|

INTERFEMALE TRANSFERS QF QVARIES AND
EGG CELLS IN THE FROG

Thesis for the Degree of M. §.
MICHIGAKN STATE UNIVERSITY
James Frederick Arnold

1961



IHES‘S

LIBRARY

Michigan Scate
University




ABSTRACT

INTERFEMALE TRANSFERS OF OVARIES AND EGG CELLS
IN THE FROG

By James Frederick Arnold

A procedure has.been developed for the transferring
of body-cavity eggs from one female to another. The first
step in this procedure is to make a small incision on both
sides of the female, dorsal to the front legs and poterior
to the head. Through these openings it is possible to slowly
pull the oviducts out, cutting the caudal ends and tearing
the anterior ends. The female is then given pituitary
glands and in twenty-four hours the body-cavity will be,
in most cases, full of eggs. The eggs can then undergo vari-
ous treatments after which they will be placed in the body-
cavity of another female which has been ovarectomize&. The
eggs will then pass through the oviducts of the recipient
female where they will be coated with jelly. Using this
procedure, body-cavity eggs were treated with normal rabbit
serum before being placed in the recipient female. These
eggs failed to fertilize normally after being inseminated
with spermatozoa. Body-cavity eggs from a Rana clamjtans
female were transferred to the body-cavity of a Rapa pipiens
female without being treated.. These eggs passed through
the oviducts of the recipient female into the ovisac, thereby
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giving Rana clamitans eggs coated with Rana pipiens jelly.
These eggs did not fertilize normally after being inseminated

with spermatozoa from both species.

The operational procedure for the transférring of
ovaries from one female to another was also developed. How-
ever, the ovaries at the time of transfer must be pre-
treated with pituitary 8o thaﬁ they will be able to ovulate
in the body-cavity of the recipient female. In some cases
it was possible to achieve partial ovulation by prior in-
jection of the donor female with pituitary glands, but it
was not possible to determine the exact pituitary gland
dosage and time of injection for complete owvulation.

In order to obtain egg-jelly in large amounts free
from any contact with the eggs, a procedure was developed
whereby small glass beads were inserted into the body-
davity of pituitary-stimulated, 6varectomized females. The
beads were inserted through the incision made for the re-
moval of the ovaries. In one of the cases, the beads passed
through the oviducts of the recipient female and into the
ovisac. The beads were coated with jelly.
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INTRODUCTION

The role of the jelly around Amphibianfeggs in the
fertilization process is not well understood. By analogy
with the fertilizin-antifertilizin concept of fertilization
that has developed from studies on Echinoderm gametes (cf.
Tyler, 1949, 1959), some investigators (Glaser, 1921;.Bern-
stein, 1952) believe that frog spermatozoa can be élumped
by substances emanating from the jelly around ffog eggs.

The original observation of this effect by Glaser (1921) in
Rana pipiens has not been confirmed by Bernstéin (1952), or
by Shivers and vandeBunt (personal communication); Bernstein's
observations were made on Rana clamitans.

Chemical analysis of the jelly around frog eggs
(Folkes, Grant, and Jones 1950; Miganti, 1955) reveals a
composition very simil;r to that of the fertilizin of sea-
urchin eggs. The gelatinous. envelopes are mucopoly-
saccharides. Minganti (1955) estimated the composition of
the jelly around toad (Bufo vulgaris) eggs as follows: 37.8
per cent; and galactose plus mannose ll.4 per cent (based
on dry weight). Nothing, however, is known about the specific
linkages of amino groups and sugars in the jellye.

The results of most earlier investigations of the
viological role of Amphibian egg jellies agree in the ob-
servation that jelly-less eggs are not normally fertilizable.

