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Cowie and Folley (1) have hypothesized
that the onset of lactation is inhibited by
high titers of circulating progesterone, such
as those that characterize gestation. At or
near parturition, when blood levels of proges-
terone decline, the block to lactation is re-
moved, and milk secretion ensues. There
have been no reports to date of a direct test
of this view. The present experiment was
designed to study the effects on lactation of
progesterone injections administered during
late pregnancy in the rat.

Materials and Methods. Virgin Sprague-
Dawley rats, 60-70 days old and weighing
175-225 g, were bred with normal males and
injected subcutaneously with 0.1-, 0.5-, or
2-mg doses of progesterone in 0.1 ml of
sesame oil twice daily from days 18 through
23 of gestation. Control rats received only
the oil. From day 18 on, the animals were
housed in individual opaque Fiberglas cages
11 X 12 X 6-in. with San-i-cel bedding and
food and water provided ad libitum. They
were observed daily for the onset of hirth,
and on that day, the litters were reduced or
brought up to 6 pups/litter and maintained
daily at 6 pups for 5 days thereafter. Over
this time, the mortality of the litters was
scored daily as were the weight gains of the
surviving young. In addition, the mammary
glands were scored as positive for the
presence of milk if: (a) from the day of
birth on, milk was observed in the stomachs
of the young; or (b) in cases of prolonged
gestation, milk appeared evident in biopsy
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mammary samples from the inguinal region
every other day for 4 days from day 23 of
gestation on. For the latter, mammary sam-
ples were prepared and rated for secretory
activity and degree of development by a
modification of the methods of Benson et al.
(2).

Over the first 5 days postpartum, the ani-
mals were also observed in standard nursing
tests for 15-min each day in which the laten-
cy to begin crouching over 3 foster pups the
same age as the litter was scored as was the
duration. By removing the litter and replac-
ing it during the nursing test with young that
had been removed overnight from their
mothers, a strong suckling stimulus was en-
sured. The nursing tests therefore served
both as an index of motivation to nurse as
well as for milk ejection. Milk ejection was
scored as positive when active suckling by
foster pups led to milk release as determined
at the end of each test by their stomachs
being distended with milk.

Results. Table I summarizes the lactation-
al performance of rats injected with either
0.1-, 0.5-, or 2-mg doses of progesterone from
days 18 through 23 of gestation. Deficits in
performance were especially marked in the
0.5- and 2-mg progesterone groups, as evi-
denced in the significantly high mortality and
weight loss among the young when con-
trasted with the sesame oil (control) group,
particularly on postpartum day 5. On post-
partum day 1, mortality of pups was signifi-
cantly high in the 0.5- and 2-mg progesterone
groups, but only the pups of the 2-mg pro-
gesterone group weighed significantly less
than control young. Both the 0.1- and 2-mg
progesterone groups showed significant delays
in the onset of birth. By day 5, the pups of

39



PROGESTERONE ON LACTATION IN PREGNANCY

40

3803 o 9u3 £q 60' < d

*g yueogrudis v o} parpdde 4se3 e8uer ojdynw s, weoung oy} £q G0° > d 4

9803 J ou3 £q. g0° > &
24900 >4,
& L£q 10" > d,

*480} 8, 10USLT £q 10" > d,

‘10119 PIBPUBIS + WEI

*9u019380801J ,
O =4 w=d 198=d4
L6 0'8 + 833 38 + 919 00T 00T 90 F¥6+ $8/0 90+ I'6+ $L1/0 €3 T {10 duresoy
»3 66 + 613 0'TL + 8'T9 00t 88 s1'3 + L'¢— 298/81 6T F 104 »38/0¢ 0.3 8 d38
241 3F1 + 163 6'F1 + 8'8¢ 00T L9 1S + 33— #6/6 86+ G0— »83/6 ¥3 € 480
08 6'ST =+ 6'¢3 %I + 369 00T 00T 3T F o+ £3/1 L8 F L8+ 8¢/0 093 4 od T'0
(51893 %) (01/998) (01/908) (syex  (uorge1oes 3) (om) 3 (row) (upw)  (‘ouw) (8w)
uorpoale  woneing Louoyerg 30 %) TYiim s3BI JO ¢ pue §siep sdnd sar 03 g pue [ s{ep sdnd aarf 03 qIIq poiq afeso(T
AN %) ToaMIAQ IO PEEP Jo OTIRY  TUS0mIeq IO PP Jo omey Jo Le@  §18Y
aoratyaq Juryonoly TOT}TPUOD urodueyo I M uro3uByo I M
puerd
Lrewure
£1893 ursany ¢ £ep wnjredisog T £Lep wnjredysog

‘uoTyBIsen) jo ¢z ySnoiyy gT 8L w0y au01alsaSorg ITM Pojoelur §9BY JO 9OUBWIOFIdJ [BUOTIe}oeT ‘I A1V



PROGESTERONE ON LACTATION IN PREGNANCY 41

the 0.1-mg progesterone group gained in
weight, but they were still significantly lower
than control young. Despite these differences,
milk was evident in the mammary glands of
a majority of rats in all the progesterone
groups. Only one rat in the 0.1- and 0.5-mg
progesterone groups, respectively, delivered
young on day 23 and successfully proceeded
to nurse them. The remaining progesterone
rats, 13 in all, gave birth late, between days
24 and 27. In 11 of these animals, secretion
lay throughout their mammary samples dis-
tending alveoli as well as ducts.

