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Summary. The interrelationship between prolactin and LH in the
maintenance of pregnancy during lactation was studied. The reduction
of suckled young from eight to two or less, as late as on the morning of
Day 4 of pregnancy, resulted in normal implantation. Reintroduction of
eight young on Day 4 to lactating pregnant rats deprived of their litters
on Day 1 resulted in an inhibition of implantation, but reintroduction
on Days 5 or 6 did not inhibit implantation. If oestrogen, HCG or
PMSG was given on Day 4 ofpregnancy, implantation was induced at the
normal time in rats suckling large litters. When LH antiserum was given
on the morning of Day 4 or Day 8 to pregnant rats suckling two young
each, it blocked implantation and postimplantation survival of blasto-
cysts, respectively. When the number of suckling young was increased
from two to eight on Day 6, however, LH antiserum blocked pregnancy
only to the extent of 70%. Prolactin administered during the preim-
plantation phase inhibited implantation in pregnant rats suckling a
minimum number of young, but had no effect when given during the
postimplantation phase. Progesterone failed to block implantation.
Prolactin had no inhibitory effect on implantation in the absence of the
suckling stimulus or in non-lactating pregnant rats. The inhibition of
implantation by prolactin in rats suckling two young could be effectively
reversed by the administration ofoestrogen, PMSG or HCG on Day 4 of
pregnancy.

INTRODUCTION
The occurrence ofpost-partum oestrus in rats may enable the female to become
pregnant if she is mated immediately after parturition. Normal implantation
which occurs on Day 6 of lactational pregnancy (Day 1 = day of detection of
spermatozoa) is, however, dependent upon the presence of a minimum number
(two) of sucking young. Implantation is known to be dependent upon the
optimal support of progesterone and oestrogen, and their synthesis requires the
proper trophic influence from the pituitary.

It has been suggested that the delayed implantation in lactating pregnant
rats suckling a large number of young (>six) is due to the inhibitory effect of
suckling/prolactin on pituitary gonadotrophin release (Rothchild, 1960;
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Brumley & De Feo, 1964). Rothchild (1960) has postulated that a single neural
stimulus, i.e. suckling, brings about a simultaneous inhibition of two hypo-
thalamic factors (prolactin-inhibiting and gonadotrophin-releasing factors),
thus resulting in a concomitant increase in prolactin and decrease in folliculo-
trophin (FSH and LH) levels.

In the present paper, we have attempted to study the nature of the trophic
influence required to induce implantation at the normal time in lactating
pregnant rats suckling a large number of young and also to dissociate the
effects of suckling and prolactin on the inhibition of implantation. An account
of a preliminary study has been reported earlier (Maneckjee & Moudgal, 1973).

MATERIALS AND METHODS
Animals and experimental procedure

A few days before the expected day of birth, pregnant rats were placed in
individual cages, each with a male ofproven fertility. On the morning following
parturition, the vaginal smears were examined for the presence of spermatozoa
(post-partum oestrus occurring within 12 to 24 hr of parturition). If the smear
contained spermatozoa, the pregnant rat with its sucking young was separated
from the male and housed in another cage. On this day (regarded as Day 1 of
lactational pregnancy), the number of sucking young was adjusted to eight,
two or none, depending upon the experiment to be conducted. All changes in
litter size were carried out at 10.00 hours on the appropriate day. If implanta¬
tion had taken place normally on Day 6, implantation sites of uniform size
could be seen at laparotomy on Day 8. The absence of implantation sites on

Day 8 was taken as an indication of delay of implantation. These animals were

subjected to a second laparotomy on Day 12 to check for implantation sites.

Hormonal preparations and antisera
Ovine prolactin (NIH-P-S8), ovine LH (NIH-LH-S16), ovine FSH (Papkoff

preparation), HCG and PMSG (Ayerst Laboratories) were dissolved in 0-1 ml
of 10% gelatin (used as a delay vehicle), and administered subcutaneously once

daily. Ovine LH was also administered subcutaneously, emulsified in 0T ml
incomplete Freund's adjuvant or in 0-1 ml of 0-9% saline by the intracardiac
route. Steroid hormones were administered subcutaneously dissolved in 0-1 ml
purified peanut oil. The doses of the hormones and duration of treatment are
indicated in the Tables. Methods for the preparation and characterization of
antiserum to ovine LH have been described earlier by Madhwa Raj & Moudgal
(1970). Specific animals, as indicated in the 'Results' section, received a single
injection (0-2 ml) of the well-characterized antiserum by the subcutaneous
route at 10.00 hours.

