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Abstract

Gender-related differences in response to drugs of abuse, such as cocaine and morphine, have been reported both in humans and in
experimental animals. Besides causing analgesia, morphine has recently been shown to exert strong immunosuppressive activity.
However, no data on the influence of gender on the immunomodulatory effects of morphine or opioid peptides have been reported yet.
The aim of this study was to test the influence of gender on the immunomodulatory ability of the endogenous opioid peptide
w 5x Ž .Met enkephalin MENK in mice. This was done by comparing the proliferative ability of splenic T- and B-lymphocytes 14 h after

Ž . w 5x Ž .systemic intraperitoneal; i.p. administration of Met enkephalin 2.5, 5 or 10 mgrkg body weight . The proliferative ability of T- and
B-lymphocytes was assessed by testing their in vitro response to graded concentrations of the T- and B-cell mitogens, concanavalin-A
Ž . Ž . w 5xCon-A and lipopolysaccharide LPS , respectively. The results obtained showed that Met enkephalin, at a dose of 2.5 mgrkg,

w 5xenhanced the proliferative ability of T-lymphocytes in male mice, but not in female mice. Similarly, Met enkephalin, at doses of 2.5 and
5 mgrkg, enhanced the proliferative ability of splenic B-lymphocytes in male mice, whereas in female mice a decrease was observed
Žw 5x . w 5xMet enkephalin 2.5 mgrkg, LPS 10 mgrml . Met enkephalin, at a dose of 10 mgrkg, did not affect the proliferative ability of either

w 5xlymphocyte population, regardless of gender. The Met enkephalin-induced stimulatory effect on both T- and B-lymphocyte proliferation
Ž . w 5xwas reversed by naloxone 10 mgrkg body weight , injected prior to Met enkephalin, suggesting an involvement of opioid receptors.

Thus, the data presented provide evidence for the gender-related response of murine splenic lymphocytes to immunomodulation by
w 5x w 5xMet enkephalin, administered in vivo. This finding may be relevant to the potential use of Met enkephalin in adjuvant therapy for

Ž .immunocompromised states, such as acquired immunodeficiency syndrome AIDS or malignancies. q 2000 Published by Elsevier
Science B.V. All rights reserved.
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1. Introduction

w 5 x w 5 xLeu - and Met enkephalin are endogenous opioid
peptides that, in addition to their neurotransmitter function,
have significant immunomodulatory ability. Enhancement
of various immune functions has been predominantly re-
ported following their administration in vivo. Augmented

Žhumoral and cellular immune responses Radulovic and´
. Ž .Jankovic, 1994 , phagocytosis Marotti et al., 1996 , natu-´
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Žral killer-cell activity Gabrilovac et al., 1992; Kowalski,
. Ž .1997 , interferon-g secretion Gabrilovac et al., 1996 , and

Ž .lymphocyte proliferation Kowalski, 1998 were found in
rats or mice injected with enkephalins. Occasionally, how-
ever, opposite results, showing a decrease of some immune
functions by enkephalins, have been reported as well
ŽJankovic and Maric, 1988; Gabrilovac et al., 1992; Marotti´ ´

.et al., 1993 . Due to their predominant immunostimulatory
activity, enkephalins have been proposed as adjuvant ther-
apy for immunocompromised states such as acquired im-

Ž . Žmunodeficiency syndrome AIDS Plotnikoff et al., 1986;
. ŽWybran et al., 1987 and malignancies Faith and Murgo,

.1988 .
Enkephalins may affect the immune response both indi-

Žrectly, by binding to opioid receptors in the brain Radu-
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.lovic and Jankovic, 1994 , andror directly, by binding to´ ´
opioid receptors on immunocytes. Namely, immunocytes
have recently been shown to express opioid receptors of
the m, d and k class, which are highly homologous to

Ž .those in brain reviewed by Sharp et al., 1998 . In addition,
immunocytes, upon stimulation, secrete endogenous opi-

Ž .oids Linner et al., 1991 , which act as local regulatory
factors in both an autocrine and a paracrine fashion. It
should be noted that the effects of a direct action of
enkephalins may be opposite to those of an indirect action
via the central nervous system and subsequent activation
of the noradrenergic pathway. Therefore, the final outcome
of the response to enkephalins in vivo probably represents
the sum of the indirect and direct mechanisms of their
action.

