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Abstract—Human buccal mucosa fibroblasts were exposed in culture to y-aminobutyric acid (GABA)
and the areca alkaloid arecaidine. Both GABA and arecaidine stimulated collagen synthesis and
proliferation in a concentration-dependent manner, with arecaidine consistently producing the greater
stimulation. Prior exposure to GABA or arecaidine for 5 days caused the cells to become insensitive

when challenged with either drug.

A variety of factors are known to alter the rate
of collagen synthesis in fibroblasts. They include
hormones, growth factors, drugs and serum [1,2].
In addition, there is a large body of evidence indi-
cating that collagen metabolism is markedly altered
in a variety of connective tissue diseases [1, 3]. One
such disease is oral submucous fibrosis (OSF), a
chronic disabling disease, characterised by a chronic
accumulation of submucosal collagen and causing
stiffness of the oral mucosa and impairment of mouth
opening. Although the aetiology of OSF is unknown,
there is a strong association with the chewing of
areca nuts [4-6], a common habit in South-East Asia.

Experimental evidence for an aetiological role of
the areca nut in OSF has come from tissue culture
studies where ethanolic extracts of the nut were
found to stimulate collagen synthesis in human
fibroblast cultures [7]. Also, arecoline, the major
alkaloid of the areca nut, is hydrolysed by fibroblasts
in vitro to the stable metabolite arecaidine, a potent
stimulator of fibroblast activity [8]. Arecaidine, a
minor constituent of areca nuts [9] has also been
shown to be a potent competitive inhibitor of -
aminobutyric acid (GABA) re-uptake in rat brain
slices and it has been suggested that this may well be
the cause of some of the psychological effects of
betel nut consumption [10, 11]. As arecaidine shows
pharmacological activity in GABAergic systems and
shares certain structural similarities with GABA, we
were prompted to investigate the effect of GABA
on collagen synthesis and proliferation by human
buccal mucosa fibroblasts.

MATERIALS AND METHODS

Tissue culture materials were obtained from
Gibco-Europe (Uxbridge, U.K.). Fibroblasts were
cultured from normal human buccal mucosa
obtained during routine surgical removal of third
molar teeth. They were grown in 25-cm? culture
flasks containing Eagle’s Minimal Essential Medium
(MEM) supplemented with foetal caif serum (FCS;
20%), penicillin and streptomycin (100 U/ml each)
and buffered with bicarbonate (3.5 g/1) in an atmos-
phere of 5% CO,, 95% air. The cells were main-

tained in MEM + 10% FCS, subcultured with 0.25%
trypsin solution at weekly intervals, then stored in
liquid nitrogen until used for experiments when they
were between the 4th and 10th passages.

Collagen synthesis was measured in 96-well
microwell culture plates (Microtiter, Linbro, Gibco-
Europe, Uxbridge, U.K.). Each well was inoculated
with 15,000 cells in 200 ul of MEM + 10% FCS and
incubated overnight before replacement with 200 ul
of MEM containing the drugs and 2% FCS. The rate
of collagen synthesis was estimated by the incor-
poration of [*H]proline into pepsin-resistant native
collagen [12] over 24 hr. Briefly, 0.2 uCi 5[*H]proline
(23 Ci/mmol, Amersham International, Amersham,
U.K.) was added to each well with S-amino-
proprionitrile fumarate and L-ascorbic acid (50 ug/
ml each). On termination, the cell layer and culture
medium together were extracted with pepsin
(0.5 mg/ml in a final concentration of 0.5 M acetic
acid) for 16 hr at 4°. Radioactively labelled collagen
was purified by salt precipitation and scintillation
spectrometry (Rackbeta, LKB, Sweden) with exter-
nal standardisation, and expressed as disintegrations
per minute (dpm). Each control and treatment group
in the microwell plates comprised six replicate wells.
Proliferation was also measured in 96-well culture
plates, but the inoculum was 5000 cells/well. After
5 days incubation, the numbers of cells in the micro-
well cultures were estimated by a methylene blue
staining method modified from Currie [13]. Culture
medium was aspirated and the cell layers in each
well fixed in methanol for 5 min, stained with 100 zd
methylene blue (0.1% in 10mM borate buffer,
pH 8.5) for 30 min and rinsed 3 times with 400 ul
borate buffer. The methylene blue was eluted from
the cell layers with 100 ul 0.1 M HCI containing 20%
ethanol, and the absorbance measured at 650 nm
in an automated multichannel spectrophotometer
(Titertek Multiskan, Flow Laboratories, Croydon,
Surrey, U.K.), using the first column of wells which
had contained medium alone as a reference blank.
Each control and treatment group in the microwell
plates comprised six replicate wells.

