
into the brain ventricular system rapidly 
penetrates into the brain parenchyma 
with uptake being highest in the 
hypothalamus. This indicates that mel- 
atonin in CSF has access to brain areas 
important for neuroendocrine control. 

The reason that melatonin concentra- 
tion in CSF is higher than that in plasma 
is not known. Melatonin could be se- 
creted directly into the third ventricle 
(18); it could be actively transported into 
the CSF from the blood; or, it could be 
the result of retrograde flow in the superi- 
or sagittal sinus (19). Secretion directly 
into the third ventricle, although the 
most attractive hypothesis, is not sup- 
ported by anatomical evidence. The bo- 
vine pineal gland has a relatively dense 
glial layer between the pineal paren- 
chyma and the lumen of the third ven- 
tricle (20), and it does not exhibit the in- 
timate contact with the suprapineal re- 
cess such as occurs in some lagomorphs 
and rodents (18). 

There is a degree of uncertainty about 
the initial source of plasma and CSF mel- 
atonin in mammals, because retinae, 
Harderian glands, and pineal glands are 
all capable of melatonin synthesis (21). 
However, in chickens, removal of the 
pineal gland reduces melatonin to non- 
detectable levels in plasma, confirming 
that the pineal gland is the primary 
source of melatonin in this species (8). 
Although it seems likely that most of the 
melatonin found in the plasma of rats, 
sheep, humans, and calves, as well as 
the melatonin in calf and human CSF, 
originates from the pineal gland, critical 
experimental support is still lacking. 
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cyst. 

In previous publications we in- 
troduced a new concept which states 
that the preimplantation embryo (PIE) 
has the capacity to synthesize steroid 
hormones, and that these PIE steroids 
are essential for preimplantation em- 
bryogenesis and for implantation of the 
blastocyst (1-3). In support of this con- 
cept, it has been shown that the PIE con- 
tains steroid hormones (2, 4) and can syn- 
thesize them (2, 3, 5). However, the de- 
finitive support for the concept will have 
to come from evidence demonstrating 
the function of PIE steroids. Accord- 
ingly, the purpose of the present study 
was to determine whether "blastocyst es- 
trogen" plays a role in the initiation of 
implantation in the rat. 

In the rat, and in a few other species 
which have been studied, the earliest 
macroscopically demonstrable reaction 
of the uterUs to the presence of a blasto- 
cyst is a local increase in capillary per- 
meability. This reaction can be demon- 
strated experimentally by injecting intra- 
venously a macromolecular dye, such as 
Chicago Blue, and inspecting the uteri 15 
minutes later: in the area where each 
blastocyst is located, a discrete blue 
band is seen across the uterus. Apparent- 
ly, the dye can leave the circulation only 
in loci where an increase in capillary per- 
meability has occurred. The increase in 
permeability is a necessary preliminary 
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for the decidual reaction (6), and the de- 
cidual reaction, in turn, is a prerequisite 
for the implantation process. It seems ob- 
vious that the blastocyst provides the 
stimulus for the induction of increased 
capillary permeability, since the reaction 
occurs only in the immediate vicinity of 
the blastocyst. Nevertheless, we have 
not encountered in the literature any sug- 
gestion concerning the nature of the 
blastocyst's stimulus. 

In castrated rats and rabbits (7) and in 
immature rats (8), systemic injection of 
estrogen induces an increase in capillary 
permeability throughout the length of the 
uterus. We have shown that the rabbit 
blastocyst contains estrogen and sug- 
gested that this estrogen is synthesized 
by the blastocyst (2). Taken together, 
these findings led us to propose that the 
stimulus for the local increase in cap- 
illary permeability in the intact pregnant 
rat is estrogen secreted by the blasto- 
cyst, and that this stimulus is effective 
only in a uterus which has been properly 
primed with systemic progesterone and 
estrogen. The design of our experiments 
was based on this hypothesis. 

The animals used were adult, virgin fe- 
male rats of the Holtzman strain weigh- 
ing 180 to 220 g. They were housed in 
temperature- and humidity-controlled 
quarters with lights on from 0600 to 2000 
hours. To induce pregnancy, females 
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Does "Blastocyst Estrogen" Initiate Implantation? 

Abstract. Fertilized eggs were incubated for 2 hours in a medium containing estra- 
diol-1713 and then transferred into the uteri of day 5 pseudopregnant rats. These 

eggs, but not estrogen-free control eggs, induced a local increase in capillary per- 
meability. We suggest that the blastocyst factor which induces the local increase in 

capillary permeability during early pregnancy is estrogen synthesized by the blasto- 
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were caged with fertile males on the day 
of proestrus, and were examined the 
next morning (day 1 of pregnancy) for 
the presence of vaginal plug or spermato- 
zoa in the vagina. To induce pseudo- 
pregnancy, females were cervically stim- 
ulated with a vibrating rod on the day of 
estrus (day 1 of pseudopregnancy) ac- 
cording to the method described by 
DeFeo (9). 

To provide background controls, we 
injected 1 ml of a 1 percent solution of 
Chicago Blue into the tail vein of female 
rats on day 5 of pregnancy between 2200 
and 2300 hours. Fifteen minutes later, 
the rats were killed, and the uteri were 
excised and inspected for blue bands. 
The number of blue bands per rat corre- 
sponded to the expected number of 
blastocysts, that is, 8 to 12. 

