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Introduction

It has been reported that unfertilized rabbit eggs are sporadically expelled
into the vaginal lumen during pseudopregnancy. The unfertilized eggs,
recovered vaginally, showed severe degeneration in both the vitellus and
the zona pellucida. Although the existence of a zona pellucida was clear
in half the number of eggs recovered vaginally 4 days post coitum (p.c.),
the inner part of the zona pellucida became unclear in most of the eggs
after 5 days p.c.; and eventually the zona pellucida seemed to disappear in
such eggs.® This previous study from our laboratory tends to support
ApaMS’ observations,” in which he described a diffusion of the inner aspect
of the zona pellucida of uterine eggs by 7 days p.c. and a disappearance
of the zona pellucida after 8 days p.c. HasHiMOTO® mentioned that the
zona pellucida showed a slight swelling 90 to 150 hours p.c. However,
no changes in the zona pellucida were noted 12 to 105 hours p.c. by Ta-
KEISHI ¢t al® In all of the experiments cited above, the eggs were examined
in the untreated and raw state under the microscope. Therefore, our aim
in the present study was to make histological observations on the zona
pellucida in rabbits during pseudopregnancy.

Materials and Methods

Eighteen female adult rabbits were mated with vasectomized bucks and
simultaneously received intravenous injections of 50 I. U. of human chorionic
gonadotropin (hCG) to insure ovulation. To confirm the results of previous
reports,»? 7 does were killed so that unfertilized eggs could be obtained
from the oviduct and uterus at 7, 9, 11, 13, 15, 16 and 17 days p.c., re-
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spectively. Their oviducts and uteri were flushed with physiological saline
solution to recover the eggs to be examined microscopically in the raw state.
For histological study, 9 does were killed 1 to 9 days p. c., respectively.
Eggs recovered from the oviduct and uterus were fixed with 3% glutar-
aldehyde in 0.1 M phosphate buffer at 4°C, then embedded in an agar gel.?
After dehydration of small pieces of agar gel, containing eggs, in a graded
series of ethanol, the pieces were embedded in Epon 812. Semi-thin sec-
tions of 0.8 to 1.2 um were made using an ultramicrotome (Porter-Blum
MT-2 B, Sorvall), and were stained with alcian blue and/or by periodic acid-
Schiff (PAS) after removal of epon according to the method of IMA1 et al®
The oviducts of the other 2 does were ligated at the utero-tubal junc-
tion 1 day after hCG administration, and the does were killed at 5 and 9
days after hCG dosage, respectively, to permit recovery of the oviductal
eggs. All eggs recovered from these 2 does were examined histologically.

Results

For microscopic observations on the raw eggs, 33 unfertilized eggs were
recovered from the uteri of 6 does 7 to 16 days p.c., and 5 eggs from
oviducts of 2 does 13 and 15 days p.c., respectively (Table 1). Vaginal
flushings in each doe before killing yielded no eggs from the vagina. In
a general view of these degenerated eggs, a thick mucin coat, having a fine,
concentric-circular structure, was seen to cover them (Figs. 1-8). The some-
what smooth inner aspect of the mucin coat was clearly identified under
low magnification in most of the uterine eggs up to 9 days p.c. (Figs. 3,
5); but in some eggs at 9 days p.c., and in all eggs recovered thereafter,
the boundary aspect between the mucin coat and the egg became irregular
and angular in shape (Figs. 4-8). The zona pellucida was not clearly iden-

TaBLE 1. Numbers of unfertilized and degenerated eggs recovered
from the oviduct and uterus of pseudopregnant rabbits

Days post coitum

7 9 11 13 15 16 17

No. of corpora lutea 13 14 12 10 11 9 13
No. of eggs recovered from oviduct 0 0 0 3 2 0

No. of eggs recovered from uterus 6 6 9 8 2%

Recovery rates (%) 46 43 75 110 36 22 0

* One uterine horn was not examined because of pyometra.
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tified as a zone in the uterine eggs at 7 days p. c. and thereafter (Figs. 4-8).
The degenerated vitellus appeared to be floating within a large perivitelline
and intra-zonal space covered directly by the mucin layer (Figs. 3, 5). In
these eggs, the inner aspect of the mucin coat was noted to be a rough
surface (Fig. 5). In most uterine eggs after 13 days p.c., granulation, per-
haps of the zona pellucida, had occurred in the perivitelline space; and the
boundary area between the mucin coat and the perivitelline space was unclear
(Fig. 8). In 2 cases, at 13 and 15 days p.c., eggs were still located in the
oviduct, and the oviductal eggs had well preserved zonae pellucidae, differing
in this respect from the uterine eggs (Figs. 1, 2). The vitellus presented
a shrunken appearance or was fragmented in various sizes en bloc in the
intra-zonal space. Shrinkage of the vitellus was severe in uterine eggs after
11 days p.c.