Arecaidine was prepared by acid hydrolysis of
arecoline hydrobromide and purified by TLC as pre-
viously described [8]. GABA was obtained from
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Fig. 1. The effect of GABA (O) and arecaidine (X) on

fibroblast proliferation. Fibroblasts (5000 per well) were

exposed to GABA or arecaidine (0, 0.1, 1, 10 or 100 ug/

ml) for a period of 5 days and the cells stained with

methylene blue. Results are expressed as absorbance
units = SEM (N = 6 per group).

Sigma Chemical Co. (Poole, Dorset, U.K.) and used
without further purification.

In order to assess the effect of arecaidine and
GABA on fibroblast activity, three types of experi-
ment were performed: (1) fibroblasts were exposed
to culture medium containing arecaidine or GABA
(0, 0.1, 1, 10 and 100 ug/ml) for 24 hr and assayed
for collagen synthesis simultaneously; (2) fibroblasts
were exposed to arecaidine or GABA (0, 0.1, 1,
10 and 100 ug/ml) for a period of 5 days and cell
proliferation assayed by methylene blue staining;
(3c) fibroblasts were incubated with culture medium
containing arecaidine or GABA (0, 1 and 10 pg/
ml) for a period of 5 days. The medium was then
aspirated and the cells re-challenged with either con-
trol medium or medium containing GABA or are-
caidine (10 ug/ml) for a period of 24 hr and collagen
synthesis measured over this period.

RESULTS

Proliferation

Both arecaidine and GABA stimulated the pro-
liferation of fibroblasts over a 5-day period in a
concentration-dependent manner (Fig. 1). Are-
caidine caused more stimulation than GABA at each
concentration.

Collagen synthesis

When fibroblasts were exposed to arecaidine or
GABA for 24 hr, collagen synthesis was stimulated
in a concentration-dependent manner (Fig. 2), with
arecaidine producing more stimulation than GABA
at each concentration. However, preincubation with
arecaidine at 10 ug/ml caused the cells to become
less sensitive to stimulation by GABA and arecai-
dine. Re-challenge with both drugs after pre-
incubation with arecaidine produced a lower rate of
collagen synthesis when compared with the group
re-challenged with control media (Fig. 3a). Similarly,
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Fig. 2. The effect of GABA (O) and arecaidine (X) on
collagen synthesis by fibroblasts. Results are expressed as
dpm + SEM (N = 6 per group).
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Fig. 3. The effect of long-term exposure to GABA or
arecaidine on collagen synthesis by fibroblasts. Fibroblasts
were exposed to (a) arecaidine or (b) GABA (0, 1 or 10 ug/
ml) for a period of 5 days. They were then re-challenged
with control media O, arecaidine (10 ug/ml) & or GABA
(10 ug/ml) N for a period of 24 hr and collagen synthesis
measured over this period. Results are expressed as
dpm = SD (N = 6 per group).

when the cells were exposed to GABA at 10 ug/ml
for 5 days and then re-challenged with GABA or
arecaidine the response was markedly reduced com-
pared with cells preincubated with control medium
(Fig. 3b). Preincubation with GABA or arecaidine
at 1 ug/ml had little effect on subsequent stimulation
with GABA or arecaidine (Fig. 3a and b).

