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Abstract. Effects of cyclosporine (CyA) on ovarian function and the possible role
of prolactin in mediating these effects were examined in young female rats. The ani-
mals were sham-operated or rendered hyperprolactinemic by transplanting pituitary
glands under the renal capsule. Cyclosporine prevented the increase in plasma pro-
lactin levels in grafted rats. However, in sham-operated animals plasma prolactin
levels were increased after 8 days of CyA treatment. Plasma levels of luteinizing
hormone (LH) and follicle-stimulating hormone (FSH) were reduced 8 days after pitu-
itary grafting and increased by CyA at both Day 2 and Day 8 of treatment. The content
of LHRH in the hypothalamus was not affected on Day 2 but was reduced on Day 8
after grafting on CyA therapy. Plasma estradiol levels were increased by CyA in sham-
operated rats on Day 2 and 8 of treatment, and in pituitary-grafted rats on Day 8
of therapy. In sham-operated rats, ovarian estradiol content was reduced after 2 and
after 8 days of CyA administration. In pituitary-grafted rats, the ovarian estradiol
content was suppressed after 8 days, and CyA treatment prevented this effect. Ovar-
ian estradiol release in vitro under basal conditions was greater in ovaries derived
from 38-day-old than in those from 32-day-old animals. The ovarian estradiol response
to human chorionic gonadotropin (hCG) in vitro was increased 2 days after pituitary
transplantation. Administration of CyA for 8 days increased basal and hCG-stimu-
lated estradiol release in both sham-operated and pituitary-grafted animals. The
present findings suggest that CyA can alter ovarian func'ion by acting directly at
the gonadal level. However, a hypothalamic-hypophyseal site of action cannot be

ruled out.

[P.S.E.B.M. 1995, Vol 208]

t is well known that the transplantation of an an-
terior pituitary to an ectopic site disrupts the usual
hypothalamic control of its function, leading to a
persistent stimulation of prolactin (PRL) secretion and
a decrease of the release of the other adenohypophy-
seal hormones (1). Everett’s early findings of this phe-
nomenon have been amply confirmed in numerous
subsequent studies (2). It is also well known that hy-
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perprolactinemia has been associated with hypogo-
nadism in almost all species studied (3), and the age of
induction of hyperprolactinemia is an important factor
in determining its effects on gonadal function (4). In
fact, hyperprolactinemia at 30 days of age led to irre-
versible effects on gonadal function, which were not
reversed by the normalization of circulating levels of
PRL by bromocriptine treatment or surgical removal
of the ectopic gland (5). However, the hypogonadism
associated with hyperprolactinemia induction in adult
age was reversed by normalization of plasma PRL
level (6).

Cyclosporine (CyA) is a peptide of fungal origin
widely used in the treatment of patients submitted to
organ transplantation (7). It was recently demon-
strated that CyA treatment disrupts the endocrine sys-
tem. In this regard, alteration of gonadal function in
male rats (8, 9) and in humans (10) was reported. In-
teraction between CyA and PRL on the same lympho-
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cyte receptor has been reported as a mechanism of
action of CyA (11).

We have observed that disrupting the immune sys-
tem by administering CyA to adult pituitary-grafted
male rats prevented the increase in plasma PRL levels
(12), and we subsequently observed the same effect
also in young female rats (13). These findings suggest
that CyA treatment may alter PRL’s regulating effects
on gonadal function.

This work was designed to study if CyA’s effects
on ovarian function are mediated by changes in PRL
secretion. For that purpose, hyperprolactinemia was
induced at 30 days of age, by the transplantation of a
male litter-mate pituitary gland under the kidney cap-
sule, and the animals were exposed to CyA treatment
for 2 or 8 days, beginning the day of the surgery.
Changes in plasma PRL, luteinizing hormone (LH),
follicle-stimulating hormone (FSH), and estradiol, the
hypothalamic content of LHRH, and ovarian estradiol
content were studied, as were the in vitro basal and
human chorionic gonadotropin (hCG)-stimulated re-
lease of estradiol from the ovaries.

Materials and Methods

Animals. Female Wistar rats bred in our depart-
ment were used in this study. Animals were main-
tained in a room with a controlled photoperiod (12:12-
hr light:dark cycle, lights on at 0800 hr) and tempera-
ture (23 = 2°C), and had constant access to food and
water.

