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Background
Endocrine regulation of reproduction incorporates
modulatory action of opioid peptides, which occurs at
all the levels of the hypothalamo-pituitary-gonadal
axis. Opioids affect this system mainly through the
modulation of GnRH and LH secretion [1-7]. In addi-
tion, the β-endorphin participates to the control of
reproductive function through a direct local action
within reproductive tissues. The genes encoding for
precursor (proopiomelanocortin) of this opioid peptide
are expressed in the porcine granulosa cells [8] and
several β-endorphins derived from this precursor have
been detected in ovaries and follicular fluids in mam-
malian species [9-17] and lizard [18]. 

The changes of concentration of this peptide in the
gonads of cyclic females [10,14,16] imply that the
ovarian production of opioid peptides is controlled by

gonadotrophins. This suggestion is supported by find-
ings that in rat ovaries, hCG and LH significantly
increase the proopiomelanocortin mRNA expression
[19] and the release of endorphin [16] and that FSH
stimulates the secretion of endorphins by the porcine
granulosa cells [13].  

The reports pertaining to the influence of endorphin
on steroidogenesis in mammals granulosa cells [13],
theca interna cells [9], and luteal cells [12,13,14,15,17]
suggest that the opioid peptide exerts autocrine and/or
paracrine effects in the ovary. The inhibitory effect of
endorphin on synthesis of the estradiol and androgen
was demonstrated in cells of porcine theca interna [20].  

The information concerning the influence of the
opioid peptides, acting through β−endorphin on reptil-
ian ovarian steroidogenesis are very limited, the only
study examined in the Lizard indicates an inhibitory
local ovarian effect [21].  It was interesting to perform
comparative studies on the engagement of β-endor-
phin in the modulation of ovarian steroidogenesis.
The study examined the presence of the β-endorphin
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in the ovary of the desert lizard, Uromastyx acan-
thinura, at the different stages of folliculogenesis and
in connection with steroidogenesis.

Methods
Chemicals. Mouse monoclonal antibody anti-17β-estradiol
(Biomeda), rabbit polyclonal antibodies anti-testosterone and anti-
progesterone (Biomeda), rabbit polyclonal antibody anti-P450 aro-
matase (BioTrend), rabbit polyclonal antibody anti-β-endorphin
(Chemicon) were used.

Animals. Adult female lizards (Uromastyx acanthinura) were col-
lected in the arid region of north-western Sahara during the repro-
ductive cycle in breeding (spring), post-reproductive (summer) and
in sexual rest (winter) periods from 1999 to 2004. 50 females
adults were used, 20 were captured during vitellogenesis (late
May), 6 females were non vitellogenic (late May), 6 females were
in post-reproductive period (July) and 18 females were in the sex-
ual rest season (January). The animals were anaesthetised with
intraperitoneal injection of 6% saline pentobarbital (10-3ml/g of
weight). A part of the removed ovaries were fixed with Bouin's fix-
ative, dehydrated in graded alcohols and embedded in paraffin for
β-endorphin immunohistochemical investigation. The other parts of
ovaries were fresh frozen into liquid nitrogen and cut with a cryostat
for detection of steroid hormones and P450 aromatase. Frozen and
paraffin sections were cut and floated onto Super Frost slides.

Immunohistochemistry. The labelling was applied by the indirect
immunohistochemical method using an Avidine Biotine Peroxidase
detection system with the Dako LSAB2 kit. The frozen sections were
incubated for 30mins at room temperature with the specific antibod-
ies anti-17β-estradiol, anti-testosterone, anti-progesterone, anti-P450
aromatase at a dilution of 1:100 in the blocking solution (goat serum)
and the paraffin sections were incubated for the same time with anti-
β-endorphin antibody at a dilution of 1:400. Then all sections were
rinsed two times in a bath of phosphate buffer saline for 5mins each
and incubated with pre-diluted secondary antibody (anti-mouse IgG
for 17β-estradiol labelling and anti-rabbit IgG for testosterone, prog-
esterone, P450 aromatase and -βendorphin detection) for 30mins at
room temperature and then rinsed in the same buffer. The slides were
incubated for streptavidine for 30 mins at room temperature and
rinsed in phosphate buffer saline. The labellings of steroid hormones
and P450 aromatase were revealed in red with 3 amino-9 ethyl-car-
bazole (AEC) and that of β-endorphin revealed in brown with 3,3-
diaminobenzidine (DAB). A control of specificity consisted in omit-
ting the primary antiserum step to test for non-specific binding of sec-
ondary antibody to the tissue. The primary antibodies except anti-β-
endorphin were also tested in the rat ovary [22].     

