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Abstract

Gamma aminobutyric acid (GABA L) receptor functional status was analysed in partial hepatectomised. (PH). lead
nitrate (LN) induced hyperplastic and N-nitrosodicthylamine (NDEA) treated neoplastic rat livers during peak DNA
synthesis. The high-affinity [*H]JGAELA binding significantly decreased in P and NDEA rats and the receptor affinity
decreased in NDEA and increased in LN rats compared with control. In NDEA, displacement analysis of |'TIJGABA
with muscimo! showed loss of low-alTinity site and a shilt of high-affinity site towards low-aflinity. The aflinity sites |
shifted towards high-affinity in LN sats. The number of low-affinity ['Hbicuenlline receptors decreased significantly
in NDEA and Pl whereas it increased in LN tats. GABA , teceptor agonist. muscimol, dose dcpcmlcnll’y‘.inhihih:d
epidermal growth factor (EGF) induced DNA synthesis and enhanced the tinstorming growth Gactor 1 (TGERD
mediated DNA synthesis suppression in primary hepatoeyte cultutes. Qur results suggest that GABA  recéptor act
as an inhibitory signal for hepatic cell proliferation. © 2001 Elsevier Science hieland Ltd. All rights reserved.
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1. Introduction

Gamma aminobutyric acid (GABA) is the prin-
cipal inhibitory neurotransmitier in the mam-
malian brain. GABA has also been demonstrated
to be present in peripheral tissues and functionally

* Corresponding author. Tel.: +_9|-4%4-559267: fax: +91-
184-532495.
E-mail uddress: biomi\q_!)@cuszn.uc‘in (C.S. Paulose).

active throughout the body [1]. GABA ppssesses
growth-regulatory properties. The growth of
murine squamous cell carcinoma and HeLa cell
lines was shown to be inhibited by GABA [2].
Gliomas with highest malignancy grade [V ac-
cording to World Health Organisation (WHO)
classification and with high proliferation rate lack
expression of functional GABA, receptors [3].
GABA also plays an important role in terminat-
ing the growth of rapidly developing tissues in
utero [4.5].
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Sodium-independent, bicuculline-sensitive GA-
JAA receptor sites were identificd to be present
1 the mammalian liver. Innervation of the re-
eptor causes marked hyperpolarisation of the
iepatocyte transmembrane potential [6]. GABA
nediated growth inhibition of the liver following
wrtial hepatectomy and during recovery from
arious forms of hepatic injury is already re-
worted [7-9]. A recent study has shown that
ncreased GABA, receptor activity inhibits pro-
ieration activity of the HepG2, human hepato-
cellular carcinoma cell line. The inhibitory effect
vas prolonged in the cell line co-transfected
vith GABA, receptor f3, and y, subunit genes
10]. The liver regeneration after partial hepatec-
cmise (PH). lead nitrate (LN) induced hepatic
wroliferation and N-nitrosodicthylamine
NDEA) induced hepatocellular carcinoma in
its are established models to study the normal
:nd neoplastic cell proliferation [11-13]. Studies
vith replicating hepatocytes in culture can be
1sed to investigate the trophic factors that con-
1ol the proliferation of hepatocytes [14]. In pri-
nary cultures of hepatocytes. epidermal growth
“actor (EGF) induces DNA synthesis [15] and
his was abolished by transtorming growth fac-
or Bl (TGFB1) [16]. In the present study
UABA, receptor functional regulation during
;ompensatory hyperplasia after PH, LN induced
lirect hyperplasia and NDEA incduced neoplasia
'n the rat liver were investigated. The effect of
JABA, receptor agonist on EGF induced DNA
svithesis and TGFB1 mediated DNA synthesis
:uppression was also studied in the primary cul-
‘ures of rat hepatocytes.

