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INTRODUCTION
‘Within recent years many contributions have been published
dealing with the problem of the origin and history of the
definitive germ cells in the mammalian ovary. A number of
investigators contend that the germ cells which arise previous
to the time of birth are the progenitors of the definitive ova
in the adult. Others believe that most, if not all, of the sex
cells which are present at birth degenerate, and that the func-
tional ova take their origin from cells of the germinal epi-
thelium. Also, conflicting views are held by different authors
concerning the time of formation of the functional ova during
prepubertal and postpubertal life. Some state that definitive
ova are continually formed from the germinal epithelium of
the adult and they show a relation between such formation
and the oestrous cycle. . The source and time of origin of the
definitive ova therefore still remain unanswered questions for
the mammals. The present study on the opossum, Didelphys
virginiana, was made to find whether ova are formed from
the epithelial covering of the ovary during sexual maturity,
and if so, to discover how and when they are formed. It was
expected that a study of the origin of ova in a primitive form
would add information regarding the manner of formation of
ova in higher mammals.
HISTORY
In the literature much controversial information may be
found regarding these problems. However, only a few
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opinions concerning the formation of the functional ova after
birth and during sexual maturity will be mentioned here.

Arai (’20) was the first to make a modern approach to the
problem. From a study of the total number of ova in the
albino rat during the entire life span, he reported that the
definitive oocytes begin to form from the germinal epithelium
about 10 to 15 days after birth and that proliferation is most
rapid from 15 to 60 days, then it gradually decrecases with age.

Allen (’23), from his study of the white mouse, concluded
that at cach normal ocstrous period young ova were added to
the cortex of the adult ovary. According to him ova arise
from cells in the germinal epithelinm through mitosis. He
contends that if the long axis of the dividing cell is perpen-
dicular to the surface, or at an angle of more than 20° to 30°,
one of the danghter cells is cut off from the epithelinm, and is
soon surrounded by epithelial cclls making a young follicle.

Allen and Atcheson (’24) reported that, in the mouse, preg-
nancy severely inhibited postpubertal oogenesis. They ob-
served few mitoses in the germinal epithelium of the pregnant
animals in comparison with the number observed in the non-
pregnant mice near the time of oestrus.

Papanicolaou (’24) confirmed the results of Allen and
Atcheson in his work on the guinea pig. He considered
oogenesis as a continuous proliferation of oocytes from the
germinal epithelium from the time of gonadal differentiation
to the time of cessation of sexual activity, though the process
was modified by seasonal conditions.

Cowperthwaite (’25) used the occurrence of meiotic phases
as a distinguishing criterion for definitive oocytes. From her
study of ovaries from rats ranging from newly-horn to
sexually mature animals, she concluded that young follicles
represented a retarded growth condition and not a new forma-
tion. She reached this conclusion since she did not find meiotic
stages in the germinal epithelium of any ovaries studied.

Contrary to the work of Cowperthwaite, Butcher (’27)
found, from his study of the white rat, definite evidence that
the germinal potentiality of the peritoneum is not lost at
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puberty. Butcher states that the formation of germ cells from
the germinal epithelium continues to take place until fecundity
is lost at old age. He reported that a notable increase in
mitotic activity in the epithelium was evident during oestrous,
and cells enlarging in the epithelium were usually more com-
mon at the approach of oestrus.

Hartman (’26) reported that in the opossum the epithelium
of the ovary remains active throughout the reproductive
period of the animal. He is of the opinion that the ova are
produced in strands from the epithelium and not singly as
in the mouse. A detailed account of his work has not been
published.

The work of Hargitt (’30) confirms the results of Butcher.
From his study of adult rat ovaries during different phases
of the reproductive cycle, he found that some new ova are
produced from the germinal epithelium during pregnancy, but
that the epithelinm is most active between oestrous periods.

Heys (’31) concluded from her regeneration studies on the
ovaries of rats that-there was no evidence to support a belief
that ova originate from a peritoneal source.

Stockard’s investigation of the cyclical activity in the ovary
of the prairie dog (’36) supports the view that new ova arise
from the ovarian epithelium during sexual maturity. His
study indicates that groups of similar epithelial cells invade
the cortex of the ovary before the spring period of activity
of the animal and that each group of cells usually differenti-
ates into an ovum and its granulosa cells.

One of the more recent contributions that has been made
pertaining to the origin of ova is that of Allen and Creadick
(’37). They observed numerous mitoses in the germinal
epithelium of mice ovaries during oestrus by which new ova
were probably added to the cortex.

A similar contribution has recently been made by Guthrie
and Jeffers (’38) in their work on adult bats. Their work
shows that oocytes are formed from the germinal epithelium
of the ovary during sexual maturity.
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MATERIALS AND METHODS

The material used in this investigation consisted of ovaries
from thirty-two sexually mature opossums collected in the
vicinity of Denton, Texas. The average weight of the adults
was 1,800 gms. with a range from 1,221 to 2,020 gms. Numerous
embryos and young which varied in length from 8.1 (head-
rump) to 53.5 mm., were collected with the adults.

