presence of sodium ions although it was independent

of its concentrations outside the cell.

The data cited above shows that, the secretory

process of GABA is not a common phenomenon for all

systems capable of transporting GABA. even if they are

of glial or neuronal origin. Since the major conta-

minants of synaptosomal fractions don't secrete GABA.

it can be concluded that synaptosomes are the centre

of calcium dependent release. An analysis of the data

describing GABA uptake by synaptosomes and its release

has led to the conclusion that these two processes are

modulated by one and the same carrier (Martin a~d Smith.

1972; Mart in. 1973; Willi am eta 1 .• 1973). The sod ium

insensitive spontaneous GABA release is possibly modu-

lated through a different membrane mechanism. The

release of radioactive GABA from synaptosomes in the

presence of high concentrations of GABA in the medium

(Simon et al .• 1974) makes it possible to describe this

process as the active transport of the neurotransmitter.

This is further supported by the following data.
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(i) The Km value of GABA uptake by synaptosomes

through active transport is close to the

half maximal extracellular concentrations

of GABA required to stimulate its release.

(ii) Extracellular concentrations of sodium

chloride exert the same effects on the up-

take of GABA and on the GABA stimulated

release of GABA from synaptosomes.

Both processes are completely inhibited

at low temperatures while the rate of spon-

taneous release is less sensitive to low

temperatures.

1.2. CORTICOSTEROID INDUCED CHANGES IN GABA METABO-

LISM IN DISCRETE BRAIN REGIONS.

The inbalances in corticosteroid levels in the

organisms affect the excitability of the brain. One

of the mechanisms affecting the excitability can be

through the effects of hormones on the neuronal system

utilizing [-amino butyric acid as a neurotransmitter

viz the content and metabolism of GABA (Woodbury et al.,

1957; Woodbury and Vernadakis, 1966; Dobrijanskaya,

1973; Komissarenko and Lisenko, 1974).

Adrenalectomy has been reported to result in
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decreased levels of GABA in the brains of rabbits

(Riudi and Ventura, 1961; Woodbury and Vernadakis, 1966;

Li sen k0 , 19 68 l , The 1eve 1s 0 f "F r e e " and "B 0 u nd" form s

of GABA in the grey and white matter of the cortex,

cerebellum and the spinal cord of rabbits and rats has

been shown to decrease (Oovgalevich, 1969; Chirkosora

and Pikulev, 1972). An increase in GABA content in the

brains of rats has been reported (Woodbury et al., 1957;

Komissarenko and Kononenko, 1980), and no changes in

the levels of GABA after surgical removal of the adrenal

glands in different regions of the brain have also been

cited (Roberts, 1960; Sutherland and Riximarv, 1964;

Kazarian, 1972; Hahn et al., 1977; Kendal et al., 1982).

The effects of hypocortisolism is expressed diffe-

rently for different types of animals. _ Thus the re-

moval of the adrenals has been shown to cause a decrease

in the content of GABA in the cortex region of rat

brain (Kononenko and Mishunina, 1980) but did not affect

the levels of GABA in the cortex of rebbits (Mishunina

and Masteshkina, 1977). Ten and seventeen days after

adrenalectomy, the levels of GABA fell not only in the

cortex, but also in the hippocampus. The content of

GABA in the caudate-putamen, ten days after the ope-

ration, increased, and did not fall after 17 days. In

these experiments adrenalectomy did not affect the

levels of the amino acid transmitter in the hypotha-

lamus (Kononenko and Mishunina, 1983). The studies on
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the content of "Free" and "Bound" forms of GABA showed

a decrease in the former in the hippocampus, caudate-

putamen and cortex, and the latter in the hypothalamus

and cortex respectively. In the caudate-putamen, the

content of "Bound" GABA showed an increase (Kononenko

and Mis h u n ina, 19 8 0). P harm a co log ica 1 ad r e n ale c tom y

caused an increase in the content of "Bound" GABA in

the cortex and cerebellum (Chirkosova and Pikulev, 1972),

but it decreased the "Free" form in these brain regions.

Studies on the enzymes involved in GABA metabo-

lism showed that, the activities of glutamate decar-

boxylase in several brain regions was altered following

adrenalectomy (Acs et al., 1980; Kendall et al., 1982).

Glutamate decarboxylase and GABA-transaminase activities

in the rat hippocampus did not change (Mayer et al.,

1979) . However, a number of investigators have shown

a decrease in the activities of GAD and GABA-T in the

brain (Padolfo and Moraine, 1964). The activities of

GAD were shown to decrease following surgical adrena-

lectomy and to increase after pharmacological adrena-

lectomy (Chirkosova and Pikulev, 1972). The activities

of GAD ten days after adrenalectomy, decreased in the

hypothalamus, caudate-putamen, hypophysis but remained

unaltered in the hippocampus and in the cortex. Ten

days after surgical adrenalectomy, the activities of

GAD increased in the hypothalamus and hippocampus but

decreased in the hypophysis (Kononenko and Mishunina,

1983).
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The distribution of GABA receptors in the brain

after adrenalectomy did not change neither was the

high affinity 3H-GABA uptake system in the synaptosomes

of different brain regions altered (Kendall et al.,

1982; Miller et al., 1978). At the same time, in the

hippocampus, the maximum velocity of GABA uptake

(which acts as a measure of the number of functional

sites for GABA transport) increased following adrena-

lectomy (Miller et a1., 1978; Peck et a1., 1976).

This data suggests that in the absence of corticoste-

roids, the neuronal membranes of the hippocampus possesfo

a high ability to transport GABA. An increase in the

ability of hippocampal neuronal membranes to bind GABA

occured very fast. This was observed even 24 hours

after adrenalectomy and was consistent over a period

of 7-14 days. Therapeutical implantation of =orticos-

terone brought the maximal velocity of b~nding back

to normal as compared to sham operated animals though

the response time was much longer 6-10 days. A 1t e r-e -

tions in maximal velocity oi GABA uptake by synapto-

somes showed regional specificity uptake by synapto-

somes derived from the cortex and cerebellum regions

of the brain of adrenalectomised rats did not change

(Miller et a1., 1978). The fact that incubation of

the hippocampal synaptosomes with corticosterone did

not alter the maximal velocity of uptake which shows

that the changes observed after adrenalectomy were

as a result of the interaction of the corticosteroids
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with receptors in the hippocampus. In other experi-

ments, adrenalectomy increased the binding of GABA in

the midbrain on the third day after the operation

while in the caudate-putamen, the increase was observed

between days 7-14. Administration of corticosterone

to adrenalectomised rats prevented the changes in GABA

binding to occur in these brain structures (Kendall

et al., 1982).

The results on the effects of exogeneous corti-

costeroids Dn the metabolism of GABA vary widely. A

number of authors note that hydrocortisone has no

effects on GABA turnover in intact animals (Riudi and

Ventura, 1961; \..Joodbury et al., 1957). However, after

a single injection of hydrocortisone, the levels of

GABA in the hypothalamus, cerebellum, cortex and brain

stem of rat brain are reported to d ec r-e a s a (Hahn at el,,

1970; Sadasivudu et al., 1977). Four hours after an

injection of the hormone, the GABA content in the

cortex region of rabbit brain increased but 24 hours

later, its levels returned to normal (Masteshkina and

Mishunina, 1975).

Studies on the effects of single hydrocortisone

injection on GABA levels of the brain showed a decrease

in GABA levels in the hippocampus and cortex regions

of the rat brain, and an increase in its content in

the medulla-pons and in the cerebellum. No SLJ C h changes
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were observed in the midbrain (Kononenko and Mishunina,

1982). Administration of hydrocortisone to newborn

rats caused a decrease in GABA levels in the brain.

This decrease i~ GABA was found to vary with the age

of the rats (Vernadakis and Woodbury, 1971). Single

administration of corticosterone caused a decrease in

GABA content in the hypothalamus without affecting the

relationship between "Free"/"Bound" GABA (Hahn et al.,

1977). At the same time no changes were observed in

the whole brain following corticosterone administration

(Riudi and Ventura, 1961).

The effects of adrenal hormones therefore may be

dependent on the duration of administration. A single

injection of cortisone can decrease brain GABA content

(Riudi and Ventura, 1961), while prolonged administra-

tion over a 16-20 days duration does n~t affect the

levels of GABA (Yudaev and Gancharova, 1959). The

initial hormonal status of the organism plays an

important role in the effectiveness of hormonal action.

Hydrocortisone injection (single and multiple) results

in a decrease in the GABA content in the brain of

adrenalectomised rats (Woodbury and Vernadakis, 1966),

while in intact animals no such changes were observed

(Woodbury et al., 1957). Corticosterone and cortisone

caused an increase in the levels of GABA ln the brains

of adrenalectomised rats, while at the same time,

corticosterone failed to cause any change in GABA levels
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of intact animals. Cortisone however, decreased the

levels of GABA in intact rats (Riudi and Ventura, 196D.

Argiz (1967) also noted a difference in the effects of

hydrocortisone dependent on the levels of the hormone

in blood plasma at the time of administration.

Changes in the levels of GABA in the brain could

partly be due to the effects of the exogeneous hormone

on the uptake of GABA. In vitro studies show that

hydrocortisone incrBased the incorporation of 3H-GABA

in brain slices (Banay et e l ;, 1979). The release of

GABA in this case was not affected. The content of

GABA ln the slices upon incubation with hydrocortisone

increased and it is worth noting that the effects of

the hormone were similar to the effects of aminooxy-

acetic acid, an inhibitor of GABA-Transaminase (Banay

et a1., 1979). Hydrocortisone in th~se experiments

increased the formation and decreased the catabolism

of GABA. In vitro, neither hydrocortisone nor corti-

costerone affected the activities of GAD or GABA-T in

the brains of rats (Edwards and Rousse, 1980; Mayer

et al., 1979). Studies on the activities of GABA meta-

bolising enzymes in different brain regions, show that

one hour after hydrocortisone administration, the acti-

vities of GAD in the hippocampus and medulla-pons dec-

rease. Four hours later in the hippocampus, an incr-

ease was observed, while its activities decreased in

the medulla-pons (Kononenko and Mishunina, 1982).
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The activities of GAD in the hypothalamus. cortex.

midbrain. cerebellum and caudate-putamen did not show

any changes under these experimental conditions.

The above data indicates that adrenal hormones

have an adverse effect on the metabolism of GABA in

the brain, however the discrepancies in the results

obtained due to the use of different corticosteroids,

doses, times of experimentation, kinds and functional

status of the animals make a follow up and interpre-

tation of the effects of tbe hormones on brain meta-

bolism of GABA difficult.

1. 3. CORTICOSTEROIDS AND BIOGENIC AMINE (DOPAMINE.

NOREPINEPHRINE. SEROTONIN) BALANCES AND META-

BOLISM IN THE CENTRAL NERVOUS SYSTEM.

The relationships between glucocorticoids and

biogenic amines have received considerable attention

in recent years especially with regard to biogenic

amines' control of glucocorticoid production (De Vellis

and Ku ke s , 1973; Lissark et a1.. 1973). The converse

effects of glucocorticoids on biogenic amines' activity

have not been well studied. although a number of cli-

nical observations suggest that steroids can exert

great effects on catecholamines and/or indoleamine

systems. Patients receiving high doses of exogeneous

adrenocorticotropic hormone (ACTH) or glucocorticoids
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often exhibit psychiatric disturbances, including

depressive, psychotic or excited states (Antony et al.,

1985). Patients with conditions that are characterized

in part by marked hypercortisolemia (e.g. Cushings

Disease) often demonstrate psychiatric disturbances.

Adrenocorticotropic hormone (ACTH) is an adreno-

hypophysial glandotrophic hormone, its main effects

being stimulation of the adrenal cortex and glucocort-

icoid secretion (Cortisol in man and corticosterone in

certain other species e.g rat). ACTH is regu-ated by

the hypothalamic corticotrophi~ releasing hormone (CR~)

and by feed-back in which glucocorticoids especially

cortisol or corticosterone act on ACTH secTetion. The

feed-back regulation secretion by the blood cortisol

or corticosterone level mainly concerns the relatively

slow adjustment of ACTH secretion to changed blood

levels of the adrenal cortical hormones. Rapid ACTH

secretory reactions (Stress) are relatively independe~

of the corticoid level; they can be only partly inhi-

bited and only by large doses of corticosteroids

(Schreiber, 1974).

ACTH secretion is regulated in two ways. T. e

first is homoestatic regulation, the purpose of which

is to keep the blood concentration of adrenal cortex

hormones at a constant level. It takes effect mainly

under conditions of diminished blood corticoid level,

ACTH secretion being stimulated after adrenalectomy
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and after chemical block or enzymatic disturbances of

hormone biosynthesis in the cortex. The other type

is reflex regulation, when ACTH secretion rapidly

increases during exposure to the most diverse forms of

st re s s (h eat, co 1d , t ra uma, emo t ion s , e t c) . In the s e

situations, ACTH secretion rises to some extent inde-

pendently of the blood corticoid level. Both types of

regulation use a simple final common pathway, i.e.

secretion of hypothalamic CRH into the adenohypophysial

portal blood (White et al., 1980).

Diminished ACTH secretion after large doses of

corticoids can also be accompanied by a decrease in the

ACTH content of the adenohypophysis. CDnversely the

blood ACTH concentration and the amount of ACTH ln the

adenohypophysis both rise after adrenalectomy. It has

also been reported that, the administration of corti-

costeroids inhibits the pituitary-adrenocortical system

and that the regulation of this system is affected by

corticosteroid feedback mechanisms (Szentagothai et al.,

19 6 8; Z imm erm a n and C r it c h0 v , 19 69; 0a f nyet a 1 ., 19 73 ) .

Exogeneous administration of corticosteroids are also

reported to be followed by a decrease in cortisol levels

and these levels of cortisol are prevented from rising

during stress (Verniko-Danellis, 1964; Legori et al.,

1965). This indicates that the blood corticoid level

simultaneously influences both ACTH secretion and

synthesis. It also shows that CRH likewise exerts both

types of action.
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The mechanisms of the feed-back action of the

adrenal cortical hormones evidently involve effects of

hypothalamic CRH secretions. Study of the possible

site of action of corticoids (the adenohypophysis or

the hypothalamus) show rather conclusively that the

site of the inhibitory action of corticoids is the

hypothalamus, and possibly other structures in the

higher parts of the central nervous system as well

(Schreiber, 1974).

Studies in man and other species have emphasized

the effects of glucocorticoids on noradrenergic (NE)

and serotonergic (5-HT) systems. These effects appear

to vary greatly depending in part on dose and duration

of corticosteroid treatment or the animal species and

specific brain regions. The effects of corticosteroids

on dopamine (OA) have been less emphasized, ,although a

number of indirect observations indicate that steroids

increase OA content. Some of these effects can be

thought to reflect a possible corticosteroid effect on

the pituitary (Kononenko, 1982).