2. Materials and methods
2.1, Animals

Adult male Wistar rats weighing 200-300 g
were obtained from Central Institute' of Fish-
cries Technology, Cochin was used for all exper-
iments. They were fed lab chow and water ad
libitum and were maintained under a 12 h light
and 12 h dark cycle and controlled wemperature.
All animal care and procedures were in accor-

dance with institutional and National Institute
of Health guidelines: |

2.2, Materials

GABA. collagenase type [V, muscimol. bicu-
culline, methoiodide, Collagen from rat-tail,
William’s medium E. epidermal growth factor
(EGF), transforming. growth factorpfl (TGFp1)
and insulin were purchased from Sigma Chemi-
cal  Co., St Louis. USA. 4-Amino-n-[2.3-
"H]butyric acid (specific activity, 84.0 Ci/mmol)
was purchased from Amersham Life Science.
Buckinghamshire, UK. Bicuculline methyl chlo-
ride. (-)-[methyl-"H] (specific activity, 82,9 i/
mmol) was purchased from NEN Life Sciences
products, Inc.. Boston, USA and ["H]thymidine

* (specific activity 18 Ci/immol) was tfrom Bhabha

Atomic: Rescarch Centre, Mumbai, India.

2.3 Partial hepatectomy

Two-thitds of the liver constituting the me-
dian and left lateral lobes were surgically excised
under light ether anaesthesia, following a 16 h
fast [17]. Sham operations involved median exci-
sion of the body wall followed by all manipula-
tions except removal of the Jobes. All the
surgeries were done between 07:00 and 09:00 h
to avoid diurnal variations in responses.

2.4. Leud nitrate administration

Rats received a single intravenous injection of

LN (100 pmolikg of body weight) while the
control rats received distilled water only[I3].

2.5. N-nitiosodicthylamine treatment

Liver cancer was induced using NDEA [19].
Animals received 0.02% NDEA in distilled water
(2.5 ml per animal by gavage, 5 days a week for
20 weeks). Rats treated only with distilled water
served- as control. After 20 wecks all the rats
were kept without any treatment for | week and
sacrificed at 22nd week. Neoplasia was confi-
rmed by histological techniques.

12:33:09 20017
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2.6. Sacrifice of rats

The rats were sacrificed by decapitation and the
iver was dissected and stored at —70°C after
mmediate freezing in liquid nitrogen.

2.7. Preparation of isolated cells for receptor
studies

Suspensions of liver cells were generated by
serfusing the livers in situ with 0.05% collagenase
ollowing the modified procedure described by
Minuk et al. [6]. The hepatocyte preparation.
waving a viability of > 90% as assessed by trypan
Hlue exclusion, was chosen for receptor assay.
“ontamination of hepatocyte with other cells was
¢ss than 1%.

2.8 GABA 4 receptor binding assay

[FHIGABA bindilig to the GABA receptors of

1epatocytes was assayed as previously described
7). In brief., incubations werc carried out in
:odium-free complete Hank's balanced salt solu-
‘ion (pH 7.4). Each assay tube contained | x 10°
cells. In saturation binding experiments, 1-10 nM
f ['H]JGABA incubated with and without excess
f unlabelled GABA (100 pM) and in competition
binding experiments the incubation mixture con-
‘ained 2 nM [*HJGABA with and without mus-
:imol at a concentration range of 10?10+ M.
The incubation was continued for 20 min at (-
2°C and terminated by centrifugation at 35 000 x
2 for 20 min. ['H]JGABA in the pellet was
determined using Wallac liquid scintillation coun-
rer. Specific binding was determined by subtract-

‘ng non-specific binding from the total binding.

The non-specific binding determined was iess than
10% of the total binding in all our experiments.
Protein concentrations were estimated {20] using
Hovine serum albumin as the standard after di-
1esting the hepatocytes with | N. NaOH.
[*H]bicuculline binding to the GABA receptor
vas assayed in the same way as described for
'H]JGABA binding. In saturation’binding experi-
ments, 5-75 nM of ["}H]bicucullinc was incubated
wvith and without excess of unlabelled bicuculline
100 pM) and in competition binding experiments

¥

the ineubation mixture contained 5 oM of
(‘Hbickculline with and without bicuculline at a
concentration range of 10-° 104 M. The on-
specific binding determined was less than 40% of
the total binding in all our experiments.
2.9. Receptor binding paraniéiers analysis "4

