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1. INTRODUCTION

In the recenl past, artificial insemination was
universally atceplted technology for the multiplicaltion o f
superior germ plasm bul s$till the problems such &% reducing Uthe
calving interval, late maturity and production of more number of
~alves  of  high geneltic polential from one cow during the life
time  remain unsolved. Embryo bicotechrnology dincluding embryo
cryopreservaltion, in wviltro fertilization (IVF), embryo micro
manipulation, sexing, induction of twinning, cloning and gene
transfer has already shown promising resulls in animal
reproduction  and productivity. In combination with artificial
insemination this technigque will certainly be useful to increase
The population of the desired genotype of animals with dimproved
potential  for milk &ﬁd.draughtn Cattle herd dimprovement for
Bigher producltivilty can  be achieved by wmeans of ETT  through
faster mulliplicaltion of superior germ plasm, exploitation of
female gene pool by making available wmuch  larger number  of
progeny  from a  single high—-yielding cow, thus reducing the
gengration iriterval and  many olher areas like genelic

manipulatian}qﬂl recomBinant DNA technique, elc.

There are, however, & number of limiting faclors
affecting  the widespread use of ETT. The wvariability of
superovulalory response, in terms of guality and quantily of
embryos, remains one  of  the major factors Limiting the

development of practical superovulaltion and hence ET  programmes.



The success of superovulaltion is significantly influenced by
individual faclors viz., availability of feed and fodder, season,
Lemperalture, species, breed, age, day of cycle on which trealment
is  administered, presence  or absence of & dominant follicle
(Grassoe gl &l., 178% s Huhtinen gt al., IREYD] and number of
superovulatory treatmenlts to which an animal has been subjeclted.
Other aspects such as the type and dosage of gonadolropin, tUthe
pur ity af the products (Murphy gt &l., 1984 and the
adminisivralion of GnRH (Bavage gl al., 1987 Foote gl al., 198%)
or associaled luteolylic agents, &ll influence the gmbeyo
production. Recent reporls indicate that the Use of
prostaglandin FE  alpha during late pre-ovulatory period can
enhance or synchronize ovulation rate in superovulated animals

{(Gallo el al., 1998).

Althowgh the mammalian ovary conltains hundreds of
Lhousands of oocyles, the number of progeny a female produces 1w
amall. In farm animals, the number of times a female can  become
pregrnant  ds severely limited by extended duration of gestation.
Furthermore, only one or Lwo ova are usually shed per oceslirous
cycle in  non litter—bearing species. The objective af
ﬁuperovulatiwﬁ is to increase the yield of wviable ova. The
success  of ETT programme in domeslic animals depends primarily
upon  the consistenl supply of viable embryos. Keeping This in
view, Uhe induclion of superovulation at a pre-determined Time
has hecome imperalive. The mosl common mebthod of inducltion of
superovulation is by stimulalting folliculogenesis with the

administration of either pituitary gonadotropin- Follicle



stimulating hormone (FSH) or pregnant mare serum  gonadolropin
{PMBGY . Different preparations of gonadotroping  and their

guantily used are sources of variation in responsiveness.

To induce superovulalion, FBH is preferred by most
af  the embryo Transfer cenlres around Lthe world due to  itls
definite advanlages (lower civculating half-life and more precise
FESHONSE) . Presently, most of the developing countries like
India have lo import FBH, which adds tremendously to the cost  of
ETT. PMBG is known Lo be anolher polent souwrce for induction of
superovulation, besides 11 is much cheaper and readily available,
but  having Uthe disadvaniage of & longer circulating half-life
(Sohams el al., 1978 and a comparaltively poor response. At i
PHSG antisera has also been tried to reduce the over—-stimulating
gffect of PMEG due Lo its long half-life (Dieleman el al., 19873

Gielen el al.. 1990).

It has heen established thalt there are 2 or 3
waves of follicular development per oceslrous cycle wilh only one
large Ffollicle becoming dominanl per wave A{(Rajakoski, 12603
Ireland and Roche, 1987). S0 in the nalural course of the eventls,
most of the follicles undergo alresia probably due to the lack of
endogenous gonadolropin support. Induction of superovulation is
hased on  the faclt thalt the exogenous gonadolropin support
prevents atresia of & large number of follicles and enhances tLhe
growth of medium sized follicles. This superovulalory rvesponse
can  further be improved if we prime The animals wilh smaller
doses of the gonadotropins al an early stage of 1lhe oceslrous

cycle and  before commencement of superovulalion treatment



(Rajamahendran gt al., 1987 iPelr gl, al., 1990). A3 a consequence

............. }S
an additional pool of the graafian follicles g made available.
Rathi cattle is a native milch breed of Hikaner
region of North-West Rajasihan. This breed is very hardy and has
many posilive characters like heal ltolerance, disease resislance,
contentedness and adaplability in  exlrems arid climatic
conditions of North-Wesl Rajasthan inspite of impediments like
high ambienl temperature, scarcity of fodder and waler and yel
maintains  the productive and reproductive status. It has  been
fellt Lhat due Lo indiscriminalte use of crossbreeding programme in
the state, pure Ralhi populaltion has decreased Ltremendously in
Rajasthan and is almost facing & crisis of exlinction. HBludies
concerning  superovulation and embrve recovery have so  far not
been underltaken in the Rathi bhreed of callle. If encouraging
results are achieved and the tltechnigue of MOET (Multiple
Ovulaltion and Embryo Transfer) is standardized in this breed, it
will help in faster proliferalion of the superior germ plasm and

boost up the producltion potentlial of this indigenous breed.

The proposed research work has been planned  to
study superovulaltory response and embryo recovery in  the Ralthi

breed of catlle using PMBG with and withoul priming.

Most of The early embryo recovery and lransfer
work  was  conducted by surgical method which has now  been

superceded by the non-surgical melhod.

4
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2. REVIEW OF LITERATURE

SYMCHRONMIZATION OF QESTRUS PRIOR TO SUPEROVULATION.

Following the initial veporlt of synchronization of
gestrus by intra-ulerine infusion of preostaglandin FZ
alpha (POFEx; Rowson el al., 1972), various workers
reported the s e of  exggenous FGF - alpha for
syntchronization of cestrus in cattle (Liehr gl al., 1972

Louis el al., 1972).

The use of POGF-2 alpha and ils synthetic analogues
to shorten the oycole lenglth in calitle was also reporled by
Lauderdale, 19723 Inskeep, 19723 Tervit el al., 19733

Cooper, 19/74; Bmith, 19764; Stabenfeldt, gt a&al., 1978y

Downey, 1980; Schams and Harg, 1982,

The potent synilhelic analogues of prostaglandin
are regquired in & much lower dose because of their grealer
luteolytic efficacy (Lauwderdale, 19723 Cooper, 1974 ¢

Schams and Karg, 1982) thus overcoming the coslt problem.

PGF-2 alpha, given in two daily doses  (0.5-1.0mg)
inte the uterine horn ipsilateral to the ovary conlaining
the corpus luleum, induces lulteclysis wilh oeslrus
seeurring  after 48 to 85 hours of intramuteriﬁe infusion
(Shelton, 1973 Heranshaw gl al., 1974: 8Bmith, 1974).

Although the dose is reduced (Bmg IAut. v/s. 25mg I/M but



this roule of administraltion defers the advanltage of
simplicity of lreatment and can cause additional problems

such as ulerine infecltion (Elsden and Lawson, 1974).

The wmost convenient method of administration 1is
TLhe intra-muscular rouley however, owing to the rapid rate

of melabolism of PGF-Z alpha (Piper st al., 19700 high

.

doses are needed Lo achieve consisltent effects.

The prerequisite for prostaglandin administraltion
is the presence of a funcltional corpus luteum. The failure
of animals in Lhe early stages of The oceslrous cycle (days
0O to 4) to respond Lo prostaglandin treatment (Lauderdale,
1972y Rowson el al., 19723 Inskeep, 1973: Cooper, 1974}
has  led to the proposal of & system of lwo trealments 11
days aparlt giving a more rapid and precise response  in
terms  of LM surge and ovulalion (Cooper, 1974y Leaver gl

al., 1975).

In the majority of animals with a functional
corpus luteum there s a rapid decrease of plasma
progesterone  concentration and the animal is delecled in
pestrus 3 to 4 days lalter (Roche, 1974 and Oyedipe 21 al..

19868) .



GESTRUS INDUCTION DURING SUPEROVUL ATION.