Collection of the material was begun October 1, 1937, and
a specimen was collected every week until the latter part of
December. From this on animals were collected at short inter-
vals until after the breeding season which was completed in
February. Subsequently, specimens were collected at greater
intervals until the end of August. Living specimens were
brought into the laboratory, killed, weighed, and the ovaries
removed. Most of the ovaries were fixed in Bouin’s fluid to
which 2% wurea crystals had been added. Carnoy’s and
Flemming’s fixing fluids were also used; however, Bouin’s
solution seemed to give the best fixation. The tissue was cut
in serial sections from 4 to 10 micra in thickness and stained
with Heidenhain’s iron hematoxylin, followed in most cases
by eosin as a counterstain.

OBSERVATIONS

Specimen collected October 15, weight 1999 gms. The animal
collected on this date was in the anestrous period, which is
known to be during October, November and December (Hart-
man, 23). The uteri and oviducts were of small size, collapsed
and showed a low blood supply. Examination of the ovaries
revealed that there was no mitotic activity in the germinal
epithelium and no young ova in the tunica albuginea beneath
the epithelium. A few older follicles were visible deeper in
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the cortex, but the ovary consisted primarily of scar tissue
and of old follicles which had apparently undergone degenera-
tion (fig. 1).

Specimen collected October 31, weight 1,950 gms. Numerous
young follicles were observed just beneath the germinal epi-
thelium of the ovaries, particularly in the region of the hilus
(figs. 2 and 3). Several degenerate follicles were observed
deeper in the cortex. No intermediate follicles were visible.

Specimen collected November 19, weight 2,130 gms. The
ovaries exhibited several germinal epithelial cells enlarging
in situ (fig. 4). The epithelium was proliferating cells in re-
stricted areas, but the enlarged cells were most numerous near
the hilus (fig. 5). In the tunica albuginea several enlarged
cells were found with follicular cells encircling them. Still
deeper in the stroma there were various stages of developing
follicles.

Specimen collected December 12, weight 1,618 gms. Al-
though this specimen was comparatively small, the ovaries
contained a few follicles which appeared to be almost ready
for ovulation. A few mitotic stages were observed in the
germinal epithelium (fig. 6). Also, there were several enlarged
cells just beneath the epithelial layer in the tunica albuginea
(fig. 7).

Specimen collected January 3, weight 2,096 gms. This was
the first specimen collected which showed an enlargement of
the genital tract and an inereased blood supply leading to it.
Histological examination of the ovaries revealed that the
germinal epithelium was still very active in producing en-
larged cells, and especially in the region near the hilus as
observed in other specimens.

Specimens collected January 11 to January 18, weight 1,980,
2,079, and 1,985 gms. respectively. The uteri of these were
somewhat congested with blood and the entire reproductive
tracts were greatly enlarged. The ovaries were enlarged and
they exhibited prominent mature follicles which resembled
blisters protruding from the surface. These were apparently
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ready for ovulation (fig. 8). A few enlarged cells were ob-
served in the germinal epithelium.

Specimen collected January 28, weight 1,987 gms. This was
the first pregnant specimen collected. Twenty gastrula stages
were found in the folds of the two uteri. The ovaries con-
tained atretic follicles and corpora lutea in the process of
formation (fig. 9). In this and in other animals in which
ovulation had occurred, the basement membrane was easily
observed in the empty follicles sharply differentiating them
from the theca interna. No new germ cells seemed to be form-
ing in the germinal epithelium, but a few young follicles were
observed in the tunica albuginea just beneath the epithelium.

Specimen collected February 8, weight 1,790 gms. Three
embryos 21.1 mm. in length were found in the pouch of this
adult. A few enlarged cells were visible in the germinal
epithelium in restricted areas especially near the hilus. A few
atretic follicles and numerous corpora lutea were present
(fig. 10).

Specimen collected March 31, weight 1,302 gms. This small
female had eight embryos 53.5 mm. long in her pouch. Several
atretic follicles were found in the ovaries and what appeared
to be corpora lutea in process of degeneration. Only a few
enlarged cells were observed in the germinal epithelium, but
numerous young follicles were present in the tunica albuginea.

Specimen collected June 6, weight 1,840 gms. Six embryos
43 mm. in length were found in the pouch. This was probably
the second litter of the year for this animal. Hartman (’23),
has shown that the second breeding period begins about 3
months after the onset of the first breeding period. The
ovaries were practically filled with degenerate follicles and
several corpora lutea were observed. The germinal epithelium
showed no proliferating activity and no mitotic figures were
present, but a few young follicles still remained deep in the
cortex.