The receptor binding parameters, were deter-
mined using Scatchard analysis [21]. The maximal
binding (B,,.,) and cquilibrium’ dissociation con-
stant (K,) were derived by lincar regression analy-
sis by plotting the specific binding of  the

radioligand on x-axis and bound/free on y-axis’

using Sigma plot software (version 2.0, Jandel
GmbH. Erkrath. Germany). Competitive binding
data were analysed using non-lincar regression

curve-litting procedure (GraphPad PRISM™  San -

Dicgo. USA). The concentration of competitor
that competes for half the specific binding was

- defined as ECq,. It is same ad 1Cq,. The affinity of

the receptor for the competing drug is designated
as Ki and is defined as the concentration of the
competing ligand that will bind to half’ the bind-
ing sites at cquilibrium in the ;x‘bscncc of radioli-
gand or other competitors [22].°

2.10. Displucement curre miul_r.\'i.\'f

The data of the competitive binding assays were
represented graphically with” thé negative log of
concentration of the competing drliggo‘r’l X-axis
and percentage of the radioligand bound on the
y-axis. The steep of the binding curve can be
quantified with a slope factor, often called a Hill
slope. A one-site competitive binding curve that
follows the law of mass action has a slope of '1.0.

. Af slope factor differs significantly from 1.0, then

the binding does not follow the law of mass
action with a single site. suggesting a two-site
model of curve-fitting.

2.11. Hepatocyte culture

Hepatocytes were isolated from adult niale Wis-
tar rats by collagenase perfusion, filfration and
low speed centrifugation [23]. Livers were per-
fused with a Ca®* -free HEPES bulfer (pH 7.4).
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lowed by the same buller (pH 7.6) containing 5
M CaCl, and 0.05% collagenase. The hepato-
‘e preparation, having a viability of > 90% us
-essed by trypan blue exclusion, was chosen for

Iture. Hepatocytes were plated on rat tail colla- .

" coated dishes at a density of 10% cells per 35
n culture dish in 1 ml of William's medium E
splemented with 10% fetal calf serum, 10 — 7 M
ulin and 50 pg/ml gentamycin sulphate. After 3
(zero time of assay), the plating media was
slaced by serum-free media containing 2.5 pCi/
of [*H]thymidine. Dose response of hepatoeyte
NA synthesis to muscimol was  studied by
Jding  varying concentrations ~of muscimol
) R~10-* M) to primary cultures of rat hepa-
‘vtes in presence of fixed concentrations of
iF (10 ng/ml) and insulin (10 =7 M). Combined
ect of GABA., muscimol and TGFBI on EGF
iuced hepatocyte DNA synthesis was studicd
ng TGFBI at a concentration of | ng/ml. The
itures were incubated for 48 h at 37°C in 5%
), in Shellab CO, incubator (Sheldon Manufac-
ing Inc., Oregon, USA).

2. DNA synthesis assays in cultgred rat
atocytes /

Hepatocytes were washed twice in the cold
osphate buffered saline after 48 h of incubation
d 1 ml of cold 10% TCA was added. The
natocytes were solubilised by incubation at
’C for 30 min in 0.5 ml of { N NaOH and then
id 1007 TCA was added to the solution to get

"y,

inal concentration of 15%. The precipitate was

e |
IIGABA binding parameters in the liver of ras®

serimental B, (Mmol/mg Ky (nM)

ups protein) ¥

atroly 175.39 + 5.175 1i.84 +0.87

. 135.13 £ 845 LR
treated 168.24 + 10.56 SHE+0.19e

JEA treated  127.50 +9.54* 19.62 + 102

Values are mean + S.E.M. of four to six sepirate cxperi-
is. **, P <0.01 with tespect to control: 9. control value
0 is a pooled data from different control experiments since
re was no significant difference in valuestamong groups.

washed with I ml of 5% TCA. DNA was hy-
drolysed by heating the precipitate at 90°C for 15
min in 0.5 ml of 10% TCA. DNA synthésis. was
measured by ['Hjthymidine incorporation and ¢x:
pressed as dpm of ['H]thymidine incorporated per
mg protein [24d].