PGF -2 alpha or dts analogues are roulinely
administered to embryo donor cows at 48 to 72 hours afler
the commencement of folliculogenesis {(brought aboul by
gonadotropin  stimulation) in & superovulalory regimen.

The PGF-2 alpha induced luteal regression leads Lo

marked decrease in serum progeslterone which is essenltial
toe permil the final stages of follicular development, {The
onset of oestrus and ovulation (Elsden el al., 1978

Halley et al., 1979),

The wse of synchronizing agents has given &
greater and more consislent superovulatory response  Lhan
gimply injeclting PMEG in the follicular phase of oestrous
cycle (Elsden gl al., 1974). Prostaglandin is  used to
synchronize oestrus by injecting i1 after & period of

stimulaltion wilh PMSBG (Tervit el al., 19732,

ABrmastrong 1981 recognized prostaglandinsg  of E
and F series as the necessary medialors in Lhe ovulalory

process of mammalian species.

Gallo

(1992) observed thal ovulalion rale
can  be enhanced or synchronized by Lhe administration of
cloprostenocol during latle preovulatory period T

superovulated heifers.

&



nly 500 to 1000 ug of PGEF-2  alpha analogues

(Boland el al., 198&3 Saumande and Chupin, 198&; Yadav
ale, 198b6a; Radhakrishnan and Raman, 1987) are required as
compared to #5530 wmg of PGF-Z alpha (Booth gl al., 1975 ¢

Lopes Barbella el al., 1979 Lubbadeh gt al., 19807 Hasler

a1, '
et al., 1983; Donaldson, 1984) given by Lhe intra-muscular

route.

FOGF~-2  alpha or its analogues are given gither atl
48  hours (Rodrigues and Gregory, 19643 Almeida, 1987
Dinar el al., 987) or at &O-72  hours Breenan and

Gosling, 19773 Elsden el al., 1978; Yadav gl al., 198&a)

after Lthe gonadolropin injeclion.

Animals, pre~trealted wilh gonadotropinsg, tend Lo
show early (1 day earlier? and more precise onselt of
oestrus aflter PGF-Z alpha administration, than Lhose thatl
arg nol  treated (Tervit el al., %73y Jensen gl al..
1R&EE) ., This is probably due to & larger population of
maturing follicles al the lime of POF-Z alpha -~  induced

luteonlysis (Tervitl gl al., 1973,

The onsel of superovalatory ocestrus was found to
occur belween 48 and 72 hours after PGF-2Z alpha injeclion

i PMESG-treated heifers (Rajamahendran

Baumande , 1980) . Blcivar el al. (1984)  reported This

interval to be 50.432.4 hours in PMEG~Treated animals v/s.

39.82x2.2 hours for FSH-p - trealed animals.

o
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Following the use of PGF-Z alpha analogues, such
as  B00 Mg of cloprostenol, oeslrus occcurred at  44.2%41.4
T oal., 19¢

hours (Lindsell e 35y and 41.321.2 hours (Yadav el

2 1.

al., 198%) after cloprostenol injeclion in superovulated
dairy and beef heifers, respectively. In crossbred cows
this interval was recorded as 47.4%0.5% hours from PGF-Z2

alpha  analogue injecltion to the onsel of superocvulalory

gestrus (Savage el al., 1987).

FOST-SUPEROVULATORY OESTRUS INDUCTION:

Following superovulalion and embryo FECOVErY.,
there 1% often & delay in return to cestrus of the donor
which has been attribuled Lo igh progeslerons
concentration resulting from a large number of corpora

lutea (RBooth y 19BE) . Such

o, 1975 Belleridge

a delay in return to cestrus would mean a failure either
to collect more embryos during a short span of Lime by
repeated superovulation (Sacher gl al., 1987) or Lo breed

further the animal (Jones gl al., 1984 Cowen and Bosnik,

1987 .

PGF -2 alpha, with ils luteolylic effect, leads tlo
early relurn of donorse Lo opstrus and thus minimizes Lhe
davs open for such donor cows (Boland el al., 198&3 Dinar

el al., 1987).

14



£ higher dose of PGF-2 alpha  {(&0mg)  has  been
recommended Lo dinduce oestrus in a significantly large
number of superovulalted cattle as compared To 30mg or 50mg

dose levels (Garcia gt al, 1783).

A lower percentage (&0 per cent) of animals coming
to oestrus was observed following administration of POGF-Z
alpha  analogue {(cloprostenol) dmmediately after embryo
recovery (Dinar sl al., 1987, However, & double injeclion
of a PGF-2 alpha analogue {(fenprostalene) given &l 24
hours interval yielded betler resulls than a single

injection Lo induce luleoclysis &t the tTime of embryo

recovery (Boland el al., 198646).,

FOLLICULAR DYNAMICS.

OVARIAN FOLLICULAR GROWTH AND DENELOPMENT.

The primordial follicles are established in  The
ovary during embryonic developmanl. af  the Ao .
150,000 primordial follicles present al birth in  heifers
(Erickson, 1%94&6), less Lhan 100 will mature and ovulate
during the life tTime of an average animal. The wvast
majority of follicles present &bt birlth degenerale by &
process  known &% alresia. Follicular atresia  has  been
described for several mammalian species including cows

(Rajakoski, 19&60: Ireland and Roche, 1983).



During the lifelime of the female, pedmary
follicles enter & pool of growing follicles in response Lo
a stimulus thatl remains undefined. Follicular development
To the antral stage may occour independent of gonadolropin
action (Dempsey, 1973, ut the rale of pre—-antral

follicle growth is acceleraled by gonadelropins.

The development of large follicles on  the ovary
is a dynamic process. For eg., large leliclgs Appear on
Lhe surface of the ovary, regress and are replaced by
other large follicles. Why some follicles regress and
others dgo  on te ovulate is not understood. Fallicles
destined To ovulale probably arise from & pool of growing
follicles less Than 48 hours before ovulation (Hansel and

Canvey, 1983).

The failure of hormonal treatments to control
follicular development and superovulation in  domestic
animals gives evidence of significant gaps in our
understanding of the mechanisms tLhatl regulale the
development and function of ovulatory follicles. It is
generally believed tThat the ovulalory follicle i
"selected” from & pool of similar—sized follicles because
il has some advanltlage over The olthers and thalt il ensures
tts Vdominance' over Lhe other follicles in ils cohort by,
it SOme way, aclively SUPRFrEessing their further

development {(Fortune gt al., 1988,
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Various theories regarding development of
follicles in the hovine overy have been proposed wilh some
workers postulating follicular development 1n & wave-

A continuous

{is
W

pattern whereas olthers regarding it

process  and  stating the existence of follicles of all

4

% i

res, including large Ffollicles, on each day of The

»

oestrous cvcle.

Hajakoski  (19&0)  postulated That there are TLwo
"waves'" of follicular growth with follicles & Bmm  in
diameler during ocestrous cycles, one occurring between
days 3 and 4 of the cycle and producing a large atrelic
follicle al around day 12 and the second beginning  around

day 12 to 14 and culminaling in ovulation.

On the olher hand, Marion el al. (1268) concluded
Lhat tThe growth of follicles is conlinucocus and constant

and  Thalt follicles develop to » 40mm independent of the

slage of The ceslrous cyole.

Choudary gl al. (1948), Donaldson and Hansel
{(1968) and Marion and Gier (1971) also presented evidence
againsl waves of follicular growth stating thatl follicular
growth is continuous and independent from the phases of

the cycle.

Swanson L. £1972)  agreed wilh Rajakoski's

theaory aflier noticing similar changes in the number and

gsize of follicles in the hovine ovary.



In other studies thal emploved dye marking of
seleclted large follicles or caulerizalion of all follicles
Bmm, the aulhors concluded that growth and replacement

af the largeslt follicles on the ovary iz more rapid al the
end  of lhe cycle (Dufour el al., 19727 Matton el al..
19813 They found that the preovulatory follicle was the
largest follicle present on each pair of ovaries by 3 days
prior fto oestrus, bul hbefore thal, LThe preovulalory

follicle was not consistenitly the largest follicle (Dufour

Ireland el al. (197%9) suqggested that few heifers
have follicles in the large range beltweesn days 1 Lo 4 but
most  have follicles in this range after this time, also

suggesling a growlh wave. {(However, only one follicle in
The medium or large range bul not both are generally
abserved per pair of ovaries on any day of the cycle.
Ferhaps, large viable follicles secrete products (i.e.

seslrogens)  Uthat inhibitl growlth of new follicles unlil a

large dominating follicle becomes altretic and disappears.)

