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Summary. Grafting of a single anterior pituitary gland from another
female to the renal capsule of an intact mouse causes irregularity in the
oestrous cycles. The commonest external manifestation of this modifica-
tion is the recurrence of pseudopregnancy-like cycles. This is due to the
continued secretion of prolactin by the transplanted pituitary, which
prolongs the life-span of the corpora lutea. Controls bearing a similar
graft of cerebellum remain unaffected. The luteotrophic activity of the
hypophysial graft is shown by positive deciduoma response of the uterus
and by the histological appearance of the graft. On removal of the graft,
the female promptly returns to the 4- to 5-day cycles.

Evidence is presented that the ectopic pituitary graft in the intact
female mouse remains functional for long periods, in these experiments
at least for more than 12 months. In spite of the continued secretion of
prolactin by the pituitary graft, there is cyclic recurrence of oestrus at
intervals of 2 or 3 weeks during which periods ovulation occurs and
fertile mating takes place, if the female has access to a male.

INTRODUCTION

Hypophysial grafts to an ectopie site continue to secrete luteotrophin (prolactin)
in rats and mice and only very small amounts of other trophic hormones
(reviewed by Everett & Nikitovitch-Winer, 1963). The commonest external
manifestation of the luteotrophic activity of ectopie pituitary grafts in intact
female rats (Quilligan & Rothchild, 1960) and mice (Mühlbock & Boot, 1959;
Liebelt & Liebelt, 1961 ; Browning & White, 1962; Hagen & Rawlinson, 1963;
Montemurro & Gardner, 1963 and Bardin, Liebelt & Liebelt, 1964) is the
characteristic 'pseudopregnancy-like' oestrous cycles caused by the lengthening
of the di-oestrous periods.

Most of these observations were made during investigations on the mammary
carcinoma in mice. The present report deals with the direct effect of single
hypophysial grafts on the oestrous cycle of otherwise normal and intact un-

mated mice. Attempts were also made to determine the effect of the removal
of the grafts on the oestrous cycle of females. A brief account of the histology
of the grafts is also included.

* Present address : Department of Zoology, Bañaras Hindu University, Varanasi 5, India.
533

Downloaded from Bioscientifica.com at 05/23/2023 08:24:34PM
via free access



534 C. J. Dominic

MATERIALS AND METHODS
The host females and the pituitary donor females were outbred albinos of the
Parkes strain maintained in the animal house of the Physiological Laboratory.
The mice were weaned at 3 weeks, sexed and the females reared together,
away from the males, in groups of forty in colony boxes, 20  14  5 in. About
2 weeks before the start of the experiments, females were isolated and housed
singly in boxes, 16x6x4 in., and daily vaginal smears were taken. Only those
females which showed three consecutive oestrous cycles (4 to 5 days duration)
were selected. They were then about 10 weeks old and in the weight range
of 25 to 30 g. The females remained in isolation throughout the period of
observation and had no contact with other females or males. All operations
were made under ether anaesthesia. Females were divided into four groups and
received the following treatments : Group I : eighty-five females were operated
on and each received a single hypophysial graft from another female of about
the same age. The donor was killed by dislocating the cervical vertebrae and
the pituitary was dissected out and transplanted to the right kidney capsule of
the host, through an incision on the dorsal body wall. Group II: as in the
previous case, four females received pituitary grafts from donors. At a later
stage, the grafted pituitaries were taken out from their kidney capsules to
determine the effect of their removal on the oestrous cycles offemales. Group III :

five females received pituitary grafts in the usual way and served for testing
the luteotrophic activity of the grafts by traumatization of their uteri. Group
IV: twenty-four females which served as controls received small pieces of
cerebellum in their kidney capsules instead of the pituitary tissue from donors.

Vaginal smears were examined daily from all females, except during the
first 7 days following transplantation. Females were under observation for
varying lengths of time (8 to 378 days). At autopsy, the pituitary graft, the
in-situ pituitary and the ovaries were fixed in appropriate fluids for histological
examination.

In describing the results, the terminology used by Quilligan & Rothchild
(1960) in the case of the rat is here adopted: 'incomplete' oestrus, i.e. oestrus
without vaginal cornification ; 'normal' oestrus, i.e. oestrus with vaginal corni-
fication; and 'split' oestrus, i.e. oestrous smear on alternate days with leucocytes
on intervening days. Oestrous cycles of varying lengths were classified as

'normal' or 'unaffected' (4 to 8 days' duration) ; 'pseudopregnancy-like' (9 to
21 days) ; 'prolonged' (longer than 21 days) and 'anoestrous' (suppression of
oestrus during the period under observation).