.
g

213 Statistical analysis o

The equality of all the groups is tested by the
analysis o variance (ANOVA) technique for dif-
ferent values of 2. Fuither the Pair wise compari-
sons of all the experimental groups are studied
using Students 7-test at different significance lev-
cls. The testing is performed using GraphPad
Instat (version 2.04a. San Diego. USA). The sig-
nificance level is expressed taking P < 0.05 as the
threshold value. P value < 0.05 is considered as
significant, 2 value < 0.01 is very signiﬁcant“uﬁd
P < 0.001 is considered extremely significant. *

3. Results

A significant decrease in the B,,,,, of ['HJGABA
binding (P <0.01) to hepatocytes of NDEA
treated and PH rats was observed compared with
control while it remained unaltered in LN treated
rats. The K, of the receptor in NDEA treated rats
significantly increased (2 < 0.01) while it signifi-
cantly decreased (P < 0.01) in LN treated rats
compared with control. In PH rats the K,y re-
mained unaltered (Table 1).

The competition curve for muscimol against
["HIGABA fitted for two-site model in control.
PH and LN treated groups with Hill slope values
away from unity. In NDEA treated rats the curve
fitted for a one-site model with Hill slope value
near unity. In LN treated rats both log(EC,,) — 1,

log(ECq,) — 2, Kiyy, and Kiy, decreased compared

with the control indicating a shift in both high-
affinity and low-affinity sites to respective high-
affinity regions. The high-affinity site was shifted
to low-affinity and low-affinity site was com-
pletely lost in NDEA treated rats (Table 2 and
Fig. 1).

Scatchard analysis of [*H]bicuculline binding té
isolated hepatocytes of rats showed a significant

Wed Mar 14 12:33:09 Joo1
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Table 2 #
Binding parameters of ['HHGABA against muscimol in lver of o

Log (EC )~ 1

Experimental groups Best-fit model Log (BCy) -2 Kigyy, Kiy, Hill slopes
- 2 T e
Control? Two-site —-7.84 =502 L2l Ol U R
PH Two-site -17.91 - 546 LO2x 0" 291 <3074 . 046"
NDEA treated One-site -06.09 6.79 <107 g » = il
LN treated Two-site --8.58 -1.23 22 x10-"  490x107* . -0.71
J

3 Values are mean of four to six separate experiments, data were flitted with an iterative non-linear regression software (PRISML.
GraphPad, San Diega, CA). Ki, the affinity of the receptor for the competing drug. The affinity for the first and second site of the
competing drug are designated as Kigy,, (for high-aftimty) and Ki, (for low-altinity). ECg, is the concentration of the competitor
that competes for half the specific binding. . Control value given is a pooled data from different control experiments since there

was no signilicant difference in values among groups.

Displacement curve of [JHIGABA with

muscimol in liver of rats

125 ¢ t
] = Control :
;) ! i
£ 1004 - + Partial Hepatectomised 2 Ll
B + Lead Nitrate Treated
S 757 +  N-Nitrosodiethylamine Treated i
Q : : .
& 504
o
< a
s 254 bl S
X
0 A T L T T L kg R i rew T
12 .41 10 .9 -8 7 6 -5 -4 3
log of muscimol concentration #"
¢ i ¥

Fig. 1. Displacement analysis of ['"HGABA by muscimol in hepatocyte preparations of control.

PHL LN trepred and NDEA weated

rats, assayed in vitro. Competitive binding studies were done with 2 nm (*HJGABA and 10" 10~ ' M coldmuscimol. Values are

mean + S.E.M. of four to six separate experiments and plotted at different concentrations.

decrease (P < 0.001) in B, in PH and NDEA
treated rats while it increased (2 < 0.05) in LN
treated rats comparcd with the control. K, re-
mained unaffected in all the experimental groups
compared with control (Table 3). The competition
curve for bicuculline against [*H]bicuculline fitted
for two-site model in all the groups. with Hill
slope value away from unity. “The binding
parameters remained unaltered in all the experi-
mental groups compared with coiitrol (Table d).