RESULTS

Effect of change in litter size on implantation in lactating pregnant rats
The control animals suckling eight young each showed a delay in implanta¬

tion of fertilized ova, implantation sites being observed on Day 12 but not on
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Day 8 of pregnancy. By contrast, those suckling only two young each showed
normal implantation sites on Day 8. The reduction of suckling young from
eight to two, one or none, as late as 10.00 hours on Day 4, resulted in implanta¬
tion by Day 8 (Table 1).

Lactating pregnant rats deprived of their litters on Day 1 of pregnancy had
implanted by Day 8 (Table 2, Group I). Reintroduction of litters (eight young)
as late as 10.00 hours on Day 4 led to a delay in implantation (Table 2, Group
II). When the young were reintroduced at 10.00 hours on either Day 5 or 6,
implantation had occurred by Day 8 (Table 2, Groups III and IV), but the
implantation swellings were smaller in size than the normal Day-8 swellings in
the Group III rats.

Table 1. Effect of reduction in litter size on Day 4 of
implantation in lactating pregnant rats

No. of implantation sites
Group No. ofyoung Treatment No. of-

suckled rats Day 8 Day 12

I 8 Control 4 0 28
II 2 Control 4 44

—III 8 No. of young 4 46
—reduced to two

IV 8 No. of young 4 31
—reduced to one

V 8 No. of young 4 52
—reduced to none

Table 2. Effect of reintroducing eight sucking
young to lactating pregnant rats deprived of their

litters on Day 1 of pregnancy

Group Day ofpregnancy No. of No. of implantation sites
young reintroduced* rats on Day 8

I
—

(Control) 4 50
II 4 4 0
III 5 4 34|
IV 6 4 47

* At 10.00 hours.
t Implantations in these rats were small.

Induction of implantation in lactating pregnant rats suckling eight young each
Administration of a low dose of oestradiol-17 j? on the morning of Day 4 to

pregnant rats suckling eight young each resulted in implantation by Day 8
(Table 3, Group II), but higher doses were inhibitory (Table 3, Group I).
A single dose of 10 i.u. PMSG or 5 i.u. HCG on the morning of Day 4 only,
induced implantation at the normal time in pregnant rats suckling eight young
each (Table 3, Groups IV and V). Treatment with LH on Day 4 was ineffective
in inducing implantation at the normal time (Table 3, Group VI). Similarly,
ovine FSH given alone on Day 4 or in combination with LH on Days 3 and 4
was unable to induce implantation (Table 3, Groups VII and VIII).
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Effects of LH antiserum on the course ofgestation in lactating pregnant rats

When LH antiserum was administered on the morning of Day 4 (preim-
plantation) or Day 8 (postimplantation) to pregnant rats suckling two young
each, it blocked implantation or resulted in fetal death (Table 4). If, however,
LH antiserum was injected at 10.00 hours on Day 8 into rats when the number
of their sucking young had been increased from two (Days 1 to 6) to eight on

Day 6, the result was variable. While 30% were still pregnant on Day 10 after
treatment with antiserum on Day 8, complete or partial résorption was observed
in the others (Table 4, Group III).

Table 3. Induction of implantation by various hormonal treatments
in lactating pregnant rats suckling eight young each

Group Treatment Day of No. of No. of implantation
treatment rats sites on Day 8

I Oestradiol-17ß (1 /¿g) 4 4 0
II Oestradiol-17£ (0-01 µ ) 4 4 35
III PMSG (5 i.u.) 4 3 0
IV PMSG (10 i.u.) 4 5 22
V HCG (5 i.u.) 4 7 50
VI LH* 4 60 0
VII Ovine FSHf (5 ug) 4 4 0
VIII LH(25^g) + FSH 3&4 4 0

(2-5 /¿g) per day

* A wide dose range of LH (1 to 100 µ%) was given (see 'Materials and
Methods').

t Equivalent to 45 times NIH-FSH.

