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Introduction. 

Although significant advances have been made in em
bryo transplant technology, embryo transplant units still 
have to cope on a daily basis with persisting hurdles. One 
of these problems relates to superovulation methodology 
that results in consistent ova production within and across 
donor cows. Although research publications on the subject 
date back over 30 years, this problem remains as an annual 
topic of discussion at the professional and embryo transfer 
society meetings. It has now become painfully clear that 
our basic knowledge of primordial follicle activation, folli
cle recruitment, follicle receptor site interactions, endo
crine involvement in follicular development and follicular 
growth dynamics is less than adequate. There is a need for 
research to develop workable physiological models so that 
we can better understand follicular growth and devel
opment. 

A second problem relates to the artificial insemina
tion (AI) of donor females to produce optimal fertilization 
rates across embryo collections. With thousands of donor 
cows superovulated and inseminated in the world over 
three years, it would seem that this problem should have 
been resolved by now, but unfortunately variability in ferti
lization rates and low viable embryo recovery still exists . 
These results suggest that basic research is also needed on 
oocyte maturation and fertilization before additional pro
gress can be made in this area. It now appears that re
search efforts should focus on developing and 
understanding of how these physiological events occur in 
situ rather than conducting repetitive field trials hoping to 
uncover optimal superovulation and insemination sched
ules for donors in commericial embryo transplantation 
programs. It is agreed that this type of physiology research 
is often difficult, time consuming and costly. It has now 
become evident that a renewed effort is needed in basic 
research before further progress is made in harvesting the 
optimal number of transferable quality embryos from each 
donor female. 

Approved for publication by the Director of the Loui
siana Agricultural Experiment Station as manuscript num
ber 89-11-3481. Paper presented at Seminar 10: Embryo 
Transfer-Advanced; AABP Annual Meeting. November 
15, 1989 in Kansas City. 
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Preparing Donor Cattle for Superovulation. 
Preparation of donor females for superovulation is 

often overlooked as a cause for lowered ova production 
following gonadotropin treatment. Livestock producers 
have known for generations that poor (or improper) nutri
tion leads to lowered fertility, increased postpartum inter
vals and fewer offspring born in their breeding herds. 
Increasing the level of nutrition prior to the breeding sea
son (flushing) has long been used as a management tool to 
increase the ovulation rates in sheep and swine early in the 
breeding season. Producers have long known that this 
management tool most often produces results when the 
breeding females are maintained on a marginal level of nu
trition just prior to the dietary energy increase during the 
flushing interval. 

In young dairy and beef females, it has been shown 
that a high level of nutrition increases follicle size and in
creases the number of follicles on the ovaries prior to the 
time of breeding. This correlates with producer obser
vations that first estrus us usually exhibited at < 12 months 
of age in prepuberal heifers fed on a high plane of nutri
tion compared with first estrus at .212 months for herd
mate heifers maintained on a low plane of nutrition during 
the same interval. In a variety of studies, it has been shown 
that feeding extra dietary energy to beef females the last 30 
to 60 days prior to and immediately following calving pro
duces a marked effect on shortening the postpartum inter-
val and increases subsequent pregnancy rates. These 
classical studies, and many others, aid in establishing a 
close physiological relationship between proper nutrition 
and subsequent ovarian function in farm animals. 

How then could the nutritional plane of donor ani
mals affect the number of follicles and/or the size of folli
cles that develop during superovulation of donor cattle? 
Although the scientific literature does give some indirect 
clues for this, the answer is not completely clear. It was 
first noted in the late 1940's that the initial state of follicu
lar development proceeds in the absence of pituitary gona
dotropins. This finding has since been re-evaluated by 
researchers but has not been disputed. Today, it has been 
established that a cohort of young follicles (pre-follicles) 
begin developement into a follicular wave only after gona
dotropin receptors become available on the attending folli
cular cells. This would suggest that the number of pre-
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follicles available for a cohort of follicles is mediated or 
controlled by a separate, cortical level activation system, 
and not under the direct influence of circulating gonado
tropins. This is further evidenced by the reports that indi
cate the pre-follicle activation process occurs in the ovaries 
of both hypophysectomized sheep and cattle. One possibil
ity is that supplemental nutrition plays its primary role in 
follicle development by influencing the activation of the 
follicular epithelial cells around the dormant oocytes of 
the ovarian cortex. This activated follicular cell/primary 
oocyte complex (primary follicle) then slowly matures dur
ing a time course producing an activated per-follicle (Fig
ure 1) for subsequent recruitment in a cohort of follicles 
that would be available for gonadotropin stimulation in a 
follicular wave. 