Hyperprolactinemia Induction. Half of the ani-
mals received a transplant of an anterior pituitary
gland from a male litter-mate donor, under the right
kidney capsule, at 30 days of age (14). Age-matched
female rats were sham-operated and used as controls.
Surgery was performed under tribromoethanol anaes-
thesia (Merck, Germany, 250 mg/kg, ip). Surgery and
treatments were performed in the winter.

Cyclosporine Administration. Cyclosporine
was generously provided by Sandoz (Basel, Switzer-
land) and was prepared as follows: 10 mg of the drug
were dissolved in 0.5 ml of absolute ethanol and fur-
ther diluted with olive oil to a final concentration of 1
mg/ml. Both grafted and sham-operated rats were sub-
mitted at 1300 hr to a CyA (5 mg/kg body wt/day, sc)
or vehicle treatment for 2 or 8 days, beginning on Day
30 of life (day of pituitary grafting or sham operation).
Animals were sacrificed by decapitation on days 32 or
38 of age, 20 hr after receiving the last injection of CyA
or vehicle. The animals were observed daily to assess
the day of vaginal opening. On Day 2 of treatment, all
rats had closed vaginas, while on Day 8 of treatment
all animals exhibited diestrous smears.

Blood, Hypothalami, and Ovaries. After decap-
itation, trunk blood was collected in tubes containing
EDTA (60 g/liter), and the plasma was kept frozen

until analyzed for PRL, LH, FSH, and estradiol lev-
els. The hypothalami were dissected out quickly by
cutting the brain from the ventral surface transversely,
rostrally at the optic chiasm, caudally at the mamil-
liary bodies, and laterally at the hypothalamic sulci, to
the depth of the anterior commissure. This dissection
included the median eminence and the arcuate nuclei,
which are the primary areas involved in PRL regula-
tion. The hypothalami were sonicated in cold 2 N ace-
tic acid; boiled for 5 min; centrifuged at 15000g at 4°C
for 30 min and the supernants were kept frozen until
analyzed. Ovaries from each animal from the different
groups were immediately removed, dissected, and
weighed. One of them was placed in tubes containing
1 ml of Krebs Ringer bicarbonate solution. The ovaries
were incubated shaking for half an hour under 95% O,
and 5% of CO, atmosphere, and the medium was dis-
carded. An additional milliliter of fresh medium was
added and incubated for another hour. The medium
was removed and kept frozen to measure basal estra-
diol release. Another milliliter of fresh medium con-
taining 20 IU of hCG, according with previous studies
(15) was added to the ovaries, and the incubation was
continued for an additional hour. The medium was re-
moved and kept frozen to measure the hCG-stimulated
release of estradiol. The other ovary from each animal
was homogenized in 1 ml of Krebs Ringer bicarbonate
solution and used to measure estradiol content.

Hormone Measurements. Plasma PRL, LH, and
FSH concentrations were measured by homologous
double-antibody radioimmunoassays, using materials
kindly supplied by the National Hormone and Pitu-
itary Program (National Institutes of Health, Be-
thesda, MD). The intra-assay coefficient of variation
was 7% and the sensitivity was 0.045 pg/liter, using the
r-PRL-RP3 preparation as a reference. The intra-assay
coefficient of variation was 9%, and the sensitivity was
5 pglliter, using the r-LH-RP3 preparation as a refer-
ence. The intra-assay coefficient of variation was 10%,
and the sensitivity was 3.7 pg/liter, using the r-FSH-
RP3 preparation as a reference.

Plasma, culture media, and ovarian content of es-
tradiol (1,3,5[10]-estrariene-3, 17B-diol) levels were
determined by a specific radioimmunoassay (RIA)
with materials purchased from Sorin Biomedica (Ver-
celli, Italy) and previously validated in our laboratory.
The intra-assay coefficient of variation was 10% and
the sensitivity was 25 pg/liter.

Hypothalamic luteinizing hormone-releasing hor-
mone (LHRH) content was also measured by a spe-
cific RIA developed in our laboratory (16). The intra-
assay coefficient of variation was 0.4%, and the sen-
sitivity of the assay was 0.25 pg/liter. All samples in
each hormone determination were measured in the
same assay to avoid interassay variations.

Statistics. Analysis of the data was performed by
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a factorial ANOVA followed by a Scheffe test
(Statview 512 (statistics program), Apple System
Corp.). Mean values were considered significantly dif-
ferent if P < 0.05.

