Reprod. Nutr. Dev. 42 (2002) 601-611 601
© INRA, EDP Sciences, 2003
DOI: 10.1051/rnd:2002046

Communication
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Abstract — The variability in the superovulatory response continues to be one of the most frustrat-
ing problems with embryo transfer in cattle. The removal of LH from pituitary extracts has tended to
reduce the variability in response, and several studies involving the use of the purified porcine pitu-
itary extract, Folltropi®-V are reviewed. The major source of variability in the superovulatory
response in cattle is the status of ovarian follicles at the time of initiation of gonadotrophin treatments.
Data support the benefits of initiating gonadotrophin treatments at the time of emergence of a follicular
wave. Incorporation of techniques designed to control follicular wave dynamics, such as follicular abla-
tion, or treatment with estradiol/progesterone, have reduced the variability caused by treating cows
at different stages of follicular development, and at the same time improved response by taking
advantage of endogenous recruitment and selection mechanisms. New protocols offer the conve-
nience of being able to initiate gonadotrophin treatments quickly and at a self-appointed time, with-
out the necessity of estrus detection and without sacrificing response. Methods can be used for
repeated superstimulation of donor animals at 25 to 30 day intervals, without regard to estrus detec-
tion or stage of the estrous cycle, and without compromising embryo production.

superstimulation / gonadotrophin / FSH / LH / follicular waves / embryo transfer / cattle

1. INTRODUCTION mercial embryo transfer records. In a report
o ) of 2048 beef donor collections, a mean of
The objective of superstimulatory treat-y 4 g ova/embryos with 6.2 transferable
ments in the cow is to obtain a maximum
number of fertilized and transferableernbryos were coII.ect.e.d from each cow [27].
embryos with a high probability of produc- However, the variability was great in both
ing pregnancies [6]. Wide ranges in superthe superovulatory response and embryo
ovulatory response and embryo yield havejuality; 24% of the collections did not pro-
been detailed in several reviews of comduce viable embryos, 64% produced fewer
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than average numbers of transferablgituitary extract (Folltropifi-V; Bioniche
embryos and 30% yielded 70% of theAnimal Health, Bellville, ON, Canada)
embryos. Embryo recovery from 987 dairy[7, 20]. Pertinent research on the biological
cows yielded slightly fewer ova/embryosactivity of gonadotrophins and how this
and there was similar variability in responseffects superovulatory response in the cow
among animals [25]. The high degree ofwill be reviewed.
unpredictability in the superovulatory  Three different types of gonadotrophins
response creates problems affecting bothave been used to induce superovulation in
the efficiency and profitability of embryo the cow; gonadotrophins from extracts of
transfer programs [24]. porcine or other domestic animal pituitaries,
Variability in ovarian response has beerequine chorionic gonadotrophin (eCG) and
related to differences in superovulatory treathuman menopausal gonadotrophin (hMG)
ments, such as gonadotrophin preparatiof, 36]. Prostaglandin (PGF) or its analogues
batch and total dose, duration and timing ohave been used for the induction of luteoly-
treatment, and the use of additional horsis in a superstimulatory regimen, to allow
mones in the superovulatory scheme. Addifor precise timing of the onset of estrus and
tional factors, which may be more impor-ovulation. The biological half-life of FSH
tant sources of variability, are inherent toin the cow has been estimated to be 5 h or
the animal and its environment. These facless so it must be injected twice a day to suc-
tors may include nutritional status, repro-cessfully induce superovulation [33]. The
ductive history, age, season, breed, ovariauwsual regimen is 4 or 5 days, twice daily
status at the time of treatment and the effectseatments of FSH with a total dose of 28 to
of repeated superovulation. While consid-50 mg (Armour) of a crude pituitary extract
erable recent progress has been made in tteSH-P) or 400 mg NIH-FSH-PI of the
field of bovine reproductive physiology, purified pituitary extract, Folltropif+V.
factors inherent to the donor animal whichForty-eight or 72 h after initiation of the
affect superovulatory response are only patreatment, PGF is injected to induce luteol-
tially understood. The purpose of this reviewysis. Estrus occurs between 36 and 48 h,
is to address the practical aspects of bovingith ovulation 24 and 36 h later.
superovulation with a view to simplifying  Equine chorionic gonadotrophin is a
superstimulatory procedures, improvingcomplex glycoprotein with both FSH and
responses and reducing variability; in theLH activity [35]. It has been shown to have
interest of space, reference to review artia half-life of 40 h in the cow and persists
cles will be done as much as possible.  for up to 10 days in bovine circulation; thus
it is normally injected once followed by a
PGF injection, 48 h later [18]. The long half-
2. GONADOTROPHINS life of eCG causes continued ovarian stim-
AND SUPEROVULATION ulation, unovulated follicles, abnormal
endocrine profiles and reduced embryo qual-
Factors associated with the administraity [32, 34, 41]. These problems have been
tion of exogenous gonadotrophins affectindargely overcome by the intravenous injec-
superovulatory response include source, batdipn of antibodies to eCG at the time of the
and biological activity of the gonadotrophinfirstinsemination, 12 to 18 h after the onset
[36]. We have investigated the biologicalof estrus [18, 21]. Recommended doses
activity of gonadotrophins and the effect thaof eCG range from 1500 to 3000 IU, with
FSH and LH activities in gonadotrophin 2500 1U by intramuscular injection com-
preparations have on the superovulatorynonly chosen.
response in the cow. We have also investi- Monniaux et al[33] treated a group of
gated the use of the highly purified porcinecows with 2500 IU eCG and another with
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50 mg (Armour) FSH-P and observed thagroups of dairy cows with an equivalent
ovulation rate and the percentage of cowamount of 45(ig pure pFSH and varying
with more than 3 transferable embryos wasimounts of LH, and showed that the mean
slightly higher with FSH-P than eCG. ovulation rate and the number of recovered
Although these results were in agreemenand transferable embryos increased as the
with those of Elsden et al. [19] others havedose of LH decreased. They observed that as
found no differences between pituitary FSH-H activity increased, the dose of FSH
extracts and eCG [5, 22, 30]. Endocringequired to induce an acceptable response
studies have revealed that eCG-treated an¥So increased. It has been suggested that
mals more frequently had abnormal LH anc@mbryo quality may be adversely influenced
progesterone profiles than did the FSHDY high LH levels during superstimulation
treated cows [23, 32]. These were assocHue to the premature activation of the
ated with reductions in both ovulation andoocyte [34].