Primordial follicle activation appears to be a contin
uous process starting shortly before or after birth and con
tinuning throughout the life of the female. It has been 
proposed that every day one up to six activated follicles 
start to grow from the reserve of primordial follicles in cat
tle. The fate of most of these follicles during this devel
oping process is atresia. These activated pre-follicles have 
also been shown to be available for follicular wave devel
opment during gestation in cattle. In recent studies in this 
laboratory, ovulatory-size follicles developed on the 
ovaries of gestating crossbred beef cows with twice daily 5-
day FSH treatments during the first, the second and the 
third trimesters of pregnancy. Different accounts indicate 
that there are between 75,000 and 180,000 inactive oocytes 

Figure 1. Proposed events for pre-follicle activation and 
maturation followed by follicular wave development dur
ing folliculogenesis in cattle. 

in the ovaries of a heifer calf at birth. Several histological 
studies suggest that the number of these oocytes declines 
throughout the lifespan of the female, indicating there is a 
continuous process of primordial follicle activation and 
loss through atresia in each female. Although the number 
is greatly reduced from the time of birth, older cows ( > 10 
years of age) still have thousands of dormant oocytes pre
sent in the cortical region of their ovaries. It has been esti
mated that < 200 of the oocytes actually reach maturity 
and ovulate during a lifetime in the cow. Whether the de
crease in oocytes throughout the life span of the cow is a 
true linear decline across time has not been clearly estab
lished. The greatest loss in number of oocytes per ovary 
has been reported to occur in cows after the fifth year of 
age. 

Histological studies on bovine ovaries suggest that 
pre-follicles are in the activation process for 10 up to 40 
days in females before they are available in the cohort of 
follicles for gonadotropin stimulation. Some studies have 
suggested that this activation process is even longer in 
some animals. Most bovine estrous cycles have two or 
three follicular waves of antral follicles, with each wave re
sulting in at least one dominant follicle. Recently, it has 
been shown that the recruitment of pre-follicles for a co
hort is regulated by circulating FSH concentrations, folli
cular growth is modulated by FSH and LH, and selection 
of the dominant follicle within the wave is under the con
trol of FSH, estradiol and possibly inhibin from the ovary. 
If activation and maturation of primordial follicles is a con-
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tiunous process requiring a set maturation interval before 
they become gonadotropin sensitive, how then would in
creasing the plane of nutrition enhance the number of fol
licles produced during superovulation in donor cattle? It 
appears that the process of activating primordial follicles 
to become activated pre-follicles has a unique relationship 
with dietary energy intake in the female. If dietary energy 
is increased, an increased number of cortical pre-follicles 
should be activated and become available for gonadotrpin 
stimulation at the time of follicular wave development. If 
more pre-follicles were available for each cohort of folli
cles, then exogenous gonadotropins could stimulate more 
ovulatory-size follicles to develop during the hormone 
treatment schedule. If this is the case, then the effect of 
increased energy in the diet weeks before gonadotropin 
treatment can be visualized for donor females in the fol
lowing pre-follicle activation model (Figure 2). Differen
tiation and maturation of each of these pre-follicles is a 
part of a dynamic process likened to that of a slow, consis
tent moving conveyor belt in the cortical region of the 
ovary. Since activation of each primordial follicle is an in
dividual event, each pre-follicle on the conveyor belt would 
be at a different stage of maturation before becoming go
nadotropin sensitive. 

