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ABSTRACT

Intravenous injection of 40 IU PMS on
Days 1-3 after mating did not affect tibal
transport of ova in the mouse,<+but resulted

in the early entry of ova from the tu_bé into .

the uterus in the rabbit. When 200 TU HCG
was given on Days 1-3, tubal transport of ova
was markedly accelerated in either thé mouse
or rabbit. .Early cleavage of ova and develop-
ment of ova to the morula or blastocyst stage
was not affected following the administration

of gonadotropins on early days of pregnancy.

The treatment of 40 IU PMS on Days 1-3,
slightly inhibited implantation in both mice
and rabbits, but induced severe fetal morfality
in both the mouse and rabbit as seen in
animals laparatomized on Day 18.. When
variable doses of PMS from 5 to 40 1U were
administered on Days 4-6, the number of

! implantatioﬁ sites was slightly reduced in

both the mouse and the rabbit, nevertheless
live embryos were reduced to between 662
and 392 in the mouse and to between 76%
and 0% in the rabbit, respectively of control
values. Administration of 800 IU HCG on
Days 1-3 had no apparent effect on ovo-
implantation but reduced the number of live
embryos to 13% of the control value in the
mouse. The same treatment in the rabbit
had a comparatively mild effect on pre-and
post-implantation losses in the rabbit. When
variable doses of HCG from 200 to 800 U
were given on Days 4-6, implantation was

not markedly affected in either mice or rabbits,
but the number of live embryos were reduced
to betweén 429, and 192 in the mouse and
to between 8922 and 532 in the rabbit, respe-
ctively, of the control values. Supplemental
tre:itment with progesterone in the rabbit
did not reduce the adverse effect on pregnancy‘
in the PMS-treated females, but was beneficial
in the rabbit ovariectomized at the time of
blastocyst formation. It thus seems likely
that antifertility effects of PMS may have
been due to abnormal steroid production in
the ovary.

INTRODUCTION

A high degree of embryonic mortality
has been showq to occur in the pregnant
rat®®, mouse®9, rabbit¢-" and sheep("")
after superovulation which was brought about
by the single injection of pregnant mare’s
serum (PMS) or pituitary follicular stimulat-
ing hormone, or with the addition of human
chorionic. gonadotropin (HCG) to each of the
above. This can be attributed in part to the
overcrowding of the embryos in the uterus®.1
since -n6 dnherent inability of development
was observed in the superovulated eggs of
rabbit®® or of mouse®®, Following the ad-
minisi:ration of gonadotropic hormones after
ovylation or implantation in the normally
mated rat and hamster, tubal transport or
implantation phase of fertilized eggs were
also severely affected®, This antifertility
effect was chiefly induced by the abnormal
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1 ~ function of the ovaries by the stimulation of

gonadotropins, for the high embryonic
mortality was significantly reduced in 'thosg

animals following the ovariectomy with sub-

paper reports the further study of gonadotropic

~ ‘effects on the normal pregnancy of mice and

rabbits, when PMS or HCG was administered
at various days after mating to examine the

4 proportion of embryos implanted, - and the

3 embryonic mortality after implantation.

MATERIALS AND METHODS

Albino mice of NIH-strain from NAMRU-2

- (U.S. Naval Medical Research Unit No. 2 at
" Taipei, Republic of China) weighing 30 to 50
. grams were housed 5 per cage and were kept
1 m an air-conditioned room between 23 and
" 25°C under constant 12-hr artificial light
- (0500-1700).
the basis of their vaginal smear, were caged

Proestrous females, selected on

ith fertile males in the early morning. The
' presence of sperms in the vagina was verified
tim same evening about 2 hours after maiing
i’tnd the vaginal plug was examined on the
following morning which was desighated as
lgi' 1 of pregnancy. New Zealand white
Tabbits weighing from 2 to 3 Kg were pur-
thased from local breeders. Following isola-
t on of the purchased ani'm-als for 3 weeks in
their cages, each females was usually mated

‘the late afternoon with three different

" tlile niales, once with each animals, The

Ollowing day was also designated as Day 1

f Pregnancy.

