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Introduction

Surgical methods for transferring supplemental embryos from a
donor female to corresponding recipient females in swine, sheep, cattle
and more recently in horses has been well documented in the scientific
literature. During the last four years, non-surgical techniques have
been developed for commercial use in cattle with recent emphasis on
developing a non-surgical method for embryo transplantation in the mare.

Although non-surgical approaches for cattle have not reached the
level of success achieved with standard surgical procedures for embryo
transplantation, the non-surgical method is viewed as a major break-
through for the commercial cattle industry. Experts predict that on-
the-farm embryo transplants will become an important part of future
cattle breeding programs in this and other countries of the world. Many
progressive dairy cattle owners are now utilizing non-surgical embryo
transplant procedures to attain an impressive number of high quality
offspring from valuable donor cows. Furthermore, embryo culturing,
embryo sexing and embryo freezing methodology is presently under inten-
sive investigation by researchers and these procedures soon will likely
become an important adjunct to the commercial embryo transplant scene.

Superovulation of Donor Cattle

Superovulation of the donor cow or heifer is accomplished by treat-
ing the animal with injectable hormones that stimulate growth of numerous
follicles on each overy, most of which will mature and ovulate a single
egg (ovum) potentially ready for fertilization. This is an important part
of the overall procedure, since the cow usually ovulates only one ovum
for fertilization during each 21-day estrous cycle. Superovulating
donor animals allow the operator to collect many ova from each quality
female.

Superovulation may be induced with either Pregnant Mare's Serum
Gonadotropin (PMSG) or Follicle Stimulating Hormone (FSH) preparations
given during the middle of the estrous cycle. The ovarian stimulatory
substance (PMSG) found in pregnant mare's blood is found primarily in
the serum of females between 40 and 150 days of gestation. In the past,
commercial companies have harvested blood of pregnant mares and prepared




1yophilized PMSG for use by veterinarians and researchers. The FSH
used for ovarian stimulation is extracted from commercial slaughter-
house pituitary specimens. It too has been made available for re-
search and veterinary use in a crystalline, 1yophilized form that is
reconstituted prior to its use.

Proper use of FSH in a superovulation schedule for donor cattle

has now been shown to be as effective ir commercial transplant units

as PMSG. In fact, many of the most successful embryo transplant sta-
tions in the United States and Canada now use FSH as the agent of choice
for bovine superovulation in place of PMSG. Because of its chemical
nature, FSH is short-acting, biologically. Since the half-life of
exogenous FSH 1is believed to be 5 hours or less in the blood of donor
females, twice daily injections are often administered (a.m. and p.m.)
to maintain endogenous blood levels for efficient stimulation of follic-
ular growth. These twice daily FSH injections are usually administered at
12 - hour intervals for five consecutive days for a total of 10 individ-
ually given to each donor female. Most injection schedules use from 25
up to 50 milligrams (mg) of FSH-P® (Burns-Biotec) per donor animal during
the superovulation procedure. Single doses given with various injection
procedures are usually 5 mg or less per injection. In contrast, when
PMSG is given as the stimulatory agent, it is administered all in one
injection at the time of treatment.

In review of the information available, there appears to be as many
dose level modifications of FSH injection schedules for donor cattle as
there are active transplant units, with no one scheme proven conclusively
to be superior over another. This modified FSH treatment scheme has, in
many cases, become the "treatment" of individual embryo transplant units.
At this institution, daily dose levels of FSH-P® are adjusted to individ-
ual donor cows following daily rectal ovarian palpation. This approach
now has withstood the test of time and is used routinely on all donor
females.

At 48 to 72 hours after the first FSH or the PMSG injection, 3
second agent is used in the treatment schedule to induce regression of
the corpus luteum (1uteo1ysis) on the surface of the cow's ovary. In-
ducing regression of this endocrine tissue allows the potential donor
to exhibit heat (estrus) within 72 hours post-injection for subsequent
artificial insemination (A1). The Tuteolytic agent used by embryo
transplant units is the same drug made commercially available late in
1979 for estrus synchronization of beef and dairy cattle — prostaglandin
-Fz,alpha(Luta]yse®:Upjohn Co.). Without the use of this luteolytic
agent to regress functional luteal tissue in the donor animal, the fol-
licular stimulating agent (FSH or PMSG) must be started on days 15, 16
or possibly 17 of the estrous cycle to take advantage of natural luteo-
lysis of the cow (see Figure 1). However, with the use of a Tuteolytic
agent the superovulation treatment schedule can begin on any time between
days 6 and 15 of the estrous cycle (see Figure 2). Not only does the
luteolytic agent increase the effectiveness of the superovulation proce-
dure, but it also gives latitude in treating donors on different days of