The pre-follicle activation model may also help ex
plain how pre-breeding season dietary flushing could in-

Figure 2. An example of how nutrition may subsequently 
affect the number of follicles that develop in 
each ovary of donor cattle during superovulation 
treatment. 

crease ovulation rates reported in multiple ovulating farm 
animals. The frequency of pre-follicle activation in the 
ovarian cortex appears to be an important variable in the 
sequence of physiological events, more so than the DNA
controlled growth and maturation of these pre-follicles. 
The interval needed for follicular cell growth and pre-an
tral follicle maturation gives all indications of being consis
tent within each female and appears to have genetic rather 
than nutritional implications. This model is also based on 
the assumption that pre-follicle activation is a self-con
tained system within each ovary. If this is the case, dietary 
energy would have a similar effect on each ovary, making 
more pre-follicles available for the cohort of follicles at the 
time of gonadotropin stimulation. This would then result 
in a similar number of ovulatory-size follicles from each 
ovary being available for ovulation. This is known to occur 
under natural conditions in swine and in FSH-stimulated 
sheep, goats and cattle. 

Therefore, based on these assumptions, proper nutri
tion of donor cattle 40 to 60 days prior to hormone treat
ment could ultimately increase the number of 
gonadotropin-dependant antral follicles available for ovu
lation. It would seem logical then that the number of pre
follicles available for superovulation would be more impor
tant than the dose levels of gonadotropins used for supero
vulation. The number of pre-follicles available for 
gonadotropin stimulation could explain why the number of 
ovulatory-size follicles and CL plateau in donor cattle even 
though the daily dose level of FSH is doubled or even 
tripled in the treatment schedule. 
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A Canadian study in 1981 has shown that high energy 
rations fed to multiparous cows increased the mean ovula
tion rate after gonadotropin treatment compared with sim
ilarly treated cows fed low energy rations. In a 
superovulation study at this station, 50 English breed beef 
donors were divided into two groups; half the females were 
fed a ration with extra dietary energy while on native pas
tures for 60 days prior to superovulation. The remaining 
donors were maintained on native grass pastures and sup
plemented only with hay and mineral ad libitum prior to 
superovulation. Following FSH treatment, the donors sup
plemented with extra dietary energy had significantly more 
CL (15.8) and medium to large-size follicles (6.8) per 
donor at the time of collection compared with herdmate 
donors maintained on a marginal nutrition level (9.6 CL 
and 3.2 follicles) the last 60 days before superovulation. 

In another nutritional study conducted at Auburn 
University, supplemental feeding of monensin sodium to 
donor cows prior to superovulation was reported to in
crease ovulation rates over that of donors in the control 
group. Studies at Texas A&M University have shown that 
cows fed 200 mg/head/day of monensin and then injected 
with FSH and HCG had ovaries twice the size and had 
more follicles ovulate than cows that received no monensin 
supplementation. These researchers have suggested that 
monensin feeding produces a positive effect on nutritional 
efficiency and subsequent reproductive performance in 
cattle by altering the availability of short chain fatty acids 
in the bovine rumen. Although it is proposed herein that 
nutrition has an effect on pre-follicle activation in the cor
tex of the ovary, other nutritional involvement ( e.g. glu
cose, insulin, fatty acids, proteins, growth factors) has been 
associated with stimulating hypothalamic centers, altering 
pituitary gonadotropin secretion and antral follicle devel
opment at the ovary level. These components cannot be 
overlooked when developing an overall model for supero
vulation in the cow. 

Although most of the evidence that nutrition may sub
sequently affect donor ova production is indirect in nature, 
it appears that there is more than a casual relationship be
tween the number of follicles produced and the variability 
in response to gonadotropins within and across donor 
cows. Since pre-follicle activation is a slow and continuous 
process, it could easily be overlooked as a factor in donor 
superovulation responses. 

