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Drugs used in the treatment of psychiatric illness
were shown to have an effect on the hypo-
thalamic-pituitary—adrenal axis [1]. Thus chlor-
promazine treatment was associated with a decrease
in 17-OH steroid excretion, [2, 3] while a decrease
in plasma cortisol was reported in patients treated
with tricyclic antidepressants [4]. Previous works in
this laboratory, demonstrated a decrease in corti-
costerone and an accumulation of cholesterol esters
in the adrenal glands of rats chronically treated with
chlorpromazine and desipramine [5]. It is not known
whether the decrease in adrenal corticosterone was
due to a reduced rate of conversion of cholesteryl
ester to free cholesterol, the substrate for corticos-
terone synthesis. This study aims at further delin-
eating the effect of these drugs on cholesterol ester-
ase activity and corticosterone production in the
adrenal gland.

Male Sprague-Dawley rats weighing 180-250 g
were used. Rats were treated with 10 mg/kg of chlor-
promazine (Largactil, M & B) or desipramine (Per-
tofran, Ciba-Geigy) intraperitoneally, twice daily for
14 days. At the end of the treatment period, rats
were decapitated and adrenals removed, trimmed
of adherent fat and used for the assay of cholesterol
esterase activity or steroidogenesis activity.

In steroidogenesis studies, each adrenal gland was
sliced in six slices and preincubated in 1 ml Krebs—
Ringer bicarbonate medium pH 7.4 for 30 min [6, 7].
After the preincubation period, the fluid was
removed and fresh Krebs~Ringer bicarbonate
medium was added. Fifty ul of cholesterol (1 mg/ml)
in 50% ethanol in a final concentration of 1.22 mM
was added and incubation was performed at 37° in
an atmosphere of 95% O, and 5% CO; for 2 hr. In
one series of experiment, 0.51.U. ACTH (Acthar
Gel, Armour) was added to the incubation medium.
In in vitro studies of drug effect on steroid synthesis,
normal untreated rat adrenals were used for the
incubation and a fixed volume (5 ul) of chlorprom-
azine or desipramine in various concentrations was
added to the incubation vial containing one adrenal
while 5 ul saline was added to the vial containing the
contralateral adrenal which was used as control in
a paired study design. At the end of 2 hr, the adrenal
slices were homogenised and the combined adrenal
homogenate and incubation fluid from each vial were
extracted with methylene chloride. Aliquots of
methylene chloride extract were taken for fluoro-

metric determination of corticosterone by the
method of Frankel, Graber & Nalbandov 1967 [8].

The cholesterol esterase (EC 3.1.1.13) activity was
assayed by a modify method of Goodman 1969 [9].
Each adrenal was homogenised in Tris-HCI buffer
pH 7.4 (10 mg/2 ml w/v) and centrifuged at 9000 g
for 15 min. The supernatant, containing the cyto-
plasmic fraction was used in the cholesterol esterase
assay. 0.5ml of cytoplasmic fraction (protein con-
centration 1.0 mg/ml) was added to 0.48 ml of incu-
bation medium containing 2.5 ymoles of mercapto-
ethanol, 7.5 umoles MgCl, and 3.7 umoles KCl
dissolved in 0.3 M Tris—HCI buffer (pH 7.4). Incu-
bation was started on addition of 20 ul of 4-™*C-cho-
lesteryl oleate (0.743 mM, 5 X 107 ct/min/ml) in ace-
tone. After 1 hr incubation, at 37°, the reaction was
stopped on addition of 10 ml chloroform: methanol
(2:1v/v) mixture. The unchanged cholesteryl oleate
and the free cholesterol formed during incubation
were extracted into the organic layer and separated
by column chromatography using an aluminium
oxide column. The residual cholesteryl oleate was
eluted with petroleum ether: benzene (1:1 v/v) mix-
ture and the free cholesterol formed was eluted with
acetone : diethyl ether (1:1v/v) mixture. The radio-
activity of the eluates was determined by liquid scin-
tillation counting (ICN, Tracerlab). In in vitro stud-
ies of drug effect on the enzyme activity, pooled
adrenal cytoplasmic fractions were used in the assay
and a fixed volume of saline or drug was added to
the incubation medium. The colesteryl esterase
activity was expressed as the amount of free choles-
terol formed nmol/mg Pr/hr.