34—

(0 Aep = snuysa

30 19su0) 81245 snou3lsa 943 30 /[T 40 9T “GT sAep uo PSl14R1S SUdM sjuduwgeau] Sawayds Isayy ulL SLSAL

-033Nn| 3dNpuL 03 pasn 30U auam sjuabe urpue|beysoud SOULS  "8133©d Jcuop BurjeinAocuadns 404 Hyug uo g3y
40 uotido ay3 yiim d=HS4 40 9SHd 48y3La bursn sa|npsyss UOL3OdfuL JdL|dea Jo sa|dwexy "1 8unbiy

SNU3s3-1s04 SAeg juswyeau . 9124) 3yl Jo sAeq
6 8 L 9 § v £ 2 1 0 61 8T /T 9T ST #1 €1 21 II O 6 8 £ 9.6 v ¢ 2 1 0
P T T T 17T T 4 P T T T T T T T 717 VT T T 17 Mwmm
INETNEEN A.m.. mﬁnvauxmm“_ums “
oAuquz ’ \
9IH SNYLS3

SNYLs3

:

SNJ43s3-3sod skeqg Juswiyesd ) 91249 3yl 4o skeg
6 8 L 9 ¢ v £ 2 1 0 61 8T /T 9T ST ¢T €1 2T 1T O1 6 8 L 9 5 v ¢ z 1 0
P T T T T 17717 P T T T T T 1T T T 17 Pl T T T 11 \
\ 10 | i0 \
A19A023Yy _ A N10052-008T \
0Auqug \\.:mcw IShd w\m“
40 x

IOH .

SNY1S3 SNYLS3

< —




-35~

"2LNPIYIS SLUF YILM HYud 40 9IH JO 3ISN 3Y3 3INOYILM 33°|NAO
ALlensn sjewiue aouoq (0 Aep = SNU3S3 40 33suo) juabe 213£[031n[ e se 0Z494 UILM d-HSH 40
9SWd 49U3Ld bulsn sawdyds uoL3B{NAOJ3ANS BULAOG JU3D34 BA0W [RAIAIS 40 Sajdwex] -2 34nby 4

SNU3S3-3504 SAr(Q Jjusw3eaL] 3124) syl j0 sAheq

VI ET 2T 1T O 6 8 L 9 G ¢ € 2 1 O€TL ¢TI 1101l 6 8 L 9§ ¢ & 2
I N I I N I B t T T T 171

R | mWWWu | %‘ v/ 1
CITIIM

KaaA023y 0Auquily ¢ £t
N Pt Cpora) \
\“wwmusmdﬁmu H1 %02 \x““V
d P49 4+ g-Hs4 4
SNYLS3 SNY1S3
-
SNU3s3~3S04 SsAeq Juswiead} 3124) 3yl 40 sAkeq
¢l 1101 6 8 £ 9 6§ % ¢ 2 1 O STYPIET 2T 1101 6 8 £ 9 S ¢ € 2 1 0
TP T T T T T T 71771 T T T T T T T T T 171

AA3A029Y oAaqu mMMMm bwge Nn10022 mmmmm
0Z 494 9ISWd
v

[—— e p——— [e——— jananar— e Seraen T _ =




-36-

the estrous cycle (luteal phase) to better fit available recipient cycli-
city and will allow dissemination of the daily work load of the embryo
transplant team.

Although a single intramuscular dose of 25 mg of Luta1yse(D is gener-
ally recommended for inducing luteolysis in cycling cattle, single doses
of 25, 30, 33.5, 35, 37.5, 40 and 50 mg of this agent have been indicated
as being effective for this purpose during superovulation procedures with
donor cows and heifers. When administered as a single dose, prostaglan-
dins are usually administered 48, 60 or 72 hours after the onset of the
follicular stimulating treatment. Today many commercial transplant units
administer a single intramuscular dose of 25 to 35 mg of Lutalyse® 48
hours after the initial treatment with the stimulatory agent. Several
classical superovulation schemes used on donor cattle are presented for
your evaluation in Figures 1 and 2.