Isolated hepatocytes in scrum-free culture
medium  exhibited . very- low levels of
[*H]thymidine incorporation into DNA. Addition
of EGF caused a significant increase (7 < 0.001)

i

in the hepatoeyte DNA synlh’céis. When GABA
(100 pM) alone was added to cultured hepato-
cytes there was no significant change in the DNA
synthesis from basal level. However, addition of
GABA (100 pM) in hepatocyté cultures caused a
significant inhibition (£ < 0.001) on EGF induced
DNA synthesis (Fig. 2). TGFAL and GABA com-
bination and TGFBI alone did -not show any
significant change compared with control.
Addition of muscimol caused ‘a significant de-
crease (P < 0.001) in the EGF induced DNA syn-
thesis. When muscimol (100 pM) alone was added
to cultured hepatocytes there was no significant
change in the DNA synthesis compared witly con-

%
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Table 3 i
[*H)bicuculline binding patameters in the liver of rats’

Experimental B,... (molimg K, (nM)
groups protein)

Controly 324.76 + 10.78 4084 + 1 87
rH 197.54 + 13.24%¢ 4513 2.1
LN treated 398.45 +9.45% 4324 +0.19
NDEA treated MRS L2 .62 & 102

* Values are mean + S.E.M. of four to six scparite experi-
ments. ***, P<0.001; *, P <0.05 with respect to control; 4,
control value given is a pooled data from different control
experitnents since there was no significant difference in values
among groups.

trol. TGEPL significantly inhibited (7 < 0.001)

EGF induced DNA synthesis. Combined effect of

TGFBlI and muscimol was found to have a
greater inhibitory effect (2 <0.01) on EGF in-
duced DNA synthesis compared with EGF and
TGFBI treated group (Fig. 3). Muscimol at low
concentrations did not bring about a significant
decrease in DNA synthesis. A significant decrease
(P <0.001) was observed with 10~ M muscimol
reaching a maximal effect at 107° M (Fig. .

4. Discussion

['HIGABA acts as a GABA receptor high-
affinity agonist [25] and bicyculline has a higher
affinity for rapidly dissociating low-aflinity
GABA , sites [26,27]. The binding studies revealed
that both high-atfinity and low-aftfinity GABAL
receptors are present in hepatoeytes. The animals

were sacrificed at the time of peak DNA synthesis
in liver based on previous reports [11.18] and by
[*Hjthymidine incorporation studics done. There
was a significant decrease in the number of
['H]JGABA binding high-affinity GABA, recep-
‘tors in PH and NDEA treated rats. In NDEA
treated rats the low-affinity site for ['HJGABA
binding completely lost and the high-affinity site
shifted  to  low-affinity.  The  low-affinity

('H]bicuculline binding GABA, receptor also *

showed a decrease in the number of receptors ‘in
PH and NDEA treated rats while the number off
receptors inercased in LN treated rats as evident

from the [‘H]bicuculline Scatchard plot.. There:

was no shift in alfinity of this receptor when
displaced with bicuculline in all the groups. De-
creased ["HJGABA binding to isolated hepatocyte

at the time of peak DNA synthesis in liver during.

liver regeneration is reported [28]. Studies using
GABA, receptor  antagonist,  ciprofloxacin,
demonstrated the inhibitory effect of GABA on

hepatic  proliferation {7.9.29]. The decrease in,
. GABA, receptor number in PH rats thus may be

fucilitating the active hepatic cell proliferation for
compensating the lost liver mass. In LN treated
rats, the receptor function is more to suppress the
excess cell proliferation for maintaining the nor-
mal liver mass. GABA, receptor mediated neu-

ronal apoptosis is reported [30]. In LN induced

direct hyperplasia the removal of excess liver mass

-by apoptosis is already described [31]. So in-,

creased GABA L receptor function may be respon-
sible  for maintaining  normal  liver mass.
Increasing malignancy of gliomas is correlated to

