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In nonbroody birds, participation of prolactin in the reproductive functions is still unknown
and its role in the local regulation of ovarian activity has had little attention. Therefore, the
aim of the present study was to determine whether in the domestic hen prolactin influences in
vitro steroid secretion by white and yellow chicken ovarian follicles. Small white (1-4 mm),
medium white (4-6 mm), large white (6-8 mm) and 3 largest yellow preovulatory follicles
(F3-F1; F3<F2<F1; 25-36 mm) were isolated at stage 22 h and 3 h before ovulation of the
largest (F1) follicle. From the preovulatory follicles, granulosa and theca layers were
separated and divided into 4 pieces. Whole white follicles (6 small/dose/ovary; | mediumor 1
large/dose/ovary) or parts of the granulosa or theca layers were randomly assigned to 1 ml of
Eagle’s medium containing 0 (control), 1, 10 or 100 ng/ml ovine prolactin and were incubated
for 24 h at 38°C. Following incubation, the medium was collected for estradiol and
progesterone determination (RIA), and tissues of the follicular wall for protein assay by the
method of Lowry. It was found that prolactin affects steroid secretion by chicken ovarian
follicles. In white follicles prolactin inhibits estradiol secretion, whereas in yellow
preovulatory follicles it stimulates or inhibits steroid secretion and its activity depends on:
(1) the dose of prolactin, (2) the type of the follicular layer secreting steroids, (3) the position
of the follicle in the hierarchy and 4) the stage of the ovulatory cycle.
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In the ovary of a laying hen, numerous small
white follicles with a diameter 8 mm, five to seven
yellow follicles with a diameter 8-36 mm and sev-
eral postovulatory follicles are present. Yellow
follicles are arranged in a hierarchy with the larg-
est preovulatory follicle (F1) destined to ovulate
on the next day, the second largest (F2) on the day
after, and so on (GILBERT 1971; GRIFFIN et al. 1984;
JOHNSON 1996).

Unlike mammals, in the chicken ovary the main
source of progesterone are cells of the granulosa
layer, whereas for estradiol — cells of the theca
layer (HUANG et al. 1979; BAHR et al. 1983;
ETCHES & DUKE 1984). Steroidogenic activity of
a particular layer changes during follicular growth
and maturation. In white, nonhierarchical folli-
cles, the granulosa layer is steroidogenically in-
competent (DAVIDSON et al. 1979; KACINSKA &
RZASA 1988; NITTA et al. 1991; TILLY et al.
1991a, b), while steroidogenically active theca
synthesises androgens and estrogens (NITTA et al.
1991; RODRIGUEZ-MALDONADO et al. 1996;
GOMEZ et al. 1998). White follicles and ovarian

stroma with numerous cortical follicles contain
more than 50% of ovarian aromatase activity
(ARMSTRONG 1984) and produce more than 80%
of ovarian estrogens (SENIOR & FURR 1975). Dur-
ing maturation of yellow preovulatory follicles,
the production of estrogens by the theca layer
gradually decreases while synthesis of progester-
one by the granulosa layer dramatically increases,
hence the largest F1 follicle during the final hours
before ovulation produces mainly progesterone
(HUANG et al. 1979; BAHR et al. 1983; MARRONE
& HERTELENDY 1983; ETCHES & DUKE 1984),
which is responsible for triggering the preovula-
tory LH surge and ovulation (WILSON & SHARP
1976a; JOHNSON et al. 1985).

It is well known that prolactin plays the most im-
portant role in timing and duration of incubation
behaviour in broody birds (RIDDLE et al. 1935; EL
HALAWANI et al. 1986; YOUNGREN et al. 1991; EL
HALAWANI & ROZEINBOIM 1993; MARCH et al.
1994), and prolonged elevated levels of prolactin
occurring during the incubation period have an an-
tisteroidogenic effect on the ovary (CAMPER &
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BURKE 1977; BURKE & DENNISON 1980; BEDRAK
etal. 1981; ZADWORNY & ETCHES 1988; ZADWORNY
et al. 1989) in part via inhibition of steroidogenic
enzyme gene expression (TABIBZADEH et al.
1995). In nonbroody birds, the participation of
prolactin in reproductive functions is still un-
known and its role in the local regulation of ovar-
ian activity has had little attention. So far, only an
inhibitory effect of prolactin on the stimulatory ac-
tion of FSH and LH on theca cells function in vitro
has been shown in a short communication (LT &
YANG 1995). Moreover, it was evidenced that the
chicken ovary is a target tissue for prolactin by
showing expression of prolactin receptor mRNA
(OKHUBO et al. 1998). In the present study the in
vitro response of isolated white and yellow ovarian
follicles to prolactin was examined in commercial
egg-producing hens. To answer the question
whether the effect of prolactin on steroid secretion
changes during the ovulatory cycle, the examined
follicles were isolated at two stages of the ovula-
tory cycle: 22 h and 3 h before ovulation of the
largest (F1) follicle.