Artificial Insemination of the Donor Females

Once the hormone-treated donor female exhibits estrus, several in-
seminations, usually with a commercial prepared semen, are used to pro-
vide ample spermatozoa (sperm cells) for fertilization of the increased
number of superovulated ova. Since selected genetic matings are of
primary interest in the embryo transplant business, frozen semen is used
predominately at commercial bovine transplant stations.

Usually superovulated donor cattle are inseminated at least twice,
and many times these donors are covered with a third and a fourth insemi-
nation. The job of estrus detection is probably one of the most important
of those at an embryo transplant station. Since donor animals are insemi-
nated at various time intervals in reference to the onset of standing
estrus, it is of primary importance that this reference point be estab-
lished for each donor and recipient female. This is essentially a full
time job that requires near continuous observation by an observant team
member during dusk, night-time and early morning hours. Although KaMar®
heat detector patches, Gomer bulls and testosterone-treated heifers are
useful aids in detecting estrus, there is no substitute for a heat check-
er riding frequently among donor and refipient herds to pinpoint the
onset of standing estrus. '

If the superovulated donor is inseminated three times, the first
insemination is usually performed at the onset of standing estrus,
followed by two subsequent inseminations at 12-hour intervals. One
standard approach has been to inseminate with two units of semen at the
onset of standing estrus followed 12 hours later with three units and a
third inseminate with one or two units 24 hours after the first insemina-
tion. A more conservative approach would be to inseminate with two or
three units 8 to 12 hours after the onset of standing estrus with two or
three units 12 hours after the first insemination. Generally with an
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intact, non-superovulated donor female slated for a single embryo collec-
tion less units are used per insemination. As with modifications of the

superovulation treatment schedules, each embryo transplant unit seems to

have their own modified procedure for time of insemination and number of

units per donor animal.

Shortly after insemination, fertilization of multiplie ovulated ova
takes place in the upper one-third of each oviduct in treated donor cows.
The developing embryos then remain in the oviducts of donor animals at
least 3 days after fertilization. Approximately 4 or 5 days after estrus,
the 4- to 16-cell embryos migrate from the oviducts through the utero-
tubal junction to the distal end of the uterine horns, where they remain
grouped until the standard time of collection. It should be noted that
following entry of the uterine horn greater than 75% of the fertilized
ova remain in the anterior portion of the horn until day 8 of the subse-
quent estrous cycle.

Preparations for Non-Surgical Collection

A keen knowledge of endocrine control of the bovine estrous cycle,
a highly developed skill in rectal ovarian palpation, and an abundance
of patience are considered a necessity for efficient non-surgical embryo
harvesting from cattle. A minimum of 12 months of intense practice is
often required to attain the skills needed for optimal results in embryo
collection.

The standard non-surgical collection procedure for cattie is accom-
plished while the donor is restrained in a squeeze chute. The tailhead
region of the donor is clipped of excess hair, and external reproductive
parts are washed thoroughly with surgical soap and water. Often inject-
able tranquilizing agents are used to calm the donor during the collec-
tion procedure.

The tailhead region is usually deadened temporarily with a local
anesthetic to reduce straining and contractions by the donor during em-
bryo flushing. Often a sling is placed under the heart girth and the
flank region to keep the animal standing. Although difficult, maintain-
ing cleanliness during embryo collection is of key importance.

Several types of non-surgical collection tubes, catheters, and
similar devices have been used to collect cattle embryos. Two-way and
three-way flexible Foley catheters (14 to 22 Fr.) have recently become the
instruments of choice for this procedure in dairy cattle.

The donor's reproductive tract is manipulated rectally with one
gioved hand, while the other hand is used to maneuver the Foley catheter
(and stylet) through the cervical canal. The distal end of the catheter
is directed into the uterine horn from which the operator wishes to
collect first.
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Many times the Foley catheter cannot be passed easily through the
cervix (opening to the uterus) in this manner. In these cases, & stain-
1ess steel probe (expander) can be used to manipulate through the cervical
canal. Cervical expanders are occasionally used to widen the canal for
passage of the Foley catheter (and stylet) into the body of the uterus

of young heifers. Once the catheter is in place in the uterine horn, the
cuff on the catheter is inflated and the stylet is removed.

Embryo Flushing Procedures

Most embryo transplant units use 2 phosphate buffered saline or a
tissue culture medium to flush free the developing embryos lodged in the
upper end of the uterine horn. Donor cattle are most often flushed be-
tween days 5 and 8 after their induced estrus. The volume of fluid used
by individual technicians to flush donor females usually ranges from 1/4
to 4 pints of medium.