Table 4. Effect of LH antiserum on the course of gestation
in lactating pregnant rats suckling two young each

No. of implantation sites
Group LH antiserum treatment No. of rats-

Day 8 Day 12

I 0-2 ml (Day 4) 4 0
II 0-2 ml (Day 8) 4 42 0
III Eight young (Day 6) 10 83 29*

4-0-2 ml (Day 8)
* Number in three rats.

Inhibition of implantation by prolactin, and its reversal, in lactating pregnant rats suckling
two young each

Lactating pregnant rats suckling two young each were given 100 µg prolac-
tin/day in 0-1 ml of 10% gelatin during the preimplantation period (Days 1 to
7, 1 to 4, Day 4 only, Days 3 and 4, and Days 4 and 5) and post-implantation
period (Days 6 and 7). Control rats suckling two young each had implanted by
Day 8 (Table 5, Group I), but the animals treated with prolactin during the
preimplantation phase had not (Table 5, Groups II, III and IV). An exception
to this was the group receiving prolactin on Day 4 only (Table 5, Group V).
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Table 5. Inhibition of implantation by prolactin in
lactating pregnant rats suckling two young each

Group

I
II
III
IV
V
VI
VII
VIII
IX

No. of implantation sites
Day ofpregnancy No. of rats-
prolactin* given Day 8 Day 12

0 (Control)
1 to 7
1 to 4
3 and 4
4
4 and 5
5 and 6
6 and 7
3 and 4f

4
4
7

10
8
8
8
8
5

44
0
0
0

21
0

30
37
47

50
88

60

* Prolactin dose = 100 ¿ig/day.
t Progesterone (4 mg) was given instead of prolactin on these

days.

Table 6. Reversal ofprolactin inhibition of implantation by hormone
treatment in lactating pregnant rats suckling two young each

Group Treatment Days of
treatment

No. of rats
No. of implantation sites

Day 8 Day 12

I
II

III

IV

V

Prolactin*
Prolactin
+ HCG (5 i.u.)
Prolactin
4-PMSG (10 i.u.)
Prolactin
4-LH(50//g)
Prolactin
+ oestradiol-17/?
(0-01 µg)

1 to 4
1 to 4

4
1 to 4

4
1 to 4

4
1 to 4

4

0
36

39

0

25

28

37

* Prolactin dose was 100 //g/day.

Table 7. Permissive effect of suckling on prolactin action

Group No. ofyoung
Day of

prolactin
treatment*

No. of
rats

No. of implantation
sites on Day 8

I
II
III
IV
V
VI
VII
VIII
IX

8 to 2 (Day 4)
8 to 2 (Day 4)
8 to 1 (Day 4)
8 to 1 (Day 4)
8 to 0 (Day 4)8 to 0 (Day 4)
8 to 0 (Day 4)
8 to 0 (Day 5)
Non-lactating
pregnant rats

4 to 7

4 to 7

4 to 7
3 to 7
5 to 7
1 to7t

46
0

31
0

51
46
29
36t
68

* Prolactin dose was 100 /¿g/day.
t Implantation sites in these rats were small.
t Prolactin dose was 100 to 300 //g/day.
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In all these groups, implantation sites were seen on Day 12. By contrast, when
prolactin was given during the postimplantation period, it was unable to
inhibit the further development of embryos which had implanted on Day 6
(Table 5, Groups VI, VII and VIII). In order to show that inhibition (or
reduction) of gonadotrophin secretion by prolactin takes place directly at the
level of the pituitary/hypothalamus and is not mediated through the ovary, an

experiment was carried out in which 4 mg progesterone/day was given on Days
3 and 4 to rats suckling two young each. In these rats, there was no blocking of
implantation on Day 6 (Table 5, Group IX).