A lot of data has enabled researchers to formu-

late a number of concepts on the role of brain mono-

aminergic systems and hormones in the functional regu-,
lation of not only the central nervous system, but also

of other organs and systems. It is generally believed

that, monoaminergic systems of the brainstem partici-

pate in the integration and primary co-ordination of
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different signals originating from within and outside

the organism (Dorner, 1978). One of such important

signals is the hormonal signal. It is postulated that,

hormones interact with neurotransmitters, especially

biogenic amines and form a general co-ordinate neuro-

hormonal system at CNS level, controlling important

life processes such as metabolism and coordination of

information.

It is known that excess or deficiency of corti-

costeroids causes behavioural and psychological distur-

bances in humans and experimental animals (Woodbury,

1958). Evidence that corticosteriods may affect beha-

viour independently of the steroid's ability to modu-

late the concentrations of ACTH also exists (De Wied,

1979). Bilateral adrenalectomy has been shown to

suppress body growth and increase the activity of

tyrosine hydroxylase (an allosteric enzyme in the

synthesis of catecholamines) in rat striatum. in a

time dependent manner. Fifteen days after adrenalec-

tomy the concentrations of NE were found to be decreased

significantly in the hypothalamus and striatum, as were

those of DA in brainstem and striatum. Administration

of corticosterone to these rats effectively reversed

these effects on brain amine metabolism. It has been

suggested that changes seen in brain NE and DA of

adrenalectomised rats are specific to adrenocortical

steroids and that these hormones playa role in the

regulation of catecholamine biosynthesis (RosLogi
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et al., 1978). It has also been shown that adrenalec-

tomy decreases tryptophan hydroxylase activity and its

substrate tryptophan in the brain stem (Rostogi et al.,

1978). This was followed by a parallel change in the

concentration of 5-HT in the brain stem and striatal

regions of adrenalectomised rats. Replacement therapy

with corticosterone produced time-dependent increases

in total tryptophan, tryptophan hydroxylase and 5-HT,

and decreased 5-hydroxyindolacetic acid levels. It

was also noted that alterations in these neurochemical

parameters were more conspicuous in adrenalectomised

rats receiving corticosterone for 7 days as compared

to those receiving it for 3 days. This data seems to

suggest that adrenocortical hormones regulate brain

5-HT synthesis probably by enhancing both levels of

tryptophan and the activity of tryptophan hydroxylase.

It has been suggested previously that serotonergic

nerve fibre containing structures like the cortex,

hippocampus and amygdala constitute a functional unit

that modulates the regulation of ACTH (Scapagnini

et al., 1971). Hence there is some correlation between

the daily rhythm of 5-HT content in the li~bic system

and that of circulating corticosteroids and thus of

ACTH and CRH levels. Following corticosteroid admini-

stration, reports of increased (Azmitia and McEwen,

1969), unchanged (Shah et al., 1968) or even decreased

brain 5-HT have been reported (Curzon and Gl~een, 1970).

One hour after bilateral adrenalectomy, the turnover
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of 5-HT in the dorsal hippocampus was reported to have

been significantly decreased as compared to that of

sham operated animals. A low dose of corticosterone

given immediately after adrenalectomy restored both

5-HT turnover rate and steroid receptor occupancy in

dorsal hippocampus. Dexamethasone failed to produce

any such changes (Versteeg et e L. . 1984).

The role of brain NE in the regulation of pitui-

tary-adrenocortical function is controversial. It has

been suggested (Ganong, 1972), that the central norad-

renergic system inhibits the secretion of adrenocorti-

cotropin, but it results in a drastic reduction in the

hypothalamic NE content which results f~om intraventri-

cular administration of 6-hydroxydopamine and it has

no effects on the basal levels of corticosterone in

rat plasma and adrenal tissue. The stress response is

also not affected nor is the suppressive effects of

dexamethasone on plasma and adrenal concentrations of

corticosterone (Ganong, 1972).

Circadian ryhthms in brain levels of .E, DA and

5-HT have often been described (Simon et al., 1975;

Anne et e l .. 1975). There has been evidence suggest:ing

that, these circadian ryhthms could be modulated through

the allosteric enzymes responsible for synthesis of

these neurotransmitters, which have also been shown to

vary circadially (Enna et a1., 1975). Sev8ral investi~
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gat ions on the functional role of biogenic amines in

the brain and their interrelationships with hormones

have enabled researchers to discover a number of common

trends in neuroendocrine interaction. The role of

biogenic amines in the realization of positive and

negative feed-back mechanisms in the hypothalamus-

pituitary-peripheral organs has been demonstrated

(Rakitskaya and Shaliapina, 1976). The nature of inte-

raction between individual corticosteroids and neuro-

transmitters in the neurochemical mechanisms of neuro-

glial interaction and also in behavioural reactions is

of great value (De Vellis and Kukes, 1973; Lissark

et a1., 1973).

The data cited above shows the participation of

monoaminergic systems of the brain in the realization

of hormonal effects on the nervous syste~. This is

not 0 n 1y 0 f the 0 re tic a 1 but a 1so 0 f pra ctic a 1 importance.

That is in fact why there is justification in attempts

to use several drugs which act on serotonergic brain

mechanisms with the sole aim of inhibiting hyperpro-

duct ion of ACTH in Cushing Desease e.g cyproheptadine

(Krieger, 1978).

It has been established that exogeneous adminis-

tration of hydrocortisone has different effects on the

brain content of norepinephri e and suroton:n in rats

(Kononenko et a1., 1970; Davidienko., 1974). While
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the levels of serotonin fell 30-60 min after hormonal

administration, the concentrations of noradrenaline was

not altered. Elevated serotonin levels caused by

Impacide injections are normalised by hydrocortisone,

while those of noradrenaline continue to increase con-

sequently, despite the general metabolic pathways for

catecholamine and phenylalkylamine, changes caused by

hydrocortisone can vary for each one of them.

Further it was found that changes seen in the

biogenic amine content can be caused by the effects of

corticosteroids on the activities of the enzymes res-

ponsible for amine metabolism. It was thus shown that

hydrocortisone administration alters monoamine oxida-

tion of several neurotransmitters. (Kononenko., 1970;

Valikina., 1972). After single injection of hydrocor-

tisone 2-4 hours, intensive oxidative deamination of

tyramine, tryptamine, and serotonin was observed in

the brains of rats and rabbits. Further the process

normalizes. These alterations in the activity of the

major enzyme responsible for biogenic amine inactiva-

tion in nervous tissue is but one of the possible ways

in which monoaminergic structures of the brain could

respond to hydrocortisone. This would correspond to

electrophysiological finding on the excitability of

adrenergic structures of the nervous system Following

hydrocortisone administration (Gaidina, 1967). After

adrenalectomy, there are changes in the subcellular
distribution of monamines oxidase specific for par-t icular-
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tissue. Total MAD activity of heart, brain and vas

deferens was significantly increased in adrenalecto-

mised rats, but there was no significant alteration of

activity in the other tissue examined (Caesar et al.,

1970). There was a greater than two fold increase in

mitochondrial MAD activity in the heart and significant

increases were detected in the mitochondrial fractions

of the brain. This rise. however, does not occur in all

brain regions and the intensity of the oxidative deami-

nation of amines under corticosteroid deficiency varies

from region to region (Youdim and Holzbaver, 1976).

The above results have shown two interesting

facts. First, alterations in monoamine oxidase activity

are not the same in all structures of the brain, and

are more pronounced in the hypothalamus and cortex.

Secondly hydrocortisone affects different amines

differently. Thus while intensification of oxidative

deamination of tyramine was observed in all brain

regions, the deamination of serotonin increased only

in the midbrain and cerebellum, while dopamine deami-

nation was not altered (Valikina, 1972). Administra-

tion of ACTH has been shown to decrease oxidative

deamination of tyramine in different regio s, probably

by directly acting on the brain (Valikina, 1972).

Hypocortisolism caused by administration of

cloditane to dogs is accompanied by a decrease in the

noradrenaline content of the hypothalamus, thallamus,
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dorsal nucleus, medulla and the cerebellum. These

alterations are more pronounced in the hypothalamus

which has an important role in the regulation of corti-

costeroidogenesis. The lowering of noradrenaline

content of the brain is by all means probably due to

the hypocortisolism brought about by the drug

(Komissarenko et a l .. 1977). This view was further

supported by the fact that catecholamine levels in the

affected animals returned to normal following corticos-

teroid therapy. No changes were observed in noradre-

naline levels in those animals where chloditane did

not suppress adrenal function.

1. 4. AIMS OF THE STUDY

The present study, carried out in ~ats was aimed

at:

(i) Finding out alterations in neurotransmitter

metabolism in brain tissue under different corticoste-

roid levels in the organism.

(ii) Ascertaining the effects of plasma corticoid

levels on the putative neurotransmitter (GABA, nore-

pinephrine, dopamine and serotonin) distribution in

the discrete brain structures with special emphasis

on the hypothalamus and hippocampus regions.

Assessing the correlation between the metabolism
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of GABA, NE, DA and 5-HT in the limbic structures with

plasma cortisol levels as a possible indicator of

adrenocorticotropic response to neuroendocrine reactions.

(i v ) Finding out the possible level at which the

endocrine system interacts with the central nervous

system to bring about a feed-back response exhibited

by the hypothalamus- pituitary - adrenal gland, system.
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CHAPTER 2

MATERIALS AND METHODS

2.1. ANIMALS

Male sprague-Dawley rats 3-4 months old and

weighing 250-300g were obtained from the International

Laboratories for Research on Animal Diseases (I.L.R.A.DL

The animals were housed, given rat pellets and water

ad libitum. Hydrocortisone hemisuccinate sodium salt

"Ritcher" or dexC3methasone sodium phosphate "Ikpharm"

(a courtesy of Kenyatta National Hospital Nairobi)

were injected intramuscularly in the doses of 50mg/Kg

and 4mg/Kg body weight respectively. Control ar:imals

were injected with an app r-op r i a v r arnoun t of 0.85%

saline. All the injections were carried o~t at 0800

hrs local time.

2 .2 . DISSECTION PROCEDURE

The animals were quickly killed by decapitation

into an ice bucket. The brains were carefully removed

onto a pre-frozen tile, blotted and chilled. Oissec-

tions were performed on an ice-coolec tile ess8ntjally

by the method described by Glowinski and Iversen, (1966).

Seven rag i o n s were s epe r-e t ed , and these "Jill be des-

c r i b e d in t h o text by the +o Ll ow i ug simplified name s:
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(1) hypothalamus, (2) hippocampus, (3) cerebellum

(4) medulla and pons (5) midbrain (6) caudate-putamen

(7) cortex.

Five of these regions include more than one

distinct anatomical structure: The "Medulla pons"

corresponds to the medulla oblangata and pons; The

"Midbrain" corresponds to midbrain, subthalamus (the

latter structures being part of the diencephalon).

The "Caudate-putamen" contains the putamen nucleus and

caudate nucleus (striatum) and the globus pallidus

oucleus (i.e., the basal ganglia of the telencephalon

without the amygdala). The "Cortex" corresponds to the

telencephalon without the "Striatum" j It· includes white

and grey matter of the cerebral cortsx. (see Fig 2

for the diagramatic repressntati of th~ dissection).

All-'--'- these and subsequent Events includi~g homogeni-

zation were carried out in the cold room at 40C.

2 . 3 . PREPARATION OF TISSUE

a) Short term experiments

Sprague - Dawley rats 3-4 months old we i g h i n g

250-300g were injected intramuscularly with

either hydrocortisone 50mg/Kg body weight or

dexamethasone 4mg/Kg body weight respectively.

The injections were in all cases carried out at

0800 hrs local time. Th8 animals were decapita-

t ed 4 he u rs ]Ci t o r at l/CO noon and used for the assay;:,.
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®

HCTION 2.

Fig. 2 - Diagramatic representation of dissection procedure

for rat brain (Glowinski and Iversen, 1966).

Dotted lines indicate positions of initial sectip~g.

B
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b) Long term experiments.

The animals were injected intramuscularly with

hydrocortisone 50mg/kg body weight at 0800 hours.

The injections were carried out continuoLisly every

day for seven consecutive days. The animals were

killed 24 hours after the last hydrocortisone inj-

ection between 0800 and 0900 hours and used for

the ass6ys. Control animals injected with an

appropriate amount of 0.85% NaCl solution in both

long and short term experiments were ran side by

side.

2.3.1. Preparation of Synaptosomes and Free Mitochon-

dria

The preparation of synaptosomes and free mitocho-

ndria was carried out using the homogenization and

fractionation procedures described by Cotman, (1973)

as follows.

The hypothalamus and hippocampus tissue from 5-6

rats was pooled, and homogenized in 20% (w/v) homoge-

nization medium [O.32M sucrose, ImM EOTA (sodium salt),

10mM-Tris/HCL pH 7.4], with 18 up and down strokes,

diluted to about 10% (w/v) with isolation medium and

fractioned as outlined in the scheme. The 13% or 17%

Ficoll/sucrose medium contained: 13% or 17% (w/v)

Fico1L 0.32M sucrose, ImM EnTA (sodium salt) and ]nmM

Tr i s zl+Ll , pH 7.4. The 8.S?" f-"icol1 mecium contai.t'efb1n
'~

~~___ sa.
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8.5% (w/w) FicolL 0.12M-mannitol, 30mM sucrose, 20mM-

EOTA (sodium salt) and 5mM-Tris/HCl pH 7.4. The cent-

rifugation was carried out in an MSE 50 ultracentri-

fuge using a 3 x 23 ml swing out rotor. Under these

conditions light and heavy synaptosomes were pooled

together as one fraction. After dilution with isola-

tion medium, the synaptosomes were recentrifuged at

18,500g for 20 min. The synaptosomal and mitochondrial

pellets were resuspended to about 1-2mg protein in

isolation medium or buffer and used for the experiments.

The distribution of glutamate ~ecarboxylase and GABA-

Transaminase enzymes aMong the fractions was used as

a marker for the purity of the separations.

ISOLATION SCHEME

10% (w/v) homogenate in 'isolation M8dium

lOOr for 5 min. l

Supernatant
!
I

18,500g for 20 mln

!
PI (discard).

Crude mitoch~ndrial pellet
resuspended in isolation
medium.

