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Summary. Previous experiments demonstrated that a particular de¬
velopmental relationship was critical in determining whether or not rat
ova transferred asynchronously into the uteri of recipient rats would
survive to term foetuses. The present experiments were designed to
determine the fate of transferred ova, particularly at the time of implan¬
tation.

Ova that were  day younger than the uterus developed at the usual
rate until the 5th day of pregnancy, but then degenerated rapidly and
failed to implant. Ova that were 1 day older than the uterus delayed their
development and did not implant until the uterus was ready for the
implantation interaction. Neither control ova nor ova 1 day older than
the uterus could implant on the 4th or 6th days of pregnancy.

It is postulated that in the afternoon of the 5th day of pregnancy, the
ovum and the endometrium having independently attained a specific
stage of development, the uterine environment suddenly changes, becom¬
ing detrimental to younger ova but stimulating to 5-day blastocysts in
such a way that they elicit the decidual reaction, become attached to the
endometrial epithelium, and begin the process of implantation.

INTRODUCTION

In a previous series of experiments (Noyes & Dickmann, 1960a), developing
rat ova were transferred into the uterine horns of recipient rats on the 2nd
through the 6th days of pseudopregnancy. The proportion of ova that survived
to term foetuses was found to depend upon the age of the ova, the stage of
development of the uterus, and upon a particular relationship between the two.
If at the time of transfer the ova were the same age as, or 1 day older than, the
uterus, a strikingly larger proportion survived than when the ova were 1 day
younger than the uterus. In the course of these previous experiments, three
problems arose concerning the fate of ova transferred asynchronously into the
uterus :
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200  · Dickmann and R. W. Noyes
(/) The fate of ova  dayyounger than the uterus. The previous experiments sug¬

gested that the uterine environment of the 3rd through the 6th days ofpregnancy
was detrimental to the survival of ova 1 or more days younger than the corre¬

sponding stage of uterine development. However, the experimental results gave
no clue as to how or when the ova were damaged. Do damaged ova show
morphological changes, and if so, how quickly do they appear? Does this
damage progress during the first few days of pregnancy, or is the damage a

phenomenon limited to a specific day of pregnancy ?
{2) Thefate ofova 1 day older than the uterus. The previous experiments disclosed

that, when the ova were 1 day older than the stage of development of the re¬

cipient's uterus, as many ova survived as when the ova were the same age as the
uterus. When 5-day ova were transferred into the uterus of a recipient rat on the
4th day of pseudopregnancy, the resulting embryos were heavier than those
developing from 4-day ova transferred into the opposite horn of the same rat.
Do these older ova implant sooner than ova the same age as the uterus ? Or do
these ova implant at the same time, and then develop more rapidly than the
control ova ? Can ova continue to develop in the uterus of the pseudopregnant
rat without implanting ?

{3) Implantation on the âfii, $th and 6tk days ofpregnancy. In the rat, the blastocyst
becomes attached to the endometrium late on the 5th day of pregnancy. Con-
comitantly, the endometrial stroma begins to differentiate into decidua. How¬
ever, mechanical, electrical and chemical stimuli will elicit the decidual re¬
action on the 4th through the 7th days of pseudopregnancy. Since the decidual
response is such an integral part of the implantation interaction, can ova of a
selected chronological age implant on the 4th or on the 6th day of pregnancy ?
If ova cannot implant on either of these days, is implantation restricted to a

particular time on the 5th day of pregnancy ?

METHODS AND OBSERVATIONS
GENERAL

Ova were recovered from albino rats and transferred into the uteri of pigmented
rats that had been previously mated with vasectomized males. The day on
which the vaginal plug was first observed was called the ist day of pregnancy or

pseudopregnancy. The ova were recovered by flushing the excised oviducts or
uterine horns with conditioned culture medium.

On the 2nd day of pregnancy the ova were in the two-celled stage, and by the
3rd day some had progressed to the three- and four-celled stages (PI. 1, Fig. 1).
On the 4th day, the ova were in the eight- to sixteen-celled stage (PI. 1, Fig. 2)
and were passing from the oviduct into the uterus. Five-day ova were blasto¬
cysts (PI. 1, Fig. 3), but after 1600 hr on the 5th day, the zonae pellucidae were

usually absent. By the 6th day, the ova had begun to implant (PI. 1, Fig. 4 and
PI. 4, Fig. 19) and relatively few could be flushed from the uterus.