fertilization rate [15]. In a study of cows We have completed several experiments
repeatedly superstimulated at 60 to 90 dayith the LH-reduced FolltropftV utilizing
intervals over 1 year, we found no differ-several different total doses, ranging from
ences in the superovulatory respons@00 to 900 mg of NIH-FSH-P1 activity [5,
between two different pituitary extracts 20]. There was no evidence of detrimental
(Folltropin®-V or FSH-P) and eCG with or effects of the dose on embryo quality. Ovu-
without a monoclonal antibody to eCG lation rates continued to increase to 400 mg
(Neutra-PMSG:; Intervet, Boxmeer, Hol- NIH-FSH-P1 (40 mg Armour) and did not
land) administered at the time of the firstincrease beyond that dose. At the same time
insemination [30]. However, the numbersfertilization rate and transferable embryo
favored Folltropif-V and eCG with Neu- raté remained constant throughout the dose
tra-PMSG. Others have made similar obsefi@ange used. On the contrary, doubling
vations [22]. the dose of LH-rlqh preparations (FSH-P
or hMG) resulted in significantly reduced
fertilization rates and percentages of trans-
ferable embryos [5]. Collectively, data sup-
port the hypothesis that the detrimental
effects of high doses of pituitary gonado-

WPophins on ova/embryo quality is due to an
have revealed variability in both the FSHech:)ess of LH. yoqually

and LH activity of eCG, not only among

Although folliculogenesis in mammals
requires both FSH and LH, there is a con
siderable variability in FSH and LH con-

. Recently, we investigated the long-term
. fety of Folltropi-V in a retrospective

gestation [35]. We have also examined th%

effects of the FSH/LH ratio of eCG on thedffspnng .e., second and third generation

