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Gestation in the mammal is divisible into 2 
portions, the period of free and attached 
ovum. I n  a few animals such as bear. roe 
deer. AIustilids, seals, armadillo the period oi 
free ovum may be extremely long, extending 
into months. Tn most mammals the free pe- 
riod is short and very definitely defined. but 
in mouse and rat, gestation. concurrent with 
lactation, may be prolonged. due to retarda- 
tion in implantation associated with a large 
number of suckling young. The exact mechan- 
ism controlling extent of delay and induction 
of nidation in both types of delay cited above 
is still not clear. For a brief review of the 
literature the reader is referred to (1 ) .  Re- 
cently experimental studies have been made 
of factors inducing and controlling delay i n  
non-lactating rats. The  publications indicate 
that time of ovariectomy after fertilization. 
and kind, quantity, and time of administration 
of exogenous hormone are important factors. 
The  adrenal has also been implicated. These 
variables may account for what appear to be 
inconsistent, contradictory results (2-1 0 ) .  
Time of ovariectomy during period of natural 
delay of implantation in the armadillo also 
affects implantation and subsequent viability 
of embryos ( 1 1 ) . Loeb ( 12 ) demonstrated 
that time of removal of corpora lutea before 
implantation in the guinea pig determines 
whether nidation will occur. Bloch( 13) re- 
ported that progesterone induces implantation 
a t  normal time in non-lactating mice castrated 
after mating. In prepubertal mice, induced 
to ovulate and mate by administration of exo- 
genous gonadotropins, implantation does not 
occur, blastocysts delay and have been recov- 
ered as late as 2 2  days: implantation can be 
induced by exogenous progesterone (Smith- 
berg and Runner) (14) .  This paper describes 
results of experiments designed to determine 
effect of ovariectoniy, adrenalectomy, hypo- 
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physectomy and progesterone and estrone on 
implantation in the golden hamster. 

Methods m d  results. The  golden hamster, 
unlike the rat, has a very regular estrous 
cycle (ii'ard ( 15)  ) , and has no postpartunl 
ovulation or estrus (Deanesly ( 16) ) . More- 
over, the hamster has a very short progesta- 
tional, or free-living stage in its gestation; im- 
plantation begins on day 5 ,  a t  approximately 
4 days and 8 hours developmental age (Ward 
( 1 7 )  ) .  All hamsters used were virgins of 
breeding age in which several cycles had been 
followed. Females in estrus were placed with 
males of proven fertility in the evening and 
left overnight. Copulations were observed in 
most and confirmed in all by presence of 
sperm the following morning, ie., day 1 of 
pregnancy. A group of 5 intact pregnant 
hamsters were given 2-4 mg of progesterone 
daily from days 2 or 3 of pregnancy to deter- 
mine whether exogenous progesterone would 
prevent implantation. These animals were 
laparotomized on day 8 and the number of 
sites recorded. One animal was killed a t  this 
time, another killed a t  time of normal par- 
turition ( 1  5 days and 12 hours-as deter- 
mined from approximate time of ovulation, 2 
a.m. of morning when sperm were found, 
(Ward ( 15,17) ) , and the remaining 3 were 
treated until day 20 and killed. Observations 
a t  laparotomy indicate no effect on time of im- 
plantation. These results agree with those ob- 
tained by Samelwitz, Dziuk and Nalbandov 
(2O) ,  and Cochrane and Meyer (9),  who] ad- 
ministered 4-16 mg of progesterone daily for 
variable periods after mating and obtained no 
significant effect on implantation and develop- 
ment. The  remaining females were subjected 
to surgery a t  known period of pregnancy prior 
t o  implantation. Beginning at time of surgery 
they were maintained with, or without (con- 
trol groups), daily injections of progesterone, 
and laparotomized when conceptual swellings 
would be easily visible if implantation had oc- 
curred. IYhen implantations were found, the 
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animal was usually killed. Number and con- 
ditions of implantations were recorded and 
the tracts fixed in AFA (3 parts 95% alcohol, 
1 part commercial formalin, 1 part glacial 
acetic, and 5 parts water), dehydrated in alco- 
hol and cleared thrclugh benzol to benzyl ben- 
zoate. After cleari i g  they were re-examined 
for completeness o t ovariectomy and corre- 
spondence of development to stage when 
killed. Variation j n experimental design is 
shown in Table I, mhich also summarizes pro- 
cedures and results Animals in Table I are 
divided into the following groups: Group A: 
Bilateral ovariectoniy plus 2 or 4 mg of pro- 
gesterone daily. GI-oup B : Bilateral ovariec- 
tomy and rtdrenalec .omy plus 4 mg of proges- 
terone daily. Group c‘: Bilateral ovariec- 
tomy ; no progesterclne. Group D : Hypophy- 

