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Catecholamines inhibit sterbidoge‘nesis by cultured porcine thecal cells
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The ovaries of many species contain catecholamines and g-adrenergic receptors. The present studies were doneé to determine if catecholamines play

arolein the regulation of androgen production by porcine theca cells. Basal and luteinizing hormone (LH)-stimulated androstenedione production.

was'significantly | inhibited by noradrenaline and jsoproterenol, The inhibitory effects were dose-dependent and were enhanced when the cultures

contained the carboxy- -0-methyl transferase inhibitor, U-0521. The inhibitory effect of isoprotérenol was ‘reversed by the f-adrenergic. antagonist,

metoprolol. . Isoproterenol caused a generahzed inhibition of LH-stimulated stéroidogenesis, decreasing the accumulation of pregnenolone, prog-

esterone, ‘androstenedione and estradiol in the culture medium. These studiés suggest that catecholammes may be 1mportant regulators of thecal
: androgen productxon

. Porcine thecal cell; Steroidogenesis; Catecholamine . .

1. INTRODUCTION

The ovaries of many species contain catecholamines
[1,2]. There is little information on the distribution of
catecholamines within the mammalian ovary, but, in
the hen, most of the ovarian noradrenaline is found in
the theca layer [3]. Immature and adult rat ovaries con-
tain .- Bz-adrenergic receptors . [4-9].  In . the -rat,
catecholamine receptors are found in the ovarian
granulosa [5, 6], hiteal [4) and theca-interstitial cells [9].
Many studies have shown B-receptor-mediated effects
of catecholamines on ovarian progesterone production
[6,7,10-12].  Catecholamines also act on cultured rat
theca-interstitial cells - 'to increase gonadotropin-

~stimulated: androgen produutlon [9, 13] The objective
of ‘the present studies was to éxamine the effects of
catecholamines on androgen productnon by dlspersed
porcine thecal cells. ;

2. MATERIALS AND METHODS

Thecal Eell‘s were obtained from the.ovaries of prépubertal gilts and
cultured as described previously [14]. Effects of catecholamines were

studied in the absence and presence of a maximally sumulatmg dose -

. of LH (250 ng/ml). :
LH used in these sitn’w was USDA bovine LH-BS. The catechol-
O-methyl transferase (COMTY) inhibitor U-0521 (propiophenone) was
obtained. from The Upjohn Co.: (Kalamazoo, MI). - Clonidine,
{soprotérenol and noradrenaline were obtained from Sigma Chemical

Co. (8t. Louis, MO). Metoprolol was obtamed from: CIBA-Geigy.

(Dorval, PQ).
Following culture, rnedla were removed ‘and stored at ~20°C until

Correspondence address: P.- Morley, Reproductive Biology Unit,
Department of Obstetrics and Gyr\aeco’egy, University of Ottawa,
Ottawa - Civic' Hospital, 1053 Carlmg Avenue, Ottawa| Ontario,
Canada K1Y 4E9

70

~production - (Fig. 2)
-isoproterenol (10 =3

assayed for androstenedlone [15], progesterone [16], pregnenolone
{14} and estradiol [17] by radicimmunoassay. - .

Statistical comparisons were made by analysis of variance. When
sxgmﬁcant éffects were observed, Duncan’s new multiple range test
was ‘used for multiple comparisons. Treatments were replicated in
quadruplicate within an experirhent, and each expenment Was per-
formed: 2 3 times. .

3. RhSULTS

Androstenedione productlon by LH stlmulated (250
ng/ml) porcine thecal cells cultured in the presence of
the B-adrenergic agonist 1soproterenol (x10-°-10"3
M) or noradrenaline (107 8- 10"”M) was significantly
(P<0.05%) inhibited in a dose-dependent manncr (Fig.
1A,B). Neither isoproterenol nor noradrenaline -in-
terfered in the androstenedione radicimmunoassay.
Addition - of ' the «-adrenergic  agonist clonidine
(1077-107% ‘M) to cultured thecal cells did not
significantly effect basal or LH-stimulated androstene-
dione production (Table I).

Catecholammes undergo both non-enzymatlc oxida-

tion and enzymatic degradation by monoamine oxidase

and COMT. In the presence of U-0521 (10 pM), ‘an in-
hibitor of the ' COMT enzyme, the effects of
isoproterenol on thecal androsteriedione production
were significantly (P<0.05) enhanced so that concen-
trations of isoproterenol as low as 10-% M caused
significant (P<0.05) inhibitory effects on androgen
At high concentrations of
or 10”4 M) there was no significant
effect of the addition of U- 0521.

- The B-adrenergic arntagonist metoprolol (10“‘ M)
was ‘used to determine if the inhibitory effects were
mediated via 3-adrenergic receptors, Isoproterenol was

‘added to the cultures 30 min after the addition of

metoprolol to  allow bmdmg ‘of the antagomst to
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Fig. 1. Inhlbmon of LH- snmulated thecal androstenedlone produc-

tion ' by isoproterenol (A) and noradrenaline (B).. LH-stimulated
theca!l “cells were .cultured 'in' the presence of noradrenaline or
isoproterencl. Data are the mean x SE of quadruplicate ¢ultures
from a typical experiment which was replicated three times. Where no

error bar is shown the SE is within the limit of the symbol. Values with ‘

different superscripts are significantly (P<0.05) different.

catecholamine receptors.

dione production (Table II).