. Various doses of PMS or HCG were in-
ted intravenously in 0.1 ml normal saline
tion in the mouse and in 0.2 ml normal
ine solution in the rabbit on different days

mating, Daily doses of 40 IU PMS or
I IU HCG were given to mice or rabbits
‘ Y0 on Days 1, 2 and 3 of pregnancy. The
mals were examined for tubal transport
,Cleavage of eggs at different intervals
1D§Y 2 to Day 4 in the mouse and from

42 to 96 hours after the treatment in the

rabbit.

for implantation of eggs and embryonic de-.

Some animals were . also examined

velopment on Day 18. Various doses of PMS. -
from 5 to 40 IU, or of HCG from 200 to 800
IU were also given to mice and rabbits on .,
Days 4, 5 and 6 after the ehtry of blastocysts
into the uterine cavity. These animals were
killec_l ‘on Day 18 for vexaminati‘on of implanta-
tion sites and live embryos.

In an attempt to clarify the effect of in-
jected  gonadotropins on pregnancy, mated
rabbits were ovariectomized on Day 4 between )

1700 and 1800 hour. Some of these animals

were injected subcutaneously daily with 8 mg
progesterone (in 0.4 ml sesame 0il), while
others were injected with ;10 IU PMS for 3
days in addition to “the progesterone. The
same doses of PMS and progesterone were
administered to a group of intact pregnant
rabbits as another control. Animals were
laparatomized on Day 18 for examination of
implantation sites and live embryos. Fetal
mortality was calculated on the percentage
of implantation sites which failed to give

rise to live embryos.

RESULTS

1. Trinsport and Development of Ova

The results are presented in Table 1 for
mice, and Table 2 for rabbits. In the mouse
and rabbit, the development of ova following
treatment with 40 IU PMS or 200 IU HCG on
Days 1, 2 and 3 was similar to that obtained
in the controls. Tubal transport of eggs in
the mouse was not apparently changed follow-
ing the treatment with PMS, byt markedly
accelerated to a day earlier than the control
by administration of HCG. In the rabbit,
however, the tubal transport of eggs was

more effectively accelerated to about 30 hours

-earlier ‘than the control by administration of

either PMS or HCG. Induction of ovulation

by such treatments was obvious because newly

ovulated ova surrounded by follicular cells
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were found near to the proximal portion of
Fallopian tubes on Day 2. As the primary

ovuiated eggs had already been cleaved and

‘situated near to the distal end of Fallopian

‘tubes or uterine horns on Day 2-4, it was

not difficult to identify the primary ovulated

eggs from the secondarily ovulated ones.

2. Implantation and Embryonic Develop-

ment

In the mouse, following daily treatment
with 40 TU PMS on Days 1, 2 and 3, the
number of implantations and live fetuses
were markedly reduced to 60.62 and 13.3%,
respectively as compared with' the control.
Following daily treatment with PMS on Days
4, 5 and 6 in the mouse, the average number
of implantation sites was not significantly
reduced in a series of tests with administra-
tion of different doses of PMS around the
time of implantation. Nevertheless, following
such treatment a proportional decrease in the
live embryos was obtained in response to
In the rabbit,

although a very few implantation sites were

increasing dosages (Table 3).

‘seen, no living fetuses were observed follow-

ing PMS treatment on Days 1,2 and 3. After
administration of PMS on Days 4, 5 and 6 in
the rabbit, a more severe effect on fetal

mortality was seen in the rabbit than in the

moiise. Following such treatment, a propor-
tional decrease in the live embryos was also
seen in response to increasing dosages (Table
4). In the controls, no significant increase in
embryonic mortality was found following
daily treatment with normal saline solution
on Days 1, 2 and 3, or on Days 4, 5 and 6 in
mice and rabbits (Tables 3 and 4).
Implantation was not inhibited but a clear
ncrease in embryonic mortality was obtained
following treatment with 800 IU HCG on Days
1, 2 and 3 in both mice and rabbits. Similarly,
following daily administration of HCG on
Days 4, 5 and 6 in a series of tests, implant-
ation was not inhibited, but embryonic mor-

tality increased in response to the increased

~ dose of HCG. No significant effect were seen

in saline-injected controls (Tables 5 and 6).

3. Fetal Development in the Ovariectomized

Animals .

‘Since the inhibitory effect of PMS on fetal
development in the intact mouse was rather
weak in comparison with that in the intact
rabbit.
the rabbit.