( I ) FATE OF OVA I DAY YOUNGER THAN THE UTERUS

In the experiments recorded in Table 1, developing ova were transferred into
the uterine horns of recipient rats that had been mated to vasectomized males
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PLATE  

Fig. i. Six rat ova recovered from the oviduct
of a donor on the 3rd day of pregnancy. ( X 180).
Fig. 3. Five ova recovered from the uterus of a
donor on the 5th day of pregnancy, (x 180).
Fig. 5. Five ova recovered 4 hr after transfer of
4-day ova into the uterus of a recipient on the
5th day of pseudopregnancy (X250). Recipient
number 61 L.

(Facing p. 200)

Fig. 2. Six ova recovered from the uterus of a
donor on the 4th day of pregnancy,  180).
Fig. 4. Five ova recovered by distending and
flushing the uterus of two donors on the 6th day
of pregnancy, (x 180).
Fig. 6. Six ova recovered g hr after transfer of
4-day ova into the uterus of a recipient on the
5th day of pseudopregnancy (x 180). Recipient
number 64 RL.
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PLATE 2

Fig. 7. Five ova recovered 12 hr after transfer
of 4-day ova into the uterus of a recipient on the
5th day of pseudopregnancy (X 180). Recipient
number 67 RL.
Fig. 9. Five ova recovered 33 hr after transfer of
3-day ova into the uterus of a recipient on the
4th day of pseudopregnancy (x 180). Recipient
number 83 R.
Fig. 11. Six ova recovered 18 hr after transfer of
2-day ova into the uterus of a recipient on the
3rd day of pseudopregnancy (x 180). Recipient
number 89 RL.

(Facing p. 201)

Fig. 8. Five of six ova recovered 20 hr after
transfer of 3-day ova into the uterus of a recipient
on the 4th day of pseudopregnancy (X180).
Recipient number 81 L.
Fig. 10. Fragments of ova recovered 36 hr after
transfer of3-day ova into the uterus ofa recipient
on the 4th day of pseudopregnancy ( X 180).
Recipient number 85 R.
Fig. 12. Four ova recovered 48 hr after transfer
of 2-day ova into the uterus of a recipient on
the 3rd day of pseudopregnancy ( X 180).
Recipient number 93 RL.
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Fate of Transferred Ova 201

 day before the donor rats were mated to normal males. The recipients were
killed 4 to 59 hr later, and the ova recovered and examined microscopically.
When the recipient was killed before the 6th day of pregnancy, difficulty was
encountered in distinguishing between degeneration of the donor ova and
fragmentation of the unfertilized ova native to the pseudopregnant recipient.
(Such ova are designated 'unclassifiable' in Table 1). For this reason, in later
experiments the recipient's oviducts were ligated on the ist day of pseudo¬
pregnancy (Table 1, Col 4) in order to prevent native ova from entering the
uterus. Since native ova were not found in the uteri of five control animals on

the 6th day of pseudopregnancy, it was assumed that all ova recovered from
operated animals on the 6th day of pregnancy were transferred.

Table 2

summary of table i

Donor rat

Age of ova

Recipient rat

Day ofpseudo¬
pregnancy
of recipient

4-"5

3->-4

2->-3

No. hr ova

left in uterus

4 to 6
9

12
17 to 28

17 to 24
33 to 36
41 to 48
16 to 18
24 to 25

32
48

57 to 59

6a

Hr ova

subjected to
'5-day'
uterine

conditions

4 to 6
9

12
17 to 28

o

9 to 12

17 to 24

o
o
o

9 to :

Proportion of
transferred ova

recovered

'19/26 .7325/34 -73
11/17 .65
15/105 .14

*24/33 -79
21/28 .75
0/20 .00

9/"9 -47
4/19 .21
1/10 .10

4/8 .50
1/26 .04

Morphology

good
variable

poor
poor

good
variable

poor

good
good
good
good
good

* Half of the unclassifiable ova were considered to be 'native'.

The summary of Table 1, set out in Table 2, shows that when 4-day ova were
transferred into the uterus on the 5th day, most of them could be recovered 4 to
6 hr later, and they appeared to be normal morphologically (PI. 1, Fig. 5).
However, after 9 hr in the uterus, some of the ova showed signs of degeneration
(PI. 1, Fig. 6), and after 12 hr the degeneration was marked (PI. 2, Fig. 7).
After 17 hr in the uterus, very few ova could be recovered, presumably because
they had been destroyed.