Table 4 . 5

Binding parameters of ['Hbicuculline against bicuculhine n liver of rs? S
Experimental groups Best-fit model lop(FC =1 log(FC ) =2 Kinn Kia il ;Inpcs
Controly Two-site -’02 -~S5.78 f9Sx10="  1.6Tx10=" —0.38

PH Two-site -7.11 =500 72 x 107" 93510~ —0.04
NDEA treated Twao-site -1 =520 R72x 10~ 186x 10" =038

LN treated Two-site —8.12 —-6.02 T19x107Y  900x 10”7 =037

* Values are mean of four to six separitte experiments. Data were fitted with an iterative non-lincar regression software (PRISM, -

GraphPad, San Diego. CA). Ki, lhc affinity of the recepror for the competing drug. The altinity for the first and second site of the
competing drug are desigiuated as Kiyy, (for high-aftinity) and Ki g, (for low-aflinity). ECg, is the concentration of the competitor
that competes for half the specific binding: 9. control value given is a pooled data from different control experiments since there was

no significant difference in values among groups.
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Effect of GABA n1: hepatocyte DNA synthesis
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EGF-Epidernal growth factor
TGF-Transforming growth factorJ1

p<0 001 compared with the control

# p~0 001 compared with EGF

FFig. 2. Effect of GABA on DNA synthesis in primary cultures of hepatocytes, GABA (10

e at
YN was added o cultured hepatocytes

and ['Hjthymidine incorporation was determined in the presence of isulin (107 M), EGE (10 ug) and TGEpI( ug). Values are

mean + 5.E.M. of four to six separate experiments.

decrease of GABA binding sites [32). So a de-
crease in both number and affinity of [*H]GABA
binding with loss in one of the affinity sites may
be responsible for the malignant transformation
and hepatocellular carcinoma observed in NDEA
treated rats. [*H]bicuculline binding’ sites were
also decreased in NDEA treated ‘rats. This de-
notes that the GABA ,ergic mechanism to sup-
press cell proliferation observed in LN treated
rats is absent in NDEA treated rats. Thus,
GABA, receptor functional alteration may be
one of the contributing factors for hepatocarcino-
genesis in NDEA administercd rats.

'
.

GABA rci:cplors are found 'to disappear in
malignant tumours and immortal cell lines [3].
Our radio-receptor data clearly indicate that, the
functional status of these receptors are signifi-
cantly decreased in controlled and cancerous hep-
atic cell proliferation. The alterations of the
receptor function were more in neoplastic liver
than in regenerating liver. Also, our result is
supported by the recently reported study on hu-
man hepatocellular carcinoma cell line, HepG2,
over expressing 3, and y, subunits of G'/\'l}'/\,\
receptor [10l.  GABA, receptor “activity, is
markedly down regulated in malignant hepato-

.
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cytes. Studies in HepG2 cells co-transfected with

GABA , receptor 3, and ¥, subunit gene followed

by exposure to muscimol inhibited a-fetoprotein

(a hepatic malignant marker) mRNA expression .
and also the cell proliferation [10].

The important progress in defining the key
factors in hepatic cell proliferation was azhieved
by using -~ hepatocyte “cultures in secrum-free
medium. In the absence of insulin, hepatocytes

degenerate within 24-48 I [16]. However, insulin

despite its strong tro hic eflects on hepatocytes,
p £ P | )

typesetl: /sco4/jobs2/ELSEVIER/hpc/week. 09/Phpc762y.00101

does not by itsell” stimufate DNA - synthesis in

M.P. Biju et al.; Hepatology Research 000 (2001) 00000

chemically defined media. So in our present study.
we have used insulin at a concentration of 100
nM to support the primary hepatocyte culture.
The stidy of hepatoeyte proliferation in cultures
has several well-recognised advantages compared
with studies of in vivo regeneration in defining the
factors regulating the cell proliferation. The hepa-
tocytes grow in a controiled environment virtually
without interference from the other cell types in
primary culture. Growth modulators added to
culture medium act directly on the hepatocytes
and interference ol other lactors such as hor-