In our previous work, we studied immunomodulation
w 5 xby Met enkephalin in mice of CBA strain and found that

Žit is greatly influenced by immunisation Marotti et al.,
. Ž .1993 , adrenalectomy Marotti et al., 1992 , and stress

Ž .Marotti et al., 1996 . Each of the treatments significantly
w 5 xaffected the response to immunomodulation by Met en-

kephalin, either by enhancing or attenuating it, or even by
changing the direction of the effect. These data collectively
stressed the importance of adrenal steroids in the immuno-

w 5 xmodulation produced by Met enkephalin, and that the
treatments applied are associated with alterations in gluco-
corticoid level.

In addition to the adrenal steroids, gonadal steroids may
also play an important role in immunomodulation by opi-
oids. Sexual dimorphism of the nervous system has been

Ž .well documented Breedlove, 1992 . A major role in the
anatomical and functional dimorphism of the brain has

Ž .been ascribed to steroid hormones Kawata et al., 1994 .
Gender-related differences in binding ability to opioid

Žreceptors in certain brain regions hypothalamus and stria-
.tum of rats have been reported by Rimanoczy and Vathy

Ž .1995 . Gender-related differences in the amount of opioid
peptide in the medial preoptic area of rats, at the level of
mRNA for preproenkephalin, have also been reported
Ž .Segarra et al., 1998 . Consequently, several studies have
reported gender-related differences in the antinociceptive

Žresponse to the non-peptide opioid, morphine Kepler et
.al., 1991; Cicero et al., 1996 . In addition to antinocicep-

tion, morphine exerts strong immunosuppresive activity
Ž .Bryant and Roudebush, 1990 . However, there is no data
on the role of gender in the immunosuppressive effect of
morphine. The immunomodulatory activity of cocaine,
another psycho-active drug, which in its multiple mecha-
nisms of action may involve opioid receptors as well, has

Ž .been shown to be gender related Matulka et al., 1996 .
The purpose of this study was to assess the possible

w 5 xinfluence of gender on immunomodulation by Met en-
kephalin. This was done by comparing the proliferative
ability of splenic T- and B-lymphocytes in male and

Ž .female CBA mice 14 h after systemic intraperitoneal i.p.
w 5 x Žinjection of Met enkephalin 2.5, 5 and 10 mgrkg body

. w 5 xweight . Involvement of opioid receptors in the Met en-
kephalin-induced immunomodulation was assessed by pre-
treatment of mice with naloxone.

2. Materials and methods

2.1. Animals

Male and female mice of the CBArH inbred strain,Zgr

8–12 weeks old, were obtained from our conventional
mouse colony. They were kept four per cage at controlled
room temperature and under standard light conditions.
They received standard pelleted food and had free access
to water.

2.2. Chemicals

w 5 x Ž .Met enkephalin Sigma, Cat. No. L-9133 and nalox-
Ž .one Sigma, Cat. No. N-7758 were kept at y208C and

Ž .were dissolved in phosphate-buffered saline PBS imme-
Ždiately before use. Mitogens, concanavalin-A Con-A, Type

. ŽV, Sigma, Cat. No. C-7275 and lipopolysaccharide LPS,
.Sigma Cat. No. L-4391 were dissolved in PBS and kept

Žas stock solutions at y208C until use. 3- 4,5-Dimetylthia-
. Žzol-2-yl -2,5-diphenyltetrasolium bromide MTT, Sigma,

.Cat. No. M-2128 was dissolved in PBS and kept as a
Ž .stock solution 5 mgrkg at y208C until use.