In order to determine whether the morphological evidence of damage was
correlated with the ability of the ova to survive, 4-day ova were transferred into
the uteri of incubator rats on the 5th day ofpseudopregnancy. After 4 hr or 11 to
12 hr of incubation the ova were recovered and transferred again, this time into
the uteri of 4-day recipients. The results of sixteen such double transfers (Table
3) show that 58 % of the ova incubated for 4 hr survived the second transfer,
whereas only 27 % of the ova incubated for 11 to 12 hr survived. Since the length
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202  · Dickmann and R. W. Noyes
of time required to reduce ovular survival was about the same as that to cause

morphological change (Table 2), it is reasonable to assume that the observed
morphological changes represent severe damage to the ova.

In order to determine whether younger ova degenerated at the same rate on
different days of pregnancy, 3—»4 (3-day ova transferred into 4-day recipients)
and 2—>3-day transfers were performed. The data in Table 2 indicate that the

Table 3
the survival of 4-day ova transferred into the uterus of incubator rats on the 5th day of

pseudopregnancy

Donor rat Incubator rat Recipient rat

Day of
pregnancy

ova
obtained

No. ova

transferred
to incubator

rat

Day (hr)
of pseudo¬
pregnancy

ova

transferred

Hr ova
remained in
incubator's

uterus

No. ova
recovered

and
transferred
to recipient

Recipient
No.

Day (hr)
ofpseudo¬
pregnancy

ova

transferred

No. live
foetuses on

Day 18 of
pregnancy

5(1000)
5(1100)
5(1100)
5(1100)
5(1100)
5('300)
5(1000)
5(1100)
5(1200)

4

4

4

11

I I

I I

12

12

12

97 R
L

98 R
L

99 R
L

100 R
L

101 R
L

102 L
103 R

L
104R

L
105 R

L

4(1400)
4(1500)
4(1500)
4 (2200)
4 (2200)

4(2400)
4(1000)
4(1100)
4(24°°)

recovery and morphology of ova recovered 17 to 24 hr after the 3->-4-day
transfer was good (PL 2, Fig. 8), but after 33 to 36 hr degenerative changes had
set in (PI. 2, Figs. 9 and 10). In the case of the 2—>3-day transfers, ovum re¬

covery was variable after 18 hr, but the morphology of the few ova recovered
appeared to be normal (PI. 2, Figs. 11 and 12).

(2) THE FATE OF OVA I DAY OLDER THAN THE UTERUS

Two techniques were used to determine whether ova 1 day older than the uterus

implanted sooner than ova the same age as the uterus. The previously described
flushing technique (Noyes & Dickmann, 1960a) was used to recover ova from
the uterus on the 5th and 6th days of pregnancy. Serial sections of fixed con¬

ceptuses were used to study implantation on the 6th, 7th and 8th days of
pregnancy.

(a) Flushing Technique
Table 4 gives the results of experiments using the flushing technique. The

control data indicate that an average of 4.2 ova was recovered from the uterine
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204  - Dickmann and R. W. Noyes
horns on the 4th and 4.0 early on the 5th day of pregnancy. There was a signi¬
ficant drop in recovery late on the 5th (1700 to 2000 hr), and a striking drop
on the 6th day of pregnancy. On the 6th day, only three ova were recovered
from six uterine horns flushed in the usual manner (Col. 7), but when the same

uterine horns were flushed again after distending them momentarily with 0.2 ml
of medium, six additional ova were obtained (Col. 8). The distension technique
apparently increased the recovery of partially implanted ova by tearing them
loose from their superficial attachments to the uterus (PI. 1, Fig. 4). No ova
could be recovered from the uterus on the 7th day of pregnancy. These control
data indicate that the ova began to attach themselves to the endometrium late
on the 5th day of pregnancy.

The experimental data in Table 4 show that when 5-day ova were trans¬
ferred into the uteri of recipients on the 4th day of pseudopregnancy, a large
number of the transferred ova were recovered 1 day later. This indicates that
the 5-day ova did not implant in the 4- or early 5-day uteri even though they
succeeded in shedding their zonae pellucidae (compare PI. 3, Figs. 13 and 14).
However, when 5-day ova were left in the uterus for 2 days, only a few were

recovered; this implies that the 5-day ova had become attached at the usual
time, i.e. late on the 5th day of pregnancy.