; ; ““ftive safety was examined by calculating the
relation between the ratio of FSH/LH activ-n mber of viable embryos collected from
ity and superovulatory response. Lowersach cow and the number of normal calves
ratios of FSH/LH activity appeared to reduceyorn to cows that had been previously super-
ovulatory response in rats and additionaktimuylated with Folltropifi-V. Embryologi-
LH, when added to the eCG reduced supegg| safety was measured by the number of
ovulatory response in cows [35, 36]. live calves produced from superovulation
Purified pituitary extracts with low and embryo transfer using Folltrofkv.
LH contamination have been reported torhe main data set examined all available
improve the superovulatory response in catrecords with respect to treatment number,
tle. Chupin et al. [16] superstimulated threenumber of treatments in a sequence, the
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status of mothers/donors and whether they An experiment was designed to deter-
were a product of embryo transfer, the nummine the effects of exogenously adminis-
ber of known calves produced from embrydered LH on the superovulatory response in
transfer and the number of calves born naBos tauruscattle [43]. Cross-breed beef
urally to embryo donors. A smaller data setows were randomly placed into one of four
was based on known family relationshipsreatment groups to be superstimulated with
from four generations for the same enda total dose of pFSH equivalent to 400 mg
points. Statistical analyses, based on anal\NIH-FSH-P1 over 4 days. Cows in Group |
ses of variance, revealed no significant difreceived a standard porcine pituitary extract
ferences among the observed variablesuch like FSH-P (100% LH), whereas cows
(numbers of embryo recovery, calves byin Group Il received a preparation with
embryo transfer, natural born calves, etc.approximately 68% LH removed (32% LH),
as a consequence of the independent vartows in Group lll received a preparation with
ables. We concluded that there was no evapproximately 84% LH removed (16% LH —
dence of adverse effects of treatment, ogquivalent to Folltropifi-V), and cows in
repeated treatment of donor cows with Foll-Group IV received a preparation with 98%
tropin®-V, on reproductive performance, LH removed (Pure FSH). Superovulatory
embryo production or the resulting offspring.responses clearly divided these cows into

Although it is genera”y believed that two distinct groups (Tab |), those with hlgh

some LH is required for successful super-r (Groups 1'and If) and those with low

ovulation, endogenous LH levels may bd-H (Groups Il and V). Overall, there were

ore ovulations, ova/embryos collected
adequate. Looney et al. [28] reported th?{?’ < 0.05), and there tended to be more fer-
i

recombinantly-produced bFSH induced higtt.. X .
superovulatory responses without the addiﬂl:zeld O\ﬁPH< g'rm) n Itlrl]e ;Véol\%rotjl\?i?h\/\{[ﬁh
tion of exogenous LH. In addition, fertil- €leas (Groups Il a )- N

ization rates exceeded 95% and viablgoses used in this experiment, there was no

fect of LH on ova/embryo quality. The
embryo rates exceeded 85%. These da ey
suggest that LH is not needed in superovi): sults demonstrate that LH within FSH

latorv preparations and that embrvo qualit reparations affects the superovulatory
y prep voq response and that the maximum acceptable

may be superior with pure FSH. The V€N evel of LH appears to be between 15 and
high fertilization rates and transferablezo%

embryo rates in the absence of exogenous

LH tend to suggest that the administration of In yet another experiment involving
LH, at any dose, may be detrimental tdBrahman-crossBos indicu heifers super-
embryo quality. stimulated with 400 mg NIH-FSH-P1

Table I. Superovulatory response®bs taurusows superstimulated with FSH (400 mg NIH-FSH-P1)
and varying amounts of LH [43].

Ova/embryos
Group n CL Total Fert (%) Trans (%)
| (100% LH) 21 10.2 7.3 53 (73) 4.0 (55)
1 (32% LH) 20 11.2 6.4 4.6 (72 39 (61)
N (16% LH) 20 15.8 13.8 9.7 (71) 7.7 (57)
IV (Pure FSH) 20 172 13.2 8.3 (63) 55 (42)

Means with different superscripts are differéftR < 0.05;°4 P < 0.07).



Superovulation in the cow 605

Table Il. Superovulatory responsesiiis indicuseifers, superstimulated with FSH (400 mg NIH-
FSH-P1) and varying amounts of LH [42].