Investlgatlon of the site(s) in the steroxdogemc

pathway at which isoproterenol exerted its inhibitory

effect showed that treatment with isoproterenol -

Table 1 ‘
Effect.of clonidine on theca cell androstenedione. accumulation
Androstenedione (ng/500 000 cells)*

Clonidine (M)

Control ‘ LH
-~ ‘ 11.87 + 0.55* | 25,63 £ 2.3
1077 - 10.35 & 1.05% 25,69 + 0.54%*
w08 1177 £ 0.44% . 2536 + 1.08%*
107507 50 T 010,00 £ 0420 0 25.96 & 2008
1074 : 10.46 =+ .0.42* 24,04 = 0.15%*
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Metoprolol” reversed the
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Fig. 2 Effect of the catechol-O-methyl transferase (COMT) mhlbnor
U-0521 on the inhibition  of thecal androsténedione producnon by
isoproterenol, Thecal cells were incubated in tlie absence (Control)
and ‘presence of LH and isoproterenol,: with or without- U-0521.

; Values represent the mean + SE of quadruplicate culturesin a typical
! expenment which:was replicated twice. Where no error bar is'shown

the SE is within the limit of the symbol. Values: with' different
superscnpts are sxgmhcantly (£ <0.05) dn“ferent

‘dec1eased the productlon of all steronds by both basal

and LH stimulated thecal cell cultures: (Table III)

4 DISCUSSION

These studxes have shown that 8- adrenerglc agents in-

hibit porcine thecal cell: androstenedione production.

Each experiment began with a unique population of
theca cells, and there was variability in the responses of
the cells between experiments, due to unknown causes.
Althought similar trends were observed in rephcate ex-
periments, ilie absolute values of steroid productxon‘
varied among experiments. It is not known if the stage

‘of ovarian development affects the thecal cells’ respon-

sivéness to catecholamines. V
The inhibitory effect of catecholammes on androgen

‘ producuon was reversed by the @3- receptor antagomst‘

Table 11

" UEf fect of metoprolol on the mhxbmon of thecal androstenedlone pro-

duction by isoproterenol
Androstenedlone (ng/SOO 000 cells)

Treatment® - Metoprolol-

CON 3.80 x 0.20* 43174 0.37%%%
SISO S 2.89 & 0.28* 4.07 = .0.64%%*
. LH 7.16 + 0.62%** 7.11. % .0,58%**

LH + ISO 5.58 + 0.26**. 7.23 £:0.45%**

3Theca cells were cultured in the absence (Control) and presence of
LH (250 ng/ml) with or without increasing concentrations of the a~
adrenergic agonist clonidine (10~ 7-10"* M), Data are the mean = SE
of’ ‘quadruplicate cultures from a typical ‘experiment which was

replicated twice. Values: with different superscripts are significantly

(P <0.05) different

2Theca cells were cultured in the absence (CON) and presence ‘ofV LH
(250 ng/ml) with or without isoproterenol .(1S0; 10~ M). Some
cultures contained the B-adrenergic antagonist retoprolol (1074 M).

© Data are the mean + SE of quadruplicate cultures from a'typical ex-
. periment which. . was: replicated - twice. Values with - : dnffere‘nt‘

superscripts are significantly (P<0.05) different
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“Thevatt celts were entturesd with (1 H) or without (CON L1250 ng mb in the absence oF presenve of isoproferenod (I8 101 MO, At the end
af 48 hof caltre the tedium wis removed Tor REA of pregacnolone (1I74), progeserone {140, androstenedione (Adiopey and estradiod (1), Values
represent the mean ¢ SH of quadruplicate cultures from atypical experiment which was replivited twive, Values witiy different superseripts ave

signifivantly (7<0,08) differcnt within eaely steroid

metoprolol, Although the g-adrenergic receptors in rat
theca-interstitinl cells have been chiavacterized (9], there
have been no reports ol catecholumine receptors in poi-
cine thecal cells, The observation thar catecholamines
inhibit porcine thecal androgen production is in con-
trast to the cffeet of catecholumines on rat theca-
interstitial cells, Other than the obvious species dif-
ferences, no explanation for these divergent results is
apparent. In both species, however, the effects on
steroidogencesis appear to be mediated at 3-, but not «-
adrenergic receptors [9,13].

The concentrations of catecholamines required to
¢licit significan' effects were very high. The concentra-
tion of noradrenaline in follicular fluid from small por-
cine preovulatory follicles is 34 nM [8], which is 10
times higher than that in the general circulation, but is
still too low to inhibit thecal androstenedione produc-
tion in our cultures, High doses of catecholamines may
be required since they were added at the time of plating,
and presumably were metabolized rapidly during the
culture period. The addition of the COMT inhibitor,
U-0521, significantly increased the inhibitory effect of
isoproterenol. This suppotts a previous report that the
porcine ovarian follicular wall has an active COMT en-
zyme system [18] and may account for the high
catecholamine concentrations required to observe in-
hibitory effects in culture.

Catecholamines caused a generalized suppression of
theca cell steroidogenesis, but it is not known whether
this was due to a specific inhibition of each
steroidogenic enzyme or :he suppression of an early
step in the steroidogenic pathway.

If the catecholamine inhibition of thecal androstene-
dione production is of physiological significance, there
must be a way to supply the thecal cells with
catecholamines. The most likely sources of
noradrenaline would be the terminals of postganglionic
sympathetic neurons which innervate thecal cells of all
sizes of developing follicles [1], or adrenal
catecholamines which could reach the thecal cells by
their abundant blood supply. There may also be cells
within the ovary capable of noradrenaline production,
but there is no direct evidence for their existence. The
fact that catecholamines and B-adrenergic receptors are
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present in the ovary suppest that catecholamines may be
mportant intra-ovarian vegulitars of theeal cell e
tivity,
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