_ministration of 8 mg progesterone from Day

This experiment was performed in
In the rabbit, the additional ad-

4 to 17 did not prevent complete fetal mor-
tality induced by PMS
Nevertheless, following ovariectomy on Day

treatment alone.

Table 3. Effect of intravenous injection of PMS in mated mice (examined on Day 18)

D D £ Mot Sucr Implantation | yio. o ¢ ~ Fetal
IU/m 0?1532 /day in?g:zstign i .Having Having sites i Y etujesl moitality

ated | implant. | living |mean=£SE ( 25)| mean+SE (%) (26)

sites | fetuses

40.0 1-2-3 10 8 2 6.0::7.4 (60.6) | 1,2£2.6 (13.3) 80.0

5.0 4-5-6 8 3 6 | 80422 (816) | 43+27 (544) | 490

10.0 4-5-6 10 8 6 7817 (79.6) | 5.2+4.1 (65.8) 333,

.20.0 4-5-6 10 8 6 7.04+25 (71.4) | 3.0+3.3 (38.0) 57.1

40.0 4-5-6 8 7 6 8.8+2.1 (89.8) | 3.1£6.1 (39.2) 67.9

Control, Saline
0.2 ml 1 1-2-3 8 8 8 99413 (100) | 9.0£1.8 (100) 8.9
0.2 ml ‘, 4-5-6 10 10 10 9.841.7 (100) | 7.942.2 (100) 19.4

1) The percentage of implantation sites or live fetuses com

pared with controls.

2) Calculated as the percentage of implantation sites which fail to give rise to live fetuses.
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° Table 4. Effect of intravenous injection of PMS in mated rabbits (examined on Day 18)

Dose -
IU/rabbit/day

No. of rabbits

Days of
injection

Mated

Having
implant.
sites

Having
living
fetuses

" | Implantation

sites

meanzSE (%)*

Living fetuses

mean+SE (%)}

Fetal
mortality

(%)

400
e )
'10.9 g
200
| 40.0
- Control, ‘Saline
1.0 ml
1.0 ml

123
45-6
4-5-6
4-5-6
4-5-6

1-2-3
4-5-6

7
6
)

5
i -
o
0

7
6

6.7+2.2 (859)
7.0£17 (97.2)
6.9+1.2 (95.8)
'6.3+£3.1 (87.5)
52433 (72.2)

7.8+1.1 (100)

7.2£1.5 (100)

0
47431 (7538)
1.6+£2.1 (25.8)
0.240.4 ( 32)
0

7.0+1.3 (100)
6.2+2.1 (100)

100 -
329

768
96.7

100

1) The percentage of implantation sites or live fetuses compared with controls.
2) Calculated a8 the percentage of implantation sites which fail to give rise to live fetuses.

Table 5. Effect of intravenous injection of HCG in mated mice (examined on Day 18)

Dose -
1U/mouse/day

No. of mice

Days of
injection Mated

Having
implant.
sites

Having
living
fetuses

Implantation
sites
mean=+SE (%)}

Living fetuses

mean+SE (%)!

Fetal
mortality

(26)*

800
200
400
800
Control, Saline
0.2 ml
0.2 ml

10

7
10
10

1-2-3
4-5-6
- 4-5-6
4-5-6

1-2-3
4-5-6

8
10

6
4
10
6

8
10

8
10

B.4+14 (54.5)
8.6+2.9 (87.8)
8.4£29 (85.7)
7.5+1.4 (765)

9.941.3 (100)

9.8+1.7 (100)

12422 (133)
33427 (41.8)
2.242.9 (27.8)
1.542.0 (19.0)

9.0+1.8 (100)
7.9+2.2 (100)

77.8
61.6
73.8
80.0

8.9
19.4

1) The percentage of implantation sites or live fetuses compared with controls.
2) Calculated as the percentage of implantation sites which fail to give rise to live fetuses.

Table 6. Effect of intravenous injection of HCG in mated rabbits (examined on Day 18)

" Dose
E IU/rabbit/day

No. of rabbits

Implantation

Days of
injection

Mated.