Results

Plasma PRL levels significantly increased be-
tween 32 and 38 days of life (P < 0.05). As expected,
pituitary-grafted rats at 30 days of life had markedly
increased circulating PRL levels both 2 and 8 days
after the surgery, compared with sham-operated rats
(P < 0.05). Administering cyclosporine prevented the
increase in plasma PRL found 2 and 8 days after graft-
ing in vehicle-treated animals. Cyclosporine did not
significantly decrease plasma PRL levels in sham-
operated rats on Day 2 and increased them on Day 8 of
treatment, compared with vehicle-treated sham-
operated rats (P < 0.05, Table I).

In sham-operated rats the expected increase (P <
0.05) in plasma LH levels with age was observed (Fig.
1). Plasma LH levels were decreased 8 days after pi-
tuitary grafting (P < 0.05) compared with sham-
operating. Treatment with CyA did not change LH
levels in rats bearing pituitary grafts at both times
studied, compared with pituitary-grafted rats treated
with vehicle. The treatment with CyA in sham-
operated rats significantly decreased (P < 0.05 vs ve-
hicle-treated animals) plasma LH levels at both times
examined.

Plasma FSH levels significantly increased with
age (38 vs 32 days, P < 0.05). Pituitary grafting signif-
icantly decreased plasma FSH levels on Day 8 after
surgery (P < 0.05) compared with sham-operating. Cy-
closporine therapy did not modify further plasma FSH
levels in pituitary-grafted rats on Day 8 after grafting
but reduced them 2 days after the transplant operation

Table I. Plasma Prolactin Levels in
Sham-Operated and Pituitary-Grafted Female Rats
Treated with CyA (5 mg/kg body wt/day) or
Vehicle for 2 or 8 Days Beginning on the Day

of Surgery
Day 2 Day 8
(ng/liter) (ng/liter)

Sham-operated,

vehicle-treated 2.76 = 0.62 9.4 x 2.24°
Sham-operated

CyA-treated 1.6 + 0.47 155 £ 1.77°
Pituitary-grafted,

vehicle-treated 15.83 =+ 251  21.25 x 2.87°
Pituitary-grafted,

CyA-treated 57 £1.29° 10.30 = 0.78°

Note. Values are given as mean = SEM (n = 10 animals per
group).

2 p < 0.05 vs sham-operated, vehicle-treated rats (Day 2).

® P < 0.05 vs sham-operated, vehicle-treated rats.

¢ P < 0.05 vs pituitary-grafted, vehicle-treated rats.
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Figure 1. Plasma LH levels in sham-operated and pituitary-
grafted female rats treated with CyA (5 mg/kg body wt/day) or
vehicle for 2 or 8 days beginning on the day of surgery. Values
are given as mean + SEM (n = 10 animals per group).

@ P < 0.05 vs sham-operated, vehicle-treated rats (Day 2).

* P < 0.05 vs sham-operated, vehicle-treated rats.

(P < 0.05 vs vehicle-treated rats). In sham-operated
rats, CyA administration decreased plasma FSH levels
both on Day 2 and 8 of treatment (P < 0.05) compared
with sham-operated rats treated with vehicle (Fig. 2).
LHRH content in the hypothalamus of pituitary-
grafted rats was similar to that found in sham-operated
rats at 2 days, and was decreased 8 days after the
grafting (P < 0.05). Cyclosporine treatment for 8 days
significantly decreased hypothalamic LHRH content
in rats bearing pituitary grafts (P < 0.05 vs vehicle
treated animals) and in sham-operated rats (P < 0.05
vs their respective vehicle-treated animals) (Fig. 3).
In sham-operated rats treated with vehicle, plasma
estradiol levels increased with age (P < 0.05). Plasma
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Figure 2. Plasma FSH levels in sham-operated and pituitary-
grafted female rats treated with CyA (5 mg/kg body wt/day) or
vehicle for 2 or 8 days beginning on the day of surgery. Values
are given as mean = SEM (n = 10 animals per group).

@ P < 0.05 vs sham-operated, vehicle-treated rats (Day 2).

* P < 0.05 vs sham-operated, vehicle-treated rats.

O P < 0.05 vs pituitary-grafted, vehicle-treated rats.
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Figure 3. Hypothalamic LHRH content in sham-operated and
pituitary-grafted female rats treated with CyA (5 mg/kg body wt/
day) or vehicle for 2 or 8 days beginning on the day of surgery.
Values are given as mean = SEM (n = 10 animals per group).
* P < 0.05 vs sham-operated, vehicle-treated rats.