DISCUSSION

In this report we have demonstrated for the first
time that GABA stimulates collagen synthesis and
proliferation in cultures of human fibroblasts. That
fibroblasts respond to a drug better known as an
inhibitory transmitter in the CNS is not necessarily
surprising since fibroblasts have already been shown



Fibroblast stimulation by GABA

to respond to adrenaline and isoprenaline [14, 15].
In addition, it has been known for some time that
fibroblasts in culture can both synthesise and seques-
ter GABA [16, 17] and it has been previously sug-
gested that some neurotransmitters such as GABA
may well act on non-neuronal cells as metabolic
regulators [18]. We have previously shown that the
response of fibroblasts to areca alkaloids is time
dependent [8], with the stimulation of collagen syn-
thesis falling progressively after a peak at 24 hr. This
also appears to be the case for GABA. This suggests
that desensitisation or “down-regulation” is occur-
ring, and this was supported by the results of the re-
challenge experiments (Fig. 3). The desensitisation
to GABA was accompanied by a cross-desen-
sitisation to arecaidine and vice versa, indicating that
GABA and arecaidine share a common mechanism
of fibroblast stimulation. Cross-desensitisation to
hormones has been reported in several cell lines [15]
and tends to be associated with the adenylate cyclase
system. In this case, however, the addition of are-
caidine, GABA or crude extract of areca nut had no
effect on cyclic AMP levels in fibroblasts (A. Scutt
and W. Harvey, unpublished results). On the other
hand, the existence of GABA receptors on other
cell types [19] and the fact that GABA is actively
sequestered by fibroblasts, make it likely that GABA
and arecaidine act via receptor mediated mechan-
isms. As both drugs show cross-desensitisation, it is
possible that they may share a common receptor.
In a previous communication we have suggested
that the areca alkaloids may stimulate fibroblast col-
lagen synthesis in vivo and so contribute towards the
fibrotic reaction in OSF. These results suggest that
the stimulation may well be receptor mediated and
that the areca alkaloids may be interfering with a
GABA-mediated mechanism for controlling pro-
liferation and collagen synthesis. The physiological
role of GABA in fibroblasts is unclear. In the CNS,
it is thought to be important as a neurotransmitter
and in the production of energy. GABA can be
metabolised by fibroblasts and so it is feasible that it
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is involved in the energy metabolism of these cells as
well. However, the stimulation of fibroblast collagen
synthesis and proliferation by GABA and the fact
that fibroblasts can both synthesize and sequester it
suggests that it may well have a more specialised role
controlling fibroblast activity.

REFERENCES

1. S. D. Breul, K. Bradley, A. J. Hance, M. P. Schafer,
R. A.Bergand R. G. Crystal, J. biol. Chem. 255, 5250
(1980).

2. P. K. Muller, E. Kirsch, V. Gauss-Muller and K.
Thomas, Molec. Cell. Biochem. 34, 73 (1981).

3. E. J. Miller and V. J. Matukas, Fedn Proc. Fedn Am.
Socs exp. Biol. 33, 1197 (1968).

4. I. Dockrat and M. Shear, 4th Proc. Int. Acad. Oral
Path., p. 57. Gordon & Breach, New York (1970).

5. S. K. Biswas and S. K. De, Ann. natn. Acad. med. Sci.,
India 14, 34 (1978).

6. H.N. Kwanand Y. Y. Shiau, Oral Surg. 47,453 (1979).

7. J. P. Canniff and W. Harvey, Int. J. oral Surg. 10
(Suppl. 1), 163 (1981).

8. W. Harvey, A. Scutt, S. Meghji and J. P. Canniff,
Archs oral Biol. 31, 45 (1986).

9. A. M. Mujumdar, A. H. Kapadi and G. S. Pendse, J.
Plant. Crops 7, 69 (1979).

10. G. A. R. Johnston, P. Krogsgaard-Larsen and A. Ste-
phenson, Nature, Lond. 258, 627 (1975).

11. D. Lodge, G. A. R. Johnston, D. R. Curtis and S. J.
Brand, Brain Res. 136, 513 (1977).

12. D. F. Webster and W. Harvey, Analyt. Biochem. 96,
220 (1979).

13. G. A. Currie, Br. J. Cancer 43, 335 (1981).

14. G. E. Demetrakopoulos, B. Linn and H. Amos,
Biochem. Pharmac. 27, 373 (1978).

15. L. E. Saltzman, J. Moss, R. A. Berg, B. Hom and R.
G. Crystal, Biochem. J. 204, 25 (1982).

16. K. A. Piez and H. Eagle, J. biol. Chem. 231, 533
(1958).

17. E. Hamel, 1. E. Goetz and E. Roberts, J. Neurochem.
37, 1032 (1981).

18. G. M. Tomkins, Science 189, 760 (1973).

19. S. L. Erdo, TIPS 205 (1985).