Summer Winter Overall
Group n CL TO/E FO n CL TO/E FO n CL TO/E FO
I (100% LH) 13 85 4.7 4.2 14 3744 34 27 6.8 46 39
Il (16% LH)* 12 192 9.6 7.0 15 5316 0.8 27 11358 4.0
Il (Pure FSH) 14 165 7.0 5.7 15 19206 8.3 29 181 85 6.8

abMeans within a column with superscripts not in common are diffeRenid(05).
* Group Il differed between the summer and winfex(0.05).

containing 100%, 16% or 2% LH (Pure FSH),in a superovulatory response equivalent to
Tribulo et al. [42] reported that the morethat of a 4 day, twice daily intramuscular
purified preparations caused the higher supetreatment regimen [10]. During the course of
ovulatory response (Tab. Il). Overall, thethese studies, it was found that a more con-
most purified preparation (Group ) inducedsistently high superovulatory response
more CL and tended to result in moreoccurred when the subcutaneous injection
ova/embryos and fertilized ova when com-was made behind the shoulder as opposed
pared to the least purified preparationto the neck region. We have since found
(Group 1). The intermediate preparationthat splitting the single subcutaneous dose
(16% LH; group II) induced an intermedi- (day 0-75%; day 2—-25%) improved the
ate response. However, there were obviougsults in cows with little subcutaneous fat
seasonal effects. Responses with pure FS29], and we have preliminary results sug-
and 16% LH were superior to the crudegesting that the ischiorectal fossa may be an
extract (100% LH) during summer months,alternative site for a single injection of FSH
but only the pure FSH was more efficacioug17]. In fact, anything that results in the
during winter months. increased absorption of FSH (e.g. intramus-
ular injection or injection in the neck region

f lean cows) resulted in a reduced super-
ovulatory response. Although Folltrofiv

has been reported to have more than 80% of
LH removed, there may be sufficient LH
remaining to result in an over-dose when
administered in a single bolus injection or
When the absorption rate is increased.

These results appear to contradict th(g
findings of Page et al. [39] who reported
that superovulation and embryo quality in
Holstein heifers was not affected by LH lev-
els in cool weather; whereas a low LH
preparation (Folltropif-V) yielded more
CL and significantly more fertilized ova and
transferable embryos during heat stress.

becomes apparent that stress is the commo?é s”itnglg rgo\'/“f] SUbCUtﬁ?eOijfS injection
factor.Bos taurusbreeds likely find sum- 9! FOUropin=-v nas much to ofier super-

mer heat stressful. whereBss indicus stimulatory treatment protocols, especially

breeds likely find winter temperatures stress\—Nhen twice daily treatments may result in

ful. In either case, the more purified extractSreSS Which may suppress superovulatory
gsponse. In one study involviBgs indicus

Ijisrlijritge %ér;lg;[?:rgir;ugfég\glatory responseI[uFeifers, a ®single subcutaneous injection of
olltropin®-V resulted in a significantly
We have also investigated the use ofjyreater superovulatory response than a twice
Folltropir®-V as a single bolus injection for daily, four-day treatment schedule [10]. We
superstimulation of cattle. A single subcu-attributed the difference to the stress asso-
taneous injection of FolltropftV at a dose ciated with twice daily treatments and
equivalent to 400 mg NIH-FSH-P1 resultedhandling.
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When comparing experiments, the routeeither two or three follicular waves (reported
of administration must also be consideredby Adams, Fortune, Ginther, Roche and
(reviewed in [5]). We have observed thatBoland, and others; reviewed by Adams in
twice daig/ intramuscular injections of [2]). Single-wave cycles have been reported
Folltropin®-V resulted in a significantly in heifers at the time of puberty and in
higher superovulatory response than twicenature cows during the first interovulatory
daily subcutaneous injections. We have alsimterval after calving. Four-wave cycles are
demonstrated that a single intramusculasbserved occasionally Bos indicuscattle
injection resulted in higher circulating FSH[40]. The proportion of animals with two-
levels than did a single subcutaneous injecrersus three-wave cycles varies among
tion [5]. However, the subcutaneous injecreports; some report a majority of two-wave
tion resulted in a more prolonged increase igycles and others report a majority of three-
FSH levels and a significantly improvedwave cycles while others have observed a
superovulatory response [10]. more even distribution (reviewed in [2]).