Fourteen eggs recovered from the oviduct at 1 and 2 days p.c., and
47 eggs recovered from the uterus at 3 to 9 days p.c., were examined
histologically. All oviductal eggs had clear and compact zonae pellucidae
in stained semi-thin sections (Fig. 9). Some oviductal eggs showed darkly
stained stripes running radially across the zona pellucida. The inside aspect
of the zona pellucida was smooth, but the outside aspect was roughly con-
nected with the thin mucin coat by a spongy zone which had formed inter-
mediate to the zona pellucida and mucin coat (Fig. 9).

In some uterine eggs at 3 to 5 days p.c., the inner aspect of the zona
pellucida had become unclear due to diffusion or swelling of the inner part
of the zona pellucida. The perivitelline space of such eggs was filled with
a substance which stained weakly with alcian blue and PAS (Figs. 10, 11).
The fine concentric-circular structure of the mucin coat became clear after
3 days p.c. (Figs. 11-14).

In most eggs at 5 days p.c., the vitellus had become fragmented and
the deutoplasm was diffuse (Figs. 10-12). Although the zona pellucida could
hardly be observed in the raw egg at 6 days p.c. and thereafter, stained sec-
tions showed the persistence of the zona pellucida. In general, the boundary
area between the perivitelline space and the zona pellucida was unclear,
and the zona pellucida consisted of a few narrow layers which differed in
density of staining (Figs. 13, 14). The spongy zone between the zona pelluc-
ida and the mucin coat had become thin. In eggs recovered from ligated
oviducts of does at 5 and 9 days p.c., the zonae pellucidae appeared intact
in both the raw state and stained sections (Figs. 15, 16).
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Discussion

In our previous study,”” eggs recovered from vaginae of pseudopregnant
rabbits and observed directly under a microscope seemed to have lost the
zona pellucida after 5 days p.c. Therefore, observations of uterine eggs
in pseudopregnant rabbits were made in the first experiment of the present
study to see if such a phenomenon could be observed in uterine eggs during
pseudopregnancy, as reported by Apams’. However, histological observa-
tions on both oviductal and uterine eggs, 1 to 9 days p.c., showed no actual
disappearance of the zona pellucida during pseudopregnancy. Although the
zona pellucida in oviductal eggs appeared to be compact and unchanged
(Figs. 1, 2, 15, 16), that of the uterine eggs became unclear in the inner
aspect and seemed to consist of concentric layers after 7 days p.c. (Figs.
13, 14). The perivitelline space of such eggs was stained by alcian blue
and PAS (Figs. 11-14). This means that there had occurred diffusion or
swelling of the zona pellucida into the perivitelline space, resulting in difficult
identification of the zona pellucida in raw eggs. This situation could lead one
to conclude erroneously that the zona pellucida had disappeared. It is con-
sidered that the rough aspect of the inner part of the mucin coat (Fig. 5),
which was clear in the raw state, may represent the spongy zone (Fig. 9)
which was seen as an intervening zone between the zona pellucida and the
mucin coat in histology. Because this spongy zone was clear in oviductal
eggs, but became thin or disappeared in uterine eggs (Figs. 11-14), it may
be related to the degenerative process in unfertilized eggs.

Surprisingly, a total of 5 unfertilized eggs was recovered from the ovi-
ducts of 2 does out of 7 at 13 and 15 days of pseudopregnancy. This
indicates that some unfertilized eggs are able to lodge for a long time after
ovulation in the oviduct, as reported in horses.?”#” In an attempt at in
vivo recovery of eggs from vaginae of superovulated does, Tsursumi et
al.’? obtained 3 unfertilized and degenerated eggs, coated with an extraor-
dinarily thick mucin coat ; and they speculated that the eggs had been retained
in the oviduct for a long period prior to the recent ovulation. It seems
that retention of unfertilized eggs may occur in rare cases in the rabbit.