2.3. Preparation of spleen cell suspensions

Mouse spleens were removed aseptically, and individ-
ual cell suspensions were prepared under lamina flow.
Briefly, spleen was minced and passed through a nylon
sieve. After the erythrocytes were lysed with 0.82% NH Cl4
Ž .10 min at 48C , the debris was removed by passing the
suspension through a sterile gauze. After centrifugation,
the cells were resuspended in RPMI-1640 medium supple-

Ž . Žmented with 10% fetal calf serum Gibco , L-glutamine 3
. Ž . Ž .mM , HEPES 20 mM , penicillin 0.1 grl , streptomycin

Ž . 60.1 grl . Cells were counted and adjusted to 5=10 per
ml.

2.4. Proliferation assay

The colorimetric MTT assay, originally described by
Ž . Ž 5Mosmann 1983 , was used. Briefly, spleen cells 5=10
. Žin 100 ml were mixed with Con-A in 50 ml, final

.concentrations 10, 5, 2.5, 1.25 and 0.6 mgrml in 96-well
Ž .flat-bottomed microtiter plates Becton Dickinson and

incubated for 48 h at 378C in a humidified atmosphere
with 5% CO . One hour before the end of the incubation,2

Ž .MTT in 15 ml, final concentration 0.5 mgrml was added
and the incubation was continued for 1 h at 378C. Subse-



( )J. GabriloÕac, T. MarottirEuropean Journal of Pharmacology 392 2000 101–108 103

Fig. 1. Gender-related difference in T-lymphocyte proliferative ability in
w 5 xresponse to in vivo administered Met enkephalin. Male or female mice

w 5 x Ž .received one i.p. injection of Met enkephalin MENK, 2.5 mgrkg .
Fourteen hours later their spleens were removed and individually tested
for proliferative ability in the presence of graded concentrations of T-cell
mitogen, Con-A. Results are expressed as means"S.E.M. obtained in
four experiments. Numbers in brackets represent number of mice. ) P -

Ž .0.05 t-test .

Žquently, 100 ml of acidified isopropanol 0.04 N HCl
.isopropanol was added to each well to dissolve the crys-

tals of formazan. Non-dissolved crystals were mechani-
cally disrupted by the multichannel pipettor. Optical den-

Ž .sity OD was determined on an ELISA reader at 570 nm
wavelength. Each sample was run in quadruplicate. The

Ž w x .precision of the MTT test i.e. S.D.rmean =100 was up
to 7%. The data are expressed as DOD at 570 nm. DOD
was calculated as the difference between samples with and
without mitogen.

2.5. Experimental design

Male and female mice of the experimental groups re-
w 5 x Žceived an i.p. injection of Met enkephalin 2.5, 5 or 10

.mgrkg body weight in 0.5 ml . Control mice received
PBS. The animals were killed by cervical dislocation 14 h
after the injection. The blocking effect of naloxone was

Žtested by injecting naloxone 10 mgrkg body weight in
. w 5 x0.1 ml 20 min before Met enkephalin. Control mice

received naloxone followed by PBS. Individual suspen-
sions of spleen cells were prepared and tested for prolifera-
tion in response to Con-A or LPS after 48 h of incubation
with mitogen.

2.6. Statistics

The differences between the groups were checked by
Ž .analysis of variance ANOVA followed by the t-test. The

significance level was set at P-0.05.

Fig. 2. Gender-related difference in T-lymphocyte proliferative ability in
w 5 xresponse to graded doses of in vivo administered Met enkephalin. Male

w 5 x Ž .or female mice received one i.p. injection of Met enkephalin MENK
containing 2.5, 5 or 10 mgrkg. Fourteen hours later their spleens were
removed and individually tested for proliferative ability in the presence of
graded concentrations of Con-A. Results are expressed as percentages of

Ž .the control mice injected with PBS and were obtained in 12 experi-
) Ž .ments. Numbers in brackets represent number of mice. P -0.05 t-test .
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3. Results

3.1. Gender-related modulation of T-lymphocyte prolifera-
[ 5]tiÕe ability induced by in ÕiÕo treatment with Met en-

kephalin

w 5 x ŽIn male mice one i.p. injection of Met enkephalin 2.5
.mgrkg enhanced the in vitro response of their splenic

Ž Ž .T-lymphocytes to Con-A Fig. 1A; F 1,133 s12.91; Ps
. Ž0.001 . A significant increase in proliferation P-0.05;
.t-test was found with all Con-A concentrations, except for

Ž .the lowest one 0.6 mgrml . In contrast to male mice, in
w 5 x Ž .female mice injection of Met enkephalin 2.5 mgrkg

did not affect the Con-A response of their splenic T-
Ž Ž . .lymphocytes Fig. 1B; F 1,138 s0.739; Ps0.40 .