Material and Methods

Animals

The experiment was carried out on Hy-Line lay-
ing hens (n=8) at the age of 27 weeks, caged indi-
vidually under a photoperiod of 14L.:10D (light on
at 0800 h) with free access to food and water. Time
of oviposition was recorded daily at 15 min inter-
vals between 0800 h and 1500 h, and once at 1700
h. Birds used in the experiment had regular se-
quences of at least 20 eggs per sequence and were
decapitated at two stages of the ovulatory cycle: 22
hand 3 h before predicted time of F1 follicle ovula-
tion. The following follicles were isolated from the
ovaries: small white (1-4 mm in diameter), me-
dium white (4-6 mm), large white (6-8 mm) and
the 3 largest yellow preovulatory follicles (F3-F1;
F3<F2<F1; 25-36 mm). The granulosa and theca
layers were separated from preovulatory follicles
according to the procedure of GILBERT et al.
(1977) and divided into 4 equal pieces.

Incubation procedure

Whole white follicles and parts of granulosa and
theca layers of the preovulatory yellow follicles
were randomly assigned to 1 ml of Eagle’s me-
dium containing recombinant ovine prolactin pre-
pared according to LEIBOVICH ef al. (2001) at a
dose of 0 (control), 1, 10 or 100 ng/ml and 0.05
g/ml BSA and 2 l/ml antibiotic-antimycotic solu-
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tion (10000 units penicillin, 10 mg streptomycin
and 25 pg amphotericin B/ml). From each ovary,
either 6 small follicles pooled together, 1 medium
white follicle, 1 large white follicle or a piece of
granulosa or theca were incubated in a 24-well
multidish at 38°C for 24 h at each dose level. After
incubation, the medium was collected for proges-
terone and estradiol assays (radioimmunologi-
cally) and tissues of the follicular wall for protein
determination by the Lowry method (LOWRY et al.
1951). The secretion of hormones was expressed
per milligram of protein.

Steroid assays

Progesterone and estradiol concentrations in
medium were measured radioimmunologically us-
ing Spectria kits (Orion Diagnostica, Finland) sup-
plied by Polatom (Swierk, Poland). The detection
limit was 90 pg/ml for progesterone and 5.45
pg/ml for estradiol. Recoveries were 98.2% for
progesterone and 99.5% for estradiol. Cross reac-
tivity of progesterone antiserum with progester-
one, pregnenolone, and corticosterone were 100%,
3.9%, and 0.3%, respectively. Cross reactivity of
estradiol antiserum for estradiol, estron, and es-
triol were as follows: 100%, 0.97%, and 0.44%.
The intra- and inter-assay coefficients of variation
for progesterone and estradiol were 4.3%, 4.9%
and 5.7%, 6.4%, respectively.

Statistical analysis

Data were analysed statistically by two-way
ANOVA followed by Duncan’s multiple range
test. Values are expressed as the mean + SEM from
8 determinations and considered significantly dif-
ferent at P<0.05.

Results

Effect of prolactin on in vitro estradiol secretion
by whole white (1-8 mm) ovarian follicles

In the control group, estradiol secretion by small
(1-4 mm) and medium (4-6 mm) white follicles did
not differ between the examined stages of the ovu-
latory cycle, whereas secretion by large (6-8 mm)
white follicles was significantly higher at stage 3 h
than 22 h before ovulation (Table 1).

The addition of prolactin into the incubation me-
dium at a dose of 1 ng/ml and 10 ng/ml did not af-
fect estradiol secretion by white follicles, while at
a dose of 100 ng/ml it significantly decreased se-
cretion of this steroid by each class of white folli-
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Table 1

Effect of prolactin on in vitro estradiol secretion (pg/mg protein/24 h) by whole white ovar-
ian follicles (6 small/dose/ovary, 1 medium or large/dose/ovary) isolated at two stages of
the ovulatory cycle: 22 h and 3 h before ovulation. Each value represents the mean + SEM of
8 determinations. Values in the same row with different superscript letters (a-d) are statisti-

cally different (P<0.05)

Isolated 22 h before ovulation

Isolated 3 h before ovulation

White follicles Prolactin ng/ml medium
0 1 10 100 0 1 10 100
Small 1-4 mm 937 783 767 621 1031 984 830 738
+101% +86% +70% +51¢ +74% +96° +43% +43°
Medium 4-6 mm 586 554 429 390 581 764 737 703
5 +45° 46" £39% +31° 164" +97% 173 Iy
Laree 6-8 mm 459 435 381 250 599 532 553 444
& :i:60bC :ﬁ:4>1bC :|:43Cd :|:33d +4332 i528b :|:46ab :|:49b

cles at both examined stages of the ovulatory cycle
except medium follicles at stage 3 h before ovula-
tion (Table 1). The decrease in estradiol secretion
by small, medium and large follicles at stage 22 h
before ovulation was 39%, 66% and 45%, respec-
tively, while at stage 3 h before ovulation the de-
crease by small and large follicles was 28% and
26%.

