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Summary. Thirty inovulations of bovine ova were conducted.
Superovulated ova as well as ova from single points of ovulation were

transferred by both surgical and non-surgical means to synchronized
and non-synchronized recipients. Two transfers entailed the use of
follicular ova.

None of fourteen non-surgical transfers, made via the cervix or via
the rectum, definitely resulted in pregnancy, nor did twelve transfers
conducted by depositing ova within the peritoneal cavities of selected
hosts.

One of four transfers, conducted by means of laparotomy, resulted in
pregnancy and terminated in the full term birth of a 98-lb bull calf.

INTRODUCTION
The normal development of mammalian eggs transferred from one animal to
another was first observed by Heape (1890) in rabbits. Since that time, numer¬

ous transfers have been made in various species. The term 'inovulation' was

applied by Beatty (1951) to direct, non-operative transplantation of eggs
because of its analogy with 'insemination'. Willett (1953) extended the use of the
term to encompass any method, surgical or non-surgical, of placing an egg in
the female. With two exceptions, all reports of successful inovulation have
involved surgery. The two exceptions were Kvasnickii (1951), who reported
one pregnancy in a sow resulting from eggs placed in the uterus via the vagina,
and Beatty (1951) who reported that of ninety-nine ova transplanted into the
uteri of mice by the same approach, five young were born.

Inovulation involving surgery has been successfully accomplished in the
rabbit by Heape (1890, 1897), Beidl, Peters & Hofstatter (1922), Pincus &
Enzmann (1934), Pincus (1936, 1939, 1940), Chang (1947, 1948a, 1948b,
1949, 1950a, 1950b), Dowling (1949), Venge (1950, 1956), Black, Otto &
Casida (1951), Marden & Chang (1952), Chang & Marden (1954), Briones &
Beatty ( 1954) ; in mice by Fekete & Little ( 1942), Fekete ( 1947), Runner (1951),
Gates & Runner (1952), Runner & Gates (1954), Briones & Beatty (1954);
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in the rat by Nicholas (1933), Noyes (1952), Briones & Beatty (1954); in the
guinea-pig by Briones & Beatty (1954); in the goat by Warwick & Berry
(1949); in sheep by Warwick, Berry & Harlacher (1934), Warwick & Berry
(1949), Casida, Warwick & Meyer (1944), Lopyrin, Loginova & Karpow
(1950, 1951), Hunter, Adams & Rowson (1955), Averill, Adams & Rowson
(1955), Averill (1956); and in the cow by Willett, Black, Casida, Stone &
Buckner (1951) and Willett, Buckner & Larson (1953).

Surgical deposition of ova in the host has been accomplished by exposing the
uterus and inserting the ova through its muscular wall and into the lumen.
Insertion, in most instances, has been facilitated by means of a glass micro-
pipette. Such was the procedure of Willett et al. (1953) who reported the only
known instances in which the inovulation of bovine ova has resulted in the birth
of young. Surgical inovulation of necessity entails anaesthetization of the recip¬
ient animals. Kyle (1949) and Willett et al. (1953) noted that such a procedure
may affect fertility and embryonic mortality.

Non-surgical but unsuccessful transfers have been reported in cattle by
Umbaugh (1949), Dowling (1949), Rowson (1951), Hammond (1950), Dracy
(1953), Dziuk & Petersen (1954), Donker (1952), Nichols (1956) and Dziuk,
Donker, Nichols & Petersen (1958). Two such transfers by Umbaugh (1950) are

reported by Chang (1951) to have resulted in pregnancy which terminated in
abortion at about 6 months. Umbaugh (1949) reported that three temporarily
successful transfers of bovine ova by surgical means also ended in abortion
after 65 to 112 days of pregnancy.