Superovulatory Treatments 

Various gonadotropin preparations have been used 
for follicular stimulation in donor cattle over the years. 
The most notable of these are pregnant mare's serum go
nadotropin (PMSG) and natural follicle stimulating hor
mone (FSH) products. Often availability of the agent 
and/or governmental restrictions have dictated which of 
these two gonadotropin preparations are used in commer-
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cial embro transfer situations. PMSG, although a very ef
fective stimulating agent, apparently has some drawbacks 
that have reduced its popularity in recent years. The com
plaints most often registered following the use of PMSG 
include: hypertrophy of the ovarian and uterine tissues, its 
extended half life in the circulation causes over-stimula
tion of the ovary, asynchronous ovulation patterns, varia
ble fertilization rates and a lower percentage of 
transferable embryos per collection. Whether all these 
problems can be directly attributed to PMSG remains to 
be established. There does appear to be variability in ac
ceptance of PMSG for use in cattle. Many transplant units 
outside the United States have used it with good success 
for years. 

A natural FSH preparation (FSH-P®) is the most 
often used gonadotropic agent for stimulating supplemen
tal follicular growth in beef and dairy donors in North 
America. Treatment dose schedules vary in some degree 
from one embryo transplant unit to the next. Although 
most units feel their treatment schedule has the edge on 
their competitors, they often complain their results remain 
variable for successive treatments within and across do
nors. Studies are presently underway to evaluate laborato
ry-purified FSH preparations and a new genetically 
engineered pure FSH product. Preliminary results are en
couraging from several trials, but the final results are not in 
yet. 

In recent years, the length ( days) of FSH treatment 
and the total dose of FSH per donor has tended to de
crease. In a 1986 study evaluating 2,048 beef donor collec
tions at Granada Genetics in Marquez, Texas, a 28-mg 
total dose of FSH-P administered twice daily over a 4-day 
interval produced the greatest number of good quality em
bryos per donor collection. When total dose administered 
per donor either increased or decreased from the 28-mg 
dose level, the mean number of good quality embryos de
creased per donor. 

Exogenous FSH has been reported to have a shorter 
half life in the blood stream than PMSG, so it is usually 
administered twice daily at 10- to 12- hour intervals in cat
tle donors. It is interesting to note, however, that one study 
has shown that FSH admininistered once daily to beef do
nors has produced ovulation rates that were not signifi
cantly different from those of donors given FSH (from the 
same lot number) on a twice-a-day treatment schedule. In 
a study conducted at this laboratory, a single 50-mg dose of 
FSH (given in one injection) on the first treatment day 
produced similar ovulation rates in beef donors to those 
given the same total dose of FSH over a 5-day interval with 
a twice-a-day injection schedule. These findings tend to 
cast some doubt on the basic thinking behind our reason 
for twice daily FSH treatment schedules in donor cattle. 
Recent reports have suggested that the circulating FSH 
level required for stimulating gonadotropin-dependent fol
licles needs only to be proportional to the receptor site 
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population of the follicles within that follicular wave, and 
FSH above that level is wastage. It is becoming evident 
that studies on the availability of FSH and LH receptors at 
the ovarian level are needed to enhance our understanding 
of superovulation of cattle. 

The FSH to LH ratio and biological activity of the 
commercial FSH preparations has caused much concern to 
those in the commercial embryo transplant business. In re
cent years, FSH:LH ratios have been blamed for the incon
sistent ovulation rates across donors. However, when 
ovulation rates have been compared for donors across lot 
numbers (batches) from one commercial FSH source in 
several studies, the results showed that there was no signif
icant difference in ovulation rates across either lot num
bers of FSH-P® or the laboratory animal-derived biological 
activity units of those lots. Efforts are now being made to 
field test various purified and recombinant-DNA FSH 
products on dairy and beef donors, again in hopes of re
ducing individual animal-to-animal variability in response. 
In several recent studies, priming females with norgesto
met implants prior to FSH-P treatment has given good 
stimulatory responses in both dairy and beef donors. This 
approach appears to be very effective on the transitional 
postpartum beef donor cow. The question persists, howev
er, as to whether individual donor variability will be greater 
than the resulting effect of any of the exogenous treat
ments used. 