Effect of muscimol on hepatocyte DNA syuthesis.
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TGF- Transforming growth factor /1 (Ing)

MUSCI- Muscimol (100yuM)

*** p<0.001 compared with the control

» p<0.001 compared with the EGF group
* p<0.01 compared with the EGF+TGF group

Fig. 3. Effect of muscimol su DNA synthesis in primary eultures of hepatocytes. Muscimol (10 =% M) was added to culturédl”
hepatocytes and [*H]thymidine incarporation was determined in the presence of insulin (10 -7 M), EGF (10 ng) and TGERI (1 ng).

Values are mean + S.E.M. of four to six separate experiments.
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Dose-dependent response of hepatocyte DNA
synthesis to muscimol , .
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Fig. 4. Dose-dependent respoysc of DNA synthesis in primary cultures of hepatocytes to muscimol. Different concentrations of
muscumol (10 7410~ * M) wePe added to cultured hepatocytes and ['Hthymidine incorporation was determined in the presencs of
insulin (10 =7 M), EGF (10 ng). Values are mean + S.E.M. of four 1o six separate experiments

mones can be excluded [16]. Most of the replicat-
ing hepatqcytes enter into ‘multiple consccutive

rounds of DNA synthesis in culture and this .

replicating system of hepatocytes can be used to
investigate the trophic factors that control growth
of normal and neoplastic hepatocytes. Hepato-
cytes do not replicate when kept in chemically
defined media even supplemented  with fetal
bovine serum. However, addition of EGF caused
a marked increase in DNA synthesis from basal

level [15). When EGF-is added to cultures of

freshly isolated hepa@_ocytesi DNA synthesis did
not start for 24 h. The active DNA synthesis

occurred from 48 to 72 h [33] and hence we chose
48 h of culture to study the effect of growth
factors and GABA. Addition of GABA (100 pM)
alone did not clicit any significant change in hepa-
tocyte DNA synthesis but it significantly inhibited
the EGF mediated DNA synthesis. This clearly
demonstrates the inhibitory effect of GABA on
hepatocyte proliferation. This result supports the
already demonstrated effect of GABA on termi-
nating rapid growth in developing tissue in utero
[4.5.34). Since GABA, and GABA,, receptors are
present “in liver [6.35], we studied the effect of
these receptors on hepatocyte DNA synthesis in-
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dependently by using specific agonists for GABA
receptor. Muscimol, a specific agonist for GABA 5
receptor [26], was used to study the GABA,
receptor mediated hepatocyte proliferation regula-
tion. Muscimol (100 pM) significantly inhibited
the EGF induced hepatocyte DNA synthesis. It
also enhanced TGFBI inhibition on EGF medi-
ated DNA synthesis. Although there was o de-
crease in DNA synthesis in muscimol and TGF{}1
treated groups compared with TGFpl alone
treated group. the changes were not statistically
significant. Growth inhibitory property of GABA
is reported in HCC cell line-HepG2, Hela cell
lines and squamous murine carcinoma [2.10). De-
creased GABA,, receptor function is reported in
malignant tumours and immortal cell lines [1]
These reports and our results confirm the in-
hibitory effect of GABA, receptor on rapid cell
proliferation by reducing the activity of mitogenic
growth factors and enhancing the inhibitory
power of growth inhibitors. The GABA, receptor
mediated inhibitory effect was confirmed by dose-
dependent study of muscimol on EGF induced
mitogenicity in primary hepatocyte cultures. Mus-
cimol functions as an inhibitor of human HCC
cell line co-transfected with GABA, receptor,
which supports our finding [10}

Thus. from our in vivo and in vitro studics it is
clear that GABA, receptor function is important
for inhibition of DNA synthesis in lle.llt)(.)th
This receptor function is highly altered in chemi-

cally induced hepatocellular carcinoma facilitating

abnormal cell proliferation. The results also show
that the GABA , receptor functional regulation is
necessary to maintain the normal hepatic DNA
synthesis and normal liver mass.
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