The observalions of Matlton gl al. (1981 Lhal as
Lhe cycle advances, there is an increase in the rate of
replacement of large follicles and an enhancement in  LThe
growlh rale of medium—-sized faollicles, could not e
explained on  The hbasis of The circulating gonadotropin
levels since the levels of FEH and LH do noet appear Lo

differ during the sarly and late stages until day 15,

However, the resulils did not support the conceplt of two



waves of follicular growth proposed by Rajakoski (19600,
but  tThey did support the concept of an  intraovarian
inhibitory action of the largest follicle on smaller
follicles.

Matton el a&l. (1981) indicalted thalt in catlle
follicular growth and atresia of follicles » é&mm diameler
were more rapid after day 13 than before day & of the
cycle. Most  large follicles persist on Lthe ovarian
surface for at least 3 days belwesn day 3 and 13 of the
neslrous cycle. After day 12, most of tThese large
follicles disappeared within a 5 davs period and were
replaced by new preovulatory small follicles.

Ireland and Hoche (AR determined the
development of Three large oeslrogen-aclive follicles over
the course of the cycole at aboul 7 day intervals, with
anly the last follicle successfully ovulaling.

Ireland and Roche C1987) hypolhesized thalt during
hovine oestrous cycles Lhere are 3 successive phases  in
which one follicle is selecled, becomes dominant, and
either ovulales or becomes atrelic, depending on  plasma
progesterone concentrations during ils dominance phase.
Bavio el al. (1988 concluded tThat follicular
dyrnamics during the oveslrous cycle of the majority of
heifers was characlterized by the growth of & or I dominant
follicles, that, aflter variahle patlerns of growth,
reached maximum sizes al comparable sltages of the oeslrous

cycle.



Fortune gt al. (1988) also found thalt there are
three waves of Ffollicular growth during the oeslrous
cycle, wilh the third wave culminaling in ovulation. Each
wave consists of Lhe development of one follicle to &

large size, while other follicles in the cohort fail to

enlavrge or grow only slightly and gradually regress.

Fortune gt al. (1991, Roche and Boland (1991)
and Taylor and Rajamahendran (1991), with the help of
uwltrasound imaging, have shown thal cattle exhibil 2 or &

23

waves of follicular development during an cestrous  oycle.

»

long  cycles generally have 3 dominant follicles, the ZEnd

dominanl follicle is the ovulalory follicle.

Thus we see Lhat histological examinaltion, hy
early investigators, of ovaries obtained al slaughler
ceneraled conflicting ideas aboul the patltern of

development of large bovine follicles.

It ig now well established from histologic
observations, follicle dye-marking Technigques, hormone
measurements and mo e recently ultrasonographic
eramination of ovaries, Lhalt follicle growlh -occura in
waves Lhroughout the ocesltrous cycle. During each of lhese
waves, several follicles begin Lo grow with one “"dominant!
follicle outstripping and suppressing the furlher growth
of the other {(subordinate) follicles in ils cohari. niy
in the lasl wave of the cycle deoes the dominant follicle

normally ovulate. {(Armstrong, 19930,

1 éy



DaY OF INITIATION SUPERCOVULATORY TREATMENT

Rajakogki (19460) has reporied That the majority of
biovine ovarian follicles are in various stages of alresia

and thal alresia was most rampant during mid-cycle.

Savio el al. (1988) analyzed the rales of growth
and  alresia  and suggested That the rates of growth and
alresia were slowest during mid-oveole. Their results
suggest that the most difficult Time Lo shimulate
follicular growth is alt mid-cycle, and this observation
may have relevance Lo superovulatory treatments initiated

Aat this time,

Henece, to prevent The follicular atresia and
accelerale Lhe growih of medium-gized tfollicles,
superovulalory procedures are initiated with the
administration of & gonadotropin during the mid-luteal
phase of the cycle {(day & Lo 14), followed by an dinjection
of PGF-Z alpha 48 hours later, to induce luteal regrassion

resulting in  ocestrus and ovulation (Belteridae, YRV

Elsden gl al., 1978; Monniaux

1285 Domaldson,

184y 1992 .

It is already established thal the follicular

dynamics of bovine oestrous cycle is characterized by 2 or

o .

G owaves of follicular development, with one large follicle

becoming dominanl per wave. These waves occur al aboul 7

"

day  intervals over the course of the cycle with only the

last follicle successfully ovulalting (Ireland and Roche,



il

H

1287:  Fortune gl al., 1988; Roche and Boland, 9%
Fortune e al.. 19%91). The dominant follicles Ar e

generally present  on  day famF T-1é, and in The

follicular phase of Ihe cyele (Siroie and Fortune, 1988).

GF DOMINANT FOLLICLE OVER SUPEROVULATORY

J' me,‘; VES ]":.!f"" £

Thus, we see Lhalt when superovulalory treatmeni is
initiated during The mid-luteal phase of ithe ocestrous
cycle {i.e. day &-14), there is an absence of a dominant

follicle on the ovaries.

Pierson and Ginther (19885 suggested Thal the
presence of & large dominant follicle may have a negalive
effect o the supesrovelalory response, SiNCE the
ocourrence of  a large dominant follicle WS alsno

accompanied by selection against other follicles.

Grasso gl al. (198%9) reported ) decreased

ovulalory response when superovulation was initiated in

the presence of a dominant follicle.

Goulding et {19950 ohserved that the

HE

it

frr
5

auperovulatory treatmenl initialted on day & resulled in &
decreased number of ovulations and embryos recovered as

compared to day 10 of the ocestrous cycle.



Guilbault el al. (1991a)  suggested that the
presence of a dominant follicle before superovalation may
decrease the superovulalory response and/or  aller The
maturation of the follicles during treatment, especially
when emergence of Lthe dominant largest follicle occurs

within 3 days of the starl of trealtment.

Driancourt (1991 and Ko gl al. 1991)  concluded
that a dominant follicle causes regression of ils
subordinate follicles, and during 1ils growing phase
suppresses Lhe emergence of the nexlt wave. Probably, the
largest recruited follicle dinhibited the FEH sapport  To
the other follicles through negative feedback actions of
sesthradiol and dinhibin, or i1 might be due to & direct
suppressive effeclt exerled through an unknown paracrine

mechanism {(Driancourt, 1991).

MHuhtinen el al. (1992) also relatled the relatively

good responses Lo superovulaltion on day 8 to 14 of ‘Lhe

nestrous cyele to the absence of a dominant follicle at

the time of initialtion of gonadotropin Lrealment.

Gray el al. (1992) found no difference in  Lhe
vield of lransferable or tolal embryos when trealtmant wilh
&5 was  begun  during  the period af morphological
regression of the dominant Follicle compared to  control

cows in which FSH lreatment was begun on day 10 withoul

regard for absence or presence of a dominant follicle.
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e 3. GUNADOTROPIN PRIMING

Looking al the "wave-paltlern' of follicular growlth
and malturaltion in The bovine oestrous cycles, Fortune gl al.
CH988)  hoped thal these observaltions might generate ildeas
aboul ways Lo dmprove superovulalion. For eg., perhaps
treatment with a gonadolropin {(like FEMY during the first
wave gould increase the number of follicles > 4 mm present
during the second wave and application of a superovulaling
trealtment al the beginning of the Znd wave might then resull

in & betier synchronized group of ovulaling follicles.

Cows have both pre—and post-ovulalory peaks of
circulaling FSH  (Dobson, 1978). This has led to several
attemplts Lo experimentally modify Lhe post-ovulalory FBH
levels {(by Uthe administration of FSH posi-ovulation) in

hopes of increasing The follicular recruitment.

There is conflicting evidence in the literalure on
the effects of esarly cycole gonadotropin in caltle. Some

reports  show evidence of & posilive effeclt of gonadotropin

s Lming Hajamabendran el al.., 1987 AFe
siming (R afiendran el &l 1987y W

al.. 1990y Tousli el zl., 1991y, In olther studies,

similar priming trealments eilther had ne significanlt effecl

an supercovulatory response (Rieger gl &l., 1988 Gray el

ale, 992y or resulled in & significent reducliion in

ovdlaltion rate and embryo recovery (Grasso el al., TRES

lussier and Carruthers, 198Y Guilbault el al., 1989 ¢

Guilhault s 19%4hY.




o

fore 10

Monmiaux et al. (i983) proposed the use of F&H

.

garly in the cycle to stimulate the development of follicles

by reducing the ralte of atresia.

