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Summary. Clomiphene causes failure in implantation of blastocysts
when administered to rats before implantation. This may be due either
to a direct blastotoxic effect of the chemical or to elimination of blasto-
cysts from the uterus. Further studies were made to elucidate the anti-
implantation effect of the chemical. Clomiphene (0\m=.\3mg/kg/day) was
administered orally to rats on Day 9, Days 9 and 10, or Days 9, 10 and 11
after mating during experimentally induced delayed implantation. Uter-
ine horns were flushed 24 hr after the last treatment. While 100% of the
rats showed an average of four blastocysts/rat in initial controls, there
was a marked reduction in the percentage (37\m=.\5)of rats showing blasto-
cysts and in the number of blastocysts recovered from uteri of treated
rats, depending on the dose and the time interval allowed for action of
the compound. Ligation of uterine horns at the cervical end before
treatment resulted in recovery of normal numbers of blastocysts in 75%
of rats. These results indicate that blastocysts are expelled from non-

ligated uteri. Initiation of oestrogen treatment (1 \g=m\g/day)6, 24 and 48
hr after first administration of clomiphene failed to cause implantation
of blastocysts in ligated uteri. However, normal numbers of implantation
sites were seen in the ligated horns of controls. It is, therefore, conceivable
that failure of implantation following clomiphene administration may be
due : (a) to increased motility of the uterus resulting in expulsion of the
blastocysts; (b) to its anti-oestrogenic and/or antihistaminic activity
which prevents preimplantation changes in the uterus normally initiated
by exogenously administered oestrogen. Our results show that clomi-
phene has no direct cytolytic effects on the blastocysts.

INTRODUCTION

In the search for antifertility agents attention has been focused on steroidal
and non-steroidal compounds which either inhibit the development of the
zygote (antizygotic agents) or prevent the implantation of the blastocyst
(anti-implantation agents). Clomiphene, a non-steroidal compound structurally
related to chlorotrianisene (tace), inhibits fertility in female rats if adminis¬
tered during the tubai passage of fertilized eggs (Segal & Nelson, 1961;
Davidson, Wada & Segal, 1965; Barnes & Meyer, 1962). Prasad, Kalra &
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Segal (1965), Davidson, Wada & Segal (1965) and Schlough & Meyer (1965a)
showed that clomiphene causes failure of implantation in rats during experi¬
mentally produced delayed implantation or during lactational delay. Since
blastocysts were not recovered from the uterus following clomiphene adminis¬
tration, Prasad et al. suggested that clomiphene had a direct blastotoxic action.
The failure of implantation after clomiphene administration may also be due to
the expulsion ofova from the uterus (Chang, 1964). The following experiments,
reported here, were designed further to elucidate the precise mode of action of
clomiphene on blastocysts during experimentally induced delayed implantation
in non-lactating rats in an environment free from oestrogen.

MATERIAL AND METHODS

Colony-bred adult virgin female albino rats, originally derived from the Wistar
strain, 150 to 180 g in weight were used. They were housed in air-conditioned
rooms (the temperature was maintained at 78 + 2° F) and fed a balanced diet;
unlimited tap water was available. Two males and four females were caged
together; vaginal smears were taken daily before 10.00 hours. Mating was con¬
firmed by the presence ofspermatozoa in vaginal smears which was considered
as Day 1 of pregnancy. Mated females were separated from males. Delayed
implantation was produced according to the method of Cochrane & Meyer
(1957). Ovaries were removed on Day 3 of pregnancy by the dorso-lateral
approach and laparotomies were made by mid-ventral incision, all surgical
procedures being done under ether anaesthesia. All the ovariectomized rats
were injected with 4 mg of progesterone in 0-25 ml of oil daily from the day of
ovariectomy until the termination of the experiment. The first laparotomy
was performed on Day 8 after mating to determine whether implantation sites
were present. Rats in which implantation sites were not seen were randomly
distributed to different groups (Tables 1 and 2). Uterine horns were excised
and flushed with 0-9% saline and the flushings examined for blastocysts under a

stereoscopic microscope at a magnification of40. Clomiphene was administered
by oral gavage at a dose of 0-3 mg/kg/ml in olive oil. Oestradiol (1 ^g/day)
was injected subcutaneously for 5 days and rats were autopsied 24 hr after the
last injection. Uterine horns were ligated at the cervical end. The results
were statistically analysed by the homogeneity  2 test and Students Mest of
Fisher (1958).

RESULTS
Tables 1 and 2 summarize the results of the experiments.

