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J. P, REYSACH and J. VEREIKOS, Jaloxomne inhibits and msorphine poteuntistes

the adremal stercidogenic respomse to ACTH, Egropean J. Pharwmacol. XX(1981)XX-XX.

The administration of mcrphine to hypophysectomived rats potentiated the
steroidogenic response of the adrenmal cortex to exogenous adremocorticotrophic
- hormone (ACTH) in a dose-dependent fashion. Couversely, the opiate antagonist
valozone inhibited the adremal respouse to ACTE. Xaloxone pretreatment also
antagonized the potentiating effect of morphine on ACTH-induced steroidogenesis
in a dose—-dependent manner. XNeither morphine nor nalowone, administered to

hypophysectomized rats, had any direct effect on adremal steroidogeunesis.

These adrenal acticns were stereospecific since neither the (+)-stereoisomer
of morphine, nor that of naloxone, had any effect on the adrenal response to
ACTH. The administration of human §~endorphin to hypophysectomized rats had
no effect on the adrenal corticosterone concentration nor did it alter the

response of the adrenal gland to ACTH. These results indicate that morphine
can potentiate the action cf ACTH on the adrenal by a direct, stereospecific,
dose~dependent mechanism that is prevented by naloxone pretreatment and which

may involve competition for ACTH receptors on the corticosterone-secreting

cells of the adrenal cortex.




i. Iatroduction

Adsinistration of scrphine has diverse effects on various endocrine
systems believed to reflect the action of this drug co hypothalamic endocrine
control mechanisms. For example, morphine adainistration results ieo
inhibiticn of ovulation in rats (Cicero et al., 1976; Packman and Rothchild,
1976) and reduces the proestrous increase of circulating luteinizing horwmone
(Pang et ai., 1977). Both of these effects are reversed by treatment with
the opiate antagonist naioxone.

Intrahvpothalamic (Lotti et al., 1969) and peripheral {Kokka and George,
1974) morphine injections stioculate the secretion of adremocorticotrophic %
hormone (ACTH) from the pituitary, as reflected by increased plasma levels of
adrenal corticosterone in the rat. This stimulation is also abolished by
naloxone pretreatment {(Kokka and George, 1974). Morphine also stimulates the
release of growth hormone, but this effect is not alrered by nalexone
pretreatment (Kokka and George, 1974).

It has been demonstrated that ACTH can competitively inhibit opiate
binding in vitro showing mixed agonist-antagonist actions (Krivoy et al.,
1977; Terenius et al., 1975; Wiegant et al., 1977). In vivo studies have
shown that naloxone blocks the effect of chronic ACTH treatment in retarding
the development of reproductive function in mice (Yasukawa et al., 1978).
These observations suggest that compounds with an affinity for opiate receptors
might interact with ACTH receptors. We investigated this hypothesis by

determining in vivo the action of acute morphine, B-endorphin, and naloxone

pretreatment on the steriodogenic response of the adrenal cortex to ACTH.




2. Materials and methods

Male Sprague-Dawley rats weighing 100 10 g (Simonsen Laboratories,
Gilroy, Calif.) were used. The rats were hovsed 5 per cage in large plastic
cages and maintained with free access to food and water in an animal colony
vith controlled temperature (23°C) on a regulated pbotoperiod of 12L:12D
(lights on at 0800 h).

Drugs used and their suppliers were: ACIY {:.Z '™™owr lLabs, Kankakee,
I1llinois; Human A-endorphin from Bachem, Inc., Torramce, Califormia; both
(-)-worphine and (-)-naloxone from Endo Labs, Garden City, New York;
stereoisomers (+)-morphine and (+)-nalcxone supplied by Dr. Kenner C. Rice,
Medicinal Chemistry Section, Nationmal Institutes of Health, Bethesda,
Maryland. The S-endorphin and ACTH were dissolved in 0.9Z NaCl solution
containing 0.1% acetic acid. Morphine and naloxone were dissolved in 0.92
NaCl. Doses of morphine and naloxone were calculated as the free base.

All rats used in these experiments were hypophysectorized. At 18-20 h
prior to drug administration, the pituitary glads were removed under ether
anesthesia to eliminate the source of endogenous circulating ACTH. Pituitaries
were removed by a transauvicular approach in a stereotaxic instrument (Gay,
1967). Experimental procedures were carried out between 0800-1100 h on the
moraing following hypophysectomy.

Initially, each drug was administered to different groups of rats to
determine any direct effect they might have on adrenal gland steroidogenesis.
ACTH (100 uU), B-endorphin (100 ug), or vehicle solution was injected into the
femoral vein of the anomals under ether anesthesia. They were sacrificed
5 min later and their adrenal glands removed, cleaned, and weighed. Various
doses of (-)-morphine (0, 5, 10, and 20 mg/kg) or (-)-naloxone (0, 12.5, 25,

and 50 mg/kg) were injected intraperitoneally and rats were sacrificed
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20 wmin later. All compounds were injected in a total volume of 1 ml. Adrenal
glands were homogenized in 0.9% saline solution and frozen for later
determination of corticosterone content by a flurometric method
{Vernikos-Daneliis et al., 196€6).