Unfertilized eggs recovered from the oviduct at 13 and 15 days of
pseudopregnancy, and those recovered from the oviduct at 5 and 9 days
p.c., have always shown a clear zona pellucida (Figs. 1, 2, 15, 16), in spite
of diffusion or swelling of the zona pellucida in uterine eggs recovered at the
same time. Although the reasons for this difference are not yet known,
some environmental difference between the oviduct and the uterus must be
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involved. As the phenomenon has never been found in fertilized eggs, it is
possible that such eggs produce some factor(s) to resist the uterine-induced
diffusion or swelling of the zona pellucida which occurs in unfertilized eggs.
Anyway, it is certain that some uterine environmental factor(s) act on the
zona pellucida of unfertilized eggs in such a way as to change the zonal
character, and that fertilized eggs have the ability to resist such uterine
action.

Summary

The zona pellucida of unfertilized rabbit eggs, which were recovered
from the oviduct and uterus of pseudoprenant rabbits, has been observed
both directly in raw eggs and in stained histological sections. Although raw
uterine eggs seemed to have lost their zonae pellucidae during pseudopreg-
nancy, histological observations showed intact zonae pellucidae of uterine
eggs which had diffused or swelled into the perivitelline space. The zonae
pellucidae of eggs which were lodged in the oviduct, through either natural
or artificial conditions, clearly retained their zonal appearance. It was spec-
ulated from the above results that some uterine factor(s) may cause diffusion
or swelling of the inner part of the zona pellucida of unfertilized eggs, and
that fertilized egg have an ability to resist such uterine environmental action.
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Plate 1

Explanation of Figures

1. A raw egg recovered from an oviduct at 13 days of pseudopregnancy. Note
the well preserved zona pellucida. (X 147)
MC, mucin coat; ZP, zona pellucida; PS, perivitelline space; V, vitellus.

2. A raw egg recovered from an oviduct at 15 days of pseudopregnancy. Note
the well preserved zona pellucida. (X 189)

3. A raw egg recovered from a uterus at 7 days of pseudopregnancy. There
is no distinct zona pellucida. (X 147)

4. A raw egg recovered from a uterus at 9 days of pseudopregnancy. A fine
concentric-circular structure of the mucin coat is clear. (X 147)

5. Rough surface of the inner part of the mucin coat in a uterine egg, observed
in the raw state at 9 days of pseudopregnancy. (X 244)

6. Raw eggs recovered from one uterine horn at 11 days of pseudopregnancy.
(x 44)

7. A raw egg recovered from a uterus at 13 days of pseudopregnancy. The
doe in this case had 3 eggs in her oviducts simultaneously. One of the
oviductal eggs is shown in Fig. 1. Note the granulation in the intra-zonal
space. (X 147)

8. A raw egg recovered from a uterus at 15 days of pseudopregnancy. Note
the unclear intra-zonal space. (X 151)
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Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

Plate 2

Explanation of Figures

A semi-thin section of an egg which was recovered from an oviduct at 2
days of pseudopregnancy. Note the spongy zone intermediate between
the zona pellucida and the mucin coat. (X 1230)

MC, mucin coat; SZ, spongy zone; ZP, zona pellucida; PS, perivitelline
space ; V, vitellus.

A semi-thin section of an egg, recovered from a uterus at 4 days of pseu-
dopregnancy. Note the diffusion or swelling of the inner part of the zona
pellucida into the perivitelline space, the fragmentation of the vitellus,
and the reduced spongy zone. (X 1230)

A semi-thin section of an egg, recovered from a uterus at 6 days of pseu-
dopregnancy. Note the fine concentric-circular structure of the mucin
coat. (X 1230)

A semi-thin section of an egg, recovered from a uterus at 7 days of pseu-
dopregnancy. (X 1230)
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Fig. 13.

Fig. 14.

Fig. 15.

Fig. 16.

Plate 3

Explanation of Figures

A semi-thin section of an egg, recovered from a uterus at 8 days of pseu-
dopregnancy. Note the stratification of the zona pellucida. (X 1230)
MC, mucin coat; DZP, diffused zona pellucida; V, vitellus.

A semi-thin section of an egg, recovered from uterus at 9 days of pseu-
dopregnancy. (X 1230)

A semi-thin section of an egg, recovered from a ligated oviduct at 5 days
of pseudopregnancy. Note the well preserved zona pellucida. (X 1230)
PS, perivitelline space.

A semi-thin section of an egg, recovered from a ligated oviduct at 9 days
of pseudopregnancy. No diffusion or swelling of the zona pellucida occurs
in oviductal eggs. (X 510)
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