-1-
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Bataillon (1919) showed that eggs from the body-cavity of
female frogs (Rana fusca) do not fertilize, even with the
use of concentrated suspensions of spermatazoa; they could,
however, be activated artificially by pricking with fine
glass needles (parthenogenetic stimulation). Eggs which had
passed through’the oviduct, and consequently had been en-
veloped in jelly, were treated with sodium cyanide solutions,
to remove the jelly, and subsequently inseminated or arti-
ficially activated. Like the body-cavity eggs, the de-jellied
ova were not normally fertiliged, but could be activated
parthenogenetically. Kambara (1953) observed that toad
(Bufo vulgaris formosus) eggs were not fertilizable after
removal of the jelly coats, but could be inseminated suc-
cessfully if eggs ware're-enveloped in jelly. There waQ
some indication in Kambara's studies that the outer two (of
three) jelly layers were necessary for successful fertili-
.gzation. This investigator concluded that the main role of
the jelly-coat around toad eggs was to serve as a physical
substrate for the thigmotactic response of the spermatozoon,
basing his concept on the observation that de-jellied eggs
covered with gelatin or agar could be fertilized. Tchou-Sou
and Wang (1956) introduced toad eggs (Bufo bufo asiaticus)
into isolated oviducts, and observed that eggs were fertiliz-
able after a sojourn at any level of the oviduct.

Following the analogy of the fertilizin-antifertilizin
concept of fertilization developed by Lillie (1919). Tyler
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(1949) and others from experiments on Echinoderm gametes,
in which the contacting ofvthe eggs by the sperm is thought
of as essentially the result of the interaction of comple-
mentary molecular configurations, Shaver, and Barch (1960)
studied the effects of antisera prepared in rabbits against
the jelly-coat material of frog eggs (Rana pipiens), on the
fertilization process. It was found that when frog sperma-
tozoa are treated with anti-jelly serum, the fertilization
of eggs inseminated with the treated sperm cells is reduced
significantly. Pre-treatment of eggs with anti-jelly serum,
prior to insemination with normal spermatozoa, also resulted
in some decrease in fertilizability. These investigators
interpreted their results as indicative of a barrier.to péne-
tration of the spermatozoon produced by the reaction of the
-jelly-material and the antiserum produced against it. They
felt that their data did not conform to an interpretation
similar to the fertilizin-antifertilizin reaction postulated
by Tyler (1949). |

| Shivers (1961) extended the observations of Shaver
and Barch (1960) to other species.of frogs, toads and Urodeles,
and discovere@ that the jelly-envelopes around the eggs of
the species studied each contained, in addition to components
shared with other species, specific componenté. These were
identified on agar-diffusion plates when antisera prepared
agéinst the jellies were reacted with homologous and heter-

ologous antigens, producing precipitation lines. This worker
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was also able to show that pre-treatment of eggs with anti-
sera, after appropriate absorbtions, produced significant
decreases in the fertilizability of the eggs due to the
species-specific antibodies present in the serum.

It has been shown by means of 1mmuhological technique
(Shaver and Barch, unpublished observations; Shivers, 1961)
that the jelly-secreting cells in the frog are restricted
to the oviduct. In view of the fact that it is possible to
- intervene experimentally at various stages of the reproduc- |
tive cycle of the female frog, it was decided to test the
feasibility of the following procedures, which, if successful,
would allow further analysis of the role of the surface coats
of the egg in the activation process: 1) Treatment of body-
cavity eggs with antisera prepared against jelly-coat material,
"with subsequent introduction into the oviduct, where jelly
would be deposited around the egg; 2) removal of the intact
ovaries from a female frog, and transfer to a female of an-
other related species, thereby obtaining e¢ggs of one species
coated with the jelly of anmother; 3) obtaining of jelly,
free of contact with eggs, by means of passing glass beads
through the oviducts of an ovulating female.

These purposes have been achieved in this study,
with varying degrees of success, and it is hoped that the
techniques developed will make possible further investiga-
tions of the actual role of the gelatinous envelopes of

Amphibian eggs.



MATERIALS AND METHODS

A, General Technical Procedures

All of the frogs used in these experiments were
Rana pipiens from Wisconsin or Vermont, or a clamitans
from Wisconsin. |

All operations were done under a binocular micro-
scope. The animals used proved quite resistant to operative
trauma and post-operative 1nfection. The anesthetic used
was MS 222 (tricaine methanesulfonate) at a concentration
of oné gram in two thousand milliliters of a one-tenth
Holtfreters solution. The animals were immersed in the
anesthetic solution for thirty minutes in a shallow vessel.