Toc determine the time course of the effect of pretreatment with these
compounds on the adrenal steroidogenic response to ACTH, (-)-morphine
(10 mg/kg, i.p.) or (-)-naloxone (50 mg/kg, 1.p.) were injected at various
times priocr to ACTH (100 ulU, i.v.). Rats pere sacrificed 5 min following the
injection of ACTH and the corticosterone concentration in their adrenal glands
was determined. Dose-response relationships of the effect of morphine or
naloxone on the steroidogenic responses to ACTH (100 wU, i.v.) were also
determined 20 min following pretreatment with various doses of (-)-morphine
(0, 5, 10, and 20 mg/kg, i.p.) or (~)-naloxone (0, 12.5, 25, and 50 mg/kg,
i.p.) or 5 min following pretreatment with 8-endorphin (100 ug, i.v.). Rats
were sacrificed 5 min following ACTH injection for measurement of adrenal
corticosterone concentrations.

Finally, the steroidogenic response to ACTH (100 uU, i.v.) was determined
20 min following pretreatment with either the (-)- or (+)-stereocisomeric forms
of morphine and naloxone (i.p.). Rats were sacrificed 5 min following the
ACTH injection and adrenal glands were removed and processed as described
above.

Results are expressed as ug of corticosteronme per 100 mg of adrenal gland
tissue, fresh weight. The data were statistically analyzed by using overall
one-way analyses of variance followed by constructing 95% confidence limits

around the appropriate control group mean with the conservative post-hoc

procedure of Dunnett (Keppel, 1973).
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3. Results

3.1. Effect of ACTH, morphine, and naloxone on adrenal gland content of

corticosterone

As shown in Table 1, ACTH (100 uU) stimulated steroidogenesis and led to
an almost threefold increase in the corticosterone content of the adrenal
glands. Neither morphine, naloxone, nor B-endorphin, when administered alone.i

had any effect on the adrenal gland content of corticosterone at any of the

doses injected.

3.2. Time course cf the effect of morphine and naloxone on the steroidogenic

response to ACTH

Pretreatment with (-)-morphine (10 mg/kg) potentiated the steroidogenic
response of the adrenal gland to ACTH (100 wU), [F(5,41) = 12.1, p < 0.01]
(fig. 1A). This effect was most evident when the time interval between the

morphine pretreatment and ACTH injection was greater than 10 min (p < 0.05

at 20, 40, and 60 min). Although adrenal gland corticosterone levels were
elevated when ACTH was injected at 10 min following morphine pretreatment,
' this elevation was not significantly different from that produced by ACTH

alone (p < 0.05).

Pretreatment with (-)-naloxone antagonized the steroidogenic response of

the adrenal gland to ACTH [F(5,40) = 9.7, p < 0.01], with a time course of

action similar to that seen for morphine's potentiation of the response

(fig. 1B).

3.3. Effect of increasing doses of morphine and naloxone on the steroidogenic

responses to ACTH

Figure 2A shows that morphine, injected 20 min before the ACTH, potentiate

the steroidogenic responses to ACTH at doses up to 10 mg/kg [F(6,44) = 10.7,
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p < 0.01]. However, at higher doses (20 mg/kg), morphine no longer potentiated
ACTH and may even have caused some irhibition of this respouse.
There was a dose-response relationship in the antagonism of the
steroidogenic response to ACTH by naloxone. This drug was particularly
. effective at two higher doses (25 and 50 mg/kg) [F(6,44) = 10.1, p < 0.01]

(fig. 2B).

3.4. Stereospecificity of the effects of morphine and naloxone on the

steroidogenic response to ACTH

Pretreatment with (~)-morphine (10 mg/kg) significantly (p < 0.05)
increased the adrenal steroidogenic response to ACTH (100 uU) injected 20 min
following morphine pretreatment (fig. 3). Pretreatment with (+)-morphine
(10 mg/kg) was without effect.

Similarly, (-)-naloxone (10 mg/kg) inhibkited the response to ACTH
(p < 0.05) while (+)-naloxone (10 mg/kg) was without effect. When (-)-naloxone
(10 mg/kg) was injected prior to the (-)-morphine (10 mg/kg), the response of
the adrenal cortex to ACTH (100 uU) did not differ from the steroidogenic
response to the injection of ACTH alone., Pretreatment with B-enduxghin
(100 pg) 5 min prior to ACTH injection (100 pU) had no effect on the

steroidogenic response of the adrenal.

4. Discussion

Morphine administration has been shown to stimulate corticosterone
secretion and adrenal gland function (Briggs and Munson, 1955). This response
has been presumed to be mediated solely by the hypothalamic-pituitary axis or
by a direct action at the pituitary (Kokka and George, 1974; Lotti et al.,

1969; Zimmerman and Critchlow, 1973). The present results indicate that
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morphine can also influence the steroidogenic response to ACTH by a direct
action on the adrenal cortex.