Individual studies often show little or no Although the subject has not been system-
difference in the results among the variousitically studied, there does not appear to be
gonadotrophins used for superovulation ira clear breed- or age-specific preference for
the cow. Itis also obvious that breed, envigne follicular wave pattern over the other,
ronment, nutrition and the |r]d|V|duaI ani- nor is there any apparent difference in fer-
mal response are factors which complicatgiity [4]. In a study of the effects of nutrition
ovarian stimulation. The role of stress hagn follicular dynamics, cattle fed a low
not been well documented, and more StUdenergy ration had a greater proportion of
ies are required to understand the stresghree-wave cycles than those fed higher
cortisol-cytokine-hormone effects on repro-gnergy rations [37]. Preliminary data col-
ductive performance and superovulation. |ected from 9 heifers during their first

2 years suggest that the pattern is repeat-
able within individuals (Adams, unpub-

3. ANIMAL INFLUENCES lished). In another study Bos indicusat-

ON SUPEROVULATION tle, four of 25 cows had four follicular waves

ith a b d di f .__per cycle; one cow changed from four waves
With a better understanding of ovariani, ihe spring to three waves in the autumn.

function has come a greater capability ok, o evolutionary reason for a two- or a

controlling it. Our expanding knowledge of i, .o \vave cycle, or for the wave-like pat-

the roles of the CL and follicular waves inyg itself is unclear: however, the differ-

the bov(;ne t%strpus cygletr][ﬁs resulte? ”%gces in wave patterns are distinct and they
renewed enthusiasm about the prospects g, q clear implications regarding ovarian

precise synchronization of estrus and ovu; ot : ;
lation. The intention of the following dis- synchronization and superstimulation.

course is to provide an overview of normal  Simply put, the wave pattern of follicular
ovarian events in cattle, and to discuss howevelopment refers to periodic, synchronous
these events impact on the effectiveness @frowth of a group of antral follicles. In cat-
superstimulation regimens. We hypothe+le, follicle wave emergence is characterized
S|;ed th.at ovarian response to ex0genousy the sudden (within 1 to 2 days) growth
stimulation is contingent upon the physio-of more than 20 small follicles that are ini-
logic status of the ovaries at the time Ofjq|y detected by ultrasonography at a diam-
superstimulation. eter of 3 to 4 mm [2]. For about 2 days,
growth rate is similar among follicles of the
3.1. Ovarian follicular wave dynamics Wave, then one follicle is selected to con-
tinue growth (dominant follicle) while the
It has been shown that greater than 95%emainder become atretic. In both two- and
of bovine estrous cycles are composed ahree-wave estrous cycles, emergence of the
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first follicular wave occurs consistently on between follicles in a wave. Subordinate
the day of ovulation (day 0). Emergence ofollicles can become dominant if the origi-
the second wave occurs on day 9 or 10 fanal dominant follicle is removed or if exoge-
two-wave cycles, and on day 8 or 9 for threenous FSH is supplied [2]. Furthermore, the
wave cycles. In three-wave cycles, a thirccompetition for LH among multiple domi-
wave emerges on day 15 or 16. Successiveant follicles (i.e., superstimulated with
follicular waves will remain anovulatory FSH) is apparent by the smaller maximum
until luteolysis occurs. The dominant follicle diameter attained compared to single dom-
present at the onset of luteolysis will becoménant follicles. Continued suppression of LH
the ovulatory follicle, and emergence of theas a consequence of luteal-phase proges-
next wave is delayed until the day of ovu-terone secretion causes atresia of the domi-
lation. The CL begins to regress earlier imant follicle, and FSH is again allowed to
two-wave cycles (day 16) than in three-wavesurge. This surge has no effect on the dying
cycles (day 19) resulting in a correspondinglydominant follicle, but is responsible for elic-
shorter estrous cycle (20 days vs. 23 day#ing the emergence of the next wave. The
respectively). Hence, estrous cycle lengtlovarian cycle then repeats itself. Relief from
may provide a clue to the numbers of follic-progestational suppression (i.e., luteolysis)
ular waves that a given cow has within eaclallows LH pulse frequency to increase, per-
cycle. mitting further growth of the dominant fol-

licle and dramatically higher circulating con-

centrations of estradiol, which results in a

3.2. Role of gonadotrophins surge of LH followed by ovulation.

in follicular wave development The conventional protocol of initiating
ovarian superstimulation during mid-cycle