Moor gt &l. (1284) hypothesized thal priming fthe
ovary with gonadoetropin to prevent alresia of pre-anlral
follicles and Tto stimulate antral follicle development
before supercovulalion may be & heneficial procedure in lerms

of increasing Lhe ovulalory response.

3.1, POSLTIVE EFFECT OF PRIMING

Rajamahendran gl al. (1987) primed one  group  of
donor  cows  with 2.5 mg of FSH on dayvs & and 4 of  the
vesltlrous cycle. SHuperovulation was then carried oul  in
all animals using FBEH on days 913 of Lhe ocestrous coycle.
The mean number of excellent and good embryos recovered

was greater for the primed animals. 11 was concluded that

administration of low doses of

al the beginning of the
pestrous cycle increases ovulation ralte, number of ova and

grcellent and good gquality embryos recovered.,

Ware gl

1988y primed heifers wilh 10 mg FEH-p@
on day Z or 3 of the vestrous cycle. The primed heifers
had & higher number of ovulations and & higher number of
fertilized ova indicaling That there was no significant
deterioration in ovum gquality due to priming. The resulls

showed That FoM-p  priming improved superovelatory

gfficiency in catile.

&1



Feltr. el al. 1990) primed one group of cow  wilh
200L.U. PMEG on day 4 and superovulated all cows with 2800
.U PMBG between dayve 8 and 12.  The PMBEG~ primed cows
fad & higher average number of corpora lutea (17.8 v/s.
7.2y and & higher per cent of recovered ova (70.2 v/s.
210 P B The per cent of good gualily embryos recovered,
Though, was nol significantly diff&rent between Tthe fwo

groups (70.7 and 79.3).

Touati et al. (1991 also reporfed significantly

increased superovulaltion raltes in cows given priming doss

af F&SH atl the beginning of the cycle.

oy e ey
23

Rieger et al. (1988) ob:

prved thal pre-treatment
with  10mg  F&BH-p on day 2 of the oestrous cycle had no
gffect on  the tolal superovulatory response oy  on Lhe
number  of transferable embryos collected at day 7 of
geslalion. It was suggested thal FEH - priming early in
Lhe cycle may be advantageous in promoling  superovulation
only when the superovulatory response of the populalion of

animals is otherwise wealk,

Gray el L. C1992Y also found no beneficial effect

e

upon priming the cows with Bmg FSH~F on day & and 3 of the
nestrous  oycle and concluded thal priming was nol  an
effective means for improving the superovulalory response

in cattle.

2e



Z2.3.3. NEGATIVE EFFECT OF PRIMING

The studies of Grasso gt al. (1989} showed That
FEGH-priming resulted in & significant reduction i

ovulation rale and embryo recovery and hence & decreased

superovulaltory response.

Lussier and Carruthers (1928%) injeclted cows ltwice
daily with FBH-P from day 1 to & and then initliated
superovulation and found that pre-trealment with FSH-P
decreased tThe superovulalory response. Il was suggeslted
that the mechanism for this would appear to he associalted
with reduced endogenous FEM prior Lo the start of

superovalation.

Guilbault et al. (1289 concluded thal priming the
haifers with AOmg FSH-PF on day 3 of the oestrous coycle
decreased the superovulalory response and Lhis was
associated with The presence of & higher number of

follicles = 7mm prior to initiation of the superovulation

treatment.

Guilbault gl al. (198%) suggeslted thal priming
with FBH-P alt the beginning of the oceslrous cycle allered
the profile of endogenous FSEH concentralions prior and
during the superovulaltion treatment and this refleclted, to
some exlent, the alteralions in development of large
follicles. Presence of large follicles and/or their effect

on  endogencus FBH concentrations may be associaled with

the reduced superocvulatory response in FSH-primed heifers.
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Guilbault el al. (19910 again observed decreacsed
superovulalory responses when priming was done with  10myg
FOH on day & of the ocestrous cyvcle. 11 was concluded thatl
assesasment of follicular stalus prior Lo superovulation

may  bhe dmportant for the improvemsnl of superovulalory

response in calltle.

The Ffailure of FSBH priming to increase ovarian

response Lo & subsequent superovulalory treatment may have

been due To dnappropriate Lime interval between Lhe

priming and superovulatory Lreatment  (Armstrong, 1993).

Priming wilh F&H has been reported to cause &
delay in the development of Lhe dominant follicle (Grasso
et al., 198BS ) . In addition, large follicle has been
associalted wilh a reduced superovulalory response (Grasso

sl al., 1989,

In the study of Gray el al

» (A99EY . in which no

effect of FSEM priming was observed, The dominant follicle
in Lhe FBH primed animals reached maotimum  diameler 1.5
days  earlier Than in controls, and may have lost ils
dominaling  capabilities by the time 1lhe supercovulalory

treatment was begun.

in  contrast, in  the studies of Grasso el a&al.

C198%), in which FSEH  priming decreased The superovulalory

response, the development of the dominant follicle was



delaved by 2 days as a resull of FOBH priming. The delayed
regression  of the dominant follicle probably resulled in
suppression  of  subordinate follicles present when tLhe
superovulalory treatment was begun, resulling in  fewer

foliicles responding te the superovulatory trealment.

fBnother phvious esxplanaltion is  Lhe probalkle
varialtion in iH content in The product used.
Unfortunately, the FEM used Lo prime calttle also containg
LH,  and  this  has been implicated as & cause of early

ovulations (Callesen gl al.. 1987). Touati gl al. CA2%13

collected significantly more embryos = we bl as

transferable embryos when The priming product  was
relatively free of LH. fny  beneficial effects of F&GH

priming  would appear Lo be contingent upon the use of an

FSH product relatively free of LH (Touati gl al., 1991).

Gray &1L al. (1992 suggested several possible

\

grplanations  for the differences belween resulls of

priming in various studigs:

To The

for superovulation varied from Z8 Lo 38mg.
. The initial day for the superovulatory Trealmenl varied

from & to day 1é.

il
z

The priming dose of FSH varied from 2.3mg on day 3 and

4 Tto 10mg on eilher day 2 or day 3.

{Rajamahendran gt al.. 1987 Ware el al.. 19 EH

“z

Rieger 21 al., 1988 Grasso gl al.. 1989,

[ 2=3
(:f



2.4,

EROVULAT LON

Superovulation can  be defined as the increased

ovulalory response, above Lhe number Thal would be zxpecled

Lo cocur nalturally, generalted in  an  animal by Lhe

administration of exogenous gonadolropic hormones ITts

valine BT

objective is to increase Lhe number of ova rveleased by an

animal, and Thereby the potential number of embryos. In

monotocous animal like caltltle, Lhree ov more tLhan three

ovulations are considered s superovelalion (Beltteridge,

1980 .

Superovulalion is a key element of embryvo transfer

in cattle since il increases Lhe number of follicles to

reach malurity. Bul despite the facl thal over 40 years

%

have elapsed since The bhirth of The first calf by embryo

Ltransfer, superovulaltion still remaing a major limiting

factor in the contribulions thal embryo transfer can make o

LThe genetic improvement of cattle. The unpredictability of

response causes severe logistic problems which contribule lo

The high cost of embryo production in  conventional embryo

Lransfer programmes (Armstrong, 1993).

The supsrovulaltory response 1%

extremsly variable

and  is  influenced by the genelic make-up, the numbsr of

antral follicles capable of responding to gonadoltroping, The

stimulatory agent used, its biological activilty, wmode of

injection and  The time of oeslrous cycle at whiich

superovulalory treatment is beqgun (Mapletofl, 19843 Boland

8l al., 12913,

Bé



The GvVarian staltus

hormone  trealmenl appears Lo be

superovulalory response

been The subject of much recent

supgrovulalion success.

The conclusion

SEems

variability ds at least as

superovulalory response &as is

used, provided Thal an

Armstroang, 1993, Other

stage of tUthe oestrous oycole

gonadoelropin  priming,

preseances

follicle, success  of manipulali

svalem Lo modify the status of

incre the recruitment from

(Armestrong, 1993).

For superovulalion, ei

Formone (FEH) or pregnant mare

administered. Injection of

be effective in  reducing

(Boland gl 1991y .

FMEG  is

both FaH  and  LH-like

neuraminic acid content

a half-1life of aboul % days

which greatly exceeds that of LH

minutes for LH and FEH

27
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(Monniaux

i

important
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effecltiv
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atresia

& glycoprotein molecule
activit
af Tthe PMEG
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respechivel y)
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The long half-life aof PMBG in  cows  leads to
Fesidual  PMSG after The primary superovulatory stimulalion
which is supposed fTo adversely affect UtThe number of

transferable embryos {(Hevers and Dieleman, 19873 Dieleman

al., 1993).