The most frequently employed method of non-surgical transfer, copied after
that of artificial insemination, is the passage of a pipette through the cervix
and into the uterus. As pointed out by Whitney & Burdick (1938), the uterus
must undergo progestational proliferation before it is capable of promoting
embryonic development. In the bovine, such conditions do not exist prior to the
4th day after ovulation (Winters, Green & Comstock, 1942; Hamilton &
Laing, 1946). For this reason, transfer is usually made on Day 5 which means

it occurs during the luteal phase of the oestrous cycle. The uterus is highly
susceptible to infection at this stage of the cycle. Willett, McShan & Meyer
(1948, 1952), Rowson (1951), and Brock & Rowson (1952) observed this in
the cow ; Tanabe, Warnick, Casida & Grummer (1949) in swine; and Murphree,
Black, Otto & Casida (1951), Black«/«/. (1951), McDonald, Black, McNutt &
Casida (1952) in rabbits. This susceptibility was noted to have resulted in the
development of pus when semen was placed in such a uterus. Brock & Rowson
(1952) and Fry, Lamming & Rowson (1952) considered such conditions to be
responsible for the failure of transferred ova to implant. Lamming & Rowson
(1952) and Brock & Rowson (1952) reached the same conclusion. They found
it impossible to avoid some infection but suggested the use of antibiotics to
reduce its severity. The effectiveness ofsuch a procedure was verified by the work
ofDowling (1949), Rowson & Lamming (1953), VanDemark, Salisbury & Boley
(1952), Tanabe, Heist & Almquist (1955) and Dziuk et al. (1958). Marden &
Chang (1952) noted that, to be of value, an antibiotic must not be detrimental
to the ovum and demonstrated that pencillin was not. Similarly, the work of
Kurosaki, Sokuma, Sato & Mori (1954) indicated that the amounts of strepto-
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mycin and penicillin commonly used in semen extenders, produced no harmful
influences on the development of rabbit ova.

Relatively small numbers of transfers have been made in cattle and in a
number of these, prevailing circumstances have been such that the likelihood of
success has been greatly reduced. For example, Nichols (1956) reported
twenty-five cases in which ova were transferred from one cow to another. In
only eleven instances were the recipient individuals in heat the same day as the
donor. Dziuk et al. (1958) reported that of sixteen non-surgical transfers, in
only four instances were the transferred ova considered normal. The same

applied to the transfers made by Dowling (1949).
The objective of this study was to consummate as many desirable transfers as

possible.
METHODS AND MATERIALS

Four different methods were employed to deposit ova within selected hosts.
One method consisted ofinovulation via the cervix, in much the same manner as
insemination. This was accomplished, initially, by use of a plastic inseminating
pipette. Ova were placed in the pipette and following its placement through the
cervix and into the uterus, were in turn flushed from it by means of pressure,
created by compression of an attached inseminating bulb or syringe.

This approach led to modifications that facilitated transfer of the ovum
with considerably lesser quantities of accompanying fluid. The resulting pro¬
cedure entailed cervical penetration and uterine attainment by use of a steel
cannula and rod. Once in position, the rod was withdrawn leaving the cannula
in position. A capillary tube, attached to a length of polyethylene tubing and
containing the fertilized ovum, was then inserted into the uterus by way of the
cannula. Expulsion of the ovum was accomplished by pressure, created by a

syringe at the opposite end of the tubing. A predetermined amount of fluid
was used in each transfer, resulting in the desired expulsion of the ovum, but
limiting additional fluid to a few drops.