Since 5-day ova apparently delayed implanting for 1 day, the question
arose as to whether or not they continued to grow and differentiate during this
period of delay. The average volumes of the transferred ova were calculated
from two diameters measured on photographs by applying the formula 4/3
length  (width)2 (Table 4, Col. 10). The 5-day ova transferred to 4-day
recipient 110 R were recovered 2 days later showing that although the ova had
attained a chronological age of 7 days, they were not more firmly attached to
the uterine wall than 6-day ova. However, the average size of the two ova
recovered (PI. 3, Fig. 16) was considerably larger than the 6-day controls
(PI· 3> Figs- 15 and 17).

The apparent morphological stage of development (Table 4, Col. 11) was the
same in the operated as in the unoperated controls, showing that the transfer
technique per se did not alter the rate of ovular differentiation significantly.
The 5-day ova recovered 1 day after transfer into a 4-day uterus were similar
to normal 6-day ova and those recovered after 2 days were larger than 6-day
controls. However, since 7-day ova could not be flushed from the uterus, no

comparison could be made between the latter ova and 7-day controls. For this
reason, histologie studies were undertaken.

{b) Histological Technique
The uterine horns were excised from recently killed rats and examined in good

light. Implantation sites could be recognized in the unopened uteri as early as
the morning of the 6th day of pregnancy, at which time they appeared as
minute pale areas. After the 6th day of pregnancy, the sites were easily seen
and counted. A segment of the uterus containing the conceptus was removed,
fixed in Bouin's solution, embedded in paraffin, serially sectioned at 8 µ, and
stained with haemtoxylin and eosin.

In examining the serial sections, the endometrium was dated using Krehbiel's
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PLATE 3

Fig. 13. Two native and three donor ova
recovered 1 day after the transfer of 4-day ova
into the uterus of a recipient on the 4th day of
pseudopregnancy (X180). Recipient number
106 R.
Fig. 15. Two ova recovered 2 days after the
transfer of4-day ova into the uterus of a recipient
on the 4th day of pseudopregnancy (x 180).
Recipient number 109 RL. Development
equivalent to 6-day controls. Volume 138 X io3
and 147    3 µ3.
Fig. 17. Two ova recovered 1 day after the
transfer of 5-day ova to the uterus of a recipient
on the 5th day of pseudopregnancy (  180).
Recipient number 113 RL. Average volume
139X   3 µ3. '

(Facing p. 204)

Fig. 14. Two native and four donor ova re¬
covered 1 day after the transfer of 5-day ova
into the opposite uterine horn of the same

recipient as that in Fig. 13 (x 180). Recipient
number 106 L. Note the absence of the zonae

pellucidae on the donor ova.
Fig. 16. Two ova recovered 2 days after the
transfer of 5-day ova into the uterus ofa recipient
on the 4th day of pseudopregnancy (x 180).
Recipient number 110 R. Development more
advanced than 6-day controls. Average volume
408   3 µ3.
Fig. 18. An ovum fixed 1 day after the transfer
of 5-day ova into the uterus of a recipient on the
5th day of pseudopregnancy ( X 180). Recipient
number 115 R.
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PLATE 4

Fig. 19. The same ovum as that in Fig. 18
showing attachment of trophoblast cells to the
endometrial epithelium, (x 180).
Fig. 21. Another ovum from the same uterine
horn as that in Fig. 20 (   8 ).
Fig. 23. An ovum fixed 3 days after transfer of
5-day ova to the uterus of the same 4-day
recipient as that in Fig. 22 (x 180). Recipient
number 114 R.

{Facing p. 205)

Fig. 20. An ovum fixed 2 days after transfer of
5-day ova to the uterus of a recipient on the 4th
day of pseudopregnancy ( 180). Recipient
number 119 R.
Fig. 22. An ovum fixed 3 days after the transfer
of 4-day ova into the uterus of a recipient on the
4th day of pseudopregnancy ( X 250). Recipient
number 114 L.
Fig. 24. An ovum fixed 3 days after the transfer
of 5-day ova into the uterus of a recipient on the
5th day of pseudopregnancy (x 180). Recipient
number 120 R.
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2 6  · Dickmann and R. W. Noyes
(1937) criteria. The location and extent of the decidual reaction was charac¬
teristic for each of the 6th, 7th and 8th days of pregnancy, and there was very
little variation from one implantation site to another in the same or different
animals.