Specimen collected July 15, weight 2,001 gms. No young
were found in the pouch of this specimen, but the mammary
elands were enlarged and contained milk, giving evidence that
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she was still suckling her young. The ovaries were somewhat
reduced in size, and exhibited numerous empty follicles and
a few corpora lutea. No enlarged cells were observed in the
germinal epithelium or tunica albuginea, and only a very
limited number of young follicles were present deep in the
cortex of the ovary.

Specimen collected August 3, weight 1,620 gms. The ovaries
of this specimen were typical of three animals collected dur-
ing the month of August. A few young follicles remained in
the deeper part of the cortex, and numerous atretic follicles
were present in the deeper part of the ovary (fig. 11). No
activity was visible in the germinal epithelium and no young
ova were found in the tunica albuginea. In general, the con-
dition of the ovary was like that of the specimens collected
during the month of October.

FORMATION OF OVA

In the adult opossum there seems to be two methods by
which new ova are produced in the ovaries. Firstly, single
cells of the germinal epithelium enlarge in situ and become
separated from the epithelial layer of cells by migrating into
the tunica albuginea. Here each cell becomes surrounded by
smaller epithelial cells and forms a young follicle. Secondly,
mitotic division of epithelial cells may produce cells which
lie just beneath the germinal epithelium. The latter may then
form follicles by becoming surrounded by smaller adjacent
cells. However, the first mentioned method seems to be the
most common.

Figure 4 shows a typical germinal epithelial cell enlarged
in situ. In this and in other cases it can be shown that the
enlarged cells represent typical eells of the surface layer which
have increased in size and assumed a more spherical form.
Intermediate stages may be found between the flattened
epithelial cells and the large spherical ones. After assuming
the spherical form, the enlarged cells leave the epithelial
layer and sink into the tunica albuginea where they are en-
circled by flattened and elongated cells which have also prob-
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ably been derived from the epithelium (fig. 7). Often several
cells appear to enlarge in one region in the germinal epithelium
and these move in groups into the tunica albuginea. This
grouping is particularly evident in the region near the hilus
of the ovary (fig. 5).

A typical telophase stage is shown in figure 6. The spindle
is located almost perpendicularly to the surface of the ovary
and thus a daughter cell will be contributed to the underlying
tissue. A cell contributed in this manner may be destined to
become an ovumn since it is enlarged and similar to a cell
which moves from the epithelium without division, or it may
become a follicle cell. It appears that only a few ova are con-
tributed in this manner.

It was found that very few oocytes and young follicles were
present at the beginning of the anoestral period. Within a few
weeks the number increased, reaching a maximum before the
onset of the breeding season. After pregnancy, the number
of oocytes decreased rather rapidly until only a very few were
present in the ovaries at the end of the breeding season. This
decrease is due to a cessation in the formation of new ova,
and to the loss through ovulation of those already developed.
However, a few ova continue to form during pregnancy and
throughout the breeding season. There is a correlation be-
tween the activity of the germinal epithelium and the increase
in numbers of oocytes. When the number of oocytes is small-
est, as at the close of the breeding period, the germinal epi-
thelimm is least active; when the number of oocytes is great-
est, as in the latter part of the anoestral period, more cases
of enlarged and ingrowing groups of germinal epithelial cells
are found.

DISCUSSION

The results of this investigation scem to substantiate the
concept that the germinal potentiality of the mammalian ovary
is continued throughout the reproductive period of the animal.
Arai (°20), Allen (’23), Allen and Atcheson (’24), Papani-
colaou (’24), Butcher (’27), Hargitt (’30), Stockard (’36),
Allen and Creadick (’37), Guthrie and Jeffers (’38), and
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others have found this condition in the forms they studied.
Evidence indicates that the germinal epithelium of the
opossum ovary continues to be active during adult life, but
one cannot estimate how many of these cells will become
functional ova. Papanicolaou (’24) observed that in the
guinea pig ingrowing groups of epithelial cells might form
ova, interstitial cells, follicle cells, or luteal cells. In the pres-
ent investigation no attempt has been made to determine the
destiny of all the cells which had their origin in the germinal
epithelium, but it is only reasonable to believe that many of
them did not form ova. League and Hartman (’25) state
that the presence of anovular follicles in the opossum ovary
is due to an ingrowth of epithelial cells which fail to become
associated with ova.