‘The females were induced to ovulate by injections
of whole pituitary glands of Rana p;gieps, suspended in one-
tenth Holtfreters solution, into the body-cavity (Rugh, 1934).
Due to seasonal variations, the number of pituitary glands
needed to produce ovulation varies. In this study, all in-
jections were of two whole pituitary glands, except where
notede The time required for the females to ovulate, at
room temperature (ca. 18-20°C), was twenty-four hours.

The suture used for the closing of incisions was
Ethicon 5-0, Number 692A. After the operations, the females
were allowed to recover in finger-bowls containing tap water.

-5~
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The operations and the post-operative care were always done

at room temperaturee.

B. Procedure for the Transferring and Treatment of Eggs

After anesthetization of the female, a small incision
(four mm. long) was made dorsal to the fore leg and posterior
to the head, on both sides of the animal, (see Figure A),
watchmaker?'s (Dumont #5) forceps were then inserted into the
incision in a posterior direction and an oviduct was gfasped
and slowly pulled out, (see Figure B). The caudal end of
the oviduct was cut off, but the anterior end waé torn off.
An injection of pituitary glands was made through one of
the incisions. The incisions were then closed.with-auture.
After twenty-four hours the female was reinjected with pitu-
itary glands through the body-wall, and after forty-eight
hours the body-cavity was opened and the eggs, which had
been ovulated, were removeds The eggs were then transferred,
without or with treatme;t, to the ovarectomized female. In
some cases, the recipient female had had a prior injection
of pituitary glands, or in the other cases, received pituitary
glands at the time when the eggs were transferred. The fe-
male was then examined twenty-four and/or forty-eight hours
later, to ascertain if the transplanted eggs had reached

the uterus.

C. Procedure for Transferring of Ovaries
After anesthetization an incision twelve millimeters
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long was made in the abdominal wall of a female frog in an
antero-posterior direction, directly over the ovaries (see
Figure C). An ovary was then gently pulled out with watch-
maker?s forceps, the blood vessel supply was tied off, and
a cut made distal to the ligation, allowing the ovary to be
easily removed, (see Figure D). The ovary was removed from
each side in this manner. The ovary was then transferred,
with or without treatment (as described below) to the body
cavity of another ovarectomized female. The recipient f?male
in some cases had received an injection of pituitary élands
prior to the ovarian transplant; in other cases, tﬁe glands
were introduced with the ovaries. The incision on the re-
cipient female was closed by first sewing the abdominal
musculature together, (see Figure E), and then sewing the
dermis together (Figure F). The female was examined twenty-
four or forty-eight hours later to determine if ovulation
and transport of eggs from the transplanted ovary had occurred.
In three other experiments, the recipient's ovaries
and the donor?s oviducts were removed and discarded. Both
females were then given injections of pituitary glands; in
the case of the donor, in order to stimulate ovulation; in
the recipient, to stimulate ciliary beat in the body-cavity
and oviduct, and alsd'Jellybsecretion in the cells of the
oviducal wallas. In one experiment, the donor's ovary was
inserted into the recipient?s body-cavity, while still

attached to the donor, the incisions were then closed by
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sewing the musculature, and then the dermis, of the recipient
and of the donor, together. In the two other experiments,
the donor's ovaries werse placed in a common body-cavity which
was created by removing tbe abdominal walls of both, -and
sewing the two animals together in ventral apposition. The
donors and recipients were tied together with string, in
all cases, in an attempt to keep them from pulling themselves
apart. They were then placed in a dilute solutidn of MS
222 (1; 10,000) for a twenty-four hour observation period,
after which they were examined, to determine if owvulation
and egg transport had occurred.

D. Procedure for Obtaining Egé-jellz Free of Any Contact with
the Eggs

A female frog was ovarectomized in the manner de-
scribed in the preceding section (2, C). Pituitary glands
were then inserted into the body cavity, after which two
types of beads were introduced, as described below. The
incision was closed, as described above, and the female

treated as usual.
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Plate I

Photographs of the Procedure for Removal
of Oviducts '

Figure A. The incision made (end of arrow), posterior to
the head and dorsal to the front leg, to remove
the oviducte.