Daily injections of 4 mg of progesterone to rats ovariectomized on Day 3
of pregnancy caused a delay in implantation of the blastocysts. The uteri of
such rats (Table 1, Group 1) flushed on Day 9 post-coitum showed an average
of four blastocysts each in 100% of the rats. In Groups 2, 3 and 4 (Table 1 )
clomiphene was administered on Day 9, Days 9 and 10, or Days 9, 10 and 11
and the uterine horns were flushed 24 hr after the last treatment. Administra¬
tion of one dose of clomiphene did not in any way alter the average number of
blastocysts recovered or the percentage of animals showing blastocysts (Group
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2). With the increase in dose and in time following the initiation of clomiphene
treatment, namely for 2 days (Group 3) or for 3 days (Group 4), the percentage
of rats with blastocysts in the uteri was reduced to 37-5 while the average num¬

ber of blastocysts flushed was 3-6 and 2 respectively. The decrease in percentage
of rats with blastocysts in Groups 3 and 4 (Table 1 ) was statistically significant
(P<0-01) compared to that in Groups 1 and 2; however, the average number
of blastocysts/rat was significantly [ <0·05) low only in Group 4, treated with
clomiphene for 3 days. The gradual reduction in the percentage of rats with
blastocysts and in the number of blastocysts/rat indicated the possibility of the
elimination of blastocysts from the uterus. Uterine horns were, therefore,
ligated at the cervical end on Day 9 of pregnancy and clomiphene was adminis¬
tered on Days 9 and 10, or Days 9, 10 and 11 (Table 1, Groups 6 and 7).
In a control group olive oil was fed on Days 9 and 10 (Table 1, Group 5).
Ligation of the uterine horns resulted in the recovery of blastocysts in 68-7%

Table 1
effect of clomiphene on blastocysts

Group Additional treatment*

No treatment
Clomiphene on Day 9
Clomiphene on Days 9 and 10
Clomiphene on Days 9, 10 and 11

Uterine horns ligated on Day 9
Olive oil on Days 9 and 10
Clomiphene on Days 9 and 10
Clomiphene on Days 9, 10 and 11

No.
of

rats

16

Day
of

autopsy
9

10
11
12

11
11
12

Rats with
blastocysts

100
100
37-5Í
37-5J

68-7
75-0
75-0

Blastocystslrat

4-0 ±0-72
3-8 ±0-47
3-6+1-3
2-0±0-05f

3-6 ±0-44
3-8 ±0-87
4-0 + 0-68

Dosage: Clomiphene 0-3 mg/kg/day.
* Rats ovariectomized on Day 3 of pregnancy and treated with 4 mg/day of progesterone

from day of ovariectomy until autopsy.
t P<0-05 compared to Group 1.
%  <0·01 compared to Groups 1 and 2. The variation in percentage in Groups 5, 6 and

7 is not statistically significant, P>0-05.

of the olive oil fed controls (Group 5) and in 75% of the clomiphene-fed rats
(Groups 6 and 7) with an average of 3-6, 3-8 and 4 blastocysts/rat respectively.
This is similar to the number of blastocysts recovered from the uteri of the non-

ligated group (Group 1). There is an apparent decrease in the percentage of rats
with blastocysts in the olive oil-fed group (Group 5) but this is statistically not
significant [P>0-05) from the percentages in the clomiphene-fed groups
(Groups 6 and 7). Blastocysts recovered from the clomiphene-treated animals
appeared morphologically normal.

Table 2 shows the inhibition of oestrogen-induced implantation following
clomiphene administration. Oestrogen treatment was initiated 6, 24 and 48 hr
after the first feeding ofclomiphene.

Administration of oestrogen to olive oil-fed controls (Table 2, Group 1)
resulted in 75% of the rats showing implantation sites with an average of 3-8/
rat. Initiation of oestrogen treatment 6 hr after a single feeding of clomiphene
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resulted in one of the six rats showing four implantation sites (Group 2). There
was complete failure of implantation in Groups 3 and 4 in which oestrogen treat¬
ment was begun 24 hr or 48 hr after the initial administration of clomiphene.
In order to check the possibility that blastocysts forcibly retained in the uterus
of clomiphene-fed rats might implant, uterine horns were ligated at the cervical
end on Day 9. Administration of clomiphene and oestrogen (Groups 6, 7 and 8)
followed a pattern similar to that in Groups 2, 3 and 4 (Table 2). In the con¬

trols (Group 5) treated with olive oil, 63-6% of the rats with uterine horns
ligated at the cervix showed an average of 3-7 implantation sites/rat comparable
to the number of implantation sites in the non-ligated controls (Table 2, Group 1)
and to the number of blastocysts recovered from the ligated uteri of olive oil- or

Table 2
effect of clomiphene on implantation of blastocysts

Group Additional treatment*

Oestradiol (time
of initiation after
first feeding of

clomiphene or oil)
(hr)