sectomy and pituitary autograft to kidney 
capsule; no progesterone. Group E: Hypo- 
physectomy ; no progesterone. Group F: Hy- 
pophysectomy plus 4 mg progesterone daily. 
Ovaries and adrenals were removed by usual 
methods. Unilateral hysterectomies and lapa- 
rotomies were made by ventral approach. Hy- 
pophysectomy was done by parapharyngeal 
approach under ether and semisterile condi- 
tions. When pituitary gland was to be trans- 
planted, it was sucked into a sterile cannula 
and placed in 0.9% saline a t  room tempera- 
ture. Autografts of pituitary were made by 
placing the gland under left kidney capsule 
following method of Everett ( 18) . The sella- 
turcic‘a of 1iyl)ol)hysectomized animals was ex- 
aniined with magnifying lens a t  autopsy to 
determine whether removal was comdete. 
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Daily weights were recorded for all animals. 
Synthetic V.S.P. progesterone was used 
throughout. Two or 4 mg of progesterone, or 
a combination of progesterone plus 1 y of es- 
trone, was injected daily subcutaneously in 
. 2 5  cc of corn oil. Hamsters were maintained 
on Rockland Rat or Purina Laboratory Chow. 
('orn sugar was added to drinking water 3-4 
days after hypophysectomy . Adrenalecto- 
mized hamsters were provided with 0.97. sa- 
line until autopsy. In 13 instances where im- 
plantation sites were present after bilateral 
ovariectomy, animals were maintained after 
laparotomy on the same hormonal treatment 
as that given before laparotomy: 9 to late ges- 
tation: 4 to prolonged gestation. At autopsy. 
number and condition of implantation sites 
and conceptuses were recorded. It'here no 
implantation sites were found a t  laparotoniy. 
the same prelaparotomy regime plus 1 -/ of es- 
trone daily was given for additional 4-6 days. 
One uterine horn from 5 of these animals was 
flushed a t  time of laparotomy. i .c. ,  2 of the 
3 from Group A. 1 from Group B ,  and 1 from 
each of the first 2 subgroups of Group D. 
Both horns from one animal in Group D were 
flushed on day 4, approximately one day prior 
to time of expected implantation (IVard ( 17) ) . 
to determine how long the blastocysts would 
remain viable. A similar attempt was made 
to determine condition of the blastocysts in 
the control Group C,  where one animal cas- 
trated on day 4 was laparotomized and the 
uterus flushed on day 6, approximately one 
day after implantation. Since small amounts 
of estrone added to progesterone cause im- 
plantation in the non-lactating rat, the find- 
ing that 89% of hamsters ovariectomized and 
given progesterone alone implanted led us to 
eliminate all possible exogenous estrogen 
(from food and progesterone solvent), Orsini 
and Aleyer( 19) .  For this 18 hamsters were 
placed on a diet of water and glucose alone 
from day 2 to day 7. Sixteen were ovariecto- 
mized and given 4 mg of progesterone daily. 
6 received it in corn oil, 5 suspended in s' ci 1'  ine, 
5 dissolved in Trioctanoin. a synthetic oil oh- 
tainecl from Eastman Kodak. The remaining 
2 were intact, serving as controls on thc effcct 
of the diet alone. ,411 showed implantation 
sites comparable to the normal stage of devel- 

opment when laparotomized on day 7 .  
Discussion. I n  Group A of Table I, 3 or 

11 % of animals ovariectomized and given pro- 
gesterone failed to implant. It is possible that 
the oviduct may have been traumatized dur- 
ing the operation. Eleven of total ovariecto- 
mized females had unilateral pregnancies sus- 
pected to be attributable to this cause, as the 
number of conceptuses in the single horn was 
not sufficient to suggest unilateral ovulations. 