The data on the size and morphological development of the sectioned ova

are given in Table 5. In order that the control ova should be strictly comparable
with the experimental, both operated and unoperated control animals were
studied. However, there was no significant difference between the development
of transferred ova as against those from unoperated controls. Since the rate of
ovular development might have been related to the number of ova implanting
in a given uterine horn, the total number of implantation sites observed was
recorded in Column 6. It was rarely possible to state with certainty how many
conceptuses were present in a given uterine horn on the 6th day of pregnancy.
On the 7th and 8th days, no constant relationship was observed between the
size of the ovum and the number of ova per horn.

Some of the areas excised as implantation sites were found on serial section
to contain no ova. For this reason, the number of sites listed in Columns 8 and
9 of Table 5 is not always the same as those listed in Column 7.

Before careful measurements were made of all the sections, it appeared that
the ova that were 1 day older than the uterus, i.e. the 5—>4 fixed 2 and 3 days
after transfer, were larger and slightly more differentiated than the 6- and 7-day
controls. For example, PL 3, Fig. 18 and PL 4, Fig. 19 show a 6-day control
ovum, and PL 4, Figs. 20 and 21 show two ova recovered 2 days after the
transfer of 5-day ova into a 4-day uterus. The blastocysts of the latter are larger,
and the inner cell mass contains more cells than the former. All four of these
photographs seem to show free-floating blastocysts, but PL 4, Fig. 19 shows
how attached trophoblast may pull away from the blastocyst during fixation,
thus indicating (perhaps on only one or two sections of a series) that the ova

had in fact begun to implant.
Although the ova in PL 4, Figs. 20 and 21 appear to be more developed than

the 6-day controls, they have clearly not advanced to the 7-day stage (PL 4,
Fig. 22). The development of the 5-day ova transferred into 4-day uteri and
recovered 3 days later (PL 4, Fig. 23) appears to be somewhat more advanced
than the 7-day and less than the 8-day (PL 4, Fig. 24) controls.

Shrinkage and distortion (compare PL 3, Fig. 16 and PL 4, Fig. 20, PL 3,
Figs. 17 and 18, all taken at the same magnification) prevented accurate
measurement of the fixed ova. However, two estimates of ovular development
were made that were considered to be valid for comparing the experimental ova

with the controls. The size of the ovum was estimated by projecting an image
of the largest microscopic section on paper, tracing and cutting out the sil¬
houettes of both trophoblast and inner cell mass, and weighing the paper
cut-outs. The results of these measurements are shown in Table 5, Col. 8 and
as solid dots on Text-fig. 1. The development of the embryonic portion of the
conceptus was estimated by counting the cells in the inner cell mass. The count
in the section of the ovum that had the largest number of cells was recorded in
Table 5, Col. 9 and as open dots in Text-fig. 1. Although the average measure¬
ments of ovular size and number of cells in the inner cell mass in the experi-
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mental group tended to be shghtly above the controls, the small sample sizes
plus the wide spread of the data prevented these differences from having
statistical significance.

(3) IMPLANTATION ON THE 4TH, 5TH AND 6  DAYS OF PREGNANCY

Although both 4- and 5-day ova survived transfer into the uterus on the 4th
day of pseudopregnancy (Noyes & Dickmann, 1960a), Experiments 106 and
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Text-fig. I. Development of ova  day older than the uterus. 5—»-4 indicates ova fixed 2 days after transfer
of 5-day ova to the uteri of recipient rats on the 4th day of pseudopregnancy.

107 (Table 4) clearly showed that neither 4- nor 5-day ova implanted in the
uterus on the 4th day. Experiments 108 through 113 showed that both 4- and
5-day ova had become implanted by the 6th day. That this delay of implanta¬
tion was not due to persistence of the zona pellucida in the 4-day uterus was
shown by the fact that although the native ova were recovered with their zonae
intact, the developing 5-day ova in the same uterine horn has shed their zonae
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Fate of Transferred Ova 209
normally (PL 3, Fig. 14). Careful gross inspection failed to disclose implantation
sites or decidual reaction 1 day after transferring 5-day ova into the 4-day
uterus.