O P < 0.05 vs pituitary-grafted, vehicle-treated rats.

day 8

estradiol levels did not change after pituitary grafting
at any point studied, compared with sham-operating.
The treatment with CyA to pituitary-grafted animals
only increased plasma estradiol levels on Day 8 of
treatment (P < 0.05) compared with rats of the same
group treated with vehicle. There was an increase in
plasma estradiol levels of sham-operated rats com-
pared with vehicle-treated rats (P < 0.05), after both 2
and 8 days of CyA treatment (Fig. 4).

The grafting of one pituitary gland under the kid-
ney capsule decreased ovarian estradiol content on
Day 8 after surgery in vehicle-treated animals com-
pared with sham-operated, vehicle-treated rats. Ad-
ministration of CyA significantly diminished estradiol
content in the ovaries of sham-operated rats on Day 2
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Figure 4. Plasma estradiol levels in sham-operated and pitu-
itary-grafted female rats treated with CyA (5 mg/kg body wt/day)
or vehicle for 2 or 8 days beginning on the day of surgery. Values
are given as mean + SEM (n = 10 animals per group).

@ P < 0.05 vs sham-operated, vehicle-treated rats (Day 2).

* P < 0.05 vs sham-operated, vehicle-treated rats.

O P < 0.05 vs pituitary-grafted, vehicle-treated rats.

and 8 of treatment, compared with vehicle-treated,
sham-operated animals (P < 0.05), but increased it on
Day 8 of treatment in pituitary-grafted rats (P < 0.05,
Fig. 5).

In vitro basal release of estradiol was undetectable
in ovaries from any group studied 2 days after the
surgery and/or the beginning of the treatment with
CyA (Fig. 6). When hCG was used to stimulate estra-
diol secretion by the ovaries, a similar estradiol release
was found in ovaries coming from sham-operated an-
imals treated either with vehicle or CyA, and from
pituitary-grafted animals treated with the drug. There
was also a marked increase in estradiol response to
hCG in pituitary-grafted rats treated with vehicle (P <
0.05) compared with any studied group (Fig. 6). In
vitro basal release of estradiol in ovaries coming from
animals of 38 days of age was detectable (Fig. 7). In
the ovaries from sham-operated animals treated with
CyA, the basal release of estradiol was increased (P <
0.05) when compared with that in vehicle treated ones.
Pituitary grafting did not change the basal release of
estradiol, and the CyA treatment increased it (P <
0.05). The stimulated estradiol release after hCG ad-
ministration was potentiated in ovaries coming from
both sham-operated and pituitary-grafted rats treated
with CyA (P < 0.05) compared with their respective
vehicle-treated groups. In both cases, the estradiol re-
sponse to hCG was similar in ovaries coming from
sham-operated and pituitary-grafted animals treated
with vehicle or CyA (Fig. 7).

Discussion

The foregoing results indicate that both pituitary
grafting and/or chronic CyA treatment, from Day 30 of
life on, were followed by inhibitory effects at the hy-
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Figure 5. Ovarian estradiol content in sham-operated and pitu-
itary-grafted female rats treated with CyA (5 mg/kg body wt/day)
or vehicle for 2 or 8 days beginning on the day of surgery. Values
are given as mean = SEM (n = 10 animals per group).
* P < 0.05 vs sham-operated, vehicle-treated rats.
O P < 0.05 vs pituitary-grafted, vehicle-treated rats.

400 PROLACTIN AND CYA EFFECTS ON OVARIAN FUNCTION



250
[0 Sham-op. Veh[] Pit-grafted Veh
E Sham-op. CyAEd Pit-grafted CyA

200

150 4

50 A

Media estradiol release (pmol/I1)

0

basal hCG

Figure 6. In vitro basal and hCG-stimulated estradiol release in
sham-operated and pituitary-grafted female rats treated with
CyA (6 mg/kg body wt/day) or vehicle for 2 days beginning on the
day of surgery. Values are given as mean + SEM (n = 10 animals
per group). (Estradiol concentration in the media from the basal
incubation was undetectable, <25 pg/liter).

* P < 0.05 vs sham-operated, vehicle-treated rats.