Figure Be The oviduct removed from the body-cavity while
still attached to the ovisac and the ostium.
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Plate II

Photographs of the Procedure for Removal of Ovaries

Figure Ce The incision made in the abdominal wall, to remove
the ovarye.

Figure D. The ovary prior to being cut away.
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PLATE II
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Plate III
Photographs of the Procedure for Removal of Ovaries

Figure E. The musculature sewn together.

Figure F. The dermis sewn together.
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RESULTS

A. Transfer of Eggs

The results discussed in this section are summarized
in Table I.

The body-cavity eggs from six females were trans-
ferred directly to six ovarectomized females from the same
stock. Examination of the ovisacs showed three of them full
of eggs, two half full, and one one-quarter full. The eggs
of these females were inseminated and the numbers of eggs
cleaving, from the different females, ranged from 2-22 per
cent.

The body-cavity eggs from one Wisconsin stock female
were transferred directly to one ovarectomized female from
the Vermont stock. Examination of the ovisac showed no eggs
present.

The body-cavity eggs from one Vermont stock female
were removed and treated for ten minutes in a one-tenths
per cent Holtfreter's solution. The eggs were then trans-
ferred to an ovarectomized female of the same stock. Exam-
inatibn of the ovisac showed it to be full of eggs, all of
which were inseminated with spermatozoa from Vermont males.

There was no cleavage of these eggse.

The body-cavity eggs from two females of the Wisconsin

-15-
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stock were removed and treatéﬁ for ten minutes in calcium-
free Ringer's solution, then transferred to two ovarectomized
females of the same stock. Examination of the ovisac showed
one of them to be full and the other half full of eggs, all
of which were inseminated with spermatozoa from Wisconsin
males. Ten per cent of the eggs from the full ovisac cleaved.
The remaining eggs did not fertilize.

The body cavity eggs from three Wisconsin stock fe-
males were removed and treated for fifteen minutes in 0.l
per cent Nile Blue sulfate solution (a vital stain), then
transferred to three ovarectomized females from the same
stock. Examination of the ovisacs showed that three animals
had ovisacs one-quarter full, and one had no eggs in the
ovisac. When the eggs were inseminated with spermatozoa from
Wisconsin males, none cleaved.

In the following three experiments, the eggs were
all treated by immersing them in undiluted nbrmal rabbit
serum for ten minutes.

The body-cavity eggs from six Wisconsin -stock females
were removed, treated in the serum, and then transferred to
six ovarectomized females of the same stock. The recipient
females had all been injected with two pituitary glands into
the body-cavity, five hours earlier. Examination of the
ovisacs showed that in two females they were full of eggs,
in two they were one-quarter full, and in two there were no

eggs. All of the eggs were inseminated with spermatozoa from
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Wisconsin males. None of the eggs cleaved.

The body-cavity eggs from one Wisconsin stock female
were removed and treated in the serum, then transferred to
one ovarectomized female of the same stock, which ﬁad been
injected with two pituitary glands four hours earlier. Ex-
amination of the ovisac showed that it was one-quarter full
of eggs, all of which were inseminated with spermatozoa from
a Wisconsin male, and noné cleaved.

The body-cavity eggs from two Wisconsin stock fe-
males were removed and treated in the serum, then transferred
to two ovarectomized females of the same stock without prior
injection of the recipient females with pituitary glands.
Examination of the ovisacs showed that both of them were
one-quarter full of eggs, all of which were inseminated
with spermatozoa from the Wisconsin males. None of the
eggs cleaved.

In the last experiment of this series an attempt
was made to transfer body-cavity eggs from a female Rana
clamitans to a female Rana pipiens of the Wisconsin stock.
One such transfer was made. Examination of the ovisac
showed Rana clamitans eggs coated with jelly deposited during
the passage down the oviducts of the Rana pipiens. The
ovisac was one-quarter full of eggs, half of which were
inseminated with spermatozoa from Wisconsin males, and half

inseminated with spermatozoa from Rana clamitans males (see

Figure H). None of the eggs cleaved.
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B The Transferring of Ovaries
The results of the transfer of ovaries between fe-

males will be dealt with in three sections, and summarized
in Table II.