Results
Females captured in the breeding period
In the vitellogenic females, steroidogenesis activity
was in favour of 17β−estradiol biosynthesis. Two kinds
of follicles were indeed present in the ovaries. 

The vitellogenic follicles of 10-20 mm in size were
abundant and showed a granulosa generally containing
a single layer of small cells. The granulosa was par-
tially stained with detection method of 17β-estradiol
(Fig. 1), while intense staining of progesterone in all
cells was shown (Fig. 2). β-endorphin was totally
absent from granulosa (Fig. 3).

Both primary and secondary previtellogenic folli-
cles were found. The maximal diameter of the latter
was 1.5 mm. In the previtellogenic granulosa, three
cellular categories were observed: apical and basal
small cells, intermediate cells and piriform cells. Only
the granulosa was immunoreactive for 17β-estradiol
and testosterone (Fig. 4) and the piriform cells
appeared particularly well labelled (Fig. 5). The pres-
ence of the P450 aromatase in the piriform cells only
indicated that these cells were the site of steroidogen-
esis (Fig. 6). β-endorphin was also invisible in the pre-
vitellogenic follicles (Fig. 7).

The atretic follicles were not very often observed and
they were generally small in size. They contained a gran-
ulosa in regression process or even completely
regressed. The cells invaded or not the follicular cavity
and they were characterised by a positive staining of
testosterone, 17β-estradiol and progesterone. The latter
two steroids were detected in the theca but not always
and testosterone was found in the follicular cavity. Some
of the cells dispersed in the follicular cavity showed
apoptotic nuclei. Contrarily to the vitellogenic and pre-
vitellogenic follicles, β-endorphin was present in the
atretic follicles, and stained label appeared more particu-
larly in the apoptotic granulosa cells (Fig. 8). 

These results were different from those obtained in
the females captured in the breeding period but without
undergoing in vitellogenesis. The ovaries showed only
some previtellogenic follicles at secondary and tertiary
stages and the maximal diameter of which reached 4,5
mm. This size was clearly the greatest compared to those
observed during the seasonally anoestrus where the
diameter did not exceed 3 mm. The morphological path-
way of these follicles remained similar but the 4.5 mm
growth reached by these tertiary follicles generally
observed at transition (transitory stage between previtel-
logenic and vitellogenic follicles) was not accompanied
by structural and physiological changes. A slowing down
follicular prevents the normal functional evolution of the
tertiary follicles to transitory follicles and then to vitel-
logenic follicles. In the non vitellogenic females, the
steroidogenesis was interrupted, neither steroid hor-
mones nor P450 aromatase were present when β-endor-
phin was strongly distributed in the granulosa piriform
cells and peripherical oocyte cytoplasm wathever the
stage of previtellogenesis and appeared relatively more
important in the tertiary follicles. β-endorphin seemed to
move from the granulosa cells to the oocyte I where it
gets concentrated in the peripherical oocyte cytoplasm.
The atretic follicles were totally absent in these females. 

Females captured in the post-reproductive
period
In the post-reproductive females, only previtellogenic
follicles remained present. Among them numerous 
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primordial and primary follicles of 2 mm in maximal
size were observed. The ovaries were also character-
ized by the abundance of residual bodies of corpus
luteum and atretic follicles. 

The primordial follicles were not stained after
application of anti-P450 aromatase and all the anti-
bodies against the steroid hormones investigated. 

In the most of primary and secondary follicles, the
granulosa cells exhibited a positive reactivity to 17β-
estradiol and testosterone but with a weak signal in
comparison with the previtellogenic follicles obtained
in vitellogenic females (Fig. 9). Only piriform cells
were stained. The signal corresponding to proges-
terone which appeared more intense than that of 17β-
estradiol and testosterone (Fig. 10). In the rest of pri-
mary and secondary follicles, the steroidogenic activi-
ty was almost non-existent. 

A parallel to this limited hormonal synthesis but
which seems more in favour of progesterone synthesis
than of 17β-estradiol, the β-endorphin appeared with
diffuse and weak signal in the granulosa of primary and
secondary follicles and particularly in the piriform cells
(Fig. 11). All primordial follicles were devoid of label
except those which were in full proliferation phase at
primary follicles and which differentiate piriform cells. 