It should be obvious that the flushing technique is very important
to the success of this procedure. The flushing medium infused into the
Foley catheter is usually controlled manually by a large syringe (40, 50
or 60 milliliter) or by 2 gravity flow system. The pressure of the
medium in the gravity flow system is controlled by raising and lowering
the receptacle containing the medium. After being filled with the de-
sired volume of medium, the distended uterus is gently massaged to free
the embryos (see Figure 3), which then flows into a collection vessel.
After one uterine horn has been flushed two to four times, the Foley
catheter is inserted into the opposite uterine horn and the flushing
procedure is repeated. Some technicians have developed a uterine body
flushing technique which is used in place of the uterine horn flushing
procedure. Whichever one of these approaches 1s used to harvest embryos
non-surgicaily, the collection procedure generally takes 15 to 30 minutes
per donor COW. Although the non-surgical collection is done within a
clean environment and generally only takes a short period of time, anti-
biotics are usually administered after flushing to protect the donor
against the possibility of uterine infection.

Single Embryo Collections.

With the increased interest in non-surgical embryo transplants being
generated by dairymen across the United States, the single embryo re-
covery approach has vecently become the primary topic of discussion.
Since most commercial transplant stations do not have adequate milking
facilities to handle nigh producing dairy COWS, donors are often trans-
ported to commercial units after they have completed their lactation
record. Even when transplant <tations are able to handle lactating
donor cows. the producer often fears that the stress of travel and un-
familiar surroundings at the station will decrease daily milk production.

For these reasons on-the-farm approach to embryo transplantation has
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Figure'3. A gravity flow non-surgical embryo collection system for
cattle: (a) bladder, (b) vagina, (c) cervix, (d) uterine horn, (e) rec-

three-way Foley catheter and (g) inflated cuff.
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become very popular in some areas of the United States during the last
three years.

In addition, hormonal treatments used for stimulating follicular
development are suspected of Jowering the average daily milk production
during the superovulating procedure, which has also shied many dairymen
away from transplanting embryos from his high producing dairy cows. For
this reason, on-the-farm embryo transplanting programs have recently
been set up to collect single ovulated embryos from non-superovulated
donors. Although only one embryo can be potentially collected from the
donor per estrous cycle, the donor can be collected on several successive
cycles, without the use of stimulatory hormone treatments. Furthermore,
this procedure can be done without removing these high producing donor
cows from the milking string. The flushing procedure is similar to that
previously described for superovulated donors, however, only the uterine
horn adjacent the ovary that ovulated is flushed at the time of collec-
tion. From our experience, single embryo recovery rates tend to be
higher than those of superovulated donors. Dairymen are beginning to
use this program to collect one, two or three extra embryos for transfer
from their superior cows during early lactation, and then artificially
jnseminating the same donor to carry her own calf through the term. This
approach to embryo transplantation appears to be very acceptable to the
progressive dairyman.

Non-Surgical Recovery Rates.

During successful non-surgical flushing procedures, 85% or more of
the flushing medium, containing 45 to 85% of the superovulated ova, is
usually recovered by an experienced technician. On single embryo re-
coveries, some technicians are able to consistantly attain 65 to 98% of
the embryos. Hours of practice, patience and perserverance appear 1o be
the key factors associated to optimal non-surgical embryo recovery rates
in cattle.

Once the flushing fluid has been allowed to settle for a short
period of time, the medium is searched carefully for embryos with a dis-
secting steriomicroscope (40X). Being optimistic is helpful, but one
must keep in mind that embryos apparently cannot be obtained from some
donor cows even though they have been successfully superovulated and
flushing went according to plan. Furthermore, the possibility always
exists that some of the ova collected may not have been fertilized and
therefore should not be transplanted. Records from commercial transplant
units indicate that an average range of three to nine acceptable quality
embryos should be obtained from a properly flushed, superovulated donor
animal. One of the larger commercial embryo transplant stations has
recently reported an average of 4.8 good quality embryos per donor cow
from which embryos are attained. The true potential for embryo harvest-
ing from a single donor cow has not been fully realized at this time.
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Non-Surgical Embryo Transpiantation