With respect to nursing behavior, there
were no significant differences between any of
the progesterone treatments and the control
group, either in the percentage of rats
crouching over young or the latency to begin
and the duration of the behavior. However,
in both the 0.5- and 2-mg progesterone
groups, the percentage of tests in which ac-
tive suckling by foster young led to the re-
lease of milk was significantly reduced.

Discussion. These data indicate that pro-
gesterone injections during late pregnancy
effectively inhibit lactation in the rat. They
indicate further that 0.5- and 2-mg doses of
progesterone twice daily from days 18
through 23 of gestation produce more of an
inhibitory effect than 0.1 mg of progesterone
similarly administered, particularly with re-
gard to mortality and weight changes among
the young, and the release of milk in nursing
tests.

Progesterone can inhibit lactation by one
of two (or both) routes; by affecting milk
secretion and/or milk release. With regard to
these two processes of lactation, Cowie and
Folley have particularly stressed the former:
“lactogenic doses of estrogen may be de-
prived of their lactogenic action by suitable
doses of progesterone . . . At parturition the
relative fall in the progesterone to estrogen
ratio removes the inhibition (1, p. 607)” and
milk secretion ensues. We maintained high
progesterone levels in rats by injecting them
during late pregnancy when endogenous pro-
gesterone levels are known to decline (3, 4).
That milk secretion was inhibited appears
unlikely on the basis that our biopsy samples
revealed the presence of milk. Furthermore,

progesterone is not known to inhibit either
the lactogenic content of the adenohy-
pophysis or the development of the mam-
mary glands. Reece and Bivins (5) reported
that, in the ovariectomized rat, subcutaneous
injections of progesterone plus estrogen aug-
mented anterior pituitary lactogenic hormone
content as much as injections of estrogen
alone. In the hypophysectomized—adrenalec-
tomized-ovariectomized rat, Lyons et al. (6)
showed that progesterone in synergism with
estrogen was a more potent stimulator of
mammogenesis than estrogen alone.

That milk ejection was inhibited appears
the more likely alternative. Our nursing tests
revealed a marked effect on milk release, sug-
gesting that progesterone may act to block
lactation by inhibiting an oxytocin effect. This
alternative could account also for the delay
in the onset of labor, or conversely, the pro-
longation of gestation, which we (Table I) as
well as others have observed (7, 8). In early
work on the rabbit, Zarrow (7) found that
daily injections of progesterone into pregnant
animals markedly delayed parturition. Later,
Csapo (8) showed that pre-priming the .
31-day pregnant rabbit with progesterone
inhibited the induction of labor that typical-
ly followed a single injection of oxytocin. On
this basis, he concluded that progesterone in-
jections delayed parturition by inhibiting an
oxytocin effect.

Progesterone may also inhibit lactation by
reducing the motivation to nurse. Moltz et al.
(9) performed cesarean sections on primi-
parous rats on day 21 of gestation and inject-
ed them twice daily with 2-mg doses of pro-
gesterone from days 19 through 23. They
found that 50% of the animals accepted and
reared to weaning the foster young with
which they were subsequently housed. How-
ever, under the conditions of our experiment,
in which cesarean delivery was not per-
formed, we found that nursing behavior re-
mained intact.

Summary. Progesterone injections adminis-
tered during late pregnancy effectively inhib-
it lactation in the rat. Subcutaneous doses
of 0.5 and 2 mg of progesterone in sesame oil
twice daily between days 18 and 23 of gesta-
tion produced a greater inhibitory effect than
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0.1 mg of progesterone similarly adminis-
tered, particularly with regard to mortality
and weight changes of the young, and the
release of milk in nursing tests. The primary
inhibition appears to rest on processes of
milk ejection rather than milk secretion or
the motivation to nurse.

1. Cowie, A. T, and Folley, S. J. in “Sex and
Internal Secretions” (W. C. Young, ed.), Vol. 1, p.
590. Williams and Wilkins, Baltimore (1961).

2. Benson, G. K., Cowie, A. T., Cox, C. P,, and
Goldzveig, S. A., J. Endocrinol. 15, 126 (1957).

3. Hashimoto, I., Henricks, D. M., Anderson, L.

L., and Melampy, R. M., Endocrinology 82, 333
(1968).

4. Grota, L. J., and Eik-Nes, K. B., J. Reprod.
Fert. 13, 83 (1967).

5. Reece, R. P., and Bivins, J. A., Proc. Soc. Exp.
Biol. Med. 49, 582 (1942).

6. Lyons, W. R, Li, C. H, and Johnson, R. E,,
Recent Progr. Horm. Res. 14, 219 (1958).

7. Zarrow, M. X.,, in “Sex and Internal Secre-
tions” (W. C. Young, ed.), Vol. 2, p. 958. Williams
and Wilkins, Baltimore (1961).

8. Csapo, A., Ann. N.Y. Acad. Sci. 75, 790 (1959).

9. Moltz, H., Levin, R, and Leon, M. J.
Comp. Physiol. Psychol. 67, 36 (1969).

Received April 5, 1971. P.S.E.BM., 1971, Vol. 138.