At doses up to 10 mg/kg, the potenti2tion of ACTH-induced steroldogenesis
by morphine appears to be dose-dependent and stereospecific since (+)-morphine
was without effect. The opiate antagonist naloxone exerted effects on the
steroidogenic rasponse to ACTH that were also stereospecific and dose-dependent
but opposite to those of morphine. In addition, naloxone prevented the
potentiation by morphine of the ACTH-induced steroidogenic response. These
results suggest that morphine and naloxone interact with receptors on
corticosterone-secreting cells of the adrenal cortex.

It has been shown that addition of the opiate antagonists naloxone or
naltrexone to dispersed rat adrenal cell preparations inhibited the steroidogenic
response to ACTH, but had no effect on the steroidogenic response to the
addition of dibutyryl cyclic AMP (Ginsburg et al., 1978). This observation
and our results lend further support to the hypothesis that naloxone and,
presumably, morphine exert effects on the adrenocortical response to ACTH by
competition at ACTH adrenal receptor sites.

Alternately, mediation by an adrenal opiate receptor must also be
considered. However, this is unlikely since, in the present work, the
administration of B-endorphin or of morphine alone, at doses up to 20 mg/kg,
did not stimulate steroidogenesis. Morphine's effect was only detectable in
the presence of ACTH. Furthermore, other work has failed to demonstrate the
presence of specific opiate receptor binding in adrenal-gland homogenates
(Simantov et al., 1978).

The evidence that ACTH can interact with opiate receptors in the central
nervous system and in the periphery (Krivoy et al., 1977; Gispen et al., 1976;

Terenius et al., 1975; Wiegant et al., 1977) suggests the possibility that
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opiates may alsc interact with ACTH receptors. The block by naloxone of the
ACTH-induced delay of puberty and the reversal of ACTH-induced decreases in
reproductive organ weights of mice (Uasukawa et al., 1978), as well as the
antagenism by naloxcne and potentiation by morphine of the stercidogenic
effects of ACTH seen here, lend support to this possibility.

The present results strongly indicate that morphine and naloxone exert
opposite effects on the response of the adrenal cortex to ACTH by acting at
ACTH receptor sites. The results also demonstrate a pharmacological effect
of morphine most probably at the adrenal gland level that is dose-dependent,
stereospecific, and prevented by naloxone. The lack of effect of the endogenous
opiate B-endorphin on the response of the adrenal to ACTH might then be a
function of the dose or time course used here, or may indicate no significant
physiological effect of this particular endogenous opiate on the adrenal
cortex. On the other hand, the recent evidence that the adrenal medulla is
the primary source of circulating enkephalins (Tam and Yu, 1980) introduces the
possibility that this opiate, of adrenomedulary origin and in close proximity
to the adrenal cortex, may serve a physiolegical function in regulating
adrenal sensitivity to ACTH. Some evidence exists to suggest that B-endorphin
and enkephalins may bind differently to the same receptor or exert their

opiate-like effects by binding to different receptors but with overlapping

specificity (Hazum et al., 1979).
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TABLE 1
Effect of administration of ACTH, worphine, or naloxope

on the adrenal gland conteant of corticosterone.?

Adrenal gland corticosteroneb

Drug Dose
content, ug/l100 mg * S.E.
utl
AcTH® 0 1.23 *+ 0.05
100 3.40 ¢+ 0.07°
‘i&
8-endorphin® 100 1.23 ¢ 0.05
ng/kg
(-)-morphined 0 1.30 £ 0.05
5 1.27 + 0.10
10 1.24 + 0.06
20 1.05 + 0.03
(-)-naloxoned 0 1.25 £ 0.05
12.5 1.30 ¢ 0.08
25 1.41 + 0.19
50 1.0 + 0.06

9511 rats were hypophysectomized 18-20 h prior to
drug administration.
bN = 5 rats/group.
®administered intravenousiy.

dAdministered intraperitoneally.

°p < 0.01.
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ADRENAL GLAND CORTICOSTERONE
CONTENT MEAN, ug/100 mg * S.E.

(+) (+)

2 + % %
L | A /
()7 1 |1

ACTH MORPHINE NALOXONE (-)-NALOXONE

100uU 10 mg/Kg 50 mg/Kg + 50 mg/Kg
+ + (-)-MORPHINE
ACTH 100uU ACTH 100uU + 10 mg/Kg

ACTH (100uU)

Figure 3.~ The effect of pretreatment with the stereoisomeric forms of
morphine or naloxone on the adrenal gland steroidogenic response to ACTH
and the adrenal response to morphine tfollowing naloxone pretreatment.
Asterisks indicate significant differences from the group administered
ACTH alone (n = 10), at p -« 0.05. N =5 rats/group.
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