.Having
.implant.
sites

Having
living
" fetuses

sites
mean+SE (%)}

Living fetuses

mean+SE (%)}

Fetal
mortality

(2)*

=

200
200
400
800
Control, Saline
. 10ml
1.0ml

1-2-3
4-5-6
4-5-6.
4-5-6

1-2-3
4-5-6

7
7

4
7
5
5

7
.6

6.842.8 (87.2)
7.441.7(102.8)
7.0+19 (97.2)
7.0+3.1 (97.2)

7.8+1.1 (100)
7.2£1.5 (100)

3.043.5 (42.9)
5.543.6 (88.7)
5.143.0 (82.3)
3.3+3.8 (33.2)

7.0£1.3 (100)
6.242.1 (100)

55.9
25.7
271 .
52.9

10.3
13.9

1) The percentage of implantation sites or live fetuses compared with controls.
- 2) Caleulated as the percentage of implantation sites which fail to give rise to live fetuses.
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B 4 and substitutional treatment with proges-

. terone, about 4224 of implanted eggs developed
~ int® live embryos under the influence of PMS
~  ‘treatment (Table 7).

DISCUSSION

By administration of PMS and HCG before
mating for superovulation, an accelerated
~ tubal transport of ova was observed in the
_cowd and sheep®, but the passage of ova
4 through the tube was delayed in the rat(®,
3 By administration of PMS or HCG after

normal mating and ovulation in the previous
i study@®), the passage of ova into the uterus
was more accelerated in the rat'(10~48 hr)
; tilan in the hamster (2-4 hr). Similar treat-
L; ‘ment in the present study, however, increased
the tubal transport of eggs more rapidly in
. the rabbit (24-30 hr) than in the mouse (0-
24 hr). Estrogen, progesterone and testos-
téerone are all well known to be intimately

~ associated with the mechanism of ova trans.

.~ port, but variable effects are seen in different
. species and at different dose levels(19—23),
- There is no direct evidence in the present
li:udy to ascertain an imbalance of estrogen
"and progesterone as a result of PMS or HCG
‘administration. It has been observed on
_ veral occasions that, following garly entry
of tubal ova into the uterus either by hor-
onal treatments®9, or by mechanical means
ch as transfer of ova®:2®), the development
i. young ova in the uterine environment is
‘hi.b,ited in the mouse, rabbit and rat. In
Present experiment, however, the slightly
ccelerated tubal transport of both PMS and
in the rabbit does not affect the develop-
at of ova into early blastocysts.

- It has been observed that by administra-
M of PMS and HCG before ovulation,
Perovulated ova of rats, rabbits and mice
ved and developed rather normally in the
tal tract and most of the subsequent
yonic loss occurred during the pre-and

particularly the post-implantation stages(!.2.6.
%1415 Similar effects to embryonic mortality
were also seen by administration of PMS or
HCG on Days 1, 2 and 3 of normal pregnancy
in the rat and hamster in the previous
sih:udy(m and also in the mouse and rabbit in
the present experimeht. By treatment of
gbnadotropins at fhe time of implantation, la
much greater incidence of pcst-implantation
embryonic mortality was noted. Since )’the
development of eggs in the tube and utferu_s
was rarely affected, most of the diﬁicv]ﬂ/ty in
the embryonic development occurred/at the
post-implantation stage, it is very likely that
the endometrial _disorder induced by the
irhbalance of hormones must have been res-
ponsible for the high embryonic mortality.
In the present study, daily administration
of progesterone to the PMS-treated rabbits
also failed to maintain pregnancy at a normal
level. After ovariectomy, however, the ad-

verse effect of PMS on embryonic development
was significantly reduced in the rabbit. It

seems reasonable to suppose that the high
the PMS-treated

pregnant animals cannot be explained as

embryonic mortality in

being due to a deficiency of the luteal hor-
mone, for supplemental daily treatment of
progesterone was also ineffective in maintain-
ing pregnancy. It is suggested that the high
the PMS-treated

animals may have been due to some distur-

embryonic mortality in

bance of steroidal secretion from the ovary
following stimulation by PMS, because re-
moval of the ovaries and substitutional
therapy with progesterone were effective in
reducing the high rate of embryonic mor-
tality. Although pregnancy can be interrupted
by exogenous estrogens®'—2%:27-29)  whether
or not the antifertility effect of PMS or HCG
is due to an increase of estrogen in response
to gonadotropic stimulation is still to be de-
termined.
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