The first successful cervical transfer resulting in a live calf was
reported in the literature in 1964. Since that time many dedicated re-
searchers have attempted to perfect the technique so it could be used as
a practical tool in the cattle industry. Until recently, it was doubtful
that a cervical approach to embryo transfer could ever be mastered in
cattle primarily because of uterine ejection of transferred embryos
through the cervix and/or the problem of uterine infection following the
transfer. Improvements were then made in the basic technique by using
three concentric stainless steel tubes for cervical passage and a Rusch
catheter for transferring the embryos to recipient females. Encouraging
results were reported in 1975 and 1976, when individual bovine embryos
were placed in either .25 or .50 miililiter straws and placed in the
uterus of recipients using the Cassou Al gun. Today, embryo transplant
technicians are routinely using a .25 milliliter French straw to house
the embryo, and cervical transfers are with a French Al straw gun in a
manner similar to that used in artificial insemination of cattle.

Selecting high-quality recipients is an important part of embryo
transplantation, since these animals carry the developing embryo to term.
Recipients must be free of disease, reproductively sound, and should have
a large enough frame to carry a developing embryo from any breed type.

It is also important that recipients produce enough milk to nurse their
foster calves to weaning.

It is important to transplant embryos when donors and recipients are
at the same stage of their reproductive cycles. A deviation of more than
1 day in synchronization of donors and recipients at the time of transfer
may lower overall transplant pregnancy rates. Synchronization of both
animals at transplantation is needed to insure that the uterine environ-
ment of the transplanted embryo is similar to that which was present in
the donor cow.

The best success rate from embryo transplantation in cattle has been
reported when embryos were recovered from donor animals on day 5, 6, 7
and 8 following estrus. During this interval, the majority of the
embryos are at the 16-cell stage, morulae, early blastocysts or expanded
blastocysts when transferred to the uterus of the surrogate (recipient)
female (Figure 4). Pregnancy rates of recipient animals have been shown
to be significantly less when embryos were collected from donors on days
3 and 4 following estrus. Occasionally, 2-cell and 4-cell embryos are
found during collection procedures on days 5 and 6 post-estrus. These
embryos will rarely survive the transfer to the uterus, nor will they
develop if placed in the oviduct of recipient females. Field reports
are now indicating that bovine embryos at a mature blastocyst or an ex-
panded blastocyst stage of development at the time of transfer are giving
the highest pregnancy rate per transfer.
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ITlustration Days after estrus
number Description of Embryo normally found

1 1-cell 0-2

2 2-cell 1-3

3 4-cell 2-3

: 4 8-cell 3-5
5 16-cell 4-5

6 Morula 5-6

7 Tight morula 5-7

8 Early blastocyst 7-8

9 Blastocyst 7-9
10 Expanded blastocyst 8-10

11 Hatching blastocyst 9-11

12 Tight morula with >5

oval zone Abnormal

Figure 4. Diagrams and reference descriptions of bovine embryos
collected from donor animals at various intervals following a fertile
estrus (Seidel et al., 1978).
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After the embryo has been transplanted, the recipient female is
returned to pasture and not disturbed until diagnosed for pregnancy,
usually between 60 and 120 days after the transfer. A charge of $1,800
to $3,000 has not been unusual for each pregnant recipient resulting
from a donor transplant at commercial embryo transplant stations. With
the onset of on-the-farm transplantation, the charge for each pregnant
recipient has dropped considerably over the past year. It is interest-
ing to note that several donors have already produced more than 60
transplant calves with an 18-month interval.

Summary

Commercial embryo transplant units have begun to use non-surgical
techniques in place of standard surgical approaches for donors and reci-
pients. This allows transplants to be done routinely on farms or ranches,
at reduced cost. Success rates for non-surgical transplantation of bovine
embryos are reported to range from 40 to 70% in several transplant units,
while success rates of 55 to 75% have resulted from the surgical approach
in the same units. The single embryo collection approach on high pro-
ducing dairy cows, without the use of follicular stimulating agents,
appears to have a great deal of merit for the progressive dairyman.

Research efforts to improve non-surgical collection and transplanta-
tion methodology is in progress at several experiment stations. Techni-
ques for sexing embryos before transplantation, and methods of freezing
embryos, also are being developed. The capability of sexing embryos in
the laboratory would give the producer the option of selecting heifer or
bull calves. The potential for using frozen embryos in cattle breeding
herds appears to be virtually unlimited. Frozen embryos could be pur-
chased and stored by producers for transplantations on a year-round basis.
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