RESULTS

Cycle history offemales bearing ectopie pituitary grafts (Tables 1 and 3)
The vast majority of females (seventy-two out of eighty-five) showed pseudo¬

pregnancy-like and/or prolonged oestrous cycles. In some females, the first few
cycles were pseudopregnancy-like, after which there was a tendency towards
prolonged cycles. Some females, which were under observation for over 6
months, went into anoestrus in the later stages. Ninety per cent of the cycles
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and 49% of the oestrous smears were abnormal indicating the effects of the
ectopie pituitary grafts.
Effects of the removal of the ectopie pituitary graft on the oestrous cycle offemale (Table 2)

Vaginal smears of four females bearing ectopie pituitary grafts were followed
for 125, 123, 123 and 122 days respectively. All showed abnormal oestrous
cycles indicating the effects of the ectopie pituitary grafts. Then the grafts were

Table 1

effects of single hypophysial grafts on the oestrous cycle of the intact mouse

No. of
females

72
4
9

No. of
mouse

days

3546
176
382

No. of
cycles

220
Anoestrous

60

Type of cycle
Normal

23
Nil
58

Pseudopregnancy-
like

165
Nil

2

Prolonged

32
Nil
Nil

Type of oestrus

Complete Incomplete Split

112
Nil
55

103
Nil

5

5
Nil
Nil

Table 2
effect of removal of the hypophysial graft on oestrous cycle of the intact

MOUSE : (a) BEFORE AND (b) AFTER REMOVAL OF THE GRAFT

No. of
females

(A) 4
(B) 4

No. of
mouse

days

493
256

No. of
cycles

22
37

Type of cycle
Normal

Nil
32

Pseudopregnancy-
like

13

Prolonged

9
Nil

Type of oestrus

Complete

2
35

Incomplete

20
2

Split

Nil
Nil

removed from the kidney capsules of the females and vaginal smears from each
female were examined for a further 64 days. They were then killed. The effect
of the removal of the pituitary graft on the oestrous cycle of the female was
clear cut; all females returned to their original regular and normal oestrous
cycles.
Effect of traumatizaron of uteri offemales bearing ectopie pituitary grafts

Five females which showed two consecutive pseudopregnancy-like cycles after
transplantation of the pituitary were used in this study. On the 4th day of the
third cycle, the left uterine horns of the females were traumatized by passing
transverse loops of thread across the body of the uterus. Four days later, the
females were killed and their ovaries, uteri and pituitaries were examined.
Upon histological examination of the uteri four females showed positive
deciduoma reaction, while one did not show clear indication of deciduoma
formation.
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Histology of the ectopie pituitary grafts. At autopsy, the pituitary graft with the
adjacent kidney tissue was fixed in Bouin's fluid or 10% formol-saline, embed¬
ded in paraffin, serially sectioned and stained in Mayer's Haemalum or in
modified Azan stain (Dawson & Friedgood, 1938). Little structural change
was noticed in the pituitary grafts from 2 weeks onwards after transplantation.
The ectopie graft was encapsuled in a connective tissue sheath and was well
vascularized and with varying degrees of lymphoid cell infiltration. The pre¬
dominant cell types in the parenchyma of the grafts were chromophobes and
acidophils staining weakly with Orange G of the Azan stain. Basophils and
acidophils selectively staining with azocarmine were rare in the grafts.
Effect of implants of cerebellum on the oestrous cycles offemales (Table 3)

Vaginal smears of twenty-four females bearing small pieces of cerebellum
transplanted to their kidney capsules were examined for periods ranging from
8 to over 300 days. The results indicate the ineffectiveness of the transplanted
cerebellum in modifying the oestrous cycle of the mouse.

Table 3
distribution of oestrus and oestrous cycles in mice bearing either a hypophysial

graft or a cerebellum graft

Treatment
No. of
mouse

days
No. of
cycles

Type of cycle
Normal Pseudopregnancy-

like
Prolonged

Type of oestrus

Complete Incomplete Split

Hypophysial
graft

Cerebellum
graft

4104

4358

280

649

81(29%)
628(97%)

167(60%)
16(2%)

32(11%)
5(1%)

167(60%)
629(97%)

108(38%)
20(3%)

5(2%)
Nil

DISCUSSION
There is now considerable evidence to show that the hypothalamus stimulates
the production of all anterior pituitary hormones except prolactin, which is
chronically inhibited by the hypothalamus (see Meites, Nicoli & Talwalker,
1963, for review). Hence, when the anterior pituitary is removed from its
neural connections and transplanted to an ectopie site, it continues to secrete

prolactin (Harris, 1955; Everett & Nikitovitch-Winer, 1963; Everett, 1964).
The continued secretion of prolactin prolongs the life-span of the corpora lutea.
The resulting progesterone hinders the production of fsh by the host pituitary,
lengthens the di-oestrous period and postpones the onset of the next cycle. The
same effect can be produced by autotransplanting about half of the anterior
pituitary to the kidney capsule, while leaving the remainder in place (Alloiteau,
1958).