The mechanism involved with follicular (8 to 12 days after estrus) was arrived at
wave dynamics is based on differentialempirically, but studies in which a lesser
responsiveness of the ovary to FSH and LHesponse to superstimulatory treatments ini-
[2]. Periodic surges in circulating concen-tiated early in the estrous cycle (2 to 6 days
trations of FSH are responsible for elicitingafter estrus) vs. later (9 to 11 days after
follicular wave emergence; hence, cows wittestrus) validated the convention [22, 26].
two-wave Cyc|es have two FSH surges ana-he rea-SOH for the relative success O.f the
three-wave cycles have three surges [3]. Ciconventional approach may be explained
culating FSH is subsequently suppressed bjy Wha_t we now understand about follicular
negative feedback by estradiol and inhibirflynamics.
from the emerging follicles and the follow-  We hypothesized that the superstimula-
ing nadir in FSH effectively prevents newtory response would be greater if the treat-
wave emergence. The transient rise in FSifent was initiated before selection of a dom-
permits sufficient follicular growth so that inant follicle. In an initial study, recombinant
some follicles acquire LH responsivenes$®FSH given to heifers before the time of
which allows survival without FSH. At the selection (day 1, ovulation = day 0) resulted
time of follicle selection, 2 or 3 days afterin more ovulations than that given after the
wave emergence, FSH is declining rapidlytime of selection (day 5) of the dominant
The follicle destined to become dominantfollicle of Wave 1 [1]. A subsequent study
apparently acquires receptors for LH andvas done to determine if exogenous FSH
has the competitive advantage over folliclegjiven at the expected time of the endoge-
destined to becoming subordinate. Howevemnous wave-eliciting FSH surge had a positive
LH responsiveness and the ability to becomeffect on the superstimulatory response [38].
a dominant follicle likely represents a quan-The endogenous surge in FSH was expected
titative rather than an absolute differencdo peak 1 day before wave emergence, so
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the superstimulatory treatments were initi-estrous cycle is available for initiating treat-
ated on the day before, the day of, or 1 oment at the time of follicular wave emer-
2 days after wave emergence. Significantlygence. Therefore, 80% of the cycle is not
more follicles were recruited and more ovu-conducive to an optimal superovulatory
lations occurred when treatment began oresponse. To obviate these problems, stud-
the day of, or the day before, follicular waveies have been done to determine if super-
emergence. stimulation subsequent to elective induc-

. . tion of follicular wave emergence could be
In a direct comparison between waves

the results of another study did not reveagsed with equal efficacy to the conventional

. . -“protocol.
any difference in the number of large folli- One aporoach involved transvaginal
cles recruited, the number of 0Vulmionsultrasoung? uided follicle ablation togs n-
induced, or the number of Ova/embryoschronize wa?ve emergence among heifgrs at
recovered in heifers in which superstimu- andom stages of the cycle followed by

lation was initiated on the day of emergencc%h : ; X
: . e insertion of a progestogen implant and
of Wave 1 or Wave 2 (reviewed in [1]). treatment with Folltropifi-V 1 day after

Consistent with the previous study [38], ;) 4ion “and PGF 48 and 60 h later [9].
when treatment was initiated1 day after Non-ablated control heifers were given

wave emergence, the superstimulator¥: litropin®-V 8 to 12 days after estrus.
response was reduced. These data Sugg%ﬁq}mbined over two experiments (Tab. IlI),

that superovulation may be induced withy oo \ya5 no difference in the superovulatory
eqqal efﬁce}cy when treatment is Ir”t""‘te‘jresponse between the ablated and non-
during the first or second follicular waves, ;20 4 groups. In another study, Bungartz
and that the superstimulatory response ig, 4 Niemann [13] obtained a significantly
enhanced if treatment is initiated at the t'mel”ligher superovulatory response when the
of wave emergence. dominant follicle was ablated 2 days before
Based on the duration of the developinitiating gondadotrophin treatments. More
mental phases of the dominant follicle inrecently, we showed that the ablation of the
two-wave and three-wave interovulatorytwo largest follicles at random stages of the
intervals, the probability at any given timecycle will ensure that the dominant follicle
that the dominant follicle is not function- is removed and a new wave will emerge 1 to
ally dominant is approximately 30% (6 of 2 days later [8].
20 days) for two-wave heifers and 35% (8 of Another approach to the synchronization
23 days) for three-wave heifers. Moreof follicular wave emergence for supero-
importantly, only 20% (4 or 5 days) of thevulation involves an injection of 5 mg

Table lll. Response in control heifers superstimulated between days 8 and 12 of the cycle compared
to synchronization of wave emergence by follicle ablation or progestogen + estradiol (P + E) [9, 11].