The atretic follicles were observed at all stages of
previtellogenesis and showed the same immunohisto-
chemical characteristics of steroid hormones as those
of vitellogenic females. The atretic follicles were
immunoreactive to β-endorphin as in the vitellogenic
females and the labelling was found in the degenera-
tive granulosa cells. 

The residual bodies of corpus luteum dispersed in
the ovarian stroma were composed of lutein cells of 7-
16 μm in size with an eccentric and dense nucleus and
a cytoplasm charged with yellow pigment. The lutein
cells were immunoreactive to 17β-estradiol  (Fig. 12),
testosterone and P450 aromatase (Fig. 13) but they
were not reactive with anti-progesterone (Fig. 14).   

Females captured in winter period
In winter females, ovary contained essentially second-
ary and tertiary stages of previtellogenic follicles
which reached 3 mm in diameter. The steroidogenic
activity was interrupted in all the stages of previtello-
genesis; no positive labelling to P450 aromatase and
steroid hormones investigated was detected (Fig. 15). 

During hibernation, β-endorphin became widely dis-
persed into the piriform, intermediate and theca cells and
oocyte I at all the follicular stages (Fig. 16 and Fig. 17).
The signal became more pronounced in the piriform
cells and peripherical oocyte cytoplasm and strongly
granular than previously. These immunohistochemical
results remind the observations obtained at in spring
anoestrus females where any steroids detection was
observed whereas β−endorphin was well expressed.  

Discussion
The expression of the 17β-estradiol and P450 aro-
matase in the granulosa piriform cells of Uromastyx
acanthinura as well as their absence in the cells of
theca interna indicate a functional differentiation in
the 17β-estradiol biosynthesis and strenghthen the
bicellular theory [23] which was emitted in the rat
and mouse [24]. The absence of testosterone detec-
tion in the theca interna cells could be the sign of a
rapid passage of this steroid from the theca to the
granulosa rather than a conversion of minor impor-
tance of androstenodione into testosterone in the
theca interna since the testosterone is widely detected
in the granulosa. The 17β-estradiol synthesis may not
involve the functional cooperation between the theca
and granulosa cells, as this was noted in some species
such as chicken where P450 aromatase was expressed
only in the theca [25]. In the pig [26], fish [27] and
lizard [28], the P450 aromatase was found both in the
theca and granulosa.

In Uromastyx acanthinura, the expression of P450
aromatase in the piriform cells, describe them as
steroidogenic cells in addition to their already known
nourishing role [29]. The 17β-estradiol mainly pro-
duced by previtellogenic follicles during vitellogenesis
was necessary for the synthesis of hepatic vitellogenin
and for maturation of follicles. 17β-estradiol exerts an
autocrine and paracrine action in these previtellogenic
follicles. A part of this action is mediated by the clas-
sical estrogen receptor which is detected in the piri-
form cells and at lesser degree in the rest of the follic-
ular cells [30]. In the Mammals, the synergic role of
17β-estradiol with FSH in the P450 aromatase activa-
tion is well established fact [31] and the classical estro-
gen receptor may be responsible [32-36].

During the annual reproductive cycle of Uromastyx
acanthinura, β-endorphin appears in the post-repro-
ductive period when the steroids biosynthesis was
reduced and it becomes pronounced in the sexually
rest period during the absence of steroidogenesis, and
then totally disappears in the vitellogenic follicles or in
the previtellogenic follicles concomitantly with a max-
imal synthesis of steroids. The presence of this peptide
in the ovarian follicles thus seems inversely correlated
with their steroidogenic activity. The persistence of the
β-endorphin in the spring anoestrus females simultane-
ous with altered steroidogenesis strenghthens our
interpretation. 

The signalisation of the β-endorphin at the ovarian
level confirms the previous results obtained in mam-
malian species in the human [9, 10], ovins [11], pig
[12, 13], rat [14-16], mouse [17] and in the lizard
Podarcis sicula sicula [18]. In Mammals, the presence
of β-endorphin is negligible in the granulosa cells; a
faint label appears in secondary and antral stages of the
folliculogenesis in the human [9] and in the rat [14]
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and becomes important only as from the preovulatory
stage [9, 10, 14, 17]. These results do not match with
those obtained in Uromastyx acanthinura because this
opioid peptide was strongly expressed in the follicular
cells and completely absent in the mature vitellogenic
follicle. 