(CM) c; 1 t ,.l-~uperna .err:
(discard)
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17

dium
~

5% Ficolll
rcrose ~

% Ficolll ~ 68,580g >crose 30 min

0 Ficolll-0

crose

1 myelineM in isolation

13

lightiYynapto-
somes

1-------.

i heavy
synapto-
50mes

me

8.
su

su

su

2. it • PROTEIN MEASUREMENTS

The protein concentrations of the samples were

d eterm ine d by the B iu r et me tho d (G 0 r ne I L eta 1 ., 1949 )

with some modificatio s 6r alternatively by the method

as described by Hartree, (1972). To remove the phos-

pholipid layer from brain tissues, the following pro-

cedure was followed: 50-100~1 of the sample was washed

w i t h 1.5m1s of an acetone: ethanol (1: 1) mixture and

centrifuged at 4000 rpm for 10 min. The p e 11 et ~"as

then rewashed with 1.5mls of ether and centrifuged at

4000 rpm for 10 min. The ether was discarded and the

pellet assayed for protein content.

a) Biuret Method

The protein-acetone powder pellet obtained from

the washing above was dissolved in sn~l of
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7% NaOH in a waterbath at 600C. To Iml of

diluted sample w?s added 4mls of the biuret rea-

gent (1.50g. CuS04. 5H20 and 6.0g + +Na -K -tarta-

rate in 500ml of water. 300ml of 10% NaOH was

adde~ and diluted to 1 litre with water) and

vortexed. The mixture was immersed in boiling

water for 1 min cooled to room temperature and

the optical density read at 540nm on a zeiss pm

Q 11 spectrophotometer. Standards containing

l-lOmg pr~tein/ml were run in a similar manner.

b) Hartree Method

Protein samples were dissolved in 50~1 of 7%

NaOH and diluted to Im1 with water and treated

with 0.9mls of solution A. (2gm potassium

sodium tartarate and 100gm Na2C02 dissolved in

500mls IN NaOH and diluted with water to 1 litre).

A blank and a standard are set up in the same

ItJay. The tubes were olaced in a water bath at

500C for 10 min, cooled to room temperature and

treated with O.lmls B (2gm potassium sodium

tartarate and 19m CuS04. 5H20 dissolved in 90mls

water and 10mls IN NaOH). The solutions were

left at room temperature for at least 10 min then

3mls of solution C (1 vol Folin-Ciocalteu rea-

gent diluted with 15 vol water) was forced in

rapidly to ensure mixing within 1 sec. The
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tubes were again heated at 500C for 10 min and

cooled to room temperature. Absorbancies were

read at 650nm in a Zeiss pm 0 11 spectrophoto-

meter against bovine serum albumin as standard.

2.5. DETERMINATION OF TOTAL ll-OXYCORTICOSTEROID

CONTENT IN PLASMA

Determination of ll-oxycorticosteroids was

carried out by the method according to De Moor et al.,

(1960) as follows:-

to O.lml of heparinized trunk blood plasma from

experimental animals was added 3.0mlsH20 and 12mls

hexane in graduated tubes. The tubes were vortexed

vigourously and the upper layer of th~ supernatant

extract was discarded by aspiration using 2 trawn-out

polyethylene tube connected to a water aspirator

leaving behi d a volume of 3ml. 4.5mls of water was

added followed by 15mls of methylchlarice a~d vortexeo

f 0 I' 20 s econ d s . Imm is c ib 1e 1iqui d s w 8 res ep 2:rat ed by

brief centrifugation at 3000 rpm for 5 min. The upper

organic layer was aspirated leaving 12mls. To this

was added 1.Omls of O.lN NaOH, vortexed for 15 sec and

the upper layer aspirated leaving behind lOmls. A

cold mixture of concentrated sulphuric acid: Absolute

ethanol (3:1) was then added and vortexed briefly.

The upper layer of this mixture was then aspirated off
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leaving 10mls. A standard containing cortisol was run

in a similar manner. Fluorescence was recorded 90 min

later at 470nm excitation and 524nm emission wavelengths

respectively on an Amico Bowmen spectrophotofluorimeter.

Results were expressed in nmoles ll-oxycorticosteroidsl

ml + SEf"l.

2 .6 . OETERI"'H!ATION OF "FREE" AND "BOUND GAGA

Extraction of "Free and "Bound" GABA was carried

out as described by Lovell and Elliot, (19631 as foll-

ows: Brain hypothalamus and hippocampus tissue following

dissection (see 2.2) was weighed and homogenized quickly

at 40e in five volumes of physiological saline (1:5

w/v1 using a glass homogenizer. After centrifugation

at 18,000g for 20 min, the supernatant ~ontaining

"Free" GABA was separated from the residue which con-

tained "Bound" GABA. To the residue was then added

the original volume of 0.85% saline and the resulting

suspension heated in a boiling water bath for 15 min

and centrifuged. The pellet was discarded. To the

first and second supernatants were added three volumes

of absolute ethanol. These two alcoholic solutions

were centrifuged after standing for 12-1B hours at 40e.
The supernatants were then evaporated in a Water bath.

-To the residues was added O.lml H20 and the whole

volume was pippeted onto a chromatographic paper.

Determinution of GABA was carried out following
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descending paper chromatography using the upper layer

of the solvent system: butanol-glacial acetic acid-

water (4:1:5. v/v). The chromatography was run three

times 20-24 hours each, drying the paper every time

before the next run. Development of the chromatogram

and subsequent determination of GA8A were done by the

methods of GirL (1953) and Bo d e , (1975) respectively.

The chromatograms were sprayed with a solution of nin-

hydrin in acetone (0.5g ninhydrin, 95mls acetone, .•

0.9ml glacial acetic acid and water to 100mls). They
owere then dried by heating in an oven at 65 C for

30 min. The spots carrying GA8A were cut out and

eluted with 5ml of 0.005% copper sulphate solution in

76% ethanol (w/v). After l-U hours the optical den-

sity was read at 500nm in a Zeiss PM Q 11 spectrophoto-

meter against a standard concentration of GA8A. The

results were expressed as vmoles of GA8A per gm wet

tissue.

2.7. DETERMINATION OF NOREPINEPHRINE, DOPAMINE AND

SEROTONIN IN SAME BRAIN REGION

The assay was carried out essentially by the

method of Jacobowitz et e l ., (1978) as follows. 5ml

of butanol was pipetted into a homogenizing tube and

placed in ice cold water. Each tissue sample was

rapidly weighed and added to the butanol and an appr~

priate amount of O.OHJ HCl added such that the r i s sue

water, plus 0.01 Hel 8~ua18d 0.75ml (assuming tissue
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weight is 70% water) in 5ml butanol. The tissue

samples were homogenized in a glass homogenizing tube

with a motor driven teflon pestle until the tissue was

uniformly distributed throughout the butanol. The

homogenate was poured In a 12ml conical centrifuge tube

and centrifuged for 10 min to sediment the tissue

debris leaving a clear supernatant.

A 2ml aliquote of the butanol supernatant was

put into a 12ml conical centrifuge tube containing

1.5ml of O.lM phosphate buffer (pH 6.5) in ice water.

For analysis of 5-HT an additional 2ml of butanol sup-

ernatant was put in a 15ml glass stoppered centrifuge

tube containing 5ml heptane and 0.5ml of O.lN Hel in

ice water. Both the mixtures were vortexed for 20 sec.

NE and OA were extracted into the phosphate buffer and

5-HT was extracted into the O.lN HCl. The tubes were

then centrifuged (3000 rpm) to separate the organic

and aqueous layers and, using a vaccum with a water

trap. The top organic layer including any lissue discs

was aspirated, leaving as much of the aqueous layer as

possible. A Iml aliquot of the phosphate extract was

then placed into 15 x 150mm test tube. A 0.3~1 aliquot

of the O.lN HCl was put into another similar tube for

the 5-HT assay.

The NE and OA in the phosphate buffer extract

were oxidised into fluorophores by addition of O.25ml
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versene 4g disodium ethylenediamine tetra-acetic acid

(EOTA) in 95mls of distilled water (pH 6.0-6.5) and

vortexed briefly. Then at exactly 2 min intervals the

following reagents were added in the order indicated.

(1) 0.2ml iodine (4.8g potassium iodide plus 0.25ml

iodine to lOOml with distilled water), vortexed briefly

(2) 0.25ml alkaline sodium sulphite (2.5g Na2S03 in

100mls 4N sodi~m hydroxide), vortexed briefly and (3)

0.3ml 5N acetic acid, vortexed briefly. The test tubes

were placed in boiling water for 5 min. then in ice

we t e r- for 1 min. The NE fluorescence was read immed-

iately in an Amico-Bowmen spectrophotofluorometer

excitation 385/emission 485. The OA fluorescence

was read at least 20 min later at 320/385. The fluor-

escence reading was convert:d into l-lg.NE or iJA per g

of tissue as described below.

The highly fluorescent condensation product of

orthophthaldialdehyde and the 5-HT in the 0.1 J Hf. L

extract was prepared by adding 0.2ml of OPT solution

(50mg of orthophthaldialdehyde in 100ml of absolute

methanol) followed immediately by 1.5ml of concentrated

(lON) Hel. The test tubes were vortexed briefly and

then placed in boiling water for 10 min and then

cooled to room temperature in tap water. The 5-HT

fluorescence was read at 360/470 and convert d into

l-lg5-HT per g tissue as described below.
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Standards were prepared and calculations per-

formed as follows: Separate standard stock solutions

of NE. OA and 5-HT were mixed as 400~g of base per ml

of O.OlN Hel. All subsequent solutions were kept in

ice water. Iml of NE stock (400~g NE) and Iml OA stock

(400~g OAl were placed in 10ml volumetric flask and

0.01 N HCl added to 10mls (40~g/ml NE and 40~g/ml OA)

and mixed. 1 ml of this solution was transferred

into a 25ml volumentric flask and 0.01 N HCl added to

volume (1.6~g/ml). 2mls of this solution was added to

a test tube containing 2mls of O.OlN HCl and vortexed.

This is standard A stock (O.B~g/ml). Iml of standard

A stock was added to 3mls O.OlN HCl in a test tube and

vortexed. This is standard 8 stock (0.2~g/ml). 1m1

of standard 8 stock was taken and added to 3mls of

O.DIN HCl in a test tube and vortexed. T,his is stand-

ard C stock (0.05~g/ml). 0.5ml of A stock and D.25mls

of D.OIN HCI was added to 5mls butanol in a 12nl coni-

cal centrifuge and vortexed for 20 sec. This is A

standard (D.4~). O.5mls of 8 stock and O.25mls of

O.DIN Hel was added to 5mls butanol and vortexed.

This is C standard (O.025~g).

Two untreated rats of a size sex and strain

similar to those used in the experiment were decapita-

ted and the various brain regions dissectsd out. The

brain parts were then weighed. homogenized and

the homogenates centrifuged as described above. A

4ml aliquote of the clear butanol sUpBrnatant from
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the A, Band [ standards and from these tissue samples

were placed into separate centrifuge tubes containing

3ml of the phosphate buffer, vortexed, centrifuged and

the top orga~ic phase aspirated off including any

tissue disc leaving at least 2ml of the bottom phosphate

extract. Duplicate Iml aliquot were transferred into

two test tubes labelled to identify initial and dupli-

cate aliquot. One aliquot was oxidized into a fluoro-

phore as above, the second aliquot was processed to

provide a blank reading by adding, at exactly 2 min

intervals, first the alkaline sulphite, then the iod-

ine and finally the acetic acid. By reversing the

order in which the iodine and the alkaline sulphite

are added, the oxidation of NE and DAinto fluorophores

was .I- 'prevenLeo. The tubes were boiled cooled and read

dS _~ove.

The blank fluorescence reading of the s~andards

was subtracted from their corresponding oxidized fluo-

rescencR reading. The blank readings for a particular

brain area averaged. This mean was subtracted from

the mean blank value from each oxidized reading of

similar area from the brains of experimental and con-

trol rats. The corrected fluorescence reading of each

standard was divided by the amount of added NE or OA

(ie corrected A:0.4 = Xl' corrected B~O.l = X2 correc-

L~d [';'0.025 X~) and the average slopo calculated.
...)

(X, + X2 + X3)';' 3 = ev e rag e s lo p a . The corrected
1 _ -
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tissue fluorescence reading was then divided by the

average slope to determine Ug NE or ug oA per sample

and this was then divided by the weight in gm of the

particular tissue sample to determine the amount of

NE or oA per gram of tissue.

The 5-HT standards were prepared in a similar

manner (lml of 400ug/ml stock up to 10ml, Iml of this

up to 25ml, 2ml of this plus 2ml 0.01 N HCl is stand-

ard X stock; Iml X stock plus 3ml of 0.01 N HCl is

standard Y stock; Iml X stock plus 3ml 0.01 N NCl is

standard Z stock; 0.5ml of each (X, Y, and Z stocks)

+ 0.25ml 0.01 Hel each intc separate centrifuge tubes

containing 5ml butanol). Two reagent blanks were made

by adding 0.75mls of 0.01 N HCl to 5ml butenol. These

5-HT standards and reagent blanks were processed as

butanol homogenates as in the assay. They were then

reacted with OPT reagent and read as above. The rea-

gent blank fluorescence reedings were avsraged and this

mean blank valve subtracted from the fluorescence

readings of all the standards and all of the tissues.

The corrected standard readings were divided by the

amount of 5-HT in each corrected readi g and the aver-

age slope to determine total 5-HT in the sample and

then by the weight of the sample in grams to give

5-HT per gram wet tissue.
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2.8. DETERMINATION OF 3H-GABA REUPTAKE IN THE SYNAPTO-

SOMES

Determination of High-affinity 3H-GABA uptake by

synaptosomes was carried out by the method described

by Miller et a1., (1978). The initial velocity of 3H_

GABA uptake was determined by incubating aliquotes of

synaptosomes for 2 min at 370C in Krebs - phosphate

buffer containing 100mmoles glucose, (l24mM NaCl, SmM

KCl, 20mM NaHZP04, 1.ZmM KHZP04, 1.3mM f'lgS04 and 0.7SmM

CaClr pH 7.4), w i t h various (O.S, 1.0, loS, Z.O, Z.S,

3.0, S.O,lu~moles) 3GABA with labelled H-GABA as a

tracer, in a final incubation volume of Iml. The reac-

tion was stopped by the addition of 5 volumes r •OT lCB

CQld buffer. The samples were quickly filtered through

millipore membrane filters with pore size ~ 0.4S~m.

The synaptosomes on the filters were re-washed twice

with buffer, dried in air and radioactivity counted by

liquid scintillation in a MARK-3 scintillation counter.

The V and K for transport were found by platingmax m
Eadie-Hofstee, Hanes plots of G Vs G and Pm Vs

Pm
Pml G and lineweaver-burk plots of I/Pm VS II G which

yielded straight lines.