There di¢ vaviability in both F8H and LH asclivily
af FMBEG  wmol only among pregrnant mares, bult  also belween
Bleedings din the same mare laken al different Times during

geslalion (Gonzalez el al.. 15%78).

Experiments i the cow suggest that FMEG
preparations with high FSH aclivity relative to LH  produced
Bigher superovulatory response Than when FEH/LH ralioc was

low (Humphrey el al., 1979).

Commercial FSH has been shown Lo vary belween lols
in both FSH and LH activity (Chupin gl al.. 1984). Data of

Furphy et al. (1984) show & reduced ovulalory response  as
tThe ratio of LHAFSH increased. [Probably the elevated LH
can disrupt the balance of androgen and ocestrogen production
NeECessary foar prevention of atresia i follicles.
Alternatively, LH may  induce down-regulalion of its
receptors  on Lheca and/or granulosa cells (Murphy el al.,

19843 1.

However, if there is Ttoo much LH present, eiiher
premalture ovulalion or luleinization of Fab—gstimulated
follicles can occur. Bolh FSH and PMSG can cause premalure

ovulation f{(Callesen gl al.. 198& and 1987 which wmay be

™
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responsible for the failure of prostaglandin FZ  alpha to
induce complete luteolysis and may bhe associated wilh &
tfailure of an cestradiol and consequently failure of LH

surges (Callesen at al., 198&).

Human menopausal gonadotropin  (BMG)Y  has been
greasionally used for the purpose of superovulaltion, as also
certain  pituitary extracts as well as bovine follicular

fFluid (BFF).

1. BUPEROVULATION UBING PMBG

Hafez et al. (1263 superovulaled heifers wilh
I00C  or BOOGO  I.U. PMBG in one, two, or three doses,
administered on day 12,114,116, or 18 of owcestrous cycle,
with or without sernuclealtion of C.l.; 2000 I.U. HCG were
given 3,4,%,6, or 7 days afler the first PME injeclion.
Response was greater in  animals thal underwent C.l.
enucleation. Neo advanlage was oblained by initialting PME
treatment earlier than Lhe 1é6th day afier oestrus nor hy
dividing 3000 1.4, of the gonadotropin in 2 or 3 daily
doses. The total number of follicles developed was higher
at 5000 I.U. bul there was & substantial increase in  per
cenlt of luteinized and haemorrhagic follicles. The higher
dose of PMS (5000 1.U.) did nolt adversely affecl the
proportion of ova that were eilther recoverad or

fertilized.



Schwarts and  Shelby (194%9)  induced multiple
ovulations in heifers using (Gp.l) 500 L.U. PMS on day 3
and 2000 L.U, PME on day &y and (Gp.IXD) 4500 1.U. PME on
day b6 The animals received 1000 L.U. HCG /Y al  the
first sign of ocestrus and A.L. was performed. The average
number of ovialions per heifer for egach Lreatment group

were (Gp.1l) 6.56 and (Gp.1X) 4.72 respectively.

Becker and Pinheiro (1984) compared The response
of Nelore cows to superovulalion using either F&SH-P  or

-

PMGG.  PMEG, given in doses of 1000 and 2000 1.U., proved

3

Lo  be wmore effeclive in inducing superovulaltion since it
wag  administered as a single dose, They suggested That

avolding siress in  handling is essential for & good

response Lo hormonal stimulation by Zebu caltle.

Baumande and Chupin (198&)  observed thal while a
large dose of PHMSG (over 2000 I1.U.) increases Lthe number
of ovulalions, LThe quality of embryo decreases, Ltherefore
the number of transferable embryos is nol improved. The
inkibition observed with Lhe largest doses reflects The

absence of the preovulalory LM discharge or ils effect.

SGehmits (1987) superovulated cows on day 10 of the
cycle using  FEHALH  and  PMEG (2500 L.U.). SO0 Wiy
tloprostencl was given 48 hours after beginning the
hormone treatment . After induction of oestrus.
inseminations were carried oul al 12 hours intervals until

the end of ocestrus. Embryvo recovery took place 7 days

30



after H.1. The averade number of C.l. was significanlly
higher for FBHAM Ltreatment than for PHMSG (9,323,846 v/s.

GLBEE.PY, while Lhe embrvo recovery rate was the same (53

per  cent). The average number of embryos recovered was

VB Fabkd 4, Embryo qualily WS notl
significantly affeclted by hormone or SRQUETCE of

treatment.

Elecko el al. (1988) treated cows with 2000 or
3000 I.u.  PMSBG and 0.5 mg cloprostenol 48 hours  laler.
ITnsemination was carried oul 72,84 and 946 hours after
trealtment. Embryos were recovered by flushing 7 days
aftter A.1.. No embrycs were recovered from cows that had

Q0

been given 2000 I.uU. PM8G, and & embryos were recovered
from & cows each given 3000 I.U, PMBEG. OF Lthese, 4 embryos
were judged as suiltable for transfer. Weighlt of ovaries

averaged 7.3 and 40.7g for cows given the two doses of

FMSG respectively, the difference being significant.

Kim el al. C1988&) injecled heifers with 1000 or
2000 .U, PMBG, daily for 3 davs. In the two groups, LThe
number  of C.l.. averaged I.7 and 2.2, number of embryos
recovered Z.3 and 6.0 and embryo recovery ralte N

number  of embryoes per number of C.l..) 73.é6 and 70,1 [e

cent respecltively.

Caral gt al. (198%L)  superovulaled cows and
_——

o M

o days  &-14 of the

heifers using Z000-2500 L.u. P

pestrous cycle (Gp.1) or immedialely &flter the presence of
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& Gulew deltermined by means of rectal palpation (Gp.dl,

followed by an injecltion of 500 ug POGF-Z alpha in  Dolh
groups. The number of embryos recovered averaged 2.6 and
1% respectively for cows in groups 1 and 2 v/s. 5.0  and
4.3 for heifersy the per cent of Transferable embryos was

HZ and 32.9 respecltively for cows in groups 1 and & v/s.

Q.0 and 7%.7 for heifers.

GCaral gl al. (1%98%a) superovulated

heifers by
means  of an injecltion of A500-2000 I.U. PMBG on day &1
of naltural oestrus, followed by 500 ug POF-2 alpha 48
hours  later. The number of C.L. and embryos per female
averaged 7.4 and 4.6 respectively v/s. F.% and 4.7
respectively for 25 heifers receiving the same Trealment

during an induced ocesirus.

Chung el al. (4%

2 superovulalted cows with 2000
I.U. PMBG, followed 48 hours lalter by 23mg POF-Z  alpha.
The number of C.lo. on day 69 of the cycle avervaged &.8

I

and The rate of normal embryo recovery was 60.4 per cent.

Fuenlte gf al. (198%) injected cows with 40-48myg
FoH or 5002500 I.U. PMEG, followed by 0.%mg of a PGF-2
alpha analogue 48 hours lalter. a1l females wWere
inseminalted with frozen semen 128+24 hours after Lhe onsel
auf  ocestrus. The number of embryos averaged 7.8:3.9 and
F.382.5  respecltively of which 5,4153,.0 and Z.1321.0 were

viable, and the overall production of embryos of trealed

females in  the ltwo groups averaged &6.8L6.2 and Z2.432.0

(P < 0.001).

;:;3
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Jordt  and Lorenzini C1989) observed thalt in  cows
superovulated with PMEG, a total of 4 embryos and an
averadge of 4.1:20.3 ova per donor resullted: whareas COwWs
superovilaled with FSH produced an  average of  Z.720.4

embryos.

Hadu el al. (1989 conducted & trial in  which

superovulaltion was induced wilh F&k

arnd PME + 0 HOCG din

crosebred cows. Embryos were colleclted on 7ih day afler
pestrus. The mean rumber of O.h. was 181, The mean &.33

gmbryos were collected, of which O.&48 were morphologically

normal and Trangfe

~abile and 7.éHE were unfertiliz

Budevich

al . (199073 conducted superovalaltion

Prd

using  £5%00 L.U. PMBEG (Folligon) Ffollowed by 0.5 myg
cloprostenol 48 hours later, and a itriple inseminalion,
with a 12 hours interval belween inseminaltions. OFf tlhe

treated cows, 30.4 per cenl did not give & superovulalory

response {(averaging O0-2 ovulalions). The production 3 of

transferable embryos per donor averaged F.9.