Hargitt (’30) described two methods by which new ova are
produced in the adult rat. One of these metlhods is by enlarge-
ment in the germinal epithelium of cells which become sur-
rounded by smaller neighboring cells, and move into the tunica
albuginea to form a young follicle. In the other method
described, a number of germinal epithelial cells round up into
a mass and move into the albuginea, where one of the cells
may enlarge to form an ovum. The rest of the cells remain
small and form follicle cells. The first method is similar to
that described in the opossum. This observation conforms
with results obtained by Guthrie and Jeffers (’38) in their
work on adult bat ovaries. Their studies indicate that oocytes
are formed during sexual maturity by the movement of en-
larged cells from the germinal epithelium into the underlying
tissue. Several investigators mention only one method by
which ova are formed in the adult and that is by mitotic
division of cells in the germinal epithelium. Allen (’23), Allen
and Atcheson (’24), Butcher (’27), and Allen and Creadick
(’37), have concluded from their studies that new ova arise
in the adult by mitosis of cells in the epithelium. In the
opossum it appears that a few ova arise in this manner, but
the number is very small in comparison with the number which
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migrate by the enlargement of the germinal epithelial cells
in situ and subsequently migrate into the cortex.

The fact that there is a correlation between the number of
oocytes present in the adult ovaries and the activity of the
germinal epithelium is further proof that the emnlarged and
dividing cells of the epithelium form new ova. Hargitt (’30),
found a correlation between the number of enlarged cells in
the germinal epithelium and the number of ova in the ovaries
of adult rats. He calls attention to the fact that many investi-
gators have failed to observe this because the enlarged cells
in the epithelium are often very difficult to distinguish.

The observation that the activity of the germinal epithelium
is not uniform over the entire ovary was easily made in most
of the specimens used in this investigation. Papanicolaou
(’24) observed this lack of uniformity in his study of guinea
pig ovaries. Hartman (’26), in his brief report of postpubertal
oogenesis in the opossum, states that the activity of the ovary
is confined to a circumscribed area on each side of the hilus.
From the present study it is also evident that the greatest
proliferation is shown by the epithelium near the hilus, but
it is by no means confined to this area. The suggestion made
by Papanicolaou that the increased activity in the region of
the hilus is due to a greater supply of blood in that region
seems to be a valid one.

With regard to the seasonal production of new ova, the
present results are comparable to those obtained by Allen
(’23), Allen and Atcheson (’24), Papanicolaou (’24), Butcher
(’27), Hargitt (’30), and Allen and Creadrick (’37). Hartman
(’23) found that in Texas the breeding season of the opossum
begins in January following a 3-months anoestrous period. He
reported that a first brood is weaned in about 3 months and
immediately following, most of the females become pregnant
again. Thus, a second litter would be at the weaning stage
about July or August. Using these results as a basis, collec-
tion of the material was begun in October. The first specimens
showed no indication of epithelial activity, but the animal col-



ORIGIN OF OVA IN OPOSSUM 87

lected October 31 exhibited numerous young ova just beneath
the germinal epithelium. However, only a few enlarged cells
were observed in the epithelium. Specimens collected after
October 31 showed a great activity of the germinal epithelium
until the approach of pregnancy. Pregnancy scemed to have a
marked inhibiting effect upon the production of ova, but the
process did not cease until after the second breeding period
which was about the first of June. From the data herein pre-
sented, it seems that the ovary of the opossum undergocs a
period of rest during the months of July, August and Septem-
ber, which accounts for the absence of voung ova and follicles
during that time.

Since the described formation of ova in the adult applies
to the opossum, one of the lower mammals, as well as to such
higher mammals as the rat, mouse, bat, and guinea pig, it is
suggestive that we are dealing with a general mammalian
process.

SUMMARY AND CONCLUSIONS

1. New ova are formed in the germinal epithelium during
the adult life of the opossum.

2. There is a correlation between the activity of the germi-
nal epithelium and the number of oocytes and young follicles
present in the ovaries.

3. A few new ova are produced from the germinal epi-
thelium of ovaries during pregnancy and oestrus, but it is in
the ovaries of nonpregnant animal near the close of the
anoestrous period that the germinal epithelium is most active.

4. The majority of new ova have their origin from germinal
epithelial cells which enlarge in situ and subsequently move
into the tunica albuginea.

5. Mitosis of cells in the germinal epithelium, whose axes
arc directed perpendicularly to the surface of the ovary, con-
tribute a few new ova.

6. The germinal epithelium near the hilus of the ovary is
most active in producing new ova.
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PLATE 1
EXPLANATION OF FIGURES

Longitudinal section through the ovary of a speeimen collected Oetober 15.
Longitudinal section through the ovary of a specimen colleeted October 31.
3 Magnifieation of the hilar region of the ovary shown in figure 2

4 Ovarian epithelium and tunica of specimen collected November 19.
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Hilar epithelium of specimen collected November 19.
Epithelial cell in telophase stage of mitosis.

Numerous young follicles in the cortieal portion of the ovary.
Follicle nearing maturity.
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9 Longitudinal section of ovary from specimen in an carly stage of
pregnaney.

10 Section of ovary from specimen in later pregnancy.

11 Seetion of ovary from specimen collected after the young were weaned.

91



