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pituitary gland from male or immature female
INTRODUCTION rats without any additional treatment with
human chorionic gonadotrophin (HCG) (Same-

Superovulation can be induced successfully ‘shima et al., 1982). Transplantation of a pitui-
in immature rats not only by treatment with tary gland from the orchidectomized male rat
pregnant mare’s serum gonadotrophin (PMSG) under the kidney capsule of immature female
alone (Zarrow and Quinn, 1963; De La Lastra, rat resulted in superovulation 3 days after gr-
Forcelledo and Serrano, 1972 ; Kostyk et al., afting.

1978; Miller and Armstrong, 1981a; Yun and Meanwhile, excessive dose of exogenous
Kwun, 1984) but also by transplantation of a gonadotrophins to induce”superovulation may



be associated with the reduced fertility resul-

ting from excessive follicular stimulation, wh-
ich may cause loss of early embryos. It is as-
sumed that the reason for the loss of early
embryos and one cell-unfertilized ova probably
caused by the early ovulation and the hyper-
secretion of estrogen around pre- and post-fer-
tilization (Miller and Armstrong, 1982; Evans
and Armstrong, 1984). The abnormal develo-
pment and degeneration of early embryos in
the superovulated rats treated with PMSG are
also resulted from the abnormal ovarian hor-
mone levels, especially the hypersecretion of
estrogen after the time of fertilization (Miller
and Armstrong, 1982). But there appears to
be no reports until the present time indica-
ting the changes of plasma progesterone and
estradiol-17 8 levels in the superovulated rats
by transplantation of a pituitary gland.
Therefore the present study was undertaken
to determine the plasma levels of progester-
one and estradiol-17  in immature female ra-

ts transplanted a pituitary gland into the su-

beapsular region of the kidney.

MATERIALS and METHODS
1. Animals

Sprague-Dawley rats, 28~30 days of age,
were housed 3 or 4 per cage at room temper-
ature (20~24°C) and 12 hrs light cycle, and
were fed on a pellet diet (Samyang Co.) and
tap water ad libitum.

2. Induction of Superovulation

A pituitary gland removed from male rats
15 days after orchidectomy (at 45 days of age)
was immediately transplanted into the subcap-
sular area of the right kidney of 28-day-old
female rats. This day of the experiment was
.designated as Day -2. To induce normal ovu-
lation and gestation 4 IU PMSG(Intervet) was
administered subcutaneously to the control rats
at 1000 h on Day -2(Miller and Armstrong, 19

1981a, 1981b).

Vaginal smears were taken daily after vag-
inal opening and examined microscopically
(AO, 100 X magnification) between 1500 and
1600 h on Day O. The animals with opened
vagina and at proestrus cycle were caged with
fertile proven Sprague-Dawley males (3males
and 3 females per breeding cage)at 1730 h of
Day 0.

3. Replacement therapy and Ovarian Hor-
mone Levels

At the following morning (Day 1) females
were scored for the occurrence of mating be-
tween 0800 and 0900 h. A positive score de-
noted the presence of a copulatory pluginthe
vagina and/or spermatozoa in vaginal smears.
Mated rats were allotted at random to groups
to be sacrificed on Days 1, 2, 3, 5 and 8.

The mated rats were ovariectomized bila-
terally to prevent the hypersecretion of estro-
gen under ether anesthesia between 1500 and
1700 h on Day 1. Thereafter, to maintain the
pregnancy and to induce the nidation they

»

were given 2 mg progesterone (Sigmat dissol

ved 1in 0.1 ml of sesame ol (Sigma)  subwuta
neowly from the ovanectomized day 1o the
previous day of sacrifice. kEstradiol-17 8 (Sig:
ma) was administered as follow: 100ng/kg body
wt. on Days 2,6 and 7 and 200 ng/kg body
wt. in 0.1 ml of sesame oil subcutaneously on
Days 3, 4 and 5, respectively. The ovariecto-
mized rats were sacrificed between 1700 and
1800 h on Day 8 and the occurrences of im-
plantation were examined. Blood samples were
collected from a jugular vein using heparini-
zed syringes under ether anesthesia between
2200 and 2300 h on Day-2 and between 1500
and 1600 h on Days-1, 0, 1, 2, 3 and 5. Foll-
owing each blood sampling, plasma was se-
perated by centrifugation at 3000 rpm for 30
mintues at 4°C and stored at -20°C until the

assay of ovarian hormones.



Table 1. Effects of progesterone and estradiol-17 § on implantation in immature rats transplanted a pitui

tary gland and then ovariectomized on Day 1*

Treatment No. of rats No. of IM sites(mean +SEM)

No. of 1
o- of IM occurrence 1 el No. of IM sites

BB CR
PGT 24 32107 65 11 76
41U PMSG 21 1.44+05% 26 3 29

% : Observed on Day 8 after sacrifice.

BB ; Blue bands, CR ! Constriction rings, IM : Implantation.
PGT : Pituitary gland transplantation, a; P <0001, The same superscripts mean significant difference

from each other,
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Fig. 1. Changes of plasma progesterone levels
in immature rats transplanted a pituitary gland
and administered 4 IU PMSG. No. in parenthe-
siv: No. of rats, PGT: pituitary gland transplan
tation

4. Radioimmunossay of Progesterone and
Estradiol-173

The plasma progesterone and estradiol-17 8
levels were measured using progesterone-'*1
{(Immuchem corp.) and estradiol-'*[.178 kits
(Radioassay System Laboratories), respectively.
The detectable sensitivites of progesterone and
estradiol-17 g assayed in these kits were 0.15.
ag/ml and 10 pg/ml, respectively.