A complex experiment was required to determine whether or not ova could
implant on the 6th day of pregnancy. It had previously been shown that 5-day
ova would not survive in a 6-day uterus, and that ova must be the same age as
or 1 day older than the uterus in order to develop into term embryos (Noyes &
Dickmann, 1960a). However, 6-day ova are usually attached to the uterus and
may be damaged during recovery (PL 3, Figs. 15 and 17 and PL 4, Fig. 19)
in such a way that they may no longer be able to implant. This supposition was

born out by the fact that none of twenty-eight 6-day ova survived transfer into
the uteri of five recipients on the 6th day of pseudopregnancy.

Table 7
the survival of 'late' 5-day ova transferred into the uterus late on the 4th and 5th days of

pseudopregnancy

Donor rat Recipient rat

Day (hr) of
pregnancy ova

recovered

No. ova

transferred
to recipient

Recipient
No.

Day (hr) of
pseudo¬

pregnancy ova

transferred

No. live
foetuses on

Day 18 of
pregnancy

Implantation
sites* on Day 18

ofpregnancy

5 (2000)
5(2000)
5(1700)
5 (1800)
5(1800)
5(1900)

144 R
L

145 R
146 R

L
147 R

L
148 R
149 R

L

4(2000)
4 (2000)
4(1700)
4 (1800)
4(1800)
4(1900)

1 large. 2 small
 small
 large

4 small

 small

5(1800)
5(  00)
5('9° )
5(200 )
5(2000)

150 R
151 R
152 R
153 R
154 R

L

5 (1800)
5(1900)
5(1900)
5(2000)5(2000)

1 large, 1 small
1 small
1 large, 2 small
1 small

1 small

* Uterine swelling without foetus.

In order to obtain undamaged ova that were chronologically 6 days old,
culture of 5-day ova for 1 day in vitro was considered, but the following 'living
incubator' technique was believed to be more physiological, even though it
involved double transfer of the ova.

Five-day ova were transferred either into the uterus of an incubator rat on
the 4th, or into the oviduct (trans-bursal, intra-ampullary technique : Noyes &
Dickmann, 1960b) on the first day of pseudopregnancy (Table 6, Control).
The ova were recovered after 1 day in the uterus and after 2 days in the oviduct,
so that at the time of their final transfer they were chronologically 6 and 7 days
old respectively. Many ova were lost during incubation (84 of 165 ova, Table 6),
but most of the ova transferred into recipients on the 4th and 5th days of
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pseudopregnancy survived. None of these ova had zonae pellucidae at the
time they were transferred.

Thirty-four similar ova, chronologically 6 and 7 days old, were transferred
into the uteri of recipients on the 6th day of pseudopregnancy (Table 6,
Experimental), but none survived. Three implantation sites, two of which
appeared to contain placental tissue, were all that remained on the 18th day of
pregnancy. Thus it would seem that the uterine environment is unsuitable for
implantation on both the 4th and 6th days of pseudopregnancy.

In order to determine when implantation occurs on the 5th day, ova were
recovered between 1700 and 2000 hr (Table 7) and were transferred immedi¬
ately into the uterine horns of recipients. Only three of twenty-eight (11 %) of
such 'late' 5-day ova survived to term, although there were many that implanted
and degenerated before the 18th day of pregnancy. When forty-three late 5-day
ova were transferred into uteri late on the 4th day ofpseudopregnancy, seventeen
(40%) survived to term. Previous experiments (Noyes & Dickmann, 1960a)
had shown that forty-one of sixty-one (67 %) early 5-day ova survived transfer
into the uterus early on the 4th day. Evidently both ovular and uterine factors
contributed to the low survival of late 5-day ova transferred to uteri late on the
5th day. This will be discussed further below.

DISCUSSION
The experimental data clearly show that ova 1 day younger than the uterine
environment are damaged before the usual time of implantation. These younger
ova not only undergo drastic morphological change when they are transferred
into the 'older' uteri, but they also have a very low survival rate when they are
returned to a favourable uterine environment. In addition, younger ova neither
stimulate deciduomata nor implant and then resorb. Instead, they seem to be
rather quickly destroyed, as evidenced by the rapidly decreasing rate of
recovery as the length of exposure to the detrimental factor increased (Table 2,
Col. 7). That this decreasing rate of recovery was not due to the younger ova

becoming attached to the uterus was shown by the absence of uterine swellings
and discoloration typical of gestation sites.