Fig. 3. Gender-related difference in B-lymphocyte proliferative ability in
w 5 xresponse to in vivo administered Met enkephalin. Male or female mice

w 5 x Ž .received one i.p. injection of Met enkephalin MENK, 2.5 mgrkg .
Fourteen hours later their spleens were removed and individually tested
for proliferative ability in the presence of graded concentrations of B-cell
mitogen, LPS. Results are expressed as means"S.E.M. obtained in four
experiments. Numbers in brackets represent number of mice. ) P -0.05
Ž .t-test .

Fig. 4. Gender-related difference in B-lymphocyte proliferative ability in
w 5 xresponse to graded doses of in vivo administered Met enkephalin. Male

w 5 x Ž .or female mice received one i.p. injection of Met enkephalin MENK
containing 2.5, 5 or 10 mgrkg. Fourteen hours later their spleens were
removed and individually tested for proliferative ability in the presence of
graded concentrations of B-cell mitogen, LPS. Results are expressed as

Ž .percentage of the control mice injected with PBS and were obtained in
12 experiments. Numbers in brackets represent number of mice. ) P -0.05
Ž .t-test .

w 5 x Ž .Higher doses of Met enkephalin 5 or 10 mgrkg did
Žnot augment T-lymphocyte proliferation in male for

w 5 x Ž .Met enkephalin 5 mgrkg: F 1,133 s 0.753; P s
w 5 x Ž .0.3965; for Met enkephalins10 mgrkg : F 1,123 s

. Ž . Ž .1.131; Ps0.2896 Fig. 2A or female mice Fig. 2B . On
w 5 xthe contrary, in female mice, Met enkephalin at a dose of

5 mgrkg even tended to decrease the Con-A response
Ž Ž . .Fig. 2B; F 1,68 s2.296; Ps0.1343 , whereas a dose of

w 5 x Ž10 mgrkg of Met enkephalin was ineffective Fig. 2B;
Ž . .F 1,58 s0.058; Ps0.8109 .

3.2. Gender-related modulation of B-lymphocyte prolifera-
[ 5]tiÕe ability induced by in ÕiÕo treatment with Met en-

kephalin

w 5 x ŽIn male mice one i.p. injection of Met enkephalin 2.5
.mgrkg significantly enhanced the in vitro response of
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w 5 xFig. 5. Naloxone reverses the Met enkephalin-induced enhancement of
Ž .T-lymphocyte proliferative ability. A Male mice received one i.p.

Ž . w 5 x Ž .injection of either: PBS control , Met enkephalin MENK, 2.5 mgrkg
Ž . w 5 x Ž .or naloxone Nx, 10 mgrkg followed by Met enkephalin. B Male

Ž . Žmice received one i.p. injection of either PBS control , or naloxone Nx,
.10 mgrkg . Fourteen hours later their spleens were removed and individ-

ually tested for proliferative ability in the presence of graded concentra-
tions of T-cell mitogen, Con-A. Results are expressed as means"S.E.M.

Ž . Ž . Ž .and were obtained in two A or one B experiment s . Numbers in
) w 5 x Ž .brackets represent number of mice. Met enkephalin MENK signifi-

Ž .cantly P -0.05 different from the control as well as from naloxonq
w 5 x Ž .Met enkephalin NxqMENK .