A second method, designed to avoid cervical penetration, entailed placement
of the hand in the cow's rectum in such a manner as to facilitate palpation of the
reproductive tract. A sixteen-gauge hypodermic needle, the sharpened end of
which was covered by a suitable piece of cork, was guided by this hand into
position over the reproductive tract. Once there, the cork was removed, the
needle was placed in a vertical position and pressed into either the uterine body
or one of the horns. A length of polyethylene tubing, attached to the upper end
of the needle, led outside the cow to be connected to a 20-ml syringe. Fluid,
containing the ovum, was contained in this syringe and under the influence of
pressure exerted by it, was forced through the tubing and into the uterus. A
 in.' column of air above the transfer fluid served to indicate entry of the
needle into the uterine lumen. Failure of entry resulted in back pressure and
compression of the air. When proper entry was accomplished, however, the
pressure required to expel the fluid was insufficient to compress this air mass.
This method of transfer entailed the use of substantially greater volumes of
fluid than was required by the 'cervical' method previously discussed. Ova
were also transferred directly into the peritoneal cavity.
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Laparotomy was also employed in a few instances. A diagonal incision in the
region of the paralumbar fossa resulted in exposure of the reproductive tract and
permitted transfer into the horn by penetration of its wall with a glass micro-
pipette. Ovum expulsion was accomplished by the exertion of pressure on the
short length of tubing attached to the opposite end of the pipette. The distal
end of this tubing was tied off, thus creating an elongated bulb. Recipients of
ova were restrained in a chute during transfer. Slings afforded supplementary
support for those individuals undergoing surgery and consequently anaestheti-
zation. Three types of anaesthesia were employed. A general anaesthetic,
Mag-Chloral Relaxant, was administered via the external jugular vein until
the animal reached a quiescent state while remaining capable of supporting
its own weight. Insensitivity at the actual point of incision was accomplished
by the administration of a 3 % solution of procaine at the lateral aspect of the
lumbar vertabrae. Quiescence of the reproductive tract was obtained by the
administration of an epidural anaesthesia. On completion of transfer, sutures
were made in the peritoneum, deep fascia, superficial fascia and common

integument. Each layer was sprinkled generously with a commercial anti¬
biotic preparation.

In those instances involving cervical, rectal, or laparotomy transfers, every
effort was made to assure synchronization of donor and host oestrous cycles.
Some intraperitoneal transfers, though preceded by recycling, were intention¬
ally made with varying degrees of variation in cycles to allow a wide range of
conditions within the recipient tract. Proximity of heat is recorded in terms of
closeness of recipient heat to that of donor. The symbols (+) and (—) are used
respectively to denote whether a recipient oestrus was later or earlier than that
of the corresponding host. Quantitative differences are denoted by numbers
following such symbols.

RESULTS AND DISCUSSION
A total of eleven 'cervical'-type transfers, involving eight donors, were made.
The results of these transfers are itemized in Table 1. Four superovulated
donors furnished ova for seven transfers while cows with single points of
ovulation supplied the remaining four. One superovulated donor was a calf.

Two transfers, both with ova from superovulated cows, were made with
plastic inseminating pipettes. The nine remaining were conducted by the
cannula-capillary tube method. In three instances, both donor and recipient
were recycled with progesterone. In six cases, the recipient only was recycled,
and in one additional instance, only the donor underwent oestrus synchroniza¬
tion. In a single instance neither donor nor recipient received progesterone.
In eight instances, donor and recipient exhibited oestrus on the same day while
in three additional cases, the recipients exhibited oestrus 1 day later than the
donor. Recipients falling in the latter category received 50 mg of progesterone
subcutaneously for 2 days following heat.

No pregnancies resulted from these transfers. Seven of the eleven recipients
returned to oestrus from 19 to 23 days following their previous period of oestrus.
Two recipients were continued on progesterone following transfer. One came
into heat on the forty-first injection while the other received injections for 50
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consecutive days and exhibited oestrus 5 days after cessation. One recipient
was slaughtered 2 days following transfer of five fertilized ova. Upon slaughter,
a single ovum was recovered. This ovum appeared to be unfertilized since no

cleavage was apparent and the possibility exists that it was shed by the recipient.
One other recipient, having failed to return to oestrus, was slaughtered on

Day 37 or 32 days after transfer. Slaughter revealed the left horn to be about
6 in. longer than the right. A corpus luteum was present on the corresponding
ovary, however no embryo was found.

Table 1
summary of data on transplantation of ova via the cervix

Transfer
No.

Recycled
Donor Recipient

Proximity
of

oestrus

Ova transferred
No. State of development

Day
of

transfer
Day of

subsequent
oestrus

*1
*2

3
*4
*5
*6
*7
8
9

10
 11

+ 1
+ 1

0
0
0

+ 1
0
0
0
0
0

one 6-, one 12-, three 4-cell
one 3-, two 6-cell

6-cell
morula
morula
morula
morula
morula
morula
morula
morula

Slaughtered
t

Slaughtered
20
23
19
t

23
21
22
20

* Denotes superovulation of donor.
t Progesterone administered for 50 consecutive days. Oestrus exhibited 5 days after cessation of

injection.
X Progesterone administered for 41 consecutive days. Oestrus exhibited on day of forty-first injection.
Note: Transfers 4, 5, 6 and 7 were made with ova from a single donor.