The inhibition of implantation by prolactin can be reversed by treatment
with gonadotrophin or oestrogen. Administration of PMSG or HCG on the
morning of Day 4 only, together with daily treatment with prolactin from
Days 1 to 4, effectively reversed this inhibition (Table 6, Groups II and III).
A similar reversal was obtained after treatment with oestradiol-17J? on Day 4
only (Table 6, Group V), but LH on Day 4 was unable to overcome the
prolactin inhibition of implantation (Table 6, Group IV).
Permissive effect of suckling on prolactin action

As shown in Table 1, reduction in the number of sucking young from eight
to two, one or none on Day 4 of lactational pregnancy resulted in implantation
at the normal time. When the number of their young was reduced from eight
to two or one on the morning of Day 4, prolactin given from Days 4 to 7
resulted in an inhibition of implantation (Table 7, Groups II and IV). By
contrast, if the number of young was reduced to none on Days 4 or 5 and
prolactin was administered on Days 3 to 7, 4 to 7, or 5 to 7 (Table 7, Groups
VI, VII and VIII), no inhibition of implantation was observed. Similarly,
prolactin injection on Days 1 to 7 to non-lactating pregnant rats had no

inhibitory effect on implantation (Table 7, Group IX).

DISCUSSION
The inhibition of lactation on implantation appears to be an easily reversible
process in rats. Withdrawal of or reduction in the suckling stimulus, even by
10.00 hours on Day 4 of lactational pregnancy, induces implantation at the
normal time on Day 6, suggesting that the removal of the inhibitory effect of
lactation on LH release is almost immediate and also that the ovary is in a

ready state to respond to the correct level of LH to produce the required oestro¬
gen. The observation that the LH level increases significantly within 8 hr of
withdrawal of or reduction in the suckling stimulus supports the first of these
suggestions (K. Muralidhar, R. Maneckjee and N. R. Moudgal, unpublished
data).

The observation that LH antiserum also inhibits implantation in lactating
pregnant animals shows that the hormonal requirement for implantation is the
same as in normal pregnancy. That the implantation block observed in lac¬
tating pregnant rats suckling large litters is not due to the lack of gonadal
responsiveness to gonadotrophins, but may be due to an actual reduction in
gonadotrophin availability, is evident from the gonadotrophin supplementation
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experiments. Rothchild (1960), using the ovarian response of the lactating rat
to exogenous FSH plus LH, also came to a similar conclusion. The ineffective¬
ness of ovine LH, as compared to PMSG and HCG, in reversing the implanta¬
tion block in rats suckling large litters may be due to the relatively shorter
tissue half-life and specific activity of ovine LH. Whitten (1955, 1958) using
lactating mice and Weichert (1940) using lactating rats observed that the
gonadotrophic factor in pregnancy urine or HCG and PMSG were capable
of inducing implantation. More work needs to be done on the nature of the
vehicle and the dosage before the amount of LH necessary to bring about
implantation can be determined.

The essential difference between the rats subjected to intense and to mild
suckling was that, in addition to the degree of suckling stimulus, there was a

significant increase in the level of prolactin in the former group (Ford &
Melampy, 1973). The results of the present experiments demonstrate clearly
that the true causative agent for effective block of LH secretion is prolactin,
and not the intensity of suckling. The suckling stimulus is, however, essential
and plays an important rôle by way of 'permitting' prolactin to cause an
inhibition of implantation. The permissive effect was clearly demonstrated in
the experiment in which prolactin was able to cause inhibition of implantation
even if the lactating pregnant mother was suckling only one young. This is
supported by the fact that prolactin was unable to affect implantation when
administered to non-lactating pregnant rats. The mechanism of this permissive
effect is, however, unclear.

Lactating pregnant rats suckling only two young each appear to be similar to
non-lactating pregnant rats in being sensitive to LH antiserum during the pre-
and postimplantation phases. Prolactin, in contrast to LH antiserum, is only
able to block implantation. The difference between the action of prolactin and
LH antibody appears to be that while the latter neutralizes all available LH,
the inhibitory effect of prolactin on LH release is probably not complete. The
reduction in LH secretion may be sufficient to inhibit the oestrogen synthesis
needed for implantation, but perhaps is not enough to block the ovarian
progesterone output needed for postimplantation survival of blastocysts, and
suggests the existence of a differential threshold of LH during the pre- and
postimplantation periods (Maneckjee, 1973).
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