2.9. DETERMINATION OF GLUTAMATE DECARBCXYLASE ACTIVITY

(E. C. 4. 1. 1. IS GAD).

The determination of glutamate decarboxylase
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activity was carried out by the fluorimetric method of

Lowe et al., (1958) by the modification of Graham and

Aprison, (1969).

To 100~1 of tissue in a centrifuge tube (in an

ice bath) were added 100~1 substrate buffer pH 6.4,

(lmlof 100mM glutamic acid, 40~1 of 50mM pyridoxal

phosphate and 40~1 of 10% Triton X-IOO) and incubated

for 30 min at 370C. The reaction was stopped by adding

100~1 of 15% TCA. To the blank tube, TeA was added

prior to addition of substrate to precipitate the

protein. 300~1 ninhydrin (14mM Ninhydrin in 500mM

sodium-carbonate buffer pH 9.4) was then added, vorte-

xed, and centrifuged at 5000 rpm for 10 min. The

supernatant was then placed in a clean test tube to

which another 300~1 ninhydrin was added. The tubes were

incubated in a water bath at 600e f~r 30 min, cooled

and then 3ml of tartaric reagent (1.6g Na2C03, 329mg

Tartaric acid and 3QOmg CuS04. 5H20 in 1000ml distilled

water) added.

2-4~moles/ml of standard GABA was carried through

the assay. The fluorescence was read at 380nm excita-

tion and 455nm emission on an Amico Bowmen spectropho-

tofluorometer. GABA p r-o ou ced was expressed in nmolesl

min/mg protein.
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2.10. DETERMINATION OF GLUTAMIC-Y-AMINOBUTYRIC TRANS-

AMINASE (E.C. 2.6.1.19)(GABA-T)

The assay was carried out using the incubation

medium described by Vasilyev and Yeremin, (1968). The

succinic semialdehyde produced from !-aminobutyrate

during incubation of the enzyme was measured fluorime-

trically by the method of Salvador and Ab e r s , (1959).

In which the reagent 3, 5-0iaminobenzoic acid, conden-

ses with cr-methylenic aldehydes to form quinaldine

derivatives as follows.

The incubation mixture including enzyme homoge-

nate contained 83mM Tris-HCl buffer, pH 8.6, 67mM

cr-ketoglutarate, 67mM Y-Aminobutyriq acid. 1% v/v

Triton X-IOO in a final volume of 500~litres. The
. '0mixture was incubated for 30 mln at 37 C and the reac-

tion terminated by adding lOO~litres of 15% TeA. The

tubes were centrifuged for 10 min at 5000 rpm. To

500~1 of the supernatant was added 100~litres of 0.25M

Diaminobenzoic acid and placed in water at 600C for

60 min. The fluorescence was read on an Amico-Bowman

spectrophotofluorimeter at an excitation and emission

wavelength of 405nm and 505nm respectively. The res-

ults were expressed as nmoles SUccinic serruatdeby de

formed per. mi n per mg protei n .
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ASSAY FOR MONOAMINE OXIDASE ACTIVITY (E.C.1.4.

3.4. MAD)

The assay was carried out esse~tially by the

method described by Harada and Nagatsu, (1973).

MAD activity was determined by measuring the

ammonia formed from the deamination of the amines.

The fluorescence of NAo in alkaline solution which was

described by Undenfriend, (1962), was applied for the

assay and the fluorometric assay of ammonia described

by Roche-Ramd,(1967}, was modified for this MAD assay.

The standard procedure for fluorometric deter-

mination of ammonia based on coupling with GLDH assay

system was carried out as follows. Standard ammonia

solution lOOulitres, containing o-loOulitres of ammo-

nium sulphate was mixed with 400ulitres of GLDH assay

mixture which was made up with; NAOH, O.5mg; 0.15M

Tris-Mala~e buffer (pH B.6), 1.7ml; o.oBM rr-ketoglu-

tarate, 100ulitres, and GLOH 5ulitres (50Ug). The

GLOH assay mixture was freshly mixed in that order

mentioned above just before each assay. The reaction

mixtures containing the standard ammonia solution in

different concentrations and the GLDH assay mixture

were shaken and left at room temperature for 60 min.

Excess NAO~ in the reaction mixture was destroyed b~

the addition of SooUl of IN Hel. The acidified
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mixture was agitated with 1.6m1 of a mixture composed

with 9.om1 of 8N NaoH and 1.oml of 0.1% H202 for

transformation of NAo into a highly fluorescent com-

pound. The alkaline mixture was kept for 5 min in a

boiling water bath. The fluorescence intensity of each

sample was measured at excitation and fluorescence

wavelengths of 360nm and 46onm, respectively, in an

Amico-Bowman spectrofluorcmeter.

The incubation mixture for MAD assay was made

up in a final volume of 5oo~1, 2oo~1 of o.SM sodium

phosphate buffer, pH 7.4; 200~1 of 10mM substrate;

100~1 of tissue homogenate. The tubes were incubated

30 min with gentle shaking at 37°C. The reaction was

stopped by adding lOo~1 of 15% TeA. The tubes were

centrifuged at 4000 rpm for 10 min. The liberated

ammonla was determined by the GLoH ,system as described

above. The monoamine oxidase was given as nmo1es of

ammonia liberated per min per mg protein.

2.12. STATISTICAL ANALYSIS

The data given in the text represents the mean

of five to seven independent determinations in dubli-

cate. The data were evaluated for statistical signi-

ficance by the students 't' test after testing for

homogeneity of variance. Statisiical differences

were assessed at the 95% level of confidence usjng a
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two-tailed test between groups. The differences were

considered significant for values of p< 0.05. Results

are represented as means ± SEM.
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CHAPTER 3

RESULTS

TABLE 1. The ll-oxycorticosteroid levels of rat blood

plasma following cortisol administration

4 HOURS AFTER INJECTION

Saline Cortisol
treated treated P n

325.l±14.7 208.0±7.7 < 0.05 6
I

7 DAYS CONTINUOUS T REA Tf''1EPH

Saline Cortisol
0 ntreated treated ,

1

254.l±7.5 434.4±12.B < 0.05 7

Results expressed as nmoles cortisol/ml plasma ±

SEM.

Table No. 1 shows the effects of hydrocortisone

injection on the ll-oxycorticosteroid content of rat

blood plasma. The levels of ll-oxycorticosteroids in

the cortisol treated animals 4 hours after injection

were decreased significantly by 36% as compared to

control animals receiving normal saline. Following
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7 days continuous injection of cortisol, the ll-oxy-

corticosteroid levels in rat blood plasma increased by

71% when compared with saline treated animals.
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TABLE 2. The effects of single administration of cor-

tisol on GABA content in the hypothalamus

and hippocampus of rat brain.

4 HOURS AFTER INJECTION

"TOTAL" GABA CONTENT

Brain Saline Cortisol
region treated treated P

CN=6) N=5

Hypothalamus 3.95±0.06 4.BB±0.05 < 0.05

Hippocampus 3.03±0.03 4.00±0.OB < 0.05

"FREE" G/\BA CO!'HENT

Hypothalamus 1.97±0. 03 2.43±0.03 < 0.05

Hippocampus 2.05±0.04
I

2.95±O.06 < 0.05
\

"Bour~o " GABA CONTE~n

Hypothalamus 1.BB±O.04 2.44±0.04 < 0.05

Hippocampus 0.9B±0.02 1.02±0. 02 > 0.1

lhe values are expressed as ymoles GABA/gm wet

tissue ± SEM.

Table 2 shows the effects of hydrocortisone 0

the "Free", "Bound" and Total Gp,B,A.content or the
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hypothalamus and hippocampus regions of rat brain, 4

hours after injection. An increase in the total con-

tent of GABA was observed in both the brain regions.

In the hypothalamus approximately equal increases in

both the »Free» and »Bound» forms of GABA were noted.

In the hippocampus only the »Fr8e» form increased

significantly. The "Bound» GABA was not altered

significantly.
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TABLE 3. Effects of multiple cortisol administration

on GABA content in the hypothalamus and

hippocampus of rat brain.

7 DAYS CONTINUOUS TREATMENT

TOTAL GABA CONTENT

Brain Saline Cortisol p n
region treated treated

Hypothalamus 4.11±O.O9 6.67±0.lS < 0.05 6

Hippocampus 4.07±0.14 4.54±0.05 > 0.1 6

"FREE" GABl\ CONTE~JT

Hyoothalamus 2.69±0.O7 4.03±0.14, < 0.05 6

Hippocampus 2.2B±0.06 2.97±O.05 < n nc: 6w •.....'-1

i
"BOU!\JO" Gi\BA CONTENT I

I
Hypothalamus 1.41±0. 05 2.64±0. 12 < 0.05 6

Hippocampus 1.BO±O. 09 1.56±0. 01 > 0.1 6

The values are expressed as vmoles GABA/gm wet

tissue ± SEfv1.

Table 3 shows the effects of prolonged cortisol

inj e c t ion son the t h r e 8 f 0 rrns 0 f GA 8/\ "F :ce e", "B 0 u nd "
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and Total In the hypothalamus and hippocampus regions

of the rat brain. Prolonged injections of hydrocorti-

sone increased the total GABA content of the hypotha-

lamus by 62%. It did not have any effect on the total

GABA content of the hippocampus region of the rat

brain. The levels of "Free" GABA increased in both

the regions by 50% and 30% respectively. The "Bound"

form increased in.the hypothalamus by 87%. No such

increases were observed in the hippocampus.
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TABLE 4. The effects of hydrocortisone on glutamate

d e c arb o xy Le s e enzyme and its distribution in

discrete regions of rat brain.

4 HOURS AFTER INJECTION
~

Brain Saline Cortisol P n
region treated treated

Hypothalamus 9.27±0.58 5.23±0.27 < 0.05 6

Hippocampus 4.34±0.B7 5.19±0.70 > 0.1 6

Cerebellum 2.84±0.1O 2.96±0.35 > 0.1 6

Pons-Medulla 2.D6±0.38 2.22±O.35 I > 0.1 6

Mid-brain 5.44±l.01
I

6.17±l.C7 I > 0.1 6

Caudate-
Putamen 3.58±D.1O 3.2l±0.20 > C.l 6

Cortex 4.82±0.14 3.7B±O.2B < 0.05 6

The values are expressed as nmoles of GABA

formed/min/mg protein ± SEM.

Table 4 shows the effects of a single hydrocor-

tisone injection on the activity and distribution of

glutamate decarboxylase in discrete regions of the rat

brain. The activity of GAD was highest in the hypotha-

lamus and lowest in the medulla and pons region. and

also the cerebellum. The activity of the enzyme in

the hippocampus was 53% lower than in the hypothalamus.

Hydrocortisone injection caused significant decreases

in GAD activity in the hypothalamus by 44% and the
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cortex by 22% respectively. No significant changes

were observed in the other brain regions. In cortisol

treated animals, the GAD enzymatic activities of the

hypothalamus and hippocampus regions were almost the

same.
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Table 5. Effects of dexamethasone on GAD activity in

discrete regions of rat brain.

4 HOURS AFTER H1JECTION

Brain Saline dexamethasone P n
region treated treated

Hypothalamus 9.27±0.58 5.56±0.45 < 0.05 6

Hippocampus 4.34±0.87 2.72±0.53 01<P<O.05 6- -

Cerebellum 2.84±0.1O 2.34±0.27 > 0.1 6

r~edulla and
Pons 2.06±0.38 2.00±0.lB > 0.1 6

Mid-Brain 5.44±1.01 5.43±0.54 > 0.1 6

Caudate-
putamen 3.58±0.1O 2.47±0.20 < 0.05 6

Cortex 4.82±0.14 3.S9±0.43 < 0.05 6

The values are expressed as nmoles of GABA

formed/min/mg protein ± SEM.

Table 5 shows the effects of dexametharone

injection on glutamate decarboxylase activity in dis-

crete brain regions. Dexamethasone injection caused

a decrease in GAD activity in the hypothalamus,

Caudate-putamen and Cortex regions of the brain res-

pectively. The relative activities of the enzyme in

the hippocampus and hypothalamus regions did not change

after dexamethasone treatment, ie. 47% for saline

treated animals and 49% for dexamethasone treated
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animals. The highest decrease In activity was in the

cortex where the activity of the dexamethasone treated

animals was 74% less than In the control animals.

The other decreases in activity were 60%, 63% and 69%

for the hypothalamus, hippocampus and caudate-putamen

respectively. Though statistically significant results

were not recorded for most of the brain regions, the

enzymatic activities of the dexamethasone treated

animals remained well below those of the control ani-

mals.
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TABLE 6. Effects of hydrocortisone on GAD activity ln

the synaptosomes of the hypothalamus and

hippocampus.

4 HOURS AFTER INJECTION
i
I

Brain I Saline Cortisol P n
region treated treated

Hypothalamus 2D.22±0.79 24.15±0.24 > 0.1 6

I
Hippocampus 14.73±0.58 15.53±0.40 > 0.1 6

7 DAYS CO~JTINUDUS TREATMENT

Hypothalamus 15.93±D.56 17.D8±1.DD > 0.1 6

Hippocampus 11.GEl±D.52 9.2El±D.5D > 0.1 6
•

The v e Lu e s e r-e ex p re s se d as nmo le s GABA formed/

min/mg protein ± SEM.

Table 6 shows the effects of hydrocortisone inj-

ection on the activities of glutamate decarboxylase

in synaptosomes isolated from the rat hippocampus and

hypothalamus regions. The activitIes of GAD was

higher in synaptosomes isolated from the rat hypotha-

lamus than ln those from the hippocampus by 36.5%.

There were no alterations in enzymatic Clctivity foll-

owing hydrocortisone injections, both single and pro-

longed.
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TABLE 7. Effects of cortisol on GAD activity in the

mitochondrial fraction of the hypothalamus

and hippocampus.

4 HOURS AFTER TREATMENT

Brain Saline Cortisol I p n
region treated treated

Hypothalamus B.83±0.26 11. 62±0. 26 < 0.05 6

Hippocampus 8.80±0.33 8.55±0.38 > 0.1 6

7 DAYS CONTINUOUS T R E f\ TI'! E~n

Hypothalamus 8.98±0.47 1O.17±0.42 > 0.1 7

Hippocampus 7.32±0.23 6.47±0.22 > 0.1 7

Values are expressed as nmoles G/'\8Aforrred/rni n/rng

protein ± SEM.