Ž Ž .their splenic B-lymphocytes to LPS Fig. 3A; F 1,133 s
.5.059; Ps0.026 . This was also true for higher LPS

Žconcentrations for LPS 10, 5 and 2.5 mgrml, P-0.05;
. w 5 x Žt-test . Injection of Met enkephalin at the same dose 2.5
.mgrkg into female CBA mice, in contrast, attenuated the

Ž Ž . .LPS activation Fig. 3B; F 1,138 s5.736; Ps0.0180 .
ŽThis was true for LPS at the highest concentration 10

. w 5 x Žmgrml; Ps0.005 . A higher dose of Met enkephalin 5
.mgrkg significantly enhanced the LPS response in male
Ž Ž . .mice Fig. 4A; F 1,133 s6.536; Ps0.0117 , but in

female mice tended to suppress the LPS response of their
Ž Ž .splenic B-lymphocytes Fig. 4B; F 1,58 s2.214; Ps

. w 5 x0.1422 . Met enkephalin at a concentration of 10 mgrkg
Žwas ineffective both in male and female mice Fig. 4A and

. Ž Ž .B for male mice: F 1,123 s1.709; Ps0.1935; for
Ž . .female mice: F 1,48 s0.208; Ps0.625 .

[ 5]3.3. Met enkephalin-induced enhancement of T-
lymphocyte proliferatiÕe ability is reÕersed by naloxone

In order to assess the role of opioid receptors in
w 5 xMet enkephalin-induced enhancement of Con-A-induced

w 5 xFig. 6. Naloxone reverses the Met enkephalin-induced enhancement of
Ž .B-lymphocyte proliferative ability. A Male mice received one i.p.

Ž . w 5 x Ž .injection of either: PBS control , Met enkephalin MENK, 5 mgrkg
Ž . w 5 x Ž .or naloxone Nx, 10 mgrkg followed by Met enkephalin. B Male

Ž . Žmice received one i.p. injection of either PBS control or naloxone Nx,
.10 mgrkg . Fourteen hours later their spleens were removed and individ-

ually tested for proliferative ability in the presence of graded concentra-
tions of B-cell mitogen, LPS. Results are expressed as means"S.E.M.

Ž . Ž . Ž .and were obtained in three A or one B experiment s . Numbers in
) w 5 x Ž .brackets represent number of mice. Met enkephalin MENK signifi-

Ž .cantly P -0.05 different from the control as well as from naloxoneq
w 5 x Ž . ŽMet enkephalin NxqMENK ; and NxqMENK significantly P -

.0.05 different from the control.
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ŽT-lymphocyte proliferation in male mice, naloxone 10
. w 5 xmgrkg was injected 20 min prior to Met enkephalin

Ž . w 5 x2.5 mgrkg . Again, Met enkephalin enhanced T-
Ž Ž . .lymphocyte proliferation F 1,59 s35.289; Ps0.0001

Ž .Fig. 5A . Naloxone reversed the enhancing effect of
w 5 xMet enkephalin on proliferation induced by Con-A
Ž Ž . . Ž .F 1,49 s16.792; Ps0.0002 Fig. 5A , whereas nalox-
one itself had no effect on Con-A-induced T-cell prolifera-

Ž Ž . . Ž .tion F 1,34 s0.25; Ps0.609 Fig. 5B .

[ 5]3.4. Met enkephalin-induced enhancement of B-
lymphocyte proliferatiÕe ability is reÕersed by naloxone

w 5 xSimilarly, the role of opioid receptors in the Met en-
kephalin-induced enhancement of LPS-induced B-
lymphocyte proliferation in male mice was tested by in-

Ž . w 5 xjecting naloxone 10 mgrkg 20 min prior to Met en-
Ž . w 5 xkephalin 5 mgrkg . Met enkephalin at a dose of 5

Žmgrkg enhanced B-lymphocyte proliferation Fig. 6;
Ž . .F 1,133 s6.536; Ps0.011 . This was true for all LPS

Ž . w 5 xconcentrations tested P-0.05, t-test . The Met en-
kephalin-induced enhancement of the LPS response was

Ž Ž .fully reversed by naloxone Fig. 6; F 1,98 s3.321; Ps
.0.07 . At higher LPS concentrations naloxone decreased

Ž . Žthe LPS response to below the control level Fig. 6A for
.LPS 10 and 5 mgrkg: Ps0.01 and 0.03, respectively .