O*Farrell and Hartigan (1990} superovulalted normal
and  repealt  breeding cows using Z400-3000 L.U. PMEG  and
non—-surgical  embryvo recovery was alttempled afler double
insemination. An average of 2.07 and 1.465 of embryos from
normal and repeal breeding cows respeclhively (P4 O"@i}

were considered viable.




Rodrigues et al. (1990 collecled embryvos from
Melore, Indo-Brazilian and Gir cows Lrealed wilh & single
dose of Z300 I.U. PMSG or 2540 mg  F8Heprogesterone+PGF-2
alpha., Lows were inseminated 2 times, 10,20 and 30 hours
after First standing oceslrus. The rnumber of viable
gmbryos collected per cow on day 7 aflter oeslrus averaged

4,11, 5.8 and 3.0% for the three hreeds respecltively.

Horiuchi el al. (1991 superovulaled 4 Japanese

Black cows by injection of Z000G I.U. PMSBG followed 72
hours  later by 750 (g PGF-Z alpha and Z00 pg LHRH, Thea

g

number  of C... averaged Z22.5

(1&5-29y, the number of
ova rvecovered Z0.3X5.0 (1527, and number of embryos

recovered 10.5E5.8 (5-14).

Manickam gl al. (1991) dinjected 11 cows with 2000
.U, PHM8G and 2% mg PGF-Z2 alpha on days  10-13  of the

seslrous  cycle. HNine cows had > 4 C.L. and -4 embryvos

were recovered non-surgically from 4 cows.

Reichenbach 1991) obltained DNA embryos suitable
for gene microinjection wusing 2000, Z500 or 3000 I.U. PMSG
for superovulalting heifers and cows. Treatment with JI000
.U, PMSG produced the highest ovulation rate, bul  higher

fertilization rates were obtained with 2500 1.U..

Bubramaniam el al. (1991a) treated 31 crosshred
cows wilh PMEG and PGF-2 alphe for superovulalion. From

the 12 cows responding Lo treatment, 4%  embryos were

recovered non-surgically.



Bergeev el al. (19%9%1) superovulaled cows using FSH
{p FSH from USA, Follitropin from USHBR, Grofolon from USEER
and Follicolropin form Czechoslovakiad or PMEG (Folligon).
A1l cows were synchronized using Lhe same cloprostenold
preparation. For the % treatments, the per cent that
superovulated was 85,9, F&,3, 100, &80 and 86.7 per  cent
respectively, the number of ovulations per donor 1.5,
8.9, 9.3, 7.7 and 1.2, the per cent of donors from which
embryos were recovered 85.6, 77.46, 83,3, 1.2 and 84.46,
tThe number of embryos per donor 708, 6.8, 76, 5.7 and &7
and Lhe number of good quality smbryes 5.4, 3.1, 2.6, 4.5

and 3.3.

Thomas el al. (1991) carried oul superovalation in
10 {normally ocycling) crossbred culls with Z000-Z300 1.U.

PEEG on day 10 of oestrous cycle, and wilth 0.625-0.75% myg

PGF-2 alpha 48 hours later. Cows were inseminated thrice,

3,18 and 24 hours after osstrus. 12 embrvos WE e
recoverad  from 3 cows by ulerine flushing 7 days afler

A.le. Embryos we not recovered from The remaining Cows.

Mishra el al. (4992 reported superovulaltion in

Holstein Friesian (HF) and Jersey crosses witlh 3000 and

2 Luu. P

(Folligon) respeclively. 30mg lupristiol
(Prosolvind WER G injected intra-muscularly at 48 and (3
hours atler PMEG dinjdeclion in 2 equal doses. Donors wers
inseminated lhrice at 12 hours inltervals following onsel

of oestrus. MNon-surgical embryo colleclion, evaluation,
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freeszing, thawing and transfers were made. (Jersey

crosses  showed beltler performance Than HF  in Terms  of
superovulatory response, toltal and viable embryos).

Pawshe superovulated cows aricl

o

heifers on day 11 of cesirus wilh FEH-P (3Z2mg) or PMBG (@
2500 L.Uu). BOmg Dinofertin intra-muscularly was  given
i both  the groups. 1200 1.0, HCG was  given  inltra-
muscularly al the Time of &.1.. Mo significant difference
was observed in the onsel or lengih of oestrus in  either
GO, ALl expesrimental animals showed intense oesltrus.

The number of C.l.. and anovulatory follicles WA G

10,571,290 and 2.7020.42 ia FEH-P group, and 10,4802, 37

and  4.0X0.30  dn PMEG group respeclively. The average
number of C.l..  and anovulalory follicles in cows was
gsignificantly higher (P<0O.01) than in heifers.

SUPEROVULATION UEBING FSH

F&aH  ds & glycoprotein molecule composed of  two
subunilts -~ alpha and beta. The bela subunil is species

specific and is responsible for the Dbiclogical activily

acid content than

(Papkoff, 1977 . FBH has less

FHSG

which accounts for its shorler biclogical half-life,
about 110 minultes Lo approx. 4 Lo 5 hours (lasler, 1972
Hehams el al., 1978: Moeor el al., 1984)., Hence, &
relatively conlinuous application of the hormone, such as
arnce or twice daily injection for 4 to 5 davs, is required

for maintaining sufficient concentraltion of The hormone in

The kbody to produce superovulation in bovine (Heltleridge,

el

1977 .



Commercial F8H i¢ infaclt a mizture of FSEH and LM

and  these products vary belween preparaltions and belween

lots  of & given preparalion in bolth FSH and LM activitly

(Chupin el al., 1984y Murphy 8l ¢

1l. 1284y Shea gl

1984y . Excess of LM causes premalure ovulaltion {(Moor gk
al., 1984y Callesen el al., 1987 so that the oocyle 18
ol capable of being fertilized at the normal Lime (Moor

gl al., 1984) and this problem canmol be overcome even by

multiple inseminaltions {(Donaldson, 19853

ing Lo
reduced recovery of transferable embryos (Donaldson  and

Ward, 198&).

To reducse 1The Freqguency of premalure oocyte
acltivation, use of purer F8SH preparations  has heen
advocated (Murphy 25 al., 19845 Donaldson and Ward, 1785

............. ¥

Foote and Ellinglton, 1988,

A FBH to LH raltio of 581 caused only & none
gignificant decline in the number of ovulaltions (Murphy el
@y 1964 whereas a raltio of 1051 gave an  opltimum

superovulalory response (Chupin gl al., 19845,

Glithough  an  increased dose of FOHH-FP  leads to
increased recruitment and development of LThe small anlral
follicles, il causes reduced embryvo recovery possibly due
to overstimulaltion of ovaries (Donaldson, 19843, Go, iT
arder Lo maximize Uthe superovulatory response, & dose of
FGH-F  ranging from 32 to 30mg has been used (Donaldson,

12843 Kweon o1 al., 19873 Hajamahendran gt al., 1987



Toley et al., 1988b: Hutler and Cabodevila, 1990 Hutler

al al., 1990).

F&kH-F has been used as a single injection per day

Smith et al.. 1973 Lubbadeh » 1980 Becker and

Pinheiro, 19864 orv double indeclicon of morning and evening

tHalley gl al., 19795 Walton and Stubbings, 19847 Rieger

gl al., 1988; Goulding el al., 1991) or three injecltions

per day (Monniausx gl al., 1983,

Various dose schedules bhave been smployed using
FSH-F  din  a superovulalory regimen, viz., an increasing
dose schedule (Critser el al., 1980G), a constant dose

schedule (Becker and Pinheiro, 1986 Walton and Stubbings.,

1986 Khilkevich and Oveohinnikov, 1988: Kuchukhidze, 1988:

el al., 1990y Stubbings el

. 1920)Y  or &

decreasing dose schedule (Bavage el al., 1987 Boland el

al., 1988y Guilbaull el al., 198%: Mapleloft

HGlimane and Quali, 1991 Pawshe

1992 Toley gl

ale, 1998 . A decreasing dose schedule increasecd
ovaulaltion rate and Lhe number of good quality embryos in

comparison Lo constant or dncreasing dose (Mornmiausx el

al., 198%).