No.
of

rats

Day
of

autopsy

Rats with
sites
(%)

Sites¡rat

Olive oil on Days 9, 10 and 11
Clomiphene on Day 9
Clomiphene on Days 9 and 10
Clomiphene on Days 9, 10 and 11

72
6

24
48

17
14
15
16

75
16-6f
0-0
0-0

3-8±0-67
4-0

Uterine horns ligated on Day 9
Olive oil on Days 9, 10 and 11
Clomiphene on Day 9
Clomiphene on Days 9 and 10
Clomiphene on Days 9, 10 and 11

72
6

24
48

11
6
6
7

17
14
15
16

63-6
0-0
0-0
0-0

3-7 + 0-43

Dosages: Clomiphene 0-3 mg/kg/day; oestradiol 1 /ig/day.
* Rats ovariectomized on Day 3 of pregnancy and treated with 4 mg/day of progesterone from day

of ovariectomy until autopsy,
t P<0-01 compared to Group 1.

clomiphene-fed rats (Table 1, Groups 5, 6 and 7); the variations in the values
among these groups is not statistically significant (P>0-05). However, no

implantation sites were seen in the clomiphene-fed rats (Table 2, Groups 6, 7
and 8).

DISCUSSION

The antifecundity effects of clomiphene have been studied by a number of
workers who have suggested the possibility that the failure of implantation
may be due to a direct blastotoxic action of the chemical (Segal & Nelson,
1961; Davidson, Wada & Segal, 1965; Prasad et al., 1965). In discussing
the causes of failure of implantation in clomiphene-fed rats Prasad et al. (1965)
pointed out that the antigonadotrophic and anti-oestrogenic effects of clomi¬
phene may not be responsible for the degeneration of the blastocysts during
experimentally produced delayed implantation. However, they raised the
question whether failure of implantation may be due to expulsion of blasto¬
cysts from the uterus as suggested by Chang (1964).
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The data presented in Table 1 demonstrate clearly the elimination of blasto¬

cysts from the uterus following clomiphene administration. While 100% of the
rats showed an average of four blastocysts/rat in the control group (Table 1,
Group 1) as well as in those receiving 0-3 mg/kg of clomiphene (Table 1,
Group 2), a marked reduction in the percentage of rats showing blastocysts
(Groups 3 and 4) and in the average number of blastocysts recovered from the
uteri, occurred in Group 4, depending on the increase in dose and time interval
allowed for action of the compound. The increase in percentage of rats showing
blastocysts and the recovery ofaverage numbers of blastocysts from the uteri of
ligated rats treated with clomiphene (Table 1, Groups 6 and 7) indicate that the
blastocysts were possibly being expelled from the uteri of non-ligated rats.
A similar phenomenon may also account for the failure in our earlier work
(Prasad et al., 1965) to recover blastocysts 5 days after clomiphene feeding and
before the initiation of oestrogen treatment. These results are essentially in
agreement with the observations of Greenwald (1957, 1959, 1961), Banik &
Pincus (1964), Pincus & Banik (1963), Pincus, Banik & Jacques (1964), Davis
(1963) and Chang (1964), who showed that steroidal and non-steroidal com¬

pounds with oestrogenic activity cause the expulsion of eggs and blastocysts from
the fallopian tube and uterus.

In order to understand the mode of action ofclomiphene, it may be of interest
to compare the antifertility effects of compounds derived from chlorotrianisene
namely ethamoxytriphetol (MER-25), MRL-37 and clomiphene (MRL-41)
with their known oestrogenic and anti-oestrogenic activities. MER-25 and
MRL-37 are not oestrogenic at dose levels at which they show effective anti-
fertility activity, an activity which may possibly be related to their anti-oestro¬
genic action (Emmens, 1965). These compounds do not affect the viability of
the blastocysts (Schlough & Meyer, 1965a). On the other hand, clomiphene
exhibits antifertility and oestrogenic activities at the same low dose level
(Emmens, 1965). The antifertility effects ofclomiphene may possibly be due to
the oestrogenicity of the compound (Kalra & Prasad, unpublished observations).