ŽNaloxone itself had no effect on B cell proliferation Fig.
Ž . .6B; F 1,33 s0.04; Ps0.9491 .

4. Discussion

The data presented in this paper suggest a gender-re-
lated difference in the response of murine T- and B-
lymphocytes to in vivo administration of the endogenous

w 5 xopioid Met enkephalin, as assayed by an altered prolifer-
w 5 xative ability in vitro. Met enkephalin at a dose of 2.5

mgrkg enhanced both T- and B-cell proliferation in male
mice, but had no effect on T-cell proliferation and even
attenuated B-cell proliferation in female mice. At a dose of

w 5 x5 mgrkg, Met enkephalin enhanced B-cell proliferation
in male mice and tended to decrease it in female mice.
w 5 xMet enkephalin at a dose of 10 mgrkg did not alter
either lymphocyte population, regardless of the gender of
the mice. Involvement of opioid receptors in the observed

w 5 xstimulatory effect of Met enkephalin on T- and B-
lymphocyte proliferation in male mice was confirmed by
its complete reversal with the opioid receptor antagonist
naloxone.

Thus, the data of this paper provide evidence for a
gender-related difference in the response of mouse lym-

w 5 xphocytes to the endogenous opioid peptide Met en-
kephalin. To our knowledge, this is the first report study-
ing the role of gender on the effect of in vivo administered

endogenous opioid peptide on lymphocyte function. In
Ž .vitro studies of Brummit et al. 1988 have shown that

b-endorphin decreases the secretion of interferon-g by
peripheral blood mononuclear cells from male, but not

Ž .female, donors. Recently, Matulka et al. 1996 reported
gender-related differences in the immunomodulatory
Žstimulation with low, and suppression with high concen-

.trations response of rats to cocaine. Again, males were
found to be more sensitive, as the effects were obtained
with lower concentrations of cocaine in male than in

w 5 xfemale rats. The lack of a stimulatory effect of Met en-
kephalin in female mice observed in this study may be due

w 5 xto the relatively narrow range of Met enkephalin concen-
w 5 xtrations tested: lower or higher Met enkephalin concen-

trations may have elicited a response in lymphocytes from
Ž .female mice. Recently, Kowalski 1998 reported a stimu-

w 5 xlatory effect of low concentrations of Met enkephalin on
lymphocytes from female C57Bl mice. Concentrations as

Ž .low as 50 mgrkg body weight, injected systemically i.p. ,
were effective in enhancing the in vitro proliferation of T-
and B-splenic lymphocytes.

w 5 xThe immunostimulatory ability of Met enkephalin ob-
served in male mice exhibited a bell-shaped dose–response
curve: T-lymphocyte proliferation was enhanced by a dose
of 2.5 mgrkg, and B-lymphocytes by doses of 2.5 and 5

w 5 xmgrkg, whereas a dose of 10 mgrkg of Met enkephalin
was ineffective in modulating the proliferation of either
lymphocyte population. The bell-shaped dose–response

w 5 xcurve of Met enkephalin in enhancing T-lymphocyte pro-
liferation in male mice observed in this study resembles

Ž .that obtained by Radulovic and Jankovic 1994 after´ ´
w 5 xintracerebral administration of Met enkephalin into male

rats. A dose of 1 mgrkg body weight was shown to be the
most effective in enhancing the number of antibody-for-
ming cells, whereas higher doses exerted no effect. The

w 5 xbell-shaped dose–response curve of Met enkephalin
Ž .suggests the involvement of other regulatory mechanism s

at higher doses.
w 5 xIn our previous studies with Met enkephalin we used

Ž .male CBA mice Marotti et al., 1996 . Injected at a dose of
w 5 x10 mgrkg body weight, Met enkephalin exerted no ef-

fect on Con-A-driven T-lymphocyte proliferation. How-
w 5 xever, this dose of Met enkephalin fully reversed the

Ž .inhibitory effect of stress Marotti et al., 1996 , suggesting
that both the effect of an opioid peptide and its effective
dose are complexly regulated and may depend on many
parameters.