The FEH-P dose schedule has been used for 3 days

(Halton and Stubbings, 198&4&p Rajamahendran

al., 1987

Kojima et al., 19903 Gray el al., 1992) or 4 davs (Toley

Slimane and  Quali,

1991 Pawshe el al., 1992 or 3 days {Afanaseyv, 1988
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UgkE OF PMSG-ANTISERA

For superovulation, PMBEG has been  1lhe most
universally wused gonadolropin  since it is readily
available, cheap and convenienlt Teo administer requiring

only & single injecltion (Beidel el al., 1968). Due Lo Llhe
long half-life of PMSG (aboul 3 dayes Schams el al.,

1978, superovulalion wilh PMSBG induces a second wave of

follicles after ovulation of the first (Boolh gl al.,

"

1975 Baumande, 1980) causing high concentrations of
pestradiocl in the peripheral blood during early embryonic

development {(Bouters gl al., 1983).

The increased post-ovulatory ocestrogen secrelion
may resull from either the rescue of follicles in  early
alresia (Mommiaux el al., 1984 or the growlh arne
maturation of preantral or small antral follicles (Wise gl

@ala, 1986 or both mechanisms (Monniausx el al., 19840,

This increase 1in circulaling concentrations of
seslrogen may reduce gamete transporl and gmbryonic

survival (Booth el al., 197%; Belleridge, 1977).

-

Ta overcome the problem of ovarian
hyperstimulation caused by the residual PMEG, various
workers have used anti-~PMBG or neulra-PMBG  al various

stages of The superovulaltory regimen. This has led to

variable resulles



(a) No beneficial effecl of anti- PMBG was reported by

Greve el al., 1988; Kim gt al.., 1988by Zeitoun el al..

al., 198%; alfuraiji el al., 1990

198y Callesen el

Callesen el al., 1990y Brudiin  and Booman, 1991
feitoun el al., 1991,
{bh) Positive effect of anti- PMSBG was reported by Dieleman

Wy 1FETy Wang gl al., 19883

el al., 198687; Wang el

Dieleman gl al., 198%; Gielen el al., 19%0.

Administration of  polyvclonal  anti-PMSE HE A 5

produced in furkeys (Dhondl el

al., 1978y, sheep (Moyaert

el al., 1985 Wang el

Loy 19873 or goals (Kommer gl

1RE0} Lo PHMSG- treated cows at oestrus  shortened the

duration of oestrus (Dhondt el al., 1278 Moyaert el al..

1985, increased ovulation rate (Dhondt et  al., 1978y

Kummer el al., 1980; Wang et al., A987), increased

fertilization ralte (Dhondt et al., 1978y Moyaert el al..

1985 and  decreased the number of large anovulalory

follicles {(Kummer vy 198G wr 1RES Wang

el al., 1987,
HDimilar resulls were oblained with & monoclonal

antibody to PMSG (Moyaert gb al.. 19865 Him el

Saumande and Chupin, 1287 Wang el al., 1288 Dieleman el

al., 198%9).

~{3

However, administration of anti-PMBG at 12 or 4
hours after gestrus did nol increase ovulalion rale ov
embryo fova) collection  bul dncreased per  cent of

transferable embryos (Baumande

1
—



AP S I

The variability of the effecls observed by the use
of anti~PMSGE is due mainly Lo the Lime a1 which  anlti-PMBG
iz administered. If il is administered before ihe onsetl
of the preovulatory LH surgs, il exerlts an adverse eaffect
aver the supercovulatory response (Kim el al., 1987

Callesen gl al.., 1990 whereas neulralization of PMBG
shortly afler the preovulalory LH peak synchronizes final
follicular maturation and shortens the period of multiple
ovulaltions, resullting in a tlwo-fold idncrease of the
ovulation ralte (Dieleman gl al., 19873 Dieleman and

Bevers, 1987).

Dieleman gl al. (1992 stalted thal the outcome of
applying anti-PMBG depends upond
{ay The Timing of Lhe injecltion of anti-PMBG, and
(kY The variabilily in primary response of the cows.

It W concluded thal PG anti-PMEG
administraltion in callle ds & simple superovulaltory
treatment gepecially when used for repeated
superovulation. Its efficiency could be improved by
determining or controelling the precvulaltory LH peal

(Dieleman gl al., 1993).

INCORPORATION OF GnRH OR ITE ANALOGUE IN A SUPEROVULATORY

It has been found thal some superovulalted dairy
cows present  abnormal LM surges, and thal this has &
detrimental effect on both ovalation and ferltilizalion

rates (Greve sl al., 1984a).



Superovulation alters tThe endochdne profile

Saumande, 1980 Yadav el

, 19868 and probably  shifts

gqualitatively and guantitatively intrafollicular evenls

{(Moor el al., 19843 Callesen gl al., 1984 Hyllel gl al..

12840 .

Gonadobvopin releasing  hormone (GnRE) plays an
important role in regulaling release of gonadotropins,

particularly Lthrough ils own pulsalile release (Pelers

Mawito 21 al. {4977 reporlted  Lhat a i
analogue, Buserelin, was a highly poltent releasing faclor

for gonadotropinsg, which tended lo prolong the LM surge.

Gritfin and Fandel (I978) observed & lack of
adegquale gonadelropic stimulus from the pituitary gland of
Brabhman cattle which dmplied that the pituitary of the
Brahman cow is less able Lo respond Lo hypolhalamic

releasing hormones.

Becker and Finheiro (198&) nolticed a large per
cent of degenerated embrycs in superovulated Nelore caltle
and  suggested iThal this was possibly due To endocrine
imbalances in  the periovulalory period leading Lo
asynchronogus ovulations. They also found 11.9  per cent

luteinized follicular cysis.
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i release is pulsaltile., The pulsatile
administration of Buserelin might be more effective (Voss

el al., 1989 than GnRH which is & pulse genevalor in vivoe

Roussel el al. (1988) suggested thal & possible
effect of GnRM is on the Lime of ovulalion, which may
affect the LM surge and thus aid in the development of
‘more  viable corpora lulea which may in Lurn increase  Llhe
progesterone  levels thereby increasing early embryonic
survival rales (Lee gl al., 1983 SBtevenson gl al., 1984y

Phatak el al., 1984).

These resulls indicate Thalt GriRkH could have &

peneficial effect in Zebu callle.

Many studies have been conducted to evaluate the
ubilization of GnRH as part of a superovulatory regimen
for cattle, wilh GnRH or one of ils analogues being
administered at or close Lo the LTime of dnseminaltion.

This has led To variable resulls.

{a) A beneficial effect of GnRH or ils analogue WaRH

reporied by Bavage and Mapleltoft, 1984 Wubishel el

al., 1986y Bavage gl al.. 1987: Foole gl al.., 1989,

its analogus  was

(bYy Mo beneficial affect

al., 1989

reported by Delgado ef al.. 198%;

Fosadas 1991,

4.4



(al

(bl

Fosilive effecls

Bavage and Mapleloft (1984 found thaltl injection
of GnRH  alt the end of & superovulalory regimen in
crossbred cows resulled in & significant increase in
the tTotal number of embryos recovered and in  a
tendency for increased number of ferlilized ova and

transferable embryos.

Wabishet gl al. (1984 found increases in  the
fertilization rale and in The number of developing

@mbryos when  GnRH  was used &t the end of &

superovulaltory regimen in caltle.

Savage el al. (1987) administered GnRH  following
PGF-E alpha in a superovulalion programme which
resulfted in & small bul significanl increase in  ova-

embryos recoversd,

Foote gl al. (1989) alszo reported an increase in

the yield of embryos when They used Buserelin, a GnRi

analogue, in & superovulalory regimen.

al. (192892 reporled that GnRH treatment
did not affect the number of palpable corpora lulea,
follicles, total rnumber of ova or transferable
embryos. Cows given GnRH had fewer palpable corpora
lutea than control cows bul this difference was nol

geen  in  heifers. filso, OGnRH  seemed to depress
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BMG  ds & highly purified standardized biological
product which, following administration to animals, shows
the disappearance of hlH and hFSH as best described by an
equation composed of Three exponential terms (Lauria el

al., 1982).

The wery short half-~life relative to the first
component  (13.8 to 20 minultes for hiH and 1.3 to 24.5%
minutes for hFSHY  probabkly reflects distribution in  the
circulation. The second (130 to 164 minutes for hiH  and
170 te 200 for BFEH) and fhird components (875 to 1020
minutes for hBlH and 107% Lo 1090 minutes for RFSH)  can

equate to the half-life in cattle (lLauria el al.., 1982).

Lauria el al. (1982) used KMG in small numbers of
animals and showed & response similar Lo the use of FPMBG.
However, a dose response Lrial uwsing RMG gave &
equivalenl yield of embryos Lo thal using pFSH, albeitl
with small numbers of donors (Mo Gowan gl al., 1985).
There was a considerable number of unovulated follicles
present al embryo recovery in  the groups lreated wilh the

highes! dose level of hMG.