Table 7 shows the effects of single (after 4

hours) and prolonged (7 days) hydrocortisone injection

on glutamate decarboxylase activity in the mitochon-

dria isolated from the hypothalamus and hippocampus

regions of the rat brain. The activities of GAD in

the mitochondria isolated from both the hypothalamus

and hippocampus remained the same. The activity of

GAD in the hypothalamus mitochondria 4 hours after

cortisol injection increased by 31.6~ , while a 13%
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increase was observed for the mitoch,ndria of the same

region following prolonged injection. No significant

changes were observed in the hippocampus mitochondria.
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TABLE B. Effects of hydrocortisone on the regional

distribution of GABA - Transaminase activity

in the brain.

4 HOURS AFTER TREATMENT

Brain Saline Cortisol 0
I n

region treated treated

Hypothalamus 30.23±3.05 26.99±2.35 > 0.1 6

Hippocampus 53.74±5.Bl 43.69±5.1S > 0.1 6

Cerebellum 30.23±2.37 40.3l±6.77 > 0.1 6

Medulla and
Pons 61.30±l.77 3B.38±3.S8 < 0.05 6

Mid-Brain 73.SO±l3. 54 75.02±5.60 > 0.1 6

Caudate-
Putamen 5S.35±7.15 34.72±2.90 < 0.05 6

Cortex 20.58±2.72 not detec- < 0.05 6
table

The values are expressed as nmoles of succinic

semialdehyde formed/min/mg protein ± SEM.

Table 8 shows the distribution of GABA-Transemi-

nase activity in discrete brain region following hydro-

cortisone treatment.

The activities of GABA-T ln the hippocampus

region is 78% higher than in the hypothalamus. The

highest enzymatic activity was however, recorded in

the mid-brain region. The lowest activity of the

enzyme was in the cortex. Hydrocortisone inj8ction
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caused significant decreases in GABA-T activities in

the medulla and pons (37%) and caudate putamen (41%).

In the cortex region, no GABA-T activity could be

detected after hydrocortisone injection.
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TfI.BLE 9. Dexamethasone induced changes in the distri-

bution of GABA-T in discrete brain regions.

4 HOURS AFTER TREATMENT

Brain Saline dexamethasone P n
region treated treated

Hypothalamus 30.23±3.05 47.50±7.06 < 0.05 6

Hippocampus 53.74±5.81 43.68±2.74 > 0.1 6

Cerebellum 30.23±2.37 32.48±7.70 > 0.1 6

Medulla and
Pons 61.30±1.77 36.95±6.19 < 0.05 6

Mid-Brain 73.9D±13. 54 57.1l±5.40 > 0.1 6

Caudate-
Putamen 59.35±7.15 57.87±5.10 > 0.1 6

Cortex 20.58±2.72 not detect?ble < 0.05 6

The values are expressed as nmoles succinic semi-

aldehyde formediminimg protein ± SEM.

Table 9 shows the effects of dexamethasone inj-

ection on GABA-Transaminase activity in discrete brain

regions. Dexamethasone had a mixed effect on the act-

ivities of GABA-T in differert brain regions. An

increase in the transamination of GABA was noted in

the hypothalamus where the activity of GA8A-T increased

by 58% as compared to control animals. The activity

of the enzyme decreased in the rest 0+ the brain re-

gions reaching statistical significance in the medulla

and Pons where a 40% decrease activity was recorded.
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The activity of the enzyme in the cortex after dexame-

thasone injection could not be detected.
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TABLE 10. Effects of hydrocortisone on GAGA-T activity

in the synaptosomes isolated from the hypo-

thalamus and hippocampus.

4 HOURS AFTER INJECTION

Brain Saline Cortisol p n
region treated treated

Hypothalamus 114.62±4.73 74.66±3.67 < 0.05 6

Hippocampus 106.25±7.B6 127.24±13.92 > 0.1 6

7 DAYS CONTINUOUS INJECTION

Hypothalamus 69.44±2.95 42. 43±1. 80 .< 0.05 6

Hippocampus 59.44±3.B4 38.92±2.94 101<P<0.05 6

The values are expressed as nmoles succinic 5emi-

aldehyde formed/min/mg protein ± SEM.

Table 10 shows the effects of cortisol injections

on GABA-Transaminase activity in synaptosomes isolated

from the hypothalamus and hippocampus brain regions

+o Ll ow i ng single (after 4 hours) and prolonged (7 days).

The activity of GABA-Transaminase in synaptosomes

isolated from the rat hypothalamus was slightly higher

(10-15%) than in synaptosomes isolated from the hippo-

thalamus. The activity of GABA-T decreased ln the

synaptosomes isolated from the hypothalamus by 65%.
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No change was observed in the synaptosomes isolated

from the hippocampus. Prolonged hydrocortisone injec-

tions produced decreases in GABA-Transaminase activity

in both the synaptosomes isolated from the hypothala-

mus (61%) and hippocampus (65%) respectively.
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TABLE 11. Effects of cortisol on GABA-T activity in

the mitochondria of the hypothalamus and

hippocampus.

4 HOURS AFTER INJECTION

Brain Saline Cortisol p n
region treated

Hypothalamus 338.0±24.9 345.1±lS.S > 0.1 5

Hippocampus 238.4±lS.0 115.3±12.2 < 0.05 5.

7 DAYS CONTINUOUS INJECT:!:ON

Hypothalamus 270.5±13.9 269.1±12.2 > 0.1 6

Hippocampus 121.4±5.3 132.3±5.9 > 0.1 6

The values are expressed as n~oles o~ succinic

semialdehyde produced/min/mg protein.

Table 11 shows the effects of hydrocortiscne

injection on the activities of GABA-Transaminase in

hypothalamus and hippocampus mitochondria, following

single (after 4 hours) and prolonged (7 days) injec-

tions.

The activities of GABA - in the hypcthalamus

mitochondria was higher than tns hippocampus mitochon-

dria. There was also a difference in GABA-T activity

for the sam 8 reg ion bet ItJe e n rat s r8 c to i \I ing sir>g 1e and
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prolonged injections. Hydrocortisone injection caused

a significant decrease in GABA-Transaminase activity

in hippocampal mitochondria by 48%. No such changes

were observed in other brain fractions.
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TABLE 12. The effects of hydrocortisone on the K rn

and V max
3of H-GABA uptake in synaptosomes

derived from the hypothalamus and hippo-

campus 4 hours after injection.

HYPOTHAL/\MUS SYNAPTOSOMES

K \j
rn max

Saline treated 2.B4±0.47 0.SB±0.06

Cortisol treated 2.59±O.36 0.61±O.lD

P > 0.1 > 0.1

n 6 5

I I

HIPPOCAMPUS SYNAPTDSDMES

Saline treated 2.27±D.29 0.S7±D.D6 ,

Cortisol treated 2.12±D.2S O.56±D.D4

P > 0.1 > n '1...).1

n 6 6

The K and V values are expressed as moles xm max
ID-6and nmoles/min/mg protein respectively ± SEM.

Table 12 shows the effects of hydrocortisone on

the K and \j values of the 3H-GABA uptake by synap-m max
tosomes isolated from the hypothalamus and hippocampus

brain regions 4 hours after cortisol injection. No
changes were observed in either the K or the V of the twom max
synaptosornaI popu Iot io.IS from the two regions.
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" TABLE 13. The effects of hydrocortisone on the K andm

V of 3H_ GABA upta ke 1n synaptosome derivedmax
from the hypothalamus and hippocampus foll-

owing 7 days of cortisol injection.

HYPOTHALAMUS SYNAPTOSoMES

K Vm max

Saline treated 2.32±0.28 0.62±0.07

Cortisol treated 2.O9±O.26 0.S8±0.06

P > 0.1 > 0.1

n 6 6
I

6

HIPPOCAMPUS SYNAPTOSoMES

n 6

1.19±0.lB

P

3.8S±0.34

Saline treated 1.72±0.23 0.51±O.oS

Cortisol treated

< o.oS < o.oS

The K and V values are expressed as moles xm max
10-6 and nmoles/min/mg protein respectively ± SEM.

Table 13 shows the effects of hydrocortisone on

the K and V of the 3H-GABA uptake by synaptosomesm max
isolated from the hypothalamus and hippocampus brain

regions following 7 days of continuous injection. A

significant increase in the K and V values form max
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3H-GABA uptake was observed ln synaptosomes isolated

from the hippocampus in rats receiving prolonged

cortisol injections. The increase in K was 124%m
while an increase of 133% was observed for the Vmax
in these fractions. No changes were observed in

synaptosomes isolated from the hypothalamus.
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TABLE 14. Effects of hydrocortisone on the regional

distribution of norepinephrine in the rat

brain.

4 HOURS AFTER INJECTION

Brain ~ l' Cortisol~a.l.lne
region treated treated P n

Hypothalamus 1.4B±0 .16 1.40±0.ll > 0.1 6

Hippocarrpus 0.40±0.04 0.44±0.ll > 0.1 6

Cerebellum 0.23±0.lB 0.23±0.0l > 0.1 6

Medulla and
Pons 0.7S±0.09 0.69±0.04 > 0.1 6

Mid-Brain 0.93±0.06 0.S7±0.05 < 0.05 6

Caudate-
putamen O.61±0.06 0.44±0.0l < 0.05 6

Cortex 0.17±0.0l O.lO±O.Ol < 0.05 6

Results are expressed as ~g norepinephrine/gm

wet tissue ± SEM.

Table l~ shows the effects of hydrocortisone

injection on the regional distribution of NE in brain

regions. Norepinephrine content was highest in the

hypothalamus and lowest in the cortex regions of the

brain respectively. The concentration of norepineph-
rlne in the hippocampus was between 70 - 73% lower

than ln the hypothalamus. Cortisol injection decrea-

sed the NE content of the midbrain. caudate-putamen

and the cortex by 37%. 27% and 41% respectively. No
signific~nt changes could be noted in the other brain regions.
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TABLE IS. Effects of dexamethasone on the regional

distribution of NE in the rat brain.

4 HOURS AFTER INJECTION

Brain Saline d8xamethasone P n
region treated treated

Hypothalamus 1.66±0.DB 2.S0±0.42 < 0.CJ5 6

Hippocampus 0.50±0.04 0.S2±0.OS > 0.1 6

Cerebellum 0.4S±0.0l 0.42±0.0l > 0.1 6

Medulla and
Pons 1.07±0.DB 1.24±0.19 I > 0.1 6

Mid-Brain 0.96±0.09 1.24±0.1l > 0.1 6

Caudate-
Putamen 0.BO±0.06 0.B4±0.12 > 0.1 6

Cortex 0.16±0.0l 0.20±0.02 < 0.05 I 6
I ,

Results are expressed as ~g N5/gm wet tissue ±

SEM.

Table 15 shows the effects of dexamethasone inj-

ection on the NE content of discrete brain ~8gions.

Dexamethasone injection increased the content of

NE in the hypothalamus by 51% and in the cortex by

25% respectively.
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TABLE 16. Effects of hydrocortisone on the regional

distribution of dopamine in the brain.

4 HOURS AFTER INJECTION

Brain Saline Cortisol P n
region treated treated

Hypothalamus 0.30±0.02 0.22±0.0l < 0.05 6

Hippocampus 0.13±0.0l 0.08±0.02 > 0.1 6

Cerebellum 0.04±0.0l 0.03±0.0l > 0.1 6

Medulla and
Pons O.OB±O.Ol 0.03±0.0l < 0.05 6

Mid-Brain O.lB±O.Ol 0.09±0.0l < 0.05 6

Caudate-
Putamen 0.17±0.02 0.1O±0.02 > 0.1 r-

0

Cortex 0.12±0.0l 0.02::0.01 < 0.05 r-
0

Results are ~g dopamine/gm wet tissue ± SEM.

Table 16 shows the effects of hydrocortisone

injection on the distribution of dopamine in discrete

brain regions.

Oopamine content was highest i the hypothalamus

and lowest in the cerebellum. The hippocampus content

of OA was (57%) lower than that of the hypothalamus.

Hydrocortisone injection decreased the content of OA

in the hypothalamus (27%) medulla and pons (52%), mid-

brain (500.;)and cortex (83%) respectively. No st at i s-

tically slgr:ificant decreases were observed in th_

other brain regions. Th~ levels of dopamine remainrrl
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low in cortisol treated animals as compared to saline

treated ones.
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TABLE 17. Effects of dexamethasone on the regional

distribution of dopamine in rat brain.

I 4 HOURS AFTER INJECTION

Brain Saline dexamethasone P n
region treated treated

Hypothalamus 0.30±0.02 0.2S±0.04 > 0.1 6

Hippocampus 0.13±0.O2 0.12±0.03 > 0.1 6

Cerebellum 0.07±0.0l O.06±0.0l > 0.1 6

Medulla and
Pons 0.09±0.0l 0.lS±0.02 > 0.1 6

Mid-Brain 0.16±0.0l 0.16±0.0l > 0.1 6

Caudate-
Putamen 0.20±0.04 0.14±0.0l > 0.1 6

Cortex O.ll±O.Ol 0.10±0.0l > 0.1 6

I

Results are expressed as ~g do~amine/gm wet tissue

± SEM.

Table 17 shows the effects of dexamethasone inj-

ection on the content of dopamine in discrete brain

regions.

Dexamethasone injection did not alter the con-

tent of dopamine in the brain regions studied.
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TABLE 18. Effects of hydrocortisone on the regional

distribution of S-HT in the brain.

4 HOURS AFTER INJECTION

Brain Saline Cortisol P n
region treated treated

Hypothalamus 1.SO±O.09 1.22±0.13 > 0.1

Hippocampus 0.BS±0.06 0.69±0.04 > 0.1

Cerebellum 0.30±0.02 0.34±0.02 > 0.1

Medulla and
Pons 1.OS±O.DB 0.33±0.04 < 0.05

Mid-Brain 1.9S±0.22 1.19±0.07 < O.OS

Caudate-
Putamen 1.31±0. 12 0.77±0.06 < 0.05

Cortex 0.22±0.0l 0.ll±0.04 < O.OS

Results are expressed as ~g serQ~onin/gm wet

tissue ± SErv']o

Table 18 shows the effects of hydrocortisone on

the distribution of S-HT in discrete brain ~8gions.

Serotonin concentration was highest in the mid-brain

and hypothalamus and lowest in the cortex. The hypo-

thalamus serotonin content was (76%) higher than in

the hippocampus. Hydrocortisone inje~tion decreased

the concentrations of serotonin in the medulla and

pons (69%), mid-brain (39%), caudate-putamen (Lll%)

and cortex (SO%), respectively. Similar decreases in
S-HT content were observed in the other brain regions
though they were not statistically significant.
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TABLE 19. Effects of dexamethasone on the regio~al

distribution of S-HT in the brain.