The incidence of abnormal oestrous cycles in 90% (seventy-six out of eighty-
five) of the females bearing pituitary grafts in the present study (Table 1 ) is
sufficient proof of the luteotrophic activity of the grafts. This is in contrast to
the condition found in controls bearing pieces of cerebellum in the kidney
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capsules (Table 3). The effect of the ectopie pituitary graft on the intact female
mouse is manifested in several ways: by lengthening the di-oestrous periods,
thereby bringing about a series of pseudopregnancy-like cycles, or in the com¬

plete suppression of oestrus; by the absence of vaginal cornification during
oestrus ('incomplete' oestrus) or by exhibiting 'split' oestrus. The prompt
return of the females to regular oestrous rhythm after the removal of the ectopie
pituitary graft from the renal capsule is further proof of the role of the graft in
modifying the oestrous cycles (Table 2). The luteinization of the ovaries and
progesterone secretion as evidenced by positive deciduoma response of the
uterus is again indicative of luteotrophin secretion by the pituitary graft. The
histology of the pituitary graft is also suggestive of their luteotrophic activity.
The cytological picture is similar to that observed in the ectopie pituitary grafts
of rats, where the acidophils weakly staining with the Orange G of the Azan
stain are believed to be the source of luteotrophin (Sanders & Rennels, 1959).
A direct proof of the luteotrophic activity of the ectopie pituitary graft in the
intact mouse is furnished by the inhibition of the olfactory block to pregnancy
in mice bearing single hypophysial grafts in the kidney capsule (Dominic, 1966).
Since the immediate endocrine cause of the pregnancy block is the failure of
prolactin secretion by the anterior pituitary, it can be legitimately assumed that
prolactin secreted by the grafts could tide over the critical period during which
the luteotrophic activity of the female's own pituitary was held in abeyance.

The present study reveals that once the pituitary graft becomes established
on the host, it is capable of secreting prolactin for indefinite periods, probably
during the whole life-span of the host. One of the females bearing a pituitary
graft in the present study consistently showed pseudopregnancy-like and pro¬
longed cycles during the 378 days of observation. There are other reports
indicating that pituitary grafts in intact mice remain functional for long periods
(Mühlbock & Boot, 1959; Liebelt & Liebelt, 1961 ; Hagen & Rawlinson, 1963).
Since oestrogen is known to stimulate the luteotrophic activity of hypophysial
autografts in rats (Desclin, 1965) and to increase the production of luteotrophin
in vitro (Nicoli & Meites, 1962), it is probable that oestrogens, elaborated by the
ovaries of the host, may assist in the maintenance of the functional capacity of
the hypophysial grafts in the intact mouse.

This study also indicates that a single hypophysial graft is capable of bringing
about permanent alteration of the oestrous cycle of the intact mouse, though
it is claimed that multiple grafts considerably increase the mean duration of the
di-oestrous period (Mühlbock & Boot, 1959).

It is significant that, in spite of the continued secretion of prolactin by the
ectopie pituitary graft in the intact mouse, there is cyclic recurrence of oestrus
at intervals of 2 or 3 weeks. Ovulation occurs during these periods and if the
female has access to a male fertile mating takes place (Dominic, 1966). In this
connection it may be recalled that daily injections of prolactin will suppress
oestrous cycles in rats and mice only for limited periods (Dresel, 1935 ; Lahr &
Riddle, 1936). As postulated by Quilligan & Rothchild (I960) in the case of
the rat, this recurrence of oestrus in mice bearing ectopie pituitary grafts may
be due to 'a blocking effect of the gonadotrophins on the response of the corpora
lutea to luteotrophin'. Browning & White (1962) maintain that the pituitary
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graft in the intact mouse releases prolactin in a periodic manner which might
imply that there is a dependent relationship existing between the graft on the
one hand and the hypophysis and ovaries of the host on the other.
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