O P < 0.05 vs pituitary-grafted, vehicle-treated rats.
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Figure 7. In vitro basal and hCG-stimulated estradiol release in
sham-operated and pituitary-grafted female rats treated with
CyA (5 mg/kg body wt/day) or vehicle for 8 days beginning on the
day of surgery. Values are given as mean = SEM (n = 10 animals
per group).

* P < 0.05 vs sham-operated, vehicle-treated rats.

O P < 0.05 vs pituitary-grafted, vehicle-treated rats.

0

pothalamic-pituitary axis measured by a decrease of
the hypothalamic LHRH content, associated with de-
creased circulating levels of gonadotropins and in-
creased PRL levels. However, the increase in plasma
estradiol levels after CyA administration in both pitu-
itary-grafted and sham-operated animals, together
with an in vitro potentiation of estradiol secretion after
hCG stimulation, suggests a stimulatory role of the
drug at ovarian level. These data suggest that CyA
administration is followed by a dissociation of the cen-
tral and peripheral mechanisms that regulate the hy-
pothalamic-pituitary-ovarian function. In vitro data
suggest that CyA’s effects on the ovary are not medi-
ated by changes in PRL secretion during the chronic

exposure to the drug; whereas, at the hypothalamic-
hypophyseal axis, CyA’s effects might by mediated by
PRL changes.

In sham-operated animals, plasma LH, FSH,
PRL, and estradiol increased from Day 32 to 38 of life,
in agreement with previous reports in the literature
(17), indicating, along with the observation of vaginal
opening, that the rats used in this study were in the
pubertal phase. Consequently, the changes in various
parameters studied in this work after CyA treatment
are complicated by the rats being prepubertal initially,
but postpubertal on Day 8 of treatment. However,
comparisons were all made between groups at the
same stage of sexual maturation.

The changes in circulating gonadotropins shown in
sham-operated rats correlated with the increase in the
hypothalamic content of LHRH shown in this study.
The treatment with CyA reduced plasma LH and FSH
levels, and LHRH content in the hypothalamus, thus
providing evidence for an inhibitory effect of the drug
on the hypothalamic-pituitary axis as was suggested
previously in adult male rats (18, 12) and also in other
studies using higher doses of CyA (9).

Pituitary grafting was followed by the expected
increase in plasma PRL levels associated with de-
creased circulating values of LH as long as the implant
was present as in previous experiments from our (4,
19) and other (20, 21) laboratories. Surprisingly, in the
present study there was a reduction in plasma values
of FSH in animals of 38 days of age in disagreement
with previous data from our laboratory (4). This dis-
crepancy may be due to differences in the season in
which the experiments were done, as was described in
previous works from this laboratory (22). The effects
on gonadotropin secretion exerted by hyperprolactin-
emia can be explained taking into consideration the
effects of PRL on the hypothalamus decreasing the
LHRH content (23).

A direct effect of CyA on the ovary has to be
considered since both in vivo and in vitro release of
estradiol were modified by the treatment with the im-
munosuppressive drug in the sham-operated group.
Treatment with CyA increased plasma estradiol levels
and decreased the estradiol content of the ovary, sug-
gesting that CyA is increasing the release of estradiol
into the circulation or the culture medium in contrast
to the data reported in adult female rabbits (24) and for
testosterone in male rats (25). The discrepancies ob-
served might be due to the differences in the age of the
animals (pubertal in this study versus adults for female
rabbits). The increase in plasma estradiol levels might
be explained by the direct effects of CyA on the gran-
ulosa cells modifying the aromatase activity (26). Also
a potentiation of this effect could be exerted by adre-
nal-mediated effects of the drug (27).

The in vitro release of estradiol is increased in
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ovaries coming from sham-operated rats of 38 days of
life compared with those coming from 32 day old rats,
in agreement with the increase in the circulating levels
of the hormone, suggesting that an activation of the
gonad is taking place and leading to a normal cyclicity
pattern characteristic of adulthood (28, 29). The unde-
tectable basal in vitro release of estradiol in ovaries
from 32-day-old animals might be due to a quiescent
activity of the ovary at that age, in agreement with
previous data from literature (30). The stimulatory ef-
fect of pituitary grafting in vivo in 32-day-old rats on
the in vitro estradiol response to hCG might be due to
the existence of high plasma levels of PRL together
with normal values of gonadotropins (31). Also, that
PRL increases the number of LH receptors on rat
luteal cells has been described (32). However, in 38-
day-old animals hyperprolactinemia is associated with
low values of gonadotropins, so that the potentiating
effects of PRL on in vitro hCG response is not effec-
tive (31). Hence, the stimulatory effect of CyA on in
vitro hCG estradiol responses might be due to a direct
effect of the drug on the ovary, as was suggested
earlier (26).