Recent studies using ultrasonography at Cornell, 
Michigan State University and the University of Wisconsin 
have helped to verify the follicular wave pattern during the 
estrous cycle of cows. Although it has been shown that cy
clic fem ales may have two follicular waves, most of the 
cows have three follicular waves per estrous cycle (Figure 
3). In each follicular wave there is at least one gonadotro
pin-dependent dominant follicle that is capable of produc
ing estrogen. Evidence now indicates that the dominant 
follicle is involved in suppressing the remaining follicles in 
the follicualr wave. At the recent American Embryo Trans
fer Association Meetings in Reno, Nevada, Dr. Roy Fog
well suggested that proper timing of donor gonadotropin 
stimulation during the estrous cycle may be more impor
tant for successful superovualtion that was once realized. 
For maximum follicle development during the cycle, it 
would seem logical that exogenous gonadotropins should 
be administered to donors when the dominant follicle is 
not suppressing the remaining follicles of the wave. For 
this reason, it may be important to identify follicular 
growth patterns of each donor female via ultrasound be
fore starting the superovulation schedule. 

It has been proposed that exogenous gonadotropins 
do not increase the number of follicles available from the 
pre-follicle pool for development but rather work primarily 
to rescue existing gonadotropin-sensitive follicles of the 
wave that normally would become atretic. In a study at this 
station, beef donor cows treated twice daily with FSH 
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Figure 3. An example of the follicular wave pattern dur
ing the estrous cycle in cattle. Most cattle have 
three follicular waves resulting in three domi
nant follicles (DFOL) during each estrous 
cycle. (Baird, 1987; Sirois and Fortune, 1988; 
Fogwell, 1988). 
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starting at the onset of natural estrus exhibited a second 
estrus 36 to 72 hours after the first estrus and produced 
numerous supplementary ovulatory-size follicles. Stimulat
ing supplemental follicle development during estrus in cat
tle would tend to support the hypothesis that FSH
stimulated follicles of the wave can be rescued prior to nor
mal follicle loss during or in the days follwing estrus. It 
should not be overlooked, however that exogenous gona
dotropins may also increase the natural sensitivity window 
so that additional maturing pre-follicles could be added to 
the developing follicular wave. A wider than normal ovari
an sensitivity window could help explain why multiple ovu
lations occur in litter bearing animals. 

Attempts at synchronizing ovulation or altering ovula
tion rates in donor cattle with either GnRH or HCG pre
parations at induced estrus have given inconsistent results 
over the years. Incorporating ovulatory hormones into the 
superovulation procedure has all but discontinued since 
prostaglandins have been added to the hormone treatment 
schedule for cattle. Success has recently been reported 
using various anti-PMSG antisera to aid in controlling the 
PMSG stimulatory response. At present, ovary stimulation 
research in farm animals is revolving around hormone im
munization of donors and using an anti-inhibin approach 
to superovulation. 

Over the years of testing and evaluation of different 
gonadotropic agents, dose levels and injection schedules, it 
has become apparent that individual animal-to-animal va
riability across donors is likely the major contributor to in
consistent ovulation rates in gonadotropin-treated donor 
cattle. Furthermore, the use of continuous intravenous 
FSH infusion on donor cattle over a 5-day treatment inter
val has not solved the variability associated with superovu
lation. This is not to discount that other factors such as 
donor pre-treatment steroid hormone levels, breed type 
and season of the year (in hot, humid regions) could have 
potentiating affects on the superovulatory response of do
nors, but such factors appear to be secondary in the overall 
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problem relating to donor variability. 
Indirect evidence suggests that each ovary responds to 

exogenous gonadotropins as an individual entity, and this 
correlates with the number of pre-follicles available for 
stimulation and the number of receptors sites available for 
gonadotropins in each ovary. Recent evidence suggests 
that ovarian inhibin production is likely the indirect con
trol for modulating stimulatory activity of both ovaries. It 
would appear that basic research on follicular wave cycles, 
receptor site production and oocyte activiation seems to be 
more in order at this time, rather than seeking the elusive 
optimal FSH or PMSG treatment schedule that fits all 
donor cows. 