Ablation-induced Steroid-induced
wave synchrony wave synchrony
Control Ablation Control P+E
No. of heifers 35 60 52 56
CL 22.9 18.6 23.7 24.3
Total ova/embryos 10.1 9.8 12.3 12.4
Fertilized ova 7.3 7.8 7.9 9.3

Transferable embryos 5.4 5.6 4.9 5.2
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estradiol-1P after the insertion of a pro- emergence on day 4, whereas a dose of
gestogen implant, followed by the admin-5 mg estradiol benzoate resulted in a mean
istration of Folltropiff-V beginning 4 days of 5 days with more variability [14]. Unfor-
after estradiol treatment [11, 12]. PGF wagunately, we have not investigated the syn-
given 48 h after Folltropi®V treatment chrony of follicular wave emergence fol-
was initiated and the progestogen implantowing treatment with a reduced dose of
was removed 12 h after PGF treatment. Corestradiol valerate. In any case, these stud-
trol heifers were given the same dose ofes demonstrate that elective induction of
Folltropin®-V between 8 and 12 days afterfollicle wave emergence offers the advan-
estrus. Combined over two experimentsage of initiating superstimulatory treatment
(Tab. 1), the superovulatory response inat a time that is optimal for follicle recruit-
the estradiol-treated groups was equivalenhent. Thus, the full extent of the estrous
to that of the control groups. cycle is available for superstimulation and
the need for detecting estrus or ovulation and

nization of follicular wave emergence for Waiting 8 to 12 days to initiate gonadotropin

superstimulation involves an injection of reatments is el|m|nate_d. Lo .
5 mg estradiol-1F plus 100 mg progesterone Itis rjotewprthy t_ha_t in stuc_;lles involving
at the time of CIDR-B (Bioniche Animal superstimulation coincident with wave emer-

Health) insertion followed by Folltrogfavy ~ 9€nce, the response to a single bolus injec-
given as a single or multiple dose beginnindion of Folltropir®-V was as good or better
4 days after estradiol treatment [11, 12]. PGENan the response to a multiple injection
is given 48 h after FolltropfaV treatmentis  SCheme. The nadir between FSH surges is
initiated and the CIDR-B is removed 12 h'€sponsible for preventing the emergence
later. Combined over several experimentsQf @ New wave; provision of exogenous FSH
the superovulatory response in the estradiofuring the period of the FSH nadir may
treated groups is equivalent to or greatefeSult in “break through” growth of small
than that of control groups superstimulatedllicles prior to the time of expected new
on days 8 to 12 of the cycle. In a more receff/@ve emergence (i.e. the effects of domi-
experiment, we compared the synchrony opant folllcl_e suppression were overcome_by
follicular wave emergence and the super-SH) (reviewed in [1, 2]). This may explain
ovulatory response after treatment of'0W large doses of exogenous FSH in con-
norgestomet-implanted cows with estradiol-Yentional superstimulation schemes can
17B or estradiol valerate [31]. Follicular ©V€rwhelm the endogenous rhythm and
wave emergence occurred on days 3 or mask the wave effect. If superstimulatory
(mean = 3.6 days) in all 37 cows treatedreatment is given for a long enough period,
with estradiol-1B, while follicular wave follicle recrmtmer!t will become apparent,
emergence occurred between days 3 andr.ggardless of foIhcu_Iar wave status at the
(mean = 5.7 days) in 68% of the estradiofiMme of gonadotrophin treatment. However,
valerate-treated cows. Superovulatory®Synchronous recruitment may result in
response and total ova/embryos collectef0r€ variability in ovarian follicular
were also greater in the estradiopdfeated "€SPONSe, and in the quantity and quality of
group. Data suggest that the greater syr20Cytes and embryos collected.

chrony of follicular wave emergence fol-

lowing treatment with estradiol-B7and

progesterone provides an advantage for the ACKNOWLEDGMENTS

elective induction of superovulation. In The authors thank numerous colleagues
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