According to our hypothesis, a minute 
quantity of estrogen released from the 
blastocyst causes the local increase in 
capillary permeability which, under the 
above experimental condition, is mani- 
fested as a blue band. To test this hypoth- 
esis, day 5 pseudopregnant rats were 
anesthetized with ether between 1000 
and 1600 hours, and their uteri were ex- 
teriorized through a midventral incision. 
Each uterus was punctured with a fine 
needle so as to create a passageway to 
the uterine lumen. Through the passage- 
way a fine pipette was inserted, and a 
minute quantity of estrogen dissolved in 
water was instilled into the uterine lu- 
men. Each uterus received such an in- 
stillation at three separate loci. As in the 
background controls, between 2200 and 
2300 hours the rats were injected with 
Chicago Blue and later killed and 
checked for blue bands. The procedure 
did induce blue band formation. How- 
ever, when we instilled into uteri water 
not containing estrogen, and when we in- 
serted the pipette without instilling any- 
thing, blue bands also formed. These re- 
sults could have been predicted, because 
trauma induces increased capillary per- 
meability. However, we were hoping 
that the trauma would be sufficiently 
mild not to induce increased per- 
meability, because we employed the 
method used for egg transfer (10), which 
is gentle enough not to induce decid- 
uomata. 

Our next objective was to find a way 
by which to deliver estrogen to local 
areas in the uterine lumen without physi- 
cally traumatizing these same areas. This 
problem was resolved in the following 
manner. 

Fertilized eggs at the 2- to 4-cell stage 
were recovered from pregnant rats on 
day 3 between 1200 and 1400 hours. The 
eggs were incubated for 2 hours in a bal- 
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anced salt solution containing 2 Ag of es- 
tradiol- 17,f (11) per milliliter [this concen- 
tration is innocuous for mouse PIE's 
grown in vitro from the 4-cell stage to 
blastocysts (12)], and were then trans- 
ferred into the uteri of day 5 pseudopreg- 
nant recipients. Depending on the num- 
ber available, between three and six eggs 
were transferred into each uterus. For 
reasons which will be clarified below, the 
uteri were punctured and the transfer pi- 
pette inserted in the ovarian quarter of 
the uterus. On the same day, between 
2200 and 2300 hours, the recipients were 
injected with Chicago Blue; 15 minutes 
later they were killed and the uteri 
checked for blue band formation. Nor- 
mally, during day 5 of pregnancy, blasto- 
cysts are spaced throughout the length of 
the uterus; therefore, we were hoping 
that the transferred day 3 eggs would al- 
so be spaced, and once they settled on a 
particular spot, they would lose there the 
estrogen which they picked up during the 
incubation in vitro. Then, if our hypothe- 
sis was correct, the estrogen released 
from an egg would result in the induction 
of a blue band. The presence of one or 
more blue bands in the ovarian quarter of 
the uterus would be interpreted as hav- 
ing been induced by the physical trauma 
of the puncture needle and the transfer 
pipette, but blue bands in the other three 
quarters of the uterus would be regarded 
as resulting from a stimulus by the trans- 
ferred eggs. Control transfers were done 
in the same way as experimental trans- 
fers, except that the eggs were incubated 
in estrogen-free balanced salt solution. 
Nine recipients for experimental trans- 
fers and ten recipients for control trans- 
fers were used. In the controls, blue 
bands were present only in the ovarian 
quarter of the uterus, whereas in the ex- 
perimental transfers, blue bands were 
present in all four quarters. Thus, the es- 
trogen-carrying eggs, but not the estro- 
gen-free eggs, induced an increase in cap- 
illary permeability. 

These results lend support to our hy- 
pothesis that blastocyst estrogen induces 
the local increase in capillary per- 
meability, if we assume that the rat 
blastocyst, like the rabbit blastocyst, 
contains estrogen (2) and has the capac- 
ity to release it. There is no evidence that 
estrogen has a direct effect on capillary 
permeability, but estrogen is known to 
cause the release of vasoactive sub- 
stances. Thus it has been shown that es- 
trogen treatment of adult, ovari- 
ectomized rats causes release of uterine 
histamine (13, 14), uterine prostaglandin 
(15), and uterine 5-hydroxytryptamine 
(14). We therefore suggest that, singly or 
in combination, these substances or oth- 

er vasoactive substances are released as 
a result of stimulation with blastocyst es- 
trogen. 

A less plausible interpretation of our 
results is that the estrogen stimulated the 
release of a vasoactive substance from 
the egg itself. It could also be postulated 
that during pregnancy, blastocyst estro- 
gen triggers the release of a vasoactive 
substance from the blastocyst. Whether 
blastocysts can synthesize and release 
vasoactive substances remains to be de- 
termined; however, it has been shown 
that rabbit blastocysts contain prosta- 
glandins (16). 

It is thus our contention that blasto- 
cyst estrogen plays a key role in initiat- 
ing the local increase in capillary per- 
meability which is a necessary prelimi- 
nary for implantation. Future studies will 
determine whether the target for the 
blastocyst estrogen is the uterus, the 
blastocyst, or both. We have discussed 
previously (3) additional lines of evi- 
dence which we interpret as supportive 
for the hypothesis that blastocyst estro- 
gen plays a key role in the process of im- 
plantation. 
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