Changes in the concentration of this peptide in
gonads of mammalian cyclic females [14, 10, 16]
imply that the ovarian production of opioid peptides is
controlled by gonadotrophins. This suggestion is sup-
ported by findings that both hCG and LH significantly
increase the proopiomelanocortin mRNA expression
[19] and the release of endorphin [16] from rat ovaries
and FSH stimulates endorphin secretion by porcine
granulosa cells [13]. 

Our observations were supported by more recent
studies which indicate a suppressor effect of β-endor-
phin on steroidogenesis. Indeed, the β-endorphin and
its μ-receptor agonist induce in vitro the suppression of
the androgen and estradiol in the porcine theca interna
cells [20]. A more recent study revealed an important
expression of the proopiomelanocortin genes in the
porcine granulosa cells which makes them a major
source of opioid peptides [8]. 

In the lizards, some available studies show conflict-
ing results. In male Podarcis sicula, β-endorphin shows
an elevated level in the sexual rest [37] and inhibitory
effect on the androgen secretion [38]. But in the female,
this peptide does not significantly change during the
reproductive cycle and induces a rather positive action
on the 17β-estradiol secretion [18]. The study realised in
the lizard Mabuya carinata was interesting because it
confirms the inhibitory effect of the β-endorphin on the
seasonal ovarian recrudescence which was obtained
with or without the FSH which proves a local action
[21]. β-endorphin apparition in the Uromastyx acan-
thinura ovary at post-reproductive period was a practi-
cally comparable phenomenon to the result observed in
the amphibian Rana esculenta in which increases at the
end of breeding season when the ovarian weight and the
follicular diameter were weaker [39]. 

Conclusion
The inverse correlation between the β-endorphin and the
hormonal activity in the ovarian lizard Uromastyx acan-
thinura suggests an inhibitory role on steroidogenesis
and thus a modulator effect of the ovarian seasonality.
The β-endorphin seems strictly linked to sexual rest.  It
would then be interesting to analyse in more details the
mechanism of the β-endorphin action in the local control
of the steroidogenesis in Uromastyx acanthinura.
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Figs. 1-8. Vitellogenic females. Fig. 1. Labelling of vitellogenic follicle with 17ß-estradiol; partial staining in the granulosa (Gr). Fig. 2.
Labelling of vitellogenic follicle with progesterone; all granulosa cells are stained. Fig. 3. Labelling of vitellogenic folliclewith ß-endor-
phin; showing negative staining. Fig. 4. Labelling of previtellogenic follicle (PF) with 17ß-estradiol. Fig. 5. Labelling of previtellogenic
follicle with 17ß-estradiol; intense staining in the piriform cells (Pc) of the granulosa. Fig. 6. Labelling of previtellogenic follicle with
P450 aromatase; staining only in the piriform cells. Fig. 7. Labelling of previtellogenic follicle with ß-endorphin; showing negative stain-
ing. Fig. 8. Labelling of atretic follicle with ß-endorphin; positive staining in the apoptotic cells (arrow). Figs. 9-14. Post-reproductive
females. Fig. 9. Labelling of previtellogenic follicle with 17ß-estradiol; weak signal in the piriform cells. Fig. 10. Labelling of previtel-
logenic follicle with progesterone; intense signal in the piriform cells. Fig. 11. Labelling of previtellogenic follicle with ß-endorphin; 
a diffuse signal appears in the piriform cells. Fig. 12. Positive labelling with 17ß-estradiol of residual body of corpus luteum (CL). Fig.
13. Positive labelling with P450 aromatase of residual body of corpus luteum. Fig. 14. Negative labelling with progesterone of residual
body of corpus luteum. Figs. 15-17. Winter females. Fig. 15. Labelling of previtellogenic follicle with 17ß-estradiol; showing negative
staining. Fig. 16. Labelling of previtellogenic secondary follicle with ß-endorphin; strong signal in the piriform cells and oocyte I (Oc),
thestaining was granular. Fig. 17. Positive labelling of previtellogenic tertiary follicle with ß-endorphin. Legends: Ca – follicular cavity,
Ic – intermediate cell, Sc – Small cell, St – ovarian stroma, Th – Theca, VF– vitellogenic follicle, ZP – zona pellucida. Bar of calibration=
10 µm (Figures: 1, 2, 3, 5, 6, 7, 8, 9, 10, 11, 13, 14, 15, 16, 17); = 20 µm (Figures: 4, 12). 
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