The first section involves the direct transfer of
untreated ovaries from one female to another. In all cases,
the recipient females had been previously ovarectomized.

The ovaries from a female of the Vermont stock were
transferred to a female from the Wisconsin stock, at the same
time, two pituitary glands were administered. Eighty-five
eggs, able to be stripped, were inseminated with spermitozoa
from Wisconsin males. Twenty-two of these eggs cleaved
normally.

The ovaries from a female of the Wisconsin stock
were transferred to a female of the same stock, which had
been given a pituitary gland injection twenty-four hours
earlier. Twenty-four eggs were stripped, all of which were
inseminated with spermatozoa from Wisconsin males. Four of
these cleaved normally.

The ovaries from two females of the Wisconsin stock,
which were injected with pituitary glands ten hours earlier
were transferred to two females of the same stock, which had
been injected with pituitary glands six hours prior to the
transfer. One of the females had twenty-five eggs, all of
which were inseminated with spermatozoa from Wisconsin males.

Three of these cleaved normally. The other female had not
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ovulated upon examination of the body-cavity.

The second section deals with the treatment and
transfer of ovaries. '

Ovaries from two females of the Wisconsin stock were
immersed in ten cc. of a suspension of one crushed pituitary
gland in one hundred cc. of Ringer?'s solution, for eight
hours. One of these two ovaries was transferred to a female
of the same stock which had been injected with pituitary
glands twenty-four hours earlier; the other was transferred
to a female of the same stock which had not had prior pitui-
tary gland injections. No ovulation was observed in the
body-cavity of either female. |

Ovaries from two females of the Wisconsin stock were
immersed in a pituitary gland suspension (1 gland in 80 cc.)
for eight hours. They were then transferred to two females
of the same stock, which had been injected with pituitary
glands two hours earlier. Both femgles died, and no ovu-
lation was observed in post-mortem.

Ovaries from two females of the Wisconsin stock"
immersed in a pituitary gland suspension. (1 gland in 60 cc.)
for eight hours were transfefred to two females of the same
stocke One of them had twelve eggs in the body-cavity and
three in the right oviduct. The other showed no ovulation
in the Eody-cavity.

Ovaries from two females of the Wisconsin stock
immersed in a pituitary gland suspension (1 gland in 40 cc.)

G T A 1 i o Bt - ———
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for eight hours were transferred to two females of the same
stock. ﬁo ovulation was observed in the body-cavity of either
female.

The ovaries from two females of the Wisconsin stock
immersed in a pituitary gland suspension (1 gland in 20 cc.)
for eight hours, were transferred to two females from the
same stock. No ovulation was observed in the body-cavity
of either female.

Ovaries from a female of the Wisconsin stock immersed
in a pituitary gland suspension (1 gland in 40 cc.) for. ten
hours, were transferred to a female of the same stock, which
had been given a pituitary gland injection ten hours earlier.
No ovulation was observed in the body-cavity of the female.

The ovaries from twb females of the Vermont stock
immersed in a pituitary gland suspension (1 gland in 10 cc.)
for one minute were transferred to two femalesvof the Wiscon-
sin stock, which had been injected with pituitary glands two
hours earlier, one receiving two ovaries, the other one
ovary. The female receiving one ovary had twelve eggs-
stripped, all of which were inseminated with spermatozoa
from Wisconsin males. None of the eggs cleaved. The other
female was dead, and no ovulation was observed in post-
mortem.

The third section of the results deals with the
partial transfer of ovaries.

One ovary from each of two females of the Wisconsin
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stock, while still attached to their own circulatory systems,
were inserted into small openings on the sides of two fe-
males of the same stock, all females having been given
pituitary gland injections eleven hours earlier. The donors
and recipients were then sewn together at the sites of the
incisions. In each pair, the donor and recipient pulled
themselves apart upon awakening from the anesthesia. One
pair showed slight ovulation, the other showed none. The
blood vessels to the ovaries were, in both cases, stretched
and full of clotted bloos; the animals were otherwise in
good health.