4 HOURS AFTER INJECTION

Brain Saline dexamethasone P n
region treated treated

Hypothalamus 1.23±0.lS 1.S4±0.09 > 0.1 6

Hippocampus 0.~8±0.0l 1.9l±0.14 < O.OS 6

Cerebellum 0.14±0.0l O.SO±O.Ol < O.OS 6

f'ledulla and
Pons 0.76±0.07 1.20±0.07 < 0.05 6

Mid-Brain 1.34±O.16 1.37±O.0l > 0.1 6

Caudate-
Putamen 1.09±0.07 1.27±0.13 . > 0.1 6

ICortex I 0.2S±0.04 0.3S±0.03 > 0.1 6

Results are expressed as ~g serotonin/gm wet

tis sue ± S E:1.

Table 19 shows the effects of dexamethasone on

the distribution of S-HT in discrete brain regions.

Dexamethasone injection increased the 5-HT content of

most brain regions. Statistically significant incr-

eases were observed in the hippocampus (94%) cerebe-

llum (257%) 1 and medulla and pons [S8%) respectively.
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TABLE 20. Effects of hydrocortisone on Monoamine

oxidase activity towards dopamine in speci-

fic brain regions

4 HOURS AFTER INJECTION

Brain Saline Cortisol P n
region treated treated

Hypothalamus 1.33±0.ll 0.48±0.0l < 0.05 6

Hippocampus 0.80±0.16 0.39±0.16 > 0.1 6

Cerebellum 0.56±0.05 0.23±0.1O < 0.05 6

i"ledullaand IPons 0.48±0.03 O.36±0. 10 > 0.1 6I
I,

Mid-Brain 0.72±0.17 0.50±0.13 > 0.1 6

Caudate-
Putamen I 0.86±0.lS !~ot oetecta- < 0.05 6

I ble
Cortex 0.58±0.1O r~ct detec-ca- < 0.05 6

bla

Results are expressed as nmoles Am~onia formed/

min/mg protein ± SEM.

Table 20 shows the effects of hydrocortisone

injection on monoamine oxidase activity with dopamine

as substrate, in discrete brain regions.

Monoamine oxidase activity was highest in the

hypothalamus and lowest in the medulla and pons region

of the rat brain. The activity of MAD in the hippo-

campus was 40% lower than in the hypothalamus. Hydro-

cortisone injection decreased the activities of the
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enzyme in most brain regions. Statistically signifi-

cant decrebses were recorded in the hypothalamus

(64%) cerebellum (59%). In the caudate-putamen, and

cortex regions, no MAD activity could be detected

following hydrocortisone administration.
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Ti\BLE 21. Effects of dexamethasone on monoamine oxi-

dase activity towards dopamine in specific
/

brain regions.

4 HOURS AFTER INJECTION

Brain Saline dexamethasone P n
region treated treated

Hypothalamus 1.33±0.ll 1.7B±0.2S > 0.1 5

Hippocampus O.BO±O.lS 1.12±0.31 > 0.1 6

Cerebellum 0.S6±0.OS O.Llo±O.lS > 0.1 I 6

Medulla and I

Pons 0.48±0.03 0.39±0.12 > 0.1 6

Mid-Brain 0.72±0.17 0.2B±0.06 < O.OS r-
0

Caudate-
Putamen 0.B6±0.16 0.55±0.14 > 0.1 5

Cortex O.SS±O.lO O.3l±0.09 'I > 0.1 6

I
The values are expressed as nmoles ammonia pro-

duced/min/mg protein ± SEM.

Table 21 shows the effects of dexamethasone inj-

ection on monoamine oxidase with dopamine as substrate.

Injection of dexamethasone to intact rats caused

a significant decrease in only the ~id-brai region

of the rat brain. No significant changes were obser-

ved in the other brain regions studied.
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TABLE 22. Effects of hydrocortisone on monoamine oxi-

dase activity towards 5-HT in brain regions.

4 HOURS AFTER INJECTION

Brain Saline Cortisol P n
regions treated treated

Hypothalamus 2.S6±0.0l 3.25±0.51 > 0.1 6

Hippocampus 3.03±0.28 3.25±0.31 > 0.1 6

Cerebellum 1.17±0.lS 1.39±0.20 > 0.1 6

Medulla and
Pons 1.19±0.09 1.16±0.07 > 0.1 6

Mid-Brain 2.16±0.lS 2.84±0.27 > 0.1 6

Caudate-
Putamen 2.15±0.13 2.56±0.lS > 0.1 6

Cortex 1.19±0.23 0.90±0.06 > 0.1 6

Results are expressed as nmoles ammonia produced/

min/mg protein ± SEM.

Table 22 shows the effects of hydrocortisone

injection on monoamine oxidase activity with serotonin

as substrate.

Monoamine oxidase showed highest activity in the

hippocampus and lowest in the cerebellum and cortex

regions when 5-HT was used as substrate. The actiyity

of the enzyme in the hippocampus was slightly higher

by 6% than in the hypothalamus. Hydrocortisone injec-

tion failed to cause any changes in the enzymatic

activity in any of the brain regions studied.
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TJ\BLE 23. Effects of dexamethasone on monoamine oxi-

dase activity towards 5-HT in brain regions.

4 HOURS AFTER TREATMENT

Brain Saline Cortisol P n
region treated treated

Hypothalamus 2.86±0.0l 3.55±0.32 < 0.05 I 6

Hippocampus 3.03±0.28 2.26±0.29 > 0.1 6

Cerebellum 1.17±0 .1S J..17±0.17 > 0.1 6.
Medulla and
Pons 1.19±0.09 0.93±0.07 > 0.1 6

Mid-Brain 2.16±0.lS 2.30±0.lB > 0.1 6

Caudate-
Putarnen 2.15±0.13 2.15±0.09 > 0.1 6

Cortex 1.19±0.22 0.88±0.12 > 0.1 6

Results are expressed 3S n~oles amrnonia produced/

rnin/rng protein ± SEM.

Table 23 shows the effects of dexarnethasone

injection on rronoarnine oxidase activity towards sero-

tonin as substrate.

Injection of dexamethasone increased the activity

of MAD in only the hypothalarnus region of the brain.

In this brain region the amrnount of ammonia oroduced

from serotonin was 24% higher for animals receiving

cortisol when compared to the saline trRated anirnals.

The other brain regions were not affected.
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TABLE 24. Effects of hydrocortisone on monoamine

oxidase activity towards tryptamine in

discrete brain regions.

4 HOURS AFTER INJECTION

Brain Saline Cortisol P n
region treated treated

Hypothalamus 1.84±0.44 3.45±0.4o < 0.05 6

Hippocampus 0.97±0.19 0.78±O.05 > 0.1 6

Cerebellum 0.51±0.17 0.68±0.06 > 0.1 6

Medulla and
Pons 0.37±0.lD 0.35±0.04 > 0.1 6

Mid-Brain 0.62±0.14 1.29±0.O4 < 0.05 6

Caudate-
Putamen 1.34±0 .16 0.64±0.oB < 0.05 6

Cortex 0.67±0.21 0.3O±0.1O > 0.1 U
Results are expressed as nmoles of ammonIa pro-

duced/min/mg protein.

Table 24 shows the effects of hydrocortisone

on monoamine oxidase activity towards tryptamine

following hydrocortisone injection. Hydrocortisone

injection increased the MAD activity towards trypta-

mine in the hypothalamus (87.5%) and the mid-brain

(108%), but decreased, the activity in the caudate-

putamen (52%). No changes were observed in the other

regions.
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TABLE 2~. Effects of dexamethasone on monoamine OX1-

dase activity towards tryptamine in discrete

brain regions.

4 HOURS AFTER INJECTION

Brain Saline dexamethasone P n
['egion treated treated

Hypothalamus 1.o':;'±O.44 2.83±0.7S > 0.1 6

Hi.ppocernpus 0.94±0.19 2.00±0.29 < O.oS 6

Cerebellum 0.Sl±0.17 2.12±0.43 < O.OS 6

Medulla and
Pons 0.37±0.lD 1.o7±0.20 < 0.05 6

Mid-Brain 0.62±0.14 I 2.03±0.29 < 0.05 6I
Caudate-
Putamen 1.34±0.lS 1.70±O.31 > 0.1 6

Cortex 0.E7±O.21 1.64±O.21 < 0.05 6

Results are expressed as nmoles of ammonia pro-

duced/min/mg proteir.

Table 25 shows the effects of dexamethasone

injection on monoamine oxidase activity with trypta-

m in e ass u b st ra t e. Dexamethasone had a profound effect on
MAO activity increasing the transawination of trypta-

mine in the hippocampus (54%) cerebellum (315%),

medulla and pons (189%), mid-brain (227%) and the

cortex (145%) respectively.
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CHAPTER 4

DISCUSSION

4.1. ll-OXYCORTICOSTEROID CONTENT OF BLOOD PLASMA
FOLLOWING HYDROCORTISONE INJECTION

The main aim of the study was to determine the

alterations in neurotransmitter metabolism in brain

tissue under the influence of different corticosteroid

levels in the organism. The fall in ll-oxycorticoste-

roid levels observed in table I four hours after inj-

eetion of hydrocortisone could be attributed to several

reasons:-

That administration of corticoste~oids inhibits

the pituitary-adrenocortical system and that regulation

is affected by corticosteroid feedback h .rne c n e n i s rn

(Critchlow, 197.5; Oafny et a1., 1973). Exogeneous

administration of corticosteroids has been known to

decrease cortisol levels and the exogeneous corticoids

prevent the glucocorticoid levels from rising during

stress (Verniko-Oanellis, 1964; Legori at a1., 1965).

I Ii h ume n s, it \,oJ ass h0 "J nth at f i ftee n m in ute s aft e r

hydrocortisone injection, 95% of the hormone dissapp-

eared exponentially within an hour (Padolfo and

iYia ra i n e , 19 64 ) . The exogeneous administration of glu-
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cocorticoids brings about a short term inhibition to

the secretion of endogeneous corticosteroids by a

negative feedback mechanism CLissark and Endreci, 1967).

There is reason, therefore to believe that it may be

these two basic factors which bring about a decrease

in the concentr~tions of ll-oxycorticosteroids in the

plasma of rats studied.

Prolonged Glevation of corticosteroids was

achieved by several injections of cortisol. 24 hours

after the last injection of hydrocortisone following

seven days of continuous injection, the concentration

of ll-oxycorticosteroids in the blood plasma remained

high. It should be taken into account that, the major

corticosteroid in rat adrenal glands is corticosterone

and cortisone, while hydrocortiso~e which is predomi-

nant in humans, is found i small qua tities lLissark

and Endreci, 1967). It can be assumed therefore, that

the increase ir ll-oxycorticosteroids in blood plasma

seen in these rats receiving prolonged cortisol inj-

ections was solely due to the exogeneous hormone,

since endogeneous corticosteroid production in such

cases is greatly inhibited. CYudaev and Afinogenova,

1960).

Dexamethasone has a more potent depressive action

on the central control of ACTH secretion than o~her

c o r-ti co s t e r-o id s CSClprOr,OIJ, 1973). In animals trealed
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with dexamethasone (300~g/Kg i.p), two to three hours

after dexamethasone injection, the blood plasma con-

centration of corticosteroids decreased about two fold

as compared to intact animals. This shows the inhibi-

tion of the hypothalamo-pituitary-adrenal system by

both dexamethasone and cortisol 4 hours after injection

(Oafny et a1., 1973; Lissark and Endreci, 1967).

4.2. EFFEcts OF CORTICOSTEROIOS ON THE METABOLISM OF~M~

ri'AMINOBUTYRIC /\CIO IN THE BRAIN:-

A study of !-Aminobutyric acid content in the

hypothalamus and hippocampus regions of the brain is

of major importance as a tool towards getting adequate

information as to how cortioosteroids affeot GABA

metabolism in the limbic system. The present study

reports the "Free", "Bound" and "Total" SABA content

of these two regions of the limbic system and how the

three forms of GABA respond to hydrocortisone adminis-

t re t ion (t a b 1e s 2 and 3). It is apparent that, the

inoreases in GABA content of the hypothalamus region

following hydrocortisone administration were due to

approximately equal • +-IncreamenLs in "Free" as well as

"Bound" GABA. This was not the case with the hippo-

campus where a significant increase was observed in

the "F r e e" form. Consequently, short term as well as

prolonged elevations of cortisol in the organisms'

blood causes an elevation in the content of GAGA
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("Total", "Free" as well as "Bound" forms) in the hypo-

thalamus. The effects of the hormone was however more

pronounced during prolonged injections (table 3). In

the hippocampus, approximately equal increases were

observed in only the "Free" form in both cases of

cortisol administration. In earlier studies, single

injections of hydrocortisone did not alter the hypotha-

lamus GABA content (Kononenko and Mishunina, 1982) or

decreased its levels altogether (Hahn et al., 1977).

Varrying changes in the GABA content of the hippocampus

under corticosteroid influence have been reported.

Kononenko and Mishunina, (1982) reported that one hour

after hydrocortisone injection, the levels of the amino

acid transmitter had decreased while four hours latter

showed an increase. The latter finding seems in agr-

eement with the findings ln the present study.

Considering the important role played by gluta-

mate decarboxylase in the metabolism of GABA and the

functional status of the central nervous system, the

regional distribution of GAD enzymatic activity in

discrete brain regions and the effects of hydrocorti-

sone and dexamethasone on its distribution were studied

(table 4 and 5J. The effects of hydrocortisone on

the activities of this GABA synthesizing enzyme in

synaptosomes and mitochondrial fractions isolated from

the rat hypothalamus and hippocampus were also studied.

Both hydrocortisone and dexamethasone injections
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" brought about a decrease In GAD activity in the hypo-

thalamus and cortex regions of the brain. Single as

well as prolonged injections of hydrocortisone however,

did not significantly alter the activities of GAD in

the subcellular fractions of the brain regions studied.

There were no significant changes in GAD activity in

the synaptosomal fractions isolated from the hypotha-

lamus and hippocampus regions of the brain (table 6).

The absence of changes in the specific activity of GAD

in synaptosomal fractions of the hypothalamus and hi-

ppocampus as opposed to the decrease in the enzymatic

activity observed in tissue homogenates might be due

to the effects of the hormones on the protein content

and distribution in the fractions isolated from these

brain regions. It has been shown that, hydrocortisone

affects the content and distribution of proteins in

subcellular fractions isolated from, the brain

(Kalinskaya, 1979).