This work has been supported by Sandoz Pharma S.A. Grant
1369, (through the Fundacién Universidad Empresa), Barcelona,
Spain and by the Universidad Complutense (Multidisciplinar),
Madrid, Spain. We are also indebted to the National Institutes of
Health for the gift of the Kits to measure plasma levels of PRL, LH,
and FSH. The technical assistance of Mrs. Lucila Krauss is grate-
fully acknowledged.

1. Everett JW. Luteotropic function of autografts of the rat hy-
pophysis. Endocrinology 54:685-690, 1954.

2. Adler RA. The anterior pituitary-grafted rat: A valid model of
chronic hyperprolactinemia. Endocr Rev 7:302-313, 1986.

3. Bartke A, Shrenker P. Effects of naturally occurring and exper-
imentally induced hyperprolactinemia on male hypothalamic,
pituitary and gonadal function. Crit Rev Anat Sci 1:37-62, 1987.

4. Tresguerres JAF, Esquifino Al. Posibles mecanismos de inte-
raccion entre prolactina y gonadotropinas en un modelo de hi-
perprolactinemia experimental. Acta Physiol Latinoam 33:257-
274, 1983.

5. Esquifino Al, Tresguerres JAF. Efecto de la eliminacién del
trasplante productor de hiperprolactinemia en la rata hembra.
XX Reunién Nacional de la Sociedad Espaiiola de Endocrino-
logia, Palma de Mallorca, Spain, 1981.

6. Esquifino Al, Tresguerres JAF. Effects of estradiol benzoate on
prolactin and luteinizing hormone in adult hyperprolactinemic
male and female rats. Pharmatherapeutica 2:108-110, 1980.

7. Ingulli E, Gonzdlez R, Rajport D, Pomratz A, Sumrai N, Hong
J, Butt KNH, Tejani A. Long-term outcome of one haploiden-
tical live related donor transplantation in children. Child Neph-
rol Urol 9:312-318, 1988-1989.

8. Seethalakshmi L, Flores C, Carboni AA, Bala R, Diamond DA,
Menon M. Cyclosporine: Its effects on testicular function and
fertility in the prepubertal rat. J Androl 11:17-24, 1990.

9. Sikka SC, Bhasin S, Coy DC, Koyle MA, Swerdloff RS, Rajfer
J. Effects of cyclosporine on the hypothalamic-pituitary-

gonadal axis in the male rat; Mechanism of action. Endocrinol-
ogy 123:1069-1074, 1988.

10. Ramirez G, Navarte J, Bittle PA, Ayers-Chastain C, Dean SE.
Cyclosporine-induced alterations in the hypothalamic hypophy-
seal gonadal axis transplant patients. Nephron $8:27-32, 1991.

11. Russell DH, Kibler R, Matrisian L, Larson DF, Paulos B, Ma-
gin BE. Prolactin receptors on human T and B lymphocytes.
Antagonism of prolactin binding by cyclosporine. J Immunol
134:3027-3031, 1985.

12. Villanda MA, Steger RW, Szary A, Esquifino Al, Bartke A.
Cyclosporine treatment hyperprolactinemic male rats. II: Ef-
fects at hypothalamic level. Prog Neuroendocrimmunol 5:52—
61, 1992.

13. Moreno ML. Interrelaciones entre los sistemas neuroendocrino
€ immunitario en un modelo experimental de hiperprolactinemia
en la rata hembra joven. Doctoral thesis, Universidad Com-
plutense de Madrid, Madrid, Spain, 1993.

14. Tresguerres JAF, Esquifino Al. Dissociation in the regulation of
luteinizing hormone and follicle stimulating hormone in hyper-
prolactinemic rat model: Interrelationships between gonadotro-
pin and prolactin control. J Endocrinol 90:41-51, 1981.

15. Tresguerres JAF, Esquifino Al, Pérez-Méndez ML, Lépez-
Calderén A. Possible role of prolactin in the inhibitory effect of
estradiol on the hypothalamic-pituitary-testicular axis in the rat.
Endocrinology 108:83-87, 1981.