I n  Group E 6 of 8 animals hypophysecto- 
mized failed to implant. No pituitary frag- 
ments were found in 8 animals. It is possible, 
however, that  fragments too small to be de- 
tected accounted for implantation in the re- 
maining two. 

Progesterone in doses used caused no de- 
tectable delay in nidation in hamsters made 
estrogen deficient by hypophysectomy, ovari- 
ectomy, or ovariectomy and adrenalectomy, 
(Table T. Groups A, B, and F) .  These find- 
ings support the concept that  estrogen is not 
required for implantation in the hamster, 
whereas in the rat  progesterone alone prevents 
nidation and estrogen induces it(4,5,9,10). In 
the hamster estrogen produced a t  ovulation 
and immediately thereafter may be sufficient 
for progesterone alone to1 produce implanta- 
tion subsequently. T h e  work of Loeb( 12),  
who found that removal of corpora from the 
guinea pig during first 2 days was not followed 
by implantation. but that  removal of corpora 
a t  75 hours was followed by implantation and 
apparently normal development, and Bloch 
(13),  who1 was able to secure implantation in 
castrate noa-lactating mouse by progesterone 
alone, supports this possimbility, Both sug- 
gest that the ovary may sensitize the uterus in 
this early stage. I n  prepubertal mice in which 
mating and ovulation were induced by gona- 
dotrophins evidence was found for both estro- 
gen and progesterone secretion during the first 
2 days of gestation, Smithberg and Runner 
( 14).  Subsequently in their untreated ani- 
mals, the corpora degenerate, the blastocysts 
survive but do not implant. However, if these 
animals are given progesterone daily, implan- 
tation occurs. 

(;roup I), with hypopliysectomy and auto- 
graft  to the kidney in the hamster is unlike 
that in the ra t (  lS>21,10). Whether failure to 
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implant in the hamster under these conditions 
is due to a lack of luteotropin or luteinizing 
hormone has not been determined. 

Cleavage stages, morulae and early blasto- 
cysts were flushed from the uteri olf normal 
hamsters prior to implantation, yet in no case 
were ova or blastocysts recovered from the 
few experimental ;inimaIs flushed before or 
after expected tim? of normal implantation. 
No evidence was found of abortive implanta- 
tions in cleared, ncmpregnant tracts. More- 
over, implantations found in pregnant tracts 
(progesterone trea1,ed) appeared comparable 
to stages in the normal hamster. This sug- 
gests that without progesterone ova or blasto- 
cysts degenerate; a t  what stage is not known. 

In  experiment designed to eliminate pos- 
sible estrogen contamination the entire group 
of animals lost wcight when maintained on 
glucose, but all showed implantations demon- 
strating that exo~geiious estrogen is not neces- 
sary for implantation in the hamster. One 
possible source for contamination is in the 
progesterone itself. This, however, does not 
seem probable. 

In no instance where implantation had not 
occurred a t  time of laparotomy, regardless of 
treatment, was i t  subsequently induced by es- 
trone. This suggests that blastocysts were 
not alive at  time esxone was begun. 

1. 111 the hamster, when ovar- 
ian hormones are lacking, due to ovariectomy, 
or hypophysectom,q, implantation does not 
occur and blastocysts are not recovered. 2.  
lmplantation does not occur in hypophysecto- 
mized hamsters with pituitary autografts. 3. 
Doses off progesterme, 2-4 mg daily, do not 
affect time of implzntatim in the intact ham- 
ster. 4. Implantation occurs with no appar- 
ent delay in hamsters made estrogen-deficient 
by ovariectomy , ovariectomy and adrenalec- 

Summary. 

tomy, or hypophysectomy and given daily in- 
jections of 2-4 mg progesterone. In  experi- 
ments designed to eliminate estrogen in injec- 
tion media and diet, implantation also oc- 
curred when progesterone was given to ovari- 
ectomized hamsters. This suggests that pro- 
gesterone alone is required for maintenance 
of blastocyst and nidation in the hamster. 
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