Gender has been reported to affect the influence of
non-peptide opioids with m-opioid receptor specificity,
such as morphine, on the modulation of antinociception
Ž .Kepler et al., 1989; Islam et al., 1993 , but there are no
such reports for endogenous opioid peptides. Generally,
male rats were more susceptible than female rats, as
assessed by several antinociceptive tests, such as tail-flick,

Žhot-plate and abdominal-constriction tests Cicero et al.,
.1996 . Thus, male animals seem to be more susceptible to
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both peptide and non-peptide opioid effects on immune
and antinociceptive responses, respectively.

The gender-related difference in the response of murine
w 5 xlymphocytes to Met enkephalin, found in this study, may

Ž . Ž .be due to differences in: a sex-steroid hormones; b
Ž .opioid receptor expression andror sensitivity; and c en-

w 5 x Ž .zymes which degrade Met enkephalin. a The role of
sex-steroid hormones in the gender-related response to

Ž .morphine was proposed by Kasson et al. 1983 , but
Ž .variable results have been obtained: Kepler et al. 1989

Ž .and Cicero et al. 1996 reported no effect of castration,
Ž .whereas Islam et al. 1993 observed an equalising effect

of gonadectomy on sensitivity to morphine in males and
females. No studies examining the influence of castration
on immunomodulation by endogenous or exogenous opi-

Ž .oids have been reported. b Sex-related dimorphism of the
Ž .nervous system is well documented Breedlove, 1992 and

may imply that there are differences in opioid receptor
expression andror sensitivity. Indeed, Rimanoczy and

Ž .Vanthy 1995 reported gender-related differences in bind-
Ž .ing capacity B to m-opioid receptors in rat brain, themax

capacity being higher in male rats than in female rats. The
gender-related binding ability was ascribed to steroids, as
estrogens restored the binding ability in ovariectomised
rats. The gender-related expression of opioid receptors
found on neuronal cells might also apply to immunocytes,
but we have found no such data in the literature yet.
Up-regulation of d-opioid receptors on T lymphocytes
after stimulation with mitogen has recently been reported

Ž . Ž .by Miller 1996 . c Endogenous opioid peptides are
Žreadily degraded in vivo by means of soluble Kerr and

.Kenny, 1974; Hambrook et al., 1976 and membrane-bound
Žaminopeptidases and carboxipeptidases Roscetti et al.,

.1990 . The activity of some of these enzymes was shown
to be significantly higher in female than in male donors
ŽSchweisfurth et al., 1984; Kashimata et al., 1985; Mar-

.tinez et al., 1998 . Thus, the lack of a response to
w 5 xMet enkephalin in female mice observed in this study

w 5 xmight reflect the more rapid degradation of Met en-
kephalin in female vs. male mice.

Collectively, the greater susceptibility of males to
w 5 xMet enkephalin immunomodulation may reflect a supe-
rior binding activity to opioid receptors and a longer
availability of the peptide due to relatively lower
levelsractivity of enkephalin-degrading enzymes.

In conclusion, this study has shown gender-related dif-
ferences in murine T- and B-lymphocyte proliferative abil-
ity in response to in vivo treatment with the endogenous

w 5 xopioid peptide Met enkephalin. A stimulatory effect of
w 5 xMet enkephalin on the proliferative ability of T- and
B-cells was found in male mice, but not in female mice.
The enhancement of T- and B-cell proliferative ability by
w 5 xMet enkephalin was opioid-receptor mediated, as it could
be reversed by naloxone. The observed gender-related

w 5 xresponse to Met enkephalin is in agreement with several
reports showing a higher susceptibility of males to mor-

phine, and may be relevant to the potential use of
w 5 xMet enkephalin as an immunostimulator in adjuvant
therapy of AIDS or malignancies.
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