Effect of prolactin on in vitro estradiol secretion
by the theca layer of the three largest yellow preo-
vulatory follicles

In the control group estradiol secretion by the
theca layer of the three largest preovulatory F3-F1
follicles did not differ significantly between the
examined stages of the ovulatory cycle (Fig. 1).
During passage of the follicle from the F3 to the F1
position, estradiol secretion decreased from
2.37+£0.20 to 0.32+0.04 ng/mg protein/24 h at
stage 22 h before ovulation and at stage 3 h before
ovulation from 2.44+0.24 to 0.234+0.03 ng/mg pro-
tein/24 h.

The addition of prolactin into the incubation me-
dium at a dose of 1 ng/ml had no effect on estradiol
secretion by the theca layer of all examined folli-
cles at both stages of the ovulatory cycle. Ata dose
of 10 ng/ml, prolactin significantly increased es-
tradiol secretion by the theca layer of F3 and F2
follicles, both at stage 22 h (37% and 53%, respec-
tively) and at stage 3 h (35% and 71%, respec-
tively) before ovulation. This stimulatory effect
was slightly, not significantly attenuated by pro-
lactin at a dose of 100 ng/ml. In the case of the
theca layer of the F1 follicle, prolactin at a dose 10
ng/ml and 100 ng/ ml significantly increased estra-
diol secretion at stage 22 h before ovulation (43%

and 59%, respectively) and had no effect at stage 3
h before ovulation (Fig. 1).

Effect of prolactin on in vitro progesterone se-
cretion by the granulosa layer of the three largest
yellow preovulatory follicles

In the control group, progesterone secretion by
the granulosa layer of the three largest preovula-
tory F3-F1 follicles was significantly higher at
stage 3 h than 22 h before ovulation (2.5-fold, 2.8-
fold and 4.5-fold for F3, F2 and F1 follicle, respec-
tively) (Fig. 2). During passage of the follicle from
the F3 to F1 position, progesterone secretion at
stage 22 h before ovulation increased from
0.67+0.08 to 1.51+0.25 ug/ mg protein/24 h,
whereas at stage 3 h before ovulation from
1.64+0.12 to 6.76+0.32 ng/ mg protein/24 h.

The addition of prolactin into the incubation me-
dium at a dose of 1 ng/ml had no effect on proges-
terone secretion by the granulosa layer of all
examined follicles at both stages of the ovulatory
cycle. The effect of higher doses of prolactin on
progesterone secretion was dependent on the stage
of the ovulatory cycle. At stage 22 h before ovula-
tion, prolactin at a dose of 10 ng/ml and 100 ng/ml
significantly increased progesterone secretion by
the granulosa layer of F3 (49% and 80%, respec-
tively) and F2 (62% and 62%, respectively) folli-
cles, and had no effect on progesterone secretion
by the granulosa of the F1 follicle. At stage 3 h be-
fore ovulation, prolactin at a dose of 10 ng/ml and
100 ng/ml had no effect on progesterone secretion
by the granulosa layer of the F3 follicle and signifi-
cantly decreased progesterone secretion by the
granulosa of the F2 (47% and 37%, respectively)
and F1 (29% and 21.5%, respectively) follicles

(Fig. 2).
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Discussion

In vertebrates, prolactin exerts multiple effects
on diverse physiological processes. Among these
are the regulation of mammary gland develop-
ment, initiation and maintenance of lactation, im-
mune modulation, osmoregulation, and behav-
ioural modification. At the cellular level, prolactin
exerts mitogenic, morphogenic, or secretory ac-
tivities (BEN-JONATHAN et al. 1996).

Although the presence of prolactin receptor mRNA
was shown in the laying chicken ovary (OHKUBO
et al. 1998), and a possible role of prolactin in lay-
ing performance and steroid hormone secretion in
the domestic hen has been suggested (SCANES ef
al. 1977; REDDY et al. 2002), the direct action of
prolactin on the ovary in nonbroody birds has not
been examined. To the authors’ knowledge, this is
the first study that demonstrated the effect of pro-
lactin on ovarian steroidogenesis in chickens. The
results are based on an in vitro experiment in
which the intact white ovarian follicles and sepa-
rated theca and granulosa layers of the three largest
yellow preovulatory F3-F1 follicles were incu-
bated in the presence and absence of ovine prolac-
tin. Steroid secretion was determined in the incuba-
tion medium.