The data of the experiments were analyzed
by student’s t-test and the one-way analysis of

variance.
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Fig. 2. Changes of plasma estradiol-178 levels
in immature rats transplanted a pituitary gland
and administered 4 1U PMSG. Levels below 10 pg
/ml were undetectable and presented a blank cir-
cles. No. in parenthesis: No. of rats, PGT: pitui-
tary gland transplantation.

RESULTS
1. Implantation '

The number of implantation sites (3.240.7)
in the rats transplanted a pituitary gland and
maintained pregnancy by the ovarian steroid
hormone replacement therapy was signific-
antly higher than those(1.4£0.5) of the rats
administered 4 IU PMSG and maintained pre-
gnancy by the ovarian steroid hormone repla-
cement therapy as shown in Table 1.



2. Changes of Plasma Progesterone
Estradiol-178 Level

and

At 12 hrs after the transplantation, the mean
plasma progesterone levels was 17 ng/ml, and
then it was increased to about ten fold on Day
5 (151 ng/ml) as compared with the initial le-
vel. Whereas in the control rats the mean pr-
ogesterone levels, which were 30 ng/ml initi-
ally, increased until Day 0 and then declined
to 23 ng/ml on Day 1, but the values conti-
nued to rise again after Day 1 and reached to
86 ng/ml on Day 5. The difference in two
groups was highly mgnificant (P<0001) at
each day (Fig . 1).

As showen in Fig. 2, the mean plasma est-
radiol-17 8 levels in the control rats were 192

pg/ml at 12 hrs after injection of ¢ IU PMSG.

These levels increased to 310 pg/m! with a
peak at 54 hrs, and then declined 10 53 pg/
mi by Day 2. In the superovulated mats the
estradiol-17 8 levels keep high from Day -2 to
1, with a peak level of 6831134 pg/ml on
Day 0. But from Day | on ward the levels fell
drastically to those of control rats fi.e. 53 pg/
mi) on Day 2. There were highly aignificant
differences (P <0.001) in the plasna estradiol-
17 B levels between two groups on Days 0
and 1. The changes of the estradiol-17 § fevels
between Days —2 and 2 were similar in both
of the superovulated and control rats, The
mean levels of plasma estradiol-17 8 in the co-
ntrol rats were not detectable on Day 3 but
on. Day § the levels rose again to 186 pg/ml.
The mean plasma levels of estradiol-178 bet-
ween Days 2 and 3 remained low (30~53 PE
/ml} in the superovulated rats and there after
the levels were not detectable on Day 5.

DISCUSSION
Miller and Armstrong (1981b) demonstrated

that there were large number of follicles in
40 TU PMSG-treated rats between Days 0 and

2 and the number declined thereafter. They
suggested that the principal souce of estradiol
was the large, nonluteinized follicles and that
of progesterone was the corpora lutea and lu-
teinizing follicles. Estradiol was detrimental to
early stage of embryo between Days 0 and 2.

The plasma levels of estradiol-178 were al-
ready very high between Days-2 and 1, espec-
“the
superovulated rats. It is suggested that the pe-

cially with a peak level at proestrus in

rsistent high plasma estradiol-17 B levels dur-
ing this interval was influenced from early la-
rge follicles stimulated excessively by plasma
FSH secreted {rom the grafted pituitary gland.
It was reported that the serum estradiol levels
in immature rats receiving 40 IU PMSG had
two peaks first peak on Day 0 and se-
cond peak on Day 2 and remained elevated
states until Day 3(Miller and Armstrong, 1981
a; Walton and Armstrong, 1981). But in this
study the plasma estradiol-17 § levels remained
very high until Day 1, declined markedly the-
reafter and sustained low through the next 3
days. This indicates that the high plasma FSH
of recipient released from the grafted pituitary
gland 15 sufficient to stimulate the excessive
production of large follicles and then to in-
duce the hypersecretion of estrogen. even th-
ough for a short time (for 3 davs), and that
the half life of circulating FSH is shorter than
that of PMSG. Niswender et al.(1774) estima-
ted that the half life of circulatory FSH was
2 hours. Whereas Sasamoto (1962) showed that
the half life of circulatory PMSG was 6 hours
in the mice.

The‘plasma progesterone levels in the rats
transplanted a pituitary gland were considera-
bly higher than those in controls between
Days 2 and 5. However, it is not clear what
causes the high plasma progesterone levels in
the superovulated rats (Zarrow and Gollo,1969;
Bennet et al., 1980).

The regimen of progesterone and estrone
given to the ovariectomized rat between Days



2 and 7 to maintain the gestation permitted a
high pregnancy rate in the ovariectomized rats
(Armstrong and King, 1971; Kennedy, 1980} and
mice (Fiser and Macpherson, 1982) and induced
as high implantation rate as the normal rats.
In this investigation, the superovulated rats
ovariectomized on Day 1 and then administe-
red progesterone and estradiol-178 to prevent
the hypersecretion of estrogen and the dege-
neration of embryos did not show an effective
implantation rate on Day 8. But in the super-
ovulated rats on Day 1, it was relatively diffi-
cult to remove the large ovaries without han-
dling the oviducts. Therefore it can not be
excluded the possibility that the loss of ova
from the fimbria of oviducts in the superovu-
lated rats is due to the surgical interference
at ovariectomy. The loss of ova was at least
as great as the mean loss of 429 in the co-
ntrol rats receiving 4 IU PMSG (Miller and
Armstrong, 1982).

From this study, it was appeared in the su-
perovulated rats that the high levels of plas-
ma estradiol-178 secreted by the ovaries from
Day —2 to Day 1 of pregnancy had a criti-
cal role in the mamntenance of early  pregn-
ancy
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