16. Alvarez-Sanz C. Alteraciones en el eje reproductor inducidas
por la administracién crénica de agonistas del GnRH. Doctoral
thesis, Universidad Complutense de Madrid, Madrid, Spain,
1989.

17. Ojeda SR, Urbanski HF, Ahmed C. The onset of female pu-
berty: Studies in the rat. Rec Prog Horm Res 42:385-442, 1986.

18. Villania MA, Esquifino Al, Steger RW, Bartke A. Effects of
treatment of normal and hyperprolactinemic rats with cyclo-
sporine in vivo on the release of gonadotropins and prolactin
from their pituitaries in vitro. Life Sci 50:2037-2043, 1992.

19. Esquifino AI, Ramos JA, Tresguerres JAF. Possible role of do-
pamine in changes in LH and prolactin concentrations after ex-
perimentally induced hyperprolactinemia in rats. J Endocrinol
100:141-148, 1984.

20. Del Pozo E, Schulz KD, Wyssh H, Lancranjan IR, Braun P.
Effect of prolactin on mechanisms of ovulation and pregnancy:
Some recent findings. In: Robyn C, Horta M, Eds. Progress in
Prolactin Physiology and Pathology. Amsterdam: Elsevier,
pp281-282, 1977.

21. Vdzquez JM, Nozian SJ, Mahesh VD. Pituitary sensitivity to
LHRH in hyperprolactinemia induced by perphenazide and re-
nal pituitary transplants in female rats. Biol Reprod 22:486-492,
1980.

22. Villanda MA, Tresguerres JAF, Esquifino AI. Changes in
plasma prolactin and gonadotropin levels over 24 h in normal
and pituitary-grafted male and female rats. Endocrinologia
34:153-156, 1987.

23. Koike K, Aono T, Miyake A, Tasaka K, Chatani F, Kurachi K.
Effect of pituitary transplants on the LHRH concentrations in
the medial basal hypothalamus and hypophyseal blood. Brain
Res 301:253-258, 1984.

24. Al-Chalabi HA. Effect of cyclosporin A on the morphology and
function of the ovary and fertility in the rabbit. Int J Fertil
29:218-223, 1984.

25. Seethalakshmi L, Flores C, Malhotra RK, Pallias JD, Tharakan
D, Khauli RB, Menon M. The mechanism of cyclosporine’s
action in the inhibition of testosterone biosynthesis by rat Ley-
dig cells in vitro. Transplantation 53:190-195, 1992.

26. Gore-Langton RE. Cyclosporine differentially affects estrogen
and progestin synthesis by rat granulosa cells in vitro. Mol Cell
Endocrinol 57:187-198, 1988.

27. Rebuffat P, Kasprzak A, Andreis PG, Mazzocchi G, Gottardo

402 PROLACTIN AND CyA EFFECTS ON OVARIAN FUNCTION



28.

29.

30.

G, Coi A, Nussdorfer GG. Effects of prolonged cyclosporine-A
treatment on the morphology and function of rat adrenal cortex.
Endocrinology 125:1407-1413, 1989.

Tresguerres JAF, Esquifino Al, Lépez-Calderén A. Effects of
estradiol benzoate and castration on LH in experimental hyper-
prolactinemia. J Steroid Biochem 19:447-453, 1983.

Villania MA, Agrasal C, Esquifino AIl. Neonatal melatonin ad-
ministration advances rat vaginal opening and disrupts estrous
cyclicity and estrogen-dependent regulatory mechanisms of
luteinizing hormone and prolactin. J Pineal Res 7:165-174, 1989.
Advis JP, Richards JS, Ojeda SR. Hyperprolactinemia-induced

PROLACTIN AND CvyA EFFECTS ON OVARIAN FUNCTION

3L

32.

precocious puberty: Studies on the mechanism(s) by which pro-
lactin enhances ovarian progesterone responsiveness to gonad-
otropins in prepubertal rats. Endocrinology 108:1333-1342,
1981.

Advis JP, Aguado LL, Ojeda SR. Hyperprolactinemia enhances
ovarian estrogen responsiveness to gonadotropins in prepuber-
tal rats: Antagonistic effect of adrenalectomy. Biol Reprod
29:181-194, 1983.

Holt JA, Richards JS, Midgley AR, Reichert LER. Effect of
prolactin on LH receptor in rat luteal cells. Endocrinology
98:1005-1013, 1976.

403