To avoid stretching the blood vessels, the next two
pairs of donors and recipients.had, in the first case, half
of the abdominal wall removed from both females, and in the
other case the whole abdominal wall removed, before being
sewn together. Both donor females had their oviducts removed,
and all females were injected with pituitary glands several
hours earlier. In addition to being sewn together, both
pairs were also tied together with string. Neither pair
pulled apart and the four animals survived, however no ovu-

lation was observed in either case.
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C. The Obtaining of Egg-jelly Free of Any Contact with the
Eggs

The ovaries were removed from a female and pituitary
glands were inserted. Then twelve doughnut-shaped plastic |
beads two mm. in diameter were inserted through the incision
after which it was.sewﬁ closed. The body-cavity ﬁas opened
twenty-four hours later and all of the beads were still at
the site of the incision. |

The ovaries were then removed from two females and
pituitary glands were inserﬁed. One female received approxi-
mately thirty small glass beads, varying in size from one -
to two mm. The other female received thirty small glass
beads which had been coated with Desicote. The ovisacs of
both females were full of jelly-coated glass beads (see
Figure H).

The ovaries were removed from three females and
pituitary glands were inserted. Thirty small glass beads
were inserted into each female. After twenty-four hours
the females were reinjected with pituitary glands. The fe-
males were examined after forty-eight hours and in all three
cases the beads had'not moved from the site of the incision,

and in each case they were covered with a mucoid substance.
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Plate IV

Photographs of a Glass Bead and of a Rana Clamitans Egg Coated
with Rapa Pipiens Jelly

Figure G. A glass bead coated with jelly, after transport
through the oviduct of a Rana pipiens female;
normal egg to the left.

Figure H. A Rana clamitans egg coated with jelly, after

transport through the oviduct of a Rana pipiens
femalee.
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PLATE IV

Figure G




DISCUSSION

The results of this study show the feasibility of
interfemale transfer of eggs and ovaries, and, in doing so,
makes available new methods for further study in the repro-
ductive physiology and experimental embryology of Amphibia.
These experiments were made in the months of March and April,
the normal breeding season for Rana pipiens. The .animals
available at this time were very suitable for this work, be-
cause a high percentage of eggs obtained in the laboratory
develop normally, and because the females survive major
operations. Unfortunately, the shipments of frogs received .
in the latter part of May arrived in an unhealthy condition,
thus precluding further study.

The work unfolds several interesting and intriguing
problems. One of them would be that of the transfer of
ovaries from one species to another and the subsequent in-
semination of the eggs by spermatozoa from males of both
species. In view of Shivers'! (1961) observations on the
species-specificity of components in the egg-jellies of
various species of frogs, the interaction of the jelly-coat
material of one species with the surface of the egg of an-
other species would be very important to analyze.

Another interesting problem would be the introduction
of body-cavity eggs into different levels of the oviduct, to
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ascertain, 1) at which level of the oviduct the jelly-coat
renders the egg fertilizable, and, 2) the origin of the
species-specific component in the layer of jelly-secreting
cells lining the oviducte. '

Since body-cavity eggs can be artifically activated
(Bataillon, 1919; Subtelny and Bradt, 1961), it might be
of interest to transfer parthenogenetically activated body-
cavify eggs into an ovulating recipient female and follow
the course of development. Subtelny and Bradt (19§1)
observed that body-cavity eggs into which nuclei of blastula
cells were transferred, developed better if they were inserted

into a jelly envelope, in vitro.



1)

2)

3)

L)

SUMMARY
It has been shown that ovulated eggs from the body-
cavity of Rana pipiens can be treated in various ways
and transferred to another female, where they proceed
through the remaining phases of egg transport. Some

of these eggs cleaved normally after insemination. In

one case, many eggs of one species (Rana clamitens)

were enveloped in the jelly of another species (Rana
pipiens) after transfer. None of these eggs developéd

after inseminatione.

A procedure was developed for transferring ovaries from
one female to another. Eggs which were ovulated from

the transferred ovaries in some cases fertilized normally.

Glass beads of various diameters were introduced into
the body-cavity of pituitary-stimulated females (Rana
Qipiens), and in a few cases, the beads were obtained
from the ovisacs of the female after having been coated

with jelly.

These results are discussed from the standpoint of
further experiments which the procedures developed may
make possible.
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