Three transfers, involving two superovulated donors and one unsuperovulated
donor were made by the rectal method. All six animals, involved in these
transfers, were recycled with progesterone. One recipient exhibited oestrus on

the same day as the donor. The other two were in heat 1 day later than their
respective donors. They, accordingly, received injections of progesterone for
2 days following heat. In one instance a single ovum was transferred but in each
of the remaining transfers, two ova were involved. Three six-cell and two four-
cell ova were transferred. All transfers were conducted 4 days after oestrus. No
pregnancies resulted from these transfers. One recipient returned to oestrus
24 days following, while a second recipient required 31 days. The third recipient
received injections of progesterone for 44 consecutive days and exhibited
oestrus 5 days following cessation. These transfers are summarized in Table 2.

It has long been considered desirable to transfer ova directly into the ovi¬
ducts, thus permitting the ovum to continue naturally into the uterus. Since
no non-surgical technique has been available for this purpose, a study was con¬
ducted into the nature of the oviducts and their role in ovulation and transport
of the ovum. In an attempt to determine something of its function, and knowing
that the oviduct, especially the infundibulum, is lined with active cilia, dyes
were injected into the peritoneal cavity of several calves. Slaughter of these
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young individuals revealed the presence of dye within the reproductive tracts.
Similar injections of dye and minute glass beads into the peritoneal cavities
of cows resulted, on flushing of the reproductive tracts, in the recovery of
representative amounts of the injected materials. Quantitative evaluation of
recovered material, relative to that injected, was not conducted; although, it
constituted but a fraction thereof. Consistent recovery was accomplished in both
the living and the slaughtered cow.

Table 2
summary of data on transplantation of ova via the rectum

Transfer
No.

Recycled
Donor Recipient

Proximity
of

oestrus

+ 1
+ 1

0

Ova transferred
No. Stage ofdevelopment

6-cell
6-cell
4-cell

Day
of

transfer
Day of

subsequent
oestrus

31
24
t

* Denotes superovulation of donor.
t Progesterone administered for 44 consecutive days. Oestrus exhibited 5 days after cessation of

injections.

Table 3
summary of data on transplantation of ova via the peritoneal cavity

Transfer
No.

10
11
12

Recycled
Donor Recipient

Proximity
of

oestrus

0
-2
-1

+ 1
-1
+ 1

0
0
0

-1
+ 2

Ova transferred
No. State of development

10-cell
morula
two morulae, one 8-cell
one 3-cell, one 2-cell
one 8-cell, three morulae
morulae
morulae
two 5-cell, one 3-cell
one 5-cell, one 2-cell, one 3-cell
one 2-cell

one morula
one 4-cell, one 6-cell

Day
of

transfer
Day of

subsequent
oestrus

19
27

20
21
25
22
22

Slaughtered
Day 41

24
22
19

All donors superovulated.
Transfers 10, 11 and 12 were with calf ova, 11 and 12 with follicular ova.

The foregoing accomplishments, based upon observation of twelve animals,
five calves and seven cows, led to the belief that perhaps a similar technique
could be used for the transfer of ova. To test this hypothesis further, prior to
actual transfer, 10 ml of diluted semen was injected into the peritoneal cavity
of a superovulated cow. Slaughter, 34 days later, revealed four developing
embryos. Subsequently, transfers of ova were made to the peritoneal cavities of
selected hosts. Results are itemized in Table 3.