It is clear from our data shown in Table 1 that blastocysts are expelled
from the uterus following clomiphene administration. This may be due to the
increased motility of the uterus caused by the oestrogenicity of the chemical at
the low dose level of 0-3 mg/kg we have used. Davidson, Schuchner & Wada
(1965) observed accelerated passage of ova and blastocysts following adminis¬
tration of low doses of clomiphene. Oestrogens similarly cause the expulsion of
ova/blastocysts from the reproductive tracts ofpregnant animals (Noyes, Adams
& Walton, 1959; Greenwald, 1961; Deanesly, 1963; Chang, 1964; Harper,
1964; Banik & Pincus, 1964). Schlough & Meyer (1965a) noticed a few im¬
plantation sites following 0-3 mg/kg of clomiphene administered during delayed
implantation. However, we have not obtained so far even a single case of
implantation using the same dose of clomiphene under similar experimental
design. Since oestrogen by itself causes implantation of blastocysts during
experimentally induced delayed implantation, the failure of 0-3 mg/kg of
clomiphene to initiate changes leading to implantation may be due to the
oestrogenicity of the compound being too low at this dose level to trigger
pre-implantation changes in the uterus.
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Since blastocysts were recovered from the uteri of clomiphene-fed rats after

uterine ligation it was of interest to determine if such morphologically normal
blastocysts forcibly retained in the uterus would implant following oestrogen
administration. Initiation of oestrogen treatment 6 hr after clomiphene
administration (Table 2, Groups 2 and 6) resulted in implantation in only
one rat, while in others (Groups 3, 4, 7 and 8), in which oestrogen was begun
24 hr and 48 hr after the first clomiphene feeding, failure of implantation was

again the result. However, normal numbers of implantation sites were seen in
the control groups (Table 2, Groups 1 and 5) comparable to the number of
blastocysts recovered from the uteri of the rats in Groups 1, 2, 5, 6 and 7 shown
in Table 1.

The failure of oestrogen-induced implantation of morphologically, appar¬
ently normal blastocysts raises the question as to whether this is due to an effect
of clomiphene on the uterus preventing the nidation of blastocysts which may
otherwise be viable. In any consideration of the mode ofaction ofanti-implanta¬
tion drugs it is essential to distinguish between a direct effect on the blastocyst
and interference with the receptivity of the uterus for the blastocyst. Our results
indicate that failure of oestrogen-induced implantation following clomiphene
administration may be due to a decreased sensitivity of the uterus to oestrogen
which otherwise prepares the uterus for implantation. Roy, Greenblatt &
Mahesh (1964), Roy, Mahesh & Greenblatt (1964) and Lerner (1964) showed
that clomiphene competes with oestrogen for binding sites in the uterus thus
preventing the action of oestrogen injected subsequently. Shelesnyak (1957)
has postulated that the pre-decidualization changes in the uterus are initiated
by histamines which, in turn, are released by the action of oestrogens on the
uterus; histamine-dependent decidual cell response may be prevented by anti-
histamines. Shelesnyak, Kraicer & Zeilmaker (1963) inhibited decidual re¬
action in rats by administration of MER-25, 72 hr after mating and suggested
that the anti-oestrogenicity of the compound prevented the oestrogen surge
from acting upon the uterus. Coppola (personal communication cited by
Schlough & Meyer, 1965a, b) has suggested, on the basis of the configuration
of the aliphatic portion of the molecule, that the stilbendrel series of compounds
are basically antihistamines and they possess a selective affinity for uterine
receptor sites due to the oestrogen-like configuration of the aromatic portion.
Schlough & Meyer (1965a, b) suggested that the suppression of decidual cell
response in the uterus by clomiphene may be due to its anti-histaminic activity
based on: (a) the histamine-antihistamine relationship found in the uterus;
(b) their molecular configuration; and (c) their ability to suppress albumin-
induced oedema—a histamine response. In our experiments, treatment with
oestrogen, even within 6 hr of the administration of clomiphene, prevented
subsequent oestrogen-induced implantation of blastocysts retained within the
uteri of clomiphene-fed rats. If clomiphene is acting like an anti-oestrogen
and/or antihistamine, binding with receptor sites of the uterus, it may presum¬
ably be preventing further stimulation of the uterus by oestrogen exogenously
injected subsequently.

On the basis of these observations it is conceivable that the failure of im¬
plantation following clomiphene administration may be due to a variety of
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factors : (a) clomiphene acting like a weak oestrogen may increase the motility
of the uterus, resulting in the expulsion of the blastocysts; (b) at the same dose
levels, due to its anti-oestrogenic and /or antihistaminic activities, clomiphene
may compete with oestrogen for receptor sites in the uterus, thus preventing
initiation of pre-implantation changes in the uterus by the subsequent action
of exogenously administered oestrogen.

Note added in proof: Staples (1966) has provided convincing evidence to show
that clomiphene does not have a direct cytotoxic action on the developing
zygote. Blastocysts recovered from clomiphene-treated rats implanted and de¬
veloped normally following transfer to the uteri of pseudopregnant untreated
recipients. However, blastocysts from untreated females failed to survive in
the uteri of clomiphene-fed rats. These results support our observations that
clomiphene does not have a direct effect on the blastocyst but alters the
internal milieu of the uterus and renders it hostile for the implantation of
blastocysts.
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