RESULTS AND DISCUSSION

In these studies, the rate of corticosterone syn-
thesis by chlorpromazine and desipramine treated
rat adrenals was found to be not significantly dif-
ferent from that of control rats and the adrenal
response to ACTH added in vitro was not diminished
in adrenals of drug treated rats (Table 1). These
results were unexpected as chlorpromazine treat-
ment not only was associated with a decrease in
plasma and adrenal corticosterone concentrations,
it was also shown to suppress the adrenal response
to exogenous ACTH in vivo, indicating that it had
a direct action on the adrenals [5, 10]. A decrease
in adrenal isocitrate dehydrogenase and malic
enzyme activity was demonstrated in chlorpromazine
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Table 1. Effect of chronic chlorpromazine and desipramine treatment on steroidogenesis, and cho-
lesterol esterase activity

Corticosteroid formed (ug/10 mg adr./hr)

Treatment Adrenals Adrenals + ACTH* Cholesterol esterase activityt

n 6 6 12

Control 1.49 = 0.20 5.75 = 0.62 9.09 = 0.82

Chlorpromazine 2.04 = 0.25N% 5.58 = 0.42 8.23 = 0.67%3
treated

n 6 6 6

Control 2.27 = 0.36 4.73 £ 0.29 11.46 = 1.75

Desipramine 1.58 £ 0.178$ 4.13 = 0.48 14.78 = 1.65N5
treated

* ACTH 0.5 1.U. was added in vitro to the incubation medium.
+ Cholesterol esterase activity was measured by the amount of free cholesterol formed nmol/mg

Pr/hr in the assay system.

treated rats [11]. The failure of this study to dem-
onstrate an inhibition in the conversion of cholesterol
to corticosterone by drug treated rat adrenals might
be explained either by the fact that the drug
accumulated in the tissue was diluted in the incu-
bation medium to a concentration that is no longer
inhibitory or the cholesterol substrate and oxygen
supplied served to reverse the chlorpromazine or
desipramine induced inhibition. When chlorprom-
azine or desipramine was added in vitro to the incu-
bation medium, corticosterone synthesis was not
inhibited even at chlorpromazine concentration of
0.21 mM. With increase in chlorpromazine concen-
tration to 0.84 mM a stimulation of corticosterone
synthesis was observed (Table 2). Desipramine when
added in vitro caused a significant increase in cor-
ticosterone production at 0.132mM (Table 2). In
either case drug concentrations below 0.1 mM
induced no significant changes in corticosterone pro-
duction in the incubation system used. While it is
difficult to relate the drug concentrations used in
vitro system to in vivo situation, the in vitro results
would suggest that the lack of inhibition in the con-
version of cholesterol to corticosterone by adrenal
slices might not be due to the low concentration of

drug present. The stimulation of corticosterone pro-
duction at high drug concentrations was more dif-
ficult to understand. In the presence of ACTH, chlor-
promazine at 0.21mM suppressed the ACTH
induced increase in corticosterone production to the
order of 50% (Table 2). It is not known whether
chlorpromazine inhibits the activation of enzymes
by ACTH or the observed effect is secondary to its
inhibitory action on NADPH generating enzymes
[11] which might become rate limiting when the
synthetic rate is high.

In the adrenal, the free cholesterol for steroido-
genesis is mainly provided by hydrolysis of the stored
cholesterol esters by cholesterol esterase [12].
Administration of ACTH resulted in a significant
enhancement of cholesterol esterase activity and a
depletion of cholesterol esters within the adrenal
gland [13]. Chronic chlorpromazine and desipramine
treatment markedly increase the cholesterol ester
level in the adrenal cytoplasmic fraction [5]. How-
ever, using cholesterol oleate as substrate, the cho-
lesterol esterase activity in drug treated rat adrenals
was found to be similar to that of control rats (Table
1). It thus appeared that the decrease in plasma and
adrenal corticosterone levels is not due to a decrease

Table 2. Effect of chlorpromazine and desipramine on steroidogenesis in vitro

Corticosterone formed (ug/10 mg adr./hr)

n==6 0.21 mM
Control 1.49
Chlorpromazine 1.39

Mean difference +=S.D.
n==6
Control + ACTH

Chlorpromazine
Mean difference £S.D.

4.918
2.796
2.122* = 0.437

—0.028 * 0.0424

n==6 0.066 mM
Control 1.577
Desipramine 1.899
Mean difference +S.D. —0.312 = 0.235

0.42 mM 0.84 mM
0.711 0.848
0.642 1.121

0.067* = 0.044 —0.273+ = 0.036
5.717 4.720
2.352 2.033

3.352* + 0.612 2.686* = 0.685

0.132 mM
1.417
1.850

—0.433* = 0.103

* P < 0.01; T P < 0.001 as compared with contralateral control adrenal in a paired Student’s

{-test.
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in turn over of cholesterol ester to free cholesterol,
the substrate for corticosterone synthesis. The accu-
mulation of cholesterol ester in drug treated rat
adrenals might be an effect of these compounds on
cholesterol ester uptake or synthesis and is indepen-
dent of the corresponding changes in plasma and
adrenal corticosterone levels.