Artifical Insemination Schedules for Donor Cattle 

A survey of the scientific literature reveals that the 
fertilization rates for superovulated donor cattle usually 
range from 50 to 85%. Ovulation has been reported to 
occur over an 8- to 12-hour period in gonadotropin-treated 
donor cattle. This interval may even be longer with abun
dant follicle development. Multiple inseminations have 
been implemented for superovulated donors to offset the 
variation in timing of ovulation and to insure sperm cell 
availability for fertilization of multiple ova in the oviducts. 
This assumption has led to AI schedules for donors that 
called for two units or more of semen at 12-hour intervals 
three and four times at induced estrus for individual donor 
animals. Even with these insemination schedules, fertiliza
tion rates remain variable within and across donor females. 

In recent years, the approach to inseminating donors 
has been re-evaluated in controlled experiments. In one 
study at this station, beef donors were inseminated with 

Figure 4. Relationship of embryo parameters (fertilized 
embryo rate, embryo degeneration rate and 
transferable embryo rate) in FSH-treated beef 
donor females inseminated at different intervals 
following gonadotropin-induced estrus ( onset of 
estrus = 0 hours). (Schiewe et al., 1987) 
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frozen-thawed semen of either high or low quality from 
either dairy or beef bulls at 12, 24, 36 or 48 hours after the 
onset of standing estrus. The controls were inseminated 
with two units of the same semen at 12; 24, 36 and 48 hours 
after the onset of estrus. The highest overall fertilization 
rate (78.7%) and transferable embryo recovery rate (6.7 
embryos per donor) resulted when donors were insem
inated once at 24 hours after the onset of estrus with two 
units of semen, and these parameters were not significantly 
different than those of the control donor animals, each in
seminated four different times with two units of semen 
(Figures 4-6). The lowest fertilization rate (19.2%) and 
transferable embryo recovery rate (0.2 embryos per donor) 
resulted when donors were inseminated once with two 
units of semen 48 hours after the onset of estrus. It is inter
esting to note that mean embryo degeneration rate at the 
time of collection was 6%, 19%, 41 % and 96% for donor 

Figure 5. The effect of semen quality on fertilized embryo 
rate and transferable embryo rate of beef donor 
females inseminated with either high quality or 
low quality semen at different intervals at in
duced estrus ( onset of standing = 0 hours). 
(Schiewe et al., 1987) 
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Figure 6. The effect of semen quality on embryo degenera
tion rate of beef donor females inseminated with 
either high quality or low quality semen at differ
ent intervals at induced estrus ( onset of standing 
estrus = 0 hours). (Schiewe et al., 1987) 
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cows inseminated once with two units of semen at 12, 24, 
36 and 48 hours, respectively. This pattern strongly sug
gests that timing of donor insemination after the onset of 
estrus may greatly affect the percentage of viable embryos 
at the time of collection. When individual insemination 
times for donors were evaluated in this study, high quality 
semen consistently produced more favorable results than 
when low quality semen was inseminated across similar 
donor cows. 

Other studies at this station and in Denmark have · 
shown that one unit of good quality semen at 12, 18 or 24 
hours after the onset of estrus has given comparable fertili
zation rates to superovulated donors inseminated once 
with two units of semen or with multiple inseminations at 
12-hour intervals at induced estrus. Most commercial em
bryo transplant units today have decreased the number of 
inseminations and the number of units of semen used per 
superovulated donor. In summary, a reduction in the num
ber of services per donor would conserve valuable, high 
cost semen and reduce possible handling stress of donor 
animals. 
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