In the population of white follicles, irrespective
of the stage of the ovulatory cycle, along with an
increase of dose of prolactin, stronger suppression
of estradiol secretion was observed by each class
of follicles except for medium follicles at stage 3 h
before ovulation. However, a statistically signifi-
cant effect was caused only by the highest (100
ng/ml) dose of prolactin. An inhibitory effect of
prolactin on gonadotropin-stimulated estradiol se-
cretion in vitro by white follicles was previously
shown in laying and out-of-lay Gifujidori hens
(ZADWORNY et al. 1989). In turkey, a reduction of
the cytochrome P450 aromatase mRNA gene ex-
pression level in small white follicles in response
to exogenous ovine prolactin, and in consequence,
suppression of the circulating estradiol level was
found (TABIBZADEH ef al. 1995).

Analysis of in vitro steroid secretion by the iso-
lated theca and granulosa layers of yellow preovu-
latory F3-F1 follicles showed that during the final
phase of follicular maturation proceeding ovula-
tion, estradiol secretion by the theca layer de-
creased, whereas secretion of progesterone by the
granulosa layer increased. These results correlate
with changes of the examined steroids levels in the
theca and granulosa layers of F3-F1 follicles ob-
served during the ovulatory cycle (BAHR et al.
1983; KATO et al. 1995). The addition of prolactin
at a dose of 10 and/or 100 ng/ml stimulated estra-
diol secretion by the theca layer of F3-F1 follicles
both at stage 22 h and 3 h before ovulation except
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for the F1 follicle at stage 3 h before ovulation. In
the case of the granulosa layer, prolactin stimu-
lated the increase of progesterone secretion by F3
and F2 follicles at stage 22 h before ovulation and
inhibited progesterone secretion by the granulosa
layer of the F2 and F1 follicles at stage 3 h before
ovulation. These results taken together indicate
that prolactin is involved in the regulation of ster-
oidogenesis in the chicken ovary, and its effect
changes during the ovulatory cycle. It was shown
previously that during the ovulatory cycle of the
domestic hen the plasma level of prolactin signifi-
cantly changes (SCANES et al. 1977). These authors
suggested that the decrease in prolactin level prior
to the ovulatory LH surge occurring 6-4 h before
ovulation of the F1 follicle (WILSON & SHARP
1976b) might facilitate the secretion of ovarian
steroids which then exert a positive feedback ef-
fect on LH release, whereas an increase in prolac-
tin concentration after the LH peak might be
involved in the inhibition of steroidogenesis. The
decrease in progesterone secretion by the granu-
losa layer of the F2 and F1 follicles at stage 3 h be-
fore ovulation found in the present study may
support this hypothesis. On the other hand, the in-
crease in estradiol secretion as a response to pro-
lactin by the theca layer of F3 and F2 follicles at
stage 3 h before ovulation is unclear. Contrary to
the present authors’ observations, LI and YANG
(1995) showed the inhibiting effect of prolactin on
gonadotropin-induced steroidogenesis of the theca
cells from the domestic hen. The two divergent ac-
tions of prolactin on the chicken ovary, both stimu-
lating and inhibiting, observed in the present study
are in accordance with prolactin action in the ova-
ries of mammals reviewed by MC NEILL ef al.
(1987).

The ovarian response to prolactin measured by
changes in the concentration of steroid hormones
in the culture medium presented in this work dem-
onstrates that prolactin is involved in the regula-
tion of steroidogenesis in the chicken ovary.
Prolactin activity may be associated with its effect
on the synthesis and/or activity of steroidogenic
enzymes. TABIBZADEH et al. (1995) demonstrated
that administration of prolactin to turkey hens
caused suppression of aromatase gene expression.
In the rat ovary, the inhibiting action of prolactin
on steroidogenic enzyme activity was also shown
(DORRINGTON & GORE-LANGTON 1981).

To sum up, the results obtained indicate that in
vitro prolactin affects steroid secretion by chicken
ovarian follicles. In white follicles, prolactin in-
hibits estradiol secretion, whereas in the largest
yellow preovulatory follicles it stimulates or in-
hibits steroid secretion and its activity depends on:
(1) the dose of prolactin, (2) the type of the follicu-
lar layer secreting steroids, (3) the position of the
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follicle in the hierarchy and (4) the stage of the
ovulatory cycle.
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