When chlorpromazine was added in vitro, a
biphasic effect on cholesterol esterase activity was
observed (Fig. 1). At chlorpromazine concentrations
below 0.2 mM, a sharp fall in cholesterol esterase
activity was obtained and a nadir was reached around
0.2-0.4 mM, while with further increase in chlor-
promazine dose, the inhibitory effect decreased and
the percentage of inhibition at 1.2 mM was similar
to that of 0.08 mM chlorpromazine. With desipra-
mine, a biphasic inhibition-activation curve was
obtained. At desipramine concentrations below
0.1 mM an inhibition was observed and at 0.1 mM
the inhibition was over 30%. At desipramine con-
centrations above 0.3 mM, desipramine appeared to
stimulate the cholesterol esterase activity (Fig. 1).
Thus chlorpromazine and desipramine can inhibit
cholesterol esterase activity. However, the dose at
which it will do so is fairly high in comparison with
the organophosphate, dichlovos [14]. In view of the
high concentrations required, the observed inhibi-
tory action might not be those involved in the inhi-
bition of steroid production. The inhibition-activa-
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Fig. 1. Effect of chlorpromazine and desipramine on cho-
lesterol esterase activity in vitro. Each point was the mean
of two duplicate determinations.
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tion phenomenon seems to be incompatible with any
mechanism involving specific chemical intervention
on an enzyme system. Since both chlorpromazine
and desipramine are very lipid soluble substances,
it is possible that the activation observed at high
doses of drug might be a physical phenomenon
related to the increase solubilization of substrate
cholesteryl ester.

In summary, this study demonstrates the inherent
difficulty in relating in vivo observations to drug
action in the in vitro system. In the presence of
cholesterol and oxygen, the rate of conversion of
cholesterol to corticosterone by adrenal slices of
chlorpromazine or desipramine treated rats was sim-
ilar to those of control rat adrenals. Addition of
chlorpromazine in vitro did not inhibit corticosterone
production in normal rat adrenals but will inhibit
ACTH stimulated steroid production. Desipramine
added in vitro stimulated steroid production. Chlor-
promazine and desipramine were shown to inhibit
cholesterol esterase activity in vitro but the choles-
terol esterase activity was not decreased in drug
treated rat adrenals. Thus the decrease in plasma
and adrenal corticosterone levels in chlorpromazine
and desipramine treated rats might be unrelated to
the accumulation of cholesterol ester or to the inhi-
bition of cholesterol esterase activity by these drugs.

Acknowledgement—The authors wish to thank Mr. Lai Yau
Chi for his technical assistance.

REFERENCES

. D. DeWied, Pharmac. Rev. 19, 251 (1967).

. S. G. Sulman and H. Z. Winnik, Lancet 1, 161 (1956).

. W. Z. Polistruck and S. Kulscar, J. clin. Endocr. 16,
292 (1956).

. D. J. McClure, J. Psychosom. Res. 10, 197 (1966).

. F. Hung and M. Y. Chan, Clin. expl Pharmac. Physiol.

8, 56 (1981).

6. M. Saffran, B. Grad and M. J. Bayless, Endocrinology
50, 639 (1952).

7. G. P. Vinson and J. C. Rankin, J. Endocr. 33, 195
(1965).

8. A. L. Frankel, J. W. Graber and A. V. Nalbandov,
Endocrinology 80, 181 (1967).

9. D. S. Goodman, in Methods in Enzymology (Ed. R.
B. Clayton), Vol. 15, p. 522. Academic Press, New
York (1969).

10. M. Y. Chan and W. N. Holmes, Clin. exp! Pharmac.
Phsyiol. 5, 641 (1978).

11. M. Y. Chan and F. Hung, Biochem. Pharmac. 30, 3365
(1980).

12. G. S. Boyd, W. H. Trzeciak, Ann. N.Y. Acad. Sci.
212, 361 (1973).

13. S. Shima, M. Mitsunaga, T. Nakao, Endocrinology 90,
808 (1972).

14. M. Civen, J. E. Leeb, R. M. Wishnow, A. Wolfsen

and R. J. Morin, Biochem. Pharmac. 29, 635 (1979).

W=

W