The factor detrimental to younger ova is not uniformly distributed through¬
out the early days of pseudopregnancy. Neither is the effect on the ova a

cumulative one. Rather, the damage seems to be limited to a comparatively
brief period on the 5th day of pseudopregnancy near the normal time of
implantation. Column 6a in Table 2 was designed to illustrate this point. Both
the proportion ofova recovered and the morphological integrity of the recovered
ova can be seen to depend not so much upon the total time the younger ova

were exposed to the uterine environment, as upon the length of exposure to
the 5-day uterine environment. Evidently the younger ova survived and
developed normally in the uterine environment on the 3rd and 4th days of
pseudopregnancy, only to degenerate rapidly on the 5th day. Unfortunately,
when ova were transferred into the uterus on the 3rd day of pseudopregnancy,
very few were subsequently recovered. This might have been because ova were
lost from the uterus as a result ofoestrogen dominance (Noyes, Adams & Walton,
1959)·
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Ova that were  day older than the uterus did not implant sooner than control
ova; the evidence presented in Tables 4 and 5 suggests that the older ova

delayed implanting. Although two of these ova showed a striking increase in
size, statistical analysis failed to demonstrate a significant difference between
them and the controls. Therefore, more gentle methods of fixation and larger
numbers of both experimental and control ova will be required to settle this
issue.

The data in Table 4 conclusively show that ova do not implant in the uterus
on the 4th day ofpregnancy, and the data in Table 6 (plus that on the transfer
of 6-day ova into the 6-day uterus) strongly suggest that ova cannot implant
on the 6th day of pregnancy. Whether or not ova stimulate a local decidual
reaction on the 4th and 6th days of pseudopregnancy is not definitely known,
but there is no gross evidence that they can elicit deciduomata in the same way
that mechanical, electrical, or chemical agents do. These experiments suggest
to us that ova, rather than less physiological stimuli, should be used in studies
of the implantation interaction.

It is difficult to determine the relative importance of ovular versus uterine
factors in the implantation interaction because both ovum and uterus are

undergoing very rapid maturational changes during the second half of the 5th
day of pregnancy. Unlike early 6-day ova, late 5-day ova show no signs of
having become attached to the endometrium, nor are they damaged morpholo¬
gically during recovery. However, there is a significant drop in survival from
67 % for early 5-day ova to 40 % for late 5-day ova when they are transferred
to the 4-day uterus. This is evidently caused by a progressive loss of the ability
of the ovum to implant. It may be that the ovum has a limited supply of
'implantation material' and when this is used up the ovum can no longer
participate in the implantation interaction. The decrease in 'implantability' of
the ovum is not merely a function of increasing chronological age, because during
delayed implantation no such loss occurs. Rather the evidence at hand suggests
that the loss of 'implantation material' takes place in a particular environment,
namely that of the late 5-day uterus.

The additional drop in survival from 40 % in the case of late 5-day ova
transferred to the 4-day uterus, to 11 % in the case of those transferred to the
late 5-day uterus, indicates that the uterine component of the implantation
interaction has also passed its optimum stage late on the 5th day of pregnancy.
Unlike uterine conditions during 'delayed implantation' there is no evidence
that the uterine environment can alter its rate of maturation during the first 6
days of pregnancy. Experimental evidence bears out what would be expected
on a priori grounds : that the uterine environment, under the influence of the
ovarian steroid hormones, changes with inexorable regularity regardless of the
presence, much less the maturational state, of ova in the endometrial cavity.

It will be remembered that these experiments were designed to test the
following hypothesis : That implantation is the result of an interaction between
the ovum and the endometrium, but the interaction will take place only when
the ovum and the endometrium have simultaneously reached specific stages
in their development by the time they come in contact with each other. The
results of the experiments conclusively show that the ovum attains this specific
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state of development in the afternoon of the 5th day of pregnancy. Although
implantation itself is clearly the result of an interaction between the ovum and
the endometrium, there is no evidence of interaction between the processes
that bring about the specific stages of development mentioned above. Until at
least the 5th day of pregnancy, and without apparent dependence upon its
environment, the ovum can mature and shed its zona pellucida either in the
oviduct or in the uterus. In the same manner, the uterus develops under the
control of the steroid hormones independent of ovular influence until early in
the afternoon of the 5th day. At this time, the uterine environment suddenly
changes, becoming detrimental to 'younger' ova yet stimulating 5-day blasto¬
cysts in such a way that they elicit the decidual reaction and become attached
to the endometrial epithelium, thus starting the process of implantation.
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