A total of twelve such transfers, involving nine superovulated donors, were
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PLATE 1

Fig. 1. Reproductive tract of a cow failing to return to oestrus 45 days after inovulation.
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Transfer of bovine ova IV 235
made. Nine transfers were between cows while three entailed the transfer of
calf ova to cows. All transfers between cows and one transfer ofcalfova involved
the zygote while the two remaining transfers were conducted with follicular ova.
In nine often transfers involving a fertilized ovum, the oestrous cycles of donors
and recipients were synchronized with progesterone. The single exception was
the transfer in which calf ova were used. In that instance, neither donor nor

recipient received progesterone. In three instances, donors and recipients
exhibited oestrus on the same day. Two recipients were in heat 1 day later and
two others exhibited oestrus 1 day sooner than the corresponding donors. One
recipient demonstrated oestrus 2 days prior to and another 2 days later than the
respective donors. One recipient received ova from two donors, one of which
exhibited oestrus the same day and the other a day later.

None of the ten transfers of fertilized ova definitely resulted in a pregnancy.
Seven returned to oestrus within the normal range of 18 to 24 days. Two others
returned in 25 and 27 days, respectively. Both of these were heifers that usually
had representative oestrous cycles of 19 and 20 days.

One additional cow, having failed to return to oestrus, was slaughtered on

Day 45. The recovered reproductive tract is depicted by Plate 1. It is not
known if this cow had been pregnant; although, rectal palpation had previously
indicated a pregnancy in the left horn. Caruncles were well defined throughout
and had become somewhat fibrous in the immediate area of supposed attach¬
ment. Also observed was preferential growth of the left horn, the presence of an

active corpus luteum on the right ovary and complete lack of activity by the
opposing ovary. Neither of the two cases involving transfer of follicular calf
ova resulted in pregnancy. One recipient exhibited oestrus in 19 and the other
in 22 days. A large but undetermined number of ova were transferred in both
instances. Transfer was accomplished 8 to 12 hr following breeding of the
recipient. Breeding was accomplished at oestrus and the follicles of the recipients
were ruptured manually at that time.

Table 4
summary of data on transplantation of ova with surgery

Transfer
No.

Recycled
Donor Recipient

Proximity
of

oestrus

Ova transferred
No. Stage ofdevelopment

Day
of

transfer
Day of

subsequent
oestrus

morula
morula
morula
morula

28
24
23

calved

Four 'surgical'-type transfers, involving four non-superovulated donors, were

made. In three instances, both donor and recipient were recycled while, in the
fourth, only the recipient received progesterone. Each donor-recipient pair
exhibited oestrus on the same day. In each case, a single morula-stage ovum
was transferred on Day 4. The results of these transfers are summarized in
Table 4. In one transfer the recipient's reproductive tract could not be pulled
sufficiently forward to effect visible transfer. Thus, this transfer was attempted
inside the peritoneal cavity primarily by palpation. Penetration of the horn was
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accomplished but it is possible and even probable that manual manipulation
had caused expulsion of the ovum prior to that time. The cow returned to
oestrus within 28 days. One other transfer was performed under similar,
though slightly less severe conditions. It likewise, met with failure, the host
returning to oestrus within 24 days.

Another transfer was performed satisfactorily in so far as mechanical manipu¬
lation was concerned but several factors combined to make it less than desirable.
The ovum was held for a considerable period of time in the transfer pipette in
cool surroundings awaiting proper conditioning of the recipient tract. The
recipient reproductive tract was, of necessity, manipulated considerably during
positioning and the ovum when transferred was accompanied by a quantity
of air which might have blown it away from the intended site of deposition.
The recipient returned to oestrus in 23 days.

The remaining transfer was by far the most satisfactory of the four. Time
lapse between recovery and completion of transfer was less than 2 min. The
ovum was deposited at the intended site of transfer and an extremely limited
quantity of fluid was utilized in so doing. Transfer was from right horn to

right horn and entry was made at the utero-tubal junction.
Following a period of gestation of 275 days, the recipient gave birth to a

normal bull calf, weighing 98 lb. To the best of the authors' knowledge, this
is the fourth such birth resulting from the transfer of bovine ova. In the pre¬
ceding, successful transfer the oestrous cycle of the recipient was altered to

correspond to that of the donor. She was treated with progesterone for 37 days.
The donor had undergone 'cycle' alteration during the preceding oestrous

cycle but was not so treated immediately preceding the heat period that led to
transfer. Natural service was employed.
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