Single injections of cortisol increased GAD

activity in mitochondrial fractions of both the hypo-

thalamus and hippocampus regions (table 7). Prolonged

injections of the hormone failed to alter the enzyma-

tic activity in mitochondria isolated from the hippo-

campus (table 7). These results indicate an activa-

tion in the biosynthesis of GABA in the synaptosomes

and mitochondria isolated from the hypothalamus after

single cortisol injection. The biosynthesis of GABA
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in the brain tissue seems to be inhibited as seen from

the effects of the hormone on GAD activity in the crude

homogenates from the hypothalamus and hippocampus re-

gions of the brain. These findings do not agree with

results reported earlier which show an increase in GAD

activity in the rat hypothalamus 4 hours after hydro-

cortisone injection (Kononenko and Mishunina, 1962).

The decrease in GAD activity in whole hypothalamus and

hippocampus tissue as opposed to the increase in its

activity in the synaptosomes isolated from these re-

gions of the brain can be explained if hydrocortisone

causes a redistribution of the GAD enzymatic protein

in subcellular fractions. This would be in agreement

with the findings reported by Kalinskaya (1979) that

hydrocortisone affects the content and distribution of

proteins i~ subcellular fractions lsolated from the

brain.

Alterations in the GABA content of the brain re-

gions following corticosteroid administration to rats

could be brought about not only by the effects of the

steroid hormone on the GABA synthesis. but also on its

degradation. The effects of hydrocortisone and dexa-

methasone on the regional distribution of the GABA

degrading enzyme GABA-transaminase was also studied.

The activity of the enzyme in subcellular fractions of

the hypothalamus and hippocampus regions of the ra

brain and the effects of hydrocortisone on this acti-



097

vity was examined too. The subcellular localization

of GABA-T in the hypothalamus and hippocampus regions

of the brain of control animals is in agreement with

earlier reports as to the enzyme being located mainly

in the mitochondria (Sytinski, 1977; Buu and Van

Gelder, 1974). The study has thus shown the regional

specificity in the distribution of GABA-transaminase.

Firstly, the activity of the enzyme in the mitochondria

isolated from the hypothalamus was higher than in those

isolated from the hippocampus. Secondly, the activity

of GABA-T in the mitochondria was 3-4 times higher than

in the synaptosomal fractions while this difference in

the hippocampal fractions was about 200% (tables 10 and

11) . The difference in GABA-T activity of control

animals receiving single and prolonged injections of

saline also exhibited significant differences. These

differences could be due to several possible reasons

namely:-

(i) Due to differences in injection stress between

the groups of animals.

(ii) The enzymatic activity of GABA-T possibly shows

circadian periodicity. This has been shown with

tyrosine hydroxylase (Cahill et al., 1981).

These results, thus show that hydrocortisone injections

decrease the intensity of GABA transa~ination. More-

over, while the effects of single cortisol
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was shown to affect the enzyme activity in the mito-

chondria isolated from the hippocampus and synaptosomes

isolated from the hypothalamus, prolonged excess of

cortisol did not affect the activity of mitochondrial

GABA-T but decreased the activity of the synaptosomal

enzyme in both the hypothalamus and hippocampus ~ables
10 and 11), These experiments thus show that cortisol

is an inhibitor of GABA-transaminase at both synapto-

somal and mitochondrial levels in the hypothalamus and

hippocampus regions of the brain. This might probably

explain why an accumulation of GABA was found in the

two brain regions studied (tables 2 and 3). The nature

and mechanism of inhibition however remains unknown.

In view of the lack of an enzymatic mechanism

for deactivation of GABA in the syn~ptic cleft, a pro-

bable physiological role of the high affinity GABA re-

uptake (Km - 4.106M) was proposed and has recently

been intensively investigated. It is thought that,

the re-uptake of GABA is the main mechanism behind the

utilization of GABA as a neurotransmitter in the syna-

ptic cleft (f"lartin, 1973; Miller et a1., 1978; Robinson

and Wells, 1973; Simon et a1., 1974). The effects of

corticosteroids on the re-uptake of GABA by synaptosomes

is therefore of major interest since an alteration in

the re-uptake process under different hormonal levels

in the body organism could turn out to be one of the

loops in the mechanism of action of corticosteroids

on the functional status of the nsuronal ~ctivity
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(Miller et a L. , 1978).

3To evaluate the kinetic parameters of H-GABA

uptake by synaptosomes, it was established in preli-

minary experiments the conditions suitable for initial

velocity of 3H-GABA uptake. The uptake velocity of

the amino acid transmitter in the presence of 10~moles

of 3H-GABA at 370C was linear for 5 minutes. The

uptake of 3H-GABA under these conditions was propor-

tional to the quantity of protein . 'hIn t n e sample in the

range of 5D-4DD~g.

The uptake of 3H-GABA by synaptosomes from var-

ious brain regions of control animals varied between

0.33 to 0.95 nmoles/min/mg protein 2~= for the hypo-

thalamus it ranged between 0.5B-0.62, while for the

hippocampus it ranged from 0.51-o.~7 nnoles/nin/mg

protein. The Km values of GABA upta~8 was close for

the regions studied. It was however slightly higher

for the hypothalamus. The V and K values charac-max m

terising the high affinity GAGA uptake found in our

study are in agreement with those fcunc by other inv-

estigators (Hitsemann and John, 1978; Simon et a1.,

1974) . The results of the study demcrstrate the 8xis-

tance of a high affinity energy depentant, saturable
3H-GABA transport system in a p r ep e r-e t i o n of r-e t hypo-

thalamus and hippocampus nerve ending particles. There

a r 8 S eve r alp 0 s sib i 1 :Lt i8 see nc e r-n i n g -:::1e il 8 C e s sit y a [;1d

significance of such a system. One possibility is
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that the transport was occuring into resealed glial

elements which contaminate the nerve ending prepara-

t ion s (H its ema n n and J 0 h n , 19 7 3) . However the marked

even regional distribution of the trcnsport system

observed in the study would tend to argue against such

a conclusion. Secondly it has been shown that the

high affinity GABA uptake is associated with a homoge-

neous synaptosomal population of neuronal origin

(Miller et al., 1978). There is also the possibility

that 3H-GABA transport system is associated with a

specific population of nerve ending particles derived

from GABA neurons. Another possibility is that a large

amount of GABA is normally synthesized in GABA nerve

terminals via glutamate decarboxylase 'and this pool

can be stored and released. If such a situation existed,

a high affinity transport system may have developed in

order to deactivate the released GABA, (Hitsemann and

John, 1976).

The intesity of high affinity 3H-GABA uptake by

the hypothalamic synaptosomes during short durational

as well as during prolonged injections was not altered.

(tables 12 and 13). In the hippocampus, during pro-

longed injections of cortisol, a sharp increase in the

maximum velocity and K of 3H-GABA uptake was observedm

which on one side indicates an increase in the number

of binding sites and on the other side a decrease in

the velocity of the carrier and therefore a docrease
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.. in the net t ra n sport of t he ami no a c id neurotransmitter.

Miller et a1., (l976) have shown that adrenalectomy

specifically increases the synaptosomal transport of

GABA in t~e hippocampus of rats. It can be proposed

from the results of the study that prolonged adminis-

tration of hydrocortisone caused a suppresion of GABA

re-uptake in the hippocampal synaptosomes, which led

to an accumulation of GABA in the synaptic cleft.

Excess of GABA i~ the synaptic cleft would act not

only on the postsynaptic recep~ors of the effector

cell, but also on the presynaptic GABA - receptors,

which would trigger off a feed-back mechanism, this

in turn could cause the release of the neurotransmi-

tter and probably block further accumulation of the

transmitter in the synaptic cleft (Bandarienko, 1979).

The tiggering off of the feed-back mechanism through

the regulatio of thB presynaptic GABA - receptor

activity could lead to an increase in the functional

sites for binding an~ transport of GABA. There is

ev ide nc e a b 0 ut the pre se nceo T ':;A BAr e c e ;J tor s (Brennan,

1982) .

The presynaptic receptors can serve as the centre

of action for different modulators, transported in

the b r-e i n by the blooo currrent, amongst these modu-

lators are hormones (Starke, 1977). It is also known

that the action of glucocorticoids on GABA uptake can

be modulated through their interaction with receptors
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for steroid hormones in hippocampus nervous cells

(McEwen, 19;9; Miller et al., 1978). A decrease in

synaptosomal uptake of catecholamines caused by the

action of glucocorticoids has already been established

(Shaliapina, 1980). Inhibition of GABA uptake in the

hippocampus following prolonged hydrocortisone injec-

tion would undoubtedly lead to an accumulation of GABA

in the synaptic cleft. Coupled with a malfunction of

the uptake mechanism observed in the study, this would

result in intensified post-synaptic inhibition of

impulses caused by GABA. The latter agrees well with

the observed increase in "Free" GAB A observed in the

hippocampus. As established earlier, an alteration in

the con ten t 0 f "F r e e " G1\8A inth e hip P oc amp u s is con-

nected to changes in the excitability of this brain

region (Kononenko and Mishunina, 1982)"

By studying the total GABA content of the hypo-

thalamus and hippocampus regions of the brain. the

concentrations of the "Free" and "Bound" forms, the

activities of the enzymes responsible for GABA meta-

bolism glutamate decarboxylase and GABA - .L •L-ranSamlnaS8,
3and the H-GABA uptake by synaptosomes, the present

study has set up a simple animal model that can be

used in the study of endocrine interactions with the

central nervous system. The present study has shown

that single and prolonged hydrocortisone administration

leads to an increase in the total GABA content of the

hypothalamus and also the "Free" and "Bo u nd " forms of
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the neurotrRnsmitter. The effects of the hormone after

prolonged injections is even more pronounced (tables 2

and 3).

The increase in GABA observed in the hypothalamus

4 hours after cortisol administration was probably due

to an increase in the synth sis as well as the inhibi-

tion of the catabolism of GABA (tables 6, 7, 10 and 11).

This is evidenced by an increase in GAD activity in

both the synaptosomes and mitochondria derived from the

hypothalamus and a corresponding decrease in GABA-T

activity in the synaptosomes of this brain region.

A decrease in GAD activity in whole hypothalamus ti-

ssue observed following hydrocortisorie injection should

be taken to mean that subcellular GAD activity incr-

eases at the expense of the cytosolic enzyme, since

hydrocortisone has been shown to affect the istribu-

tion of proteins in subcellular fractions in the brain

(Kalinskaya, 1979). Note that during the 7 day admi-

nistration of cortisol, cnly a decre2se in the degra-

dation of GABA was observed. A decrease in GABA-T

activity was also seen only in the synaptosome derived

from the hypothalamus.
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BALANCES AMONG CENTRAL BIOGENIC AMINES IN DIS-

CRETE REGIONS AND THE EFFECTS OF CORTICOSTEROIDS

ON THEIR DISTRIBUTION.

In the peripheral autonomic nervous system there

exists a balance between the effects of its two oppo-

sing components, sympathetic (adrenergic) and parasym-

pathetic (cholinergic) on the organ systems. In the

event of induced alterations of function of some of

these systems, a homeostasis mechanism operates to

restore the activity to normal levels. Within the

central nervous system similar reciprocal balances

between opposing actions in the functional system may

also exist (Fuxe et a1., 1973). Howev~r, such bala-

nce within the eNS become complicated by the presence

of a number of putative neurotransmitters. In addi-

tion to norepinephrine and acetylcholi~e, as in Deri-

pheral nervous system, there are also other transmi-

tters, such as dopamine, serotonin and (-aminobutyric

acid which participate in modulation of various func-

tions including behaviour. Attempts to explain the

role which biogenic amines play in behaviour must ans-

wer one main empirical question. Whether the monoamine

in question is excitatory or inhibitory to behaviour.

Several studies carried out on self-stimulation accor-

ding to Pradhan, (1975) have showed that:-

(1) Norepinephrine IS excitatory
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Serotonin is inhibitory

(i i i ) The influence of norepinephrine and seroto-

nin on stimulation is reciprocal.

(i v) Dopamine is essential to moto:~unction and

.in this way enters into stimulation behaviour.

A relative distribution study of three putative

neurotransmitters studied. norepinephrine. dopamine

and serotonin in discrete brain regions showed that

serotonin was most abundant followed by norepinephrine

while dopamine was least abundant in all the brain re-

gions studied (tables 14 - 19). These results show

that there is probably a higher density of NE fibres

in the brain as compared to 5-HT and DA fibres (Saavedra

et al .. 1974; Versteeg et al., 1976). It was also

apparent that NE was highest in the hypothalamus and

midbrain and lowest in the cortex and cerebellum, this

suggests the presence of most NE fibres being concen-

trated in the former brain regions. The results obt-

ained in the present study show that hydrocortisone

administration decreased brain amine levels in several

brain regions. These findings are similar to the

effects of adrenalectomy on brain amine levels reported

by Rastogi at a1., (1976), The neurotransmitters most

affected by cortisol were dopamine and serotonin.

Since neurotransmitter levels in brain regions are

normally associated with the brain excitability a fall
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in neurotransmitter levels as seen in the study would

most probably be accompanied by a fall in neuronal

response to stimuli. Dopamine and not norepinephrine

was most affected by cortisol injection, and since

dopamine is essential to motor-function and in this way

enters into stimulation behaviour, it shows that the

excitation behaviour affected by hydrocortisone is

through the motor-function (Pradhan, 1975). This would

imply that the peripheral nervous system is involved

in the possible excitation mechanism caused by hydro-

cortisone. In the hypothalamus and hippocampus, brain

regions of the limbic syste~ which playa major role

in neuroendocrine regulation, only dopamine levels

were affected (tables 14 - 19), suggesting that neuro-

endocrine modulation by hydrocortisone may be affected

through DA in these regions. Serotonin levels also

fell in the hypothalamus and hippocampus but could not

reach statistical significance. The fall in 5-HT le-

vels under cortisol influence in most brain regions

studied with the exception of the cerebellum is ln

agreement with what other authors have reported

(Curzon et a1., 1968, Scapagnini et a1., 1969). The

results of the above experiments show that hydrocorti-

sone administration has a similar effect on neurotra-

nsmitter levels as that observed in adrenalectomised

rats (Rostogi et a1., 1978). This is not surprising

when one considers that cortisol injection like adre-

nale c tom y, ca use d the 1eve 1s 0 f 11 -0 xy cor tic 0 s tern Ld;:s
to fall (table 1).
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The major route of tryptophan degradation is via

the liver enzyme tryptophan pyrrolase. The activity

of this enzyme has been shown to be increased by hyd-

rocortisone administration (Knox, 1951). It has been

suggested that increased activity of this enzyme would

result in a greater rate of metabolism of tryptophan

down this pathway with a resultant decrease of trypto-

phan available to the brain (Curzon, 1965). These

observations are in good agreement with the findings

in this study since a decrease in brain tryptophan

would most probably result in a decrease in brain

5-HT as wa s observed in this study. (table 18). The

decrease in 5-HT l8vels cbserved above are of major

pharmacological interest since it has been suggested

that depressive illness may be caused by the inrluction

of liver tryptophan pyrrolase by plasma corticosteroids

leading to decreased synthesis and 'turnover of 5-HT

in the brain (Knox, 1951., Curzon and Green, 1971).

Curzon and Green (1968) showed that increasing

the activity of tryptophan pyrrolase bJ hydrocortisone

injection caused moderately decreased brain 5-HT and

that inhilation of the induction of pyrrolase blocked

the amine changes. The brain amine change following

hydrocortisone has thus subsequently been confirmed

in this study (table, 18). Similar changes have been

seen following betamethasone, corticosterone und

cortisol administration (Yuw i Le r at a1., 1971.,
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Scapagnini, 1969). A likely reason for the brain

changes is that increased pyrrolase activity has a

more direct effect on the availability of tryptophan

for transport into the brain. Following hydrocorti-

sone injection, brain tryptophan is decreased (Knott

and Curzon, 1975). There is also a decrease in free

plasma and total tryptophan and the tryptophan content

of muscle and liver (Curzon, 1965). These data

suggest therefore that stimulations of acute stress

as caused by hydrocortisone injection in this study

leads to a decrease in brain 5-HT content, an odd

situation since stress also appears to lead to inc-

reased 5-HT release from nerve endings. (Curzon and

Green, 1971). This suggests the presence of other

factors regulating brain 5-HT concentrations

(Curzon and Green, 1968). It may also be of signifi-

cance that after injection of hydrocortisone, the

mean fall in the concentrations of 5-HT in the hypo-

thalamus and hippocampus was less than in other areas.

This might point to a particular insensitivity of

5-HT metabolism in these regions to adrenocortical/

or pyrrol~se changes which could be relevant to

suggested possible special responsp of the hypotha-

lamus and hippocampus to stress (Curzon, 1971)



109

Dexamethasone a synthetic corticosteroid had a

mixed effect on the neurotransmitter levels. It caused

a fall in 5-HT levels in the hypothalamus and DA levels

in the caudate-putamen, while causing a rise in NE, DA

and 5-HT levels in most brain regions (tables 15, 17,

19) . This latter effect of dexamethasone on the levels

of the biogenic amines is opposite to that one caused

by hydrocortisone. The mechanisms for the changes in

CA turnover found after treatment with exogeneous hor-

mones or after experimentally induced changes in hor-

mone levels are unknown. The following two principal

possibilities are the most likely ones:-

(il The hormones acts direc~ly on the central

catecholamine neuron sy~tems via a direct

effect on the catecholamine cell bodies and/

or nerve terminals facilitating or counter-

acting the nervous impulse induced release

of catecholamine in the brain [Fuxe et al.,

1973).

(i i ) The hormones could act indirectly via other

neuron system, which in turn could change

the nervous impulse flow in the central

catecholamine neurons. It may be pointed

out that in this caSE the hormones may act

either directly on cenLral neurons or vi2
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peripheral afferent pathways (Fuxe et al.,

1973) .

It can be argued that the action of the adreno-

cortical steroids on biogenic amine turnover observed

in the present study could be due to an increase in

ACTH secretion, since rapid and dramatic falls of

corticosteroids levels are known to enhance ACTH sec-

retion with a latGncy of about 2 hours (Smelik, 1963).

Such an action could very well contribute to the changes

in biogenic amine turnover observed but cannot be the

only effect of the corticosteroids in view of the re-

latively varying effects obtained with exogeneous cor-

tisol and dexamethasone on the monoamines, seen in the

present study. Furthermore the study has shown that

cortisol and dexamethasone both cause a fall in 11-

oxycorticosteroid levels and thus a rise in ACTH pro-

duction, but have varying effects en neurotransmi~ter

levels in different brain regions. These results thus

suggest an action cf the corticoids independent ~f

effects on ACTH secretion probably by directly acting

on the hypothalamus (Fuxe et al., 1973). On the basis

of the data from the present studies, it seems possible

that in hypocortisolism as cbserved in the present

study, the changes in monoamine turnover were partly

mediated via the increase in ACTH secretion and partly

via a loss of circulatory levels of glucocorticoids.

This view is supported by the fact that the same cor-
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ticosteroid (dexamethasone) while decreasing the 11-

oxycorticosteroid levels (and thus increasing ACTH

production) could cause two different effects on the

same neurotransmitter in different brain regions.

Since it has been shown earlier that corticosteroids

can alter biogenic amine levels (Rastogi et al., 1978),

it seems logical to think that some of the changes in

monoamine turnover found after hormonal administration

should partly be due to increases in ACTH secretion.

It is interesting to evaluate whether the effects

on biogenic amine turnover by adrenocortical steroids

and ACTH can be related to other well known effects of

these hormones such as changes in brain excitability

(Woo d bur y, I9 54; ~~0 0 d bur y and Ve r na da k is, 19 6 6) and /0 r

c ha n g e sin b e ha v i0 ur (0 e W ie d , 1 9 6 9;) • To elucidate

this question, it is important to note that glucocor-

ticoids such as hydrocortisone and dexamethasone ha~8

similar actions on the central catecholamine neurons

i.e they counteract the catecholamine turnover found

in hypocortisolism (Fuxe et a1., 1973). In view of

the above it seems possible that behavioural effects

found in relation to conditional responses after

changes of pituitary-adrenal activity are partly me-

diated via changes in activity of monoamine neurons.

Weiss et a l .. (1970) have suggested that the pituitary-

adrenal axis mainly moderates fear-motivated response.

ACTH increQses fear and glucocorticoids decrease fear
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in this way increasing and decreasing fear-motivated

responses, respectively. The present results are in

good agreement with this view, since fear could pro-

bably be of a higher intensity and better retained

with increased arousal, which probably is present in

states with 101,<, activity of 5-HT neuron systems coupled

with high NE levels observed during cortisol treatment.

The reverse is true with high activity of 5-HT neuron

systems observed in dexamethasone treatment. It should

be added that high doses of glucocorticoids is regarded

as a relatively stressful condition in general. These

results thus suggest that glucocorticoids can act to

reduce stress and anxiety and can therefore normalise

overstimulated behaviour (Woodbury, 1958) by increasing

activity in 5-hT neurons.

E vi den c8 t hat N Ene u r-c ns co u 1d be in vol v 8din

the inhibition of ACTH s8cretion by ieducing activity

in the corticotrophin releasing factor containing neu-

r-o r, s (F u x e 9 t; a 1 ., 1973). The evidence is mainly

based on pharmacological experiments. It lias been

demonstrated that catecholamine depletors and receptor

blocking agents such as reserpine and chloropromazine

and tyrosine-hydroxylase inhibitors increase ACTH

secretion. Catecholamine releasing agents such as

amphetamine or catechola ine precursors such ad Dopa

inhibit stress - induced hypersecretion of corticost-

erone secretion (Van Lcon et al., 1959;
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Scapagnini et al., 1970). The inhibitory systems here

seem to be noradrenergic and not dopaminergic. In

view of the above the NE changes in the hypothalamus

and the limbic system in relation to changes in the

pituitary - adrenal axis activity should be interpre-

ted along the lines that the noradrenergic system is

inhibited with regard to release of CRF and subsequently

of ACTH (Ganong, 1971). The inhibitory feedback action

of circulating corticosteroids on ACTH secretion can

therefore be mediated via the NE neurons, since the

corticosteroids decrease NE neuronal activity (Fuxe

et a1., 1970). Such an action would aim at increasing

ACTH secretion as was found in our study and could

possibly explain the great descrepancies in variations

in this feedback mechanism, since obviously corticoids

also inhibit inhibitory and not only excitatory syst.er-s

in relation to ACTH secretion.

4.4. EFFECTS OF CORTICOSTEROIOS ON MONOAMINE OXIDASE

ACTIVITY IN BRAIN REGIONS.

It has been reported that changes in the concen-

trations of biogenic amines can be due to the effects

of corticosteroids on the activities of some enzymes

involved in their metabolism. It has been reported

that hydrocortisone causes a change In monoamine met-

abolism by affecting the activities of monoamine oxi-

dase (Ko no ne n+;o et 01., 1970; Valikina, 1972). A'lt c-
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rations in biogenic amine content in brain regions

observed in the present study following hydrocortisone

and dexamethasone administration to rats can be attri-

buted to the effects of the steroid hormone on the

neurotransmitter degradation by monoamine oxidase. In

the present study, the activity of monoamine oxidase

was studied using different specific substrates. The

effects of hydrocortisone and dexamethasone on the MAD

activities was also studied (tables 20 - 25).

When specific brain regions were ana lysed for MAD act-

ivity following corticosteroid administration, diffe-

ren~ regions showed different specificities towards

individual amines. The enzyme showed the highest act-

ivity towards 5-HT in all the brain regions studied.

For all the three substrates used (serotonin, dopamine

and tryptamine), MAD activity was highest in the hypo-

thalamus and hippocampus brain regions. The distribu-

tion of the enzyme activity was in close agreement

with the distribution of the neurotransmitters, i.e

the highest specific activity was found in the regions

with the highest amine content. These findings are in

agreement with those found by Valikina, (1972).

The amine hypothesis of depression states that

at least some cases of endogeneous depression are

caused by a depletion of certai monoamines in the

brain (Shildkraut, 1965). The hypot esis is supported

by the findings that all drugs which elevate mood in-



115

crease the brain concentrations of free monoamines,

such as noradrenaline, whereas drugs which depress

mood decrease these concentrations (Schanberg et al.,
1967). In the present study, the effects of corticos-

teroids on the activity of MAD showed that hydrocorti-

sone may decrease the oxidative deamination of dopamine

in several brain regions including the hypothalamus.

No enzymatic activity could be detected in the caudate-

putamen and cortex following cortisol treatment. It

is well known that monoamine oxidase plays an important

role in regulating intraneuronal levels nLu, dopamine,

norepinephrine and serotonin in central aminergic

neurons. The inhibition of MAD therefore seen in the

present study caused by hydrocortisone suggests that

more dopamine would be available fol~owing release.

This would contribute towards the excitability of the
,

neurons by affecting the motor-neuronal function

(Fuxe et a1., 1973). Monoamine oxidase inhibitors are

val ua b 1 '3 ant ide pre s san t s, f r 8 que nt 1y pro d u c ing drcll'-"6 tic

improvements in patients who have ~ailed to responD to

treatment (Randrup et al., 1979). They inhibit a

number of enzyme systems, and it is often assumed that

the inhibition of MAD is the most likely way in which

they effect mental depression. It is also known that

increased ACTH production corresponds to an excited

hypothalamus (Vernikos-Danellis, 1964; Legorl et aJ.,

1965; Critchlow, 1973).
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Dexamethasone had a mixed effect on the oxidative

deamination of dopamine. The activity of the enzyme

increased in the hypothalamus and hippocampus but

decreased in the rest of the brain regions studied.

The significance of these results are unclear but could

probably be attributed to the different functional

roles played by the hypothalamus and hippocampus in

the control of hormonal secretions. Stimulation of

the hippocampus is normally followed by a suppression

of the secretion of adrenocorticotrophic hormone

(Porter, 1953; Endroczi and Li s sa k , 1959). Stimu1a-

tion of the hypothalamus, on the contrary, results in

a marKed rise in ACTH (Vernikos-Oanellis, 1964,

Critchlow, 1973). Dexamethasone also increased the

deamination of 5-HT in the hypothalamus. The increase

in 5-HT oeamination would mean tha~ less extraneuronal

serotonin would be available after r3lease, while a

decrease in dopamine deamination following cortisol

treatment would avail more extraneuronal dopamine

(Schanberg et al., 1967).

The results of the study thus indicate that cor-

ticosteroids do affect monoamine oxidase activity in

discrete brain regions, thus affecting the amount of

ami, es o ve i Le b le after release. This would undcubtedly

affect interneuronal levels of monoamines, thUD aff-

ecting the excitability of the brain (SchanbeI'g et aI.,

1967) . The effects however vary frum brain region
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region and the corticosteroid used. This could be due
to the structural diversity of the brain regions and

the different roles they play in maintaining body

homeostasis. It may be evident therefore that the

effects brought about by corticosteroids to biogenic

amine metabolism could be complex and probably involve

other factors not connected with ACTH production.

4.5. CON C L U SID N

Finally from the present studies, it can be con-

cluded that:

(1) The administration of exogeneo~s corticosteroids

can inhibit the pituitary-adrenocortical system

and regulation can be affected by corticosteroid

feedback mechanisms through several neurotrans-

mitters in the central nervous system.

(2) The increase in GABA content of the hypothalamus

and hippocampus regions following corticosteroid

administration is due to equal increase in the

"Bound" and "Free" GABA. This is brought about

by an activation in the biosynthesis of GABA at

the mitochondrial and synaptosomal levels and

a decrease in the intensity of GABA transamina-

tion in these subcellular organelles.
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(3) In the rat hypothalamus and hippocampus brain

regions, there exists a high affinity energy

dependent saturable 3H-GABA re-uptake system.

This transport system is very stable to flactua-

tions in corticosteroid levels. The efficiency

of transport in the hippocampus is however

impaired during prolonged hormonal administra-
-1-'Glon.

(4) Corticosteroid administration alters biogenic

amine levels in several brain regions by affec-

ting monoamine oxidase activity in discrete

brain regions, thus affecting the amount of

amine available after releas~. This undoubtedly

affects interneuronal levels of amines and thus

the excitability of the brain. The amines

affected most by corticoste~oids are dopamine

and serotonin.

( 5 ) Corticosteroid injections , ,resu.L"C in a greater

rate of metabolism of tryptophan down the liver

pyrrolase pathway due to increased tryptophan

pyrrolase activity with a resultant decrease of

free tryptophan available to the brain. Increa-

sing the activity of tryp"Cophan pyrrolase by

corticoid injections causes moderately decreased

brain 5-HT and the inhilation of the induction

of pyr-ro Iase blocks the amine changes.
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(6) The inhibitory feedback action of circulating

corticosteroids on adrenocorticotropin secretion

can be mediated via putative neurotransmitter

neurons, by inhibiting inhibitory systems in

relation to ACTH secretion.

(7) Behavioural effects found in relation to condi-

tional responses after changes of pi~uitary-

adrenal activity may be partly mediated via

changes in the activity of biogenic amine

neurons.

(8) Alterations of corticosteroid status of rats,

does cause changes in concentrations of the

putative neurotransmitters sufficient to cause

gross behavioural changes. The changes seen in

brain NE, DA 5-HT and GABA ere modulated through

adrenocortical steroids and these hormones play

a role in the regulation of biogenic amine meta-

bolism. Corticosteroids may be therefore used

in therapy of affective uisorders, under certain

conditions.
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