Borno el al. {199 1) compared tlThe effecls of
different superovulation regimens using PMBGE  and  ©MG,
adminislerad gilther single or in  combinalion. The
treatment wilh PHMESG or hMG both produced & large increase

of oestrogen concenlration {an  inlense steroidogenic

FESPONSe ). The PMSG + KMG treatment led To a beller



™
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controlled steroidogenic response although less inlense
steroidogenesis was observed. Ths PMBEGHHMG trealmenl was
characlterized by & lower ova produection  and lower
variation and resulted in &  thigher per cent af

transferable ova.

Farthermore, PMBG trealment revealed increases in
ovary volume To the size of an orange, irregularilties in
return Lo normal cyclic activily and a number of cases of
ovarian cysts. Hence, PMEG/HMG tLreatment was rvecommendecd
as an alternate to the very expensive Lreatment using hMG

alone (Bono st al., 1991).

2.5 ESTIMATION OF OVARIAN RESPONSE

i

2.5.1. DETERMINATION  OF THE NUMBER OF LUTEAL AND  FOLLICULAR
STRUCTURES

SGuperovualatory response  in  cows 18 generally
estimated by studying Lhe number of corpora lutea (C.l.)
and  large unovulated follicles on day 7 or day 8 of tLhe
cycle by rectal palpation of Lhe ovary {(Plasse el al..,

1968y Seidel el al., 1968: Becker and Pinheiro, 198&

Walton and Stubbings, 198&4; Rajamahendran el al.. 1987 ¢

Bavage el al., 19873 Rieger gf

ale, 19883 Totey et al.,

’ <.

1988a3 Mehmood el al., 1991 Posadas el al., 1991). l.ess

frequently, endoscopy (Wishart and Snowball, 1973; Bernard

el al., 1983) or direct observalion via laparctomy (Shea

el al., 1284 Hay gl al., 19905 has &lso been used.



Corpora  lultea have been reported Lo be more

difficult to deltecl by palpation per recltum in Bos indicug

females Than in tavrus females (Plasse el al., 12687,

In mosl cases, ovarian responses are assured by
rectal  palpation, bul the technique is subject to error
and  can only be considered an sslimale (Guay and Bedoya,
1781 Monmiaux gl al., 1983) since many sltructures do not
@xbiibil prominences on the exlernal surface of The ovaries

ar  even simulalte & superimposition (Becker and Finheiro,

19864 .

The precision of the eslimation of the number of
Culeoby  rectal palpation decreases when ovulation rate
srceeds Ho By per ovary leading, therefore, to arn
underestimation of Ulhe luteal numbers (Harnes gL al..
1982  Walton and Stubbings, 1986 Rajamahendran el al..
1287) and is toltally inadequate when more than 10 C.L. are
present on the ovaries {(Monniaux el al., 1983).

Howaver, Davage el al. (1987) found thalt the mean
number of C.l. palpable per rectum was highly correlated
wilh mean number of C.l. alt post-mortem, mean number of
embryos collected and mean number of fertilized and

transferable smbryos.

HORMONE ABBAY

Different hormonal assays have been atlempled by
various scienltislts in order to have an estimate of the

gvarian response {as shown below) i
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tThroughoul the ovarian cycle (Schallenberger el al., 1984y

Walters and Schallenberger, 1984; Walters gl al., 1984},

Rahe gl al. (19280 indicated that the LH surge is
composed of extremely large pulses of high freguency {uplo

1T pulse per 1% to 20 minutes).

Yaday et al. (1984&) also reported that LH release

f

was  pulsaltile during all periods of oestrous cycle and
that the pulse freguency varied from 1 to 2 pulses per

hour.

Plasma oestradiol-178 concentrations are low for
most aof the ogestrous cycle, bul rise during the
precvulaltory period reaching a peak alt, or Just prior  to,

The onsel of oestrus (Pelers, 1985,

The precvulalory rise in pestradiol concentralions
stimulates the LM and F8H preovulatory surges. The highest
gestradiol concenltrations were present & to 8 hours before
The aonsel of the LH surge (Hallers and Schallenberger,

19843 .

In the cow, sampling of blood from the posterior
vena  cava, a source close Lo ovarian venous oulbtflow.
showed a clase relationship beltween LM and ovestradiol—-178

pulsatile release (Schallenberger gl al., 1984: Wallers

5



LH  and  ocestradiol—-i78 are temporally relaled
{(Dieleman et al., 1984 Helmer & BEritil, 1987) because
vestradiocl—174 dinduces the preovulatory surge of LH and
the rise in LH causes the decline in oestradiol-1704
secretion from the dominant follicle (Dieleman gl al..

1988 .

Concentration of progeslterone rises from aboul day
4 of the cycle to a peak belween days 8 and 16,  then
decreasing Lo baseline hefore 1Tlhe nexlt ocestrus and
ovulation. Progesterone is also secreled in a pulsalile
manner, pulses  coinciding during the luteal phase wilh

Lhaose of FBEH (Wallers gt al., 1984) rather than wilh LH.

Pulses of progeslerone occur as a direct result of
FaH  pulses and pulses of ogeslradiol occur as a resullt of
LH  stimulation (Schallenberger el al., 1984; Walters and

Schallenberger, 1984; Walters gl al., 1984).

Bevers and Dieleman (1987) observed no LH surge in
1ha7%  of the superovulated heifers. This failure of the
LH surge after supercovulaltion did not appear to be caused
biy gsignificantly different plasma concenltralions af
cortisol, pfolactin or PMSG, compared with those of COWS

responding with an LH surge.

Kaneko el al. (1989) ohsevved thalt in & of the 4

superovulalted cows, the LM peaks were suppressed Lo 67 and

&Y of Lhe normal levels.

Y4



There Wa s o correlation between plasma
progesterone  content al the onsel of superovulaltion and
ovulation ralte {(determined by reclial palpation) or 1lhe
number  of viable embryos flushed (Walton and 8Slubbings,

198664 .

The vestradiol concentration during the
presvulatory  LH  surge and the number of preovulatory
follicles were correlalted (0.73%p P00 {Hevers and

Dieleman, 19875 .

Peak concentrations of pestradiol-174 and
progesterone were significantly correlalted with the number
of CoOrpors lutea al slavghter (0.7& and 0.7
respectively), the concentration of oesltradiol—-174 was
correlated wilh Thalt of LH (0.78) and LH concentration was
significantly correlated wilh the number of ovulations

{(0.84) (Armas el al., 1988).

The number of normal embryos recovered Was
correlated with the plasma oestradiol concentration and
lasma LM concentration at ogestrus (0.536 and Gubés
respectively, both PoOL.001 and wilh The plasma
progesterone concenlration on Lthe day of embryo collection

(0.41, P20.05%) (Goto el al., 1988).

Significant correlaltions were demonsiraled belweesn
plasma concenltraltions of cestradiol-174 and the ovulalion
rale {(riumber of corpora  luteal. In heifers with

preovulatory ocestradiol—-174 surges, bolh  the OVArian

i
L
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response  {(number of corpora lulea and follicles) and  the
quality of ova recovered (number of Lransferable embryos)
was clearly betlter compared to heifers withoul this surge

(Callesen gl al., 19907,

There was no correlalion belween The concentration
of oestradiol-178 al oestrus and ovulation ralte (Ezoe el

al., 19913,

The number of embryoes colleclted was significantly
correlated wilth plasma progeslerone (~0.56) and ocestradiol
(0.80 levels on the day of cestrus. The increase in
progesterone  concentration from day O Lo day 7 was &
gsignificant dindicator of embryo yield. The rise of
sestradiol during The follicular phase indicated
follicular development, and therefore embr yo | yield

(Mehmood el al., 1991).

Plasma progeslterone concentralions wevre highly
correlated with the number of corpora lulea palpaled
(0.92y  P<0.01)  and with the number of ova and embryos

recovered (0.88: P20.01) {(Wubishel el al .. 1994 .

)



Relationships between hormone characlteristics and number of

Lransferable embryos recoverd from superovulalted donor cows

mmmmmm 2

Hormone Relationship with Reference
characteristic transferable

embryos

Increase in P4 Megalive HSaumande & Ratra, 1985
during superovulation Negaltive Tamboura et al, 1985
treatment period

Concentration of P4 ; Jensen el al., 1982
atter PGOF and before Megative Greve et al., 1984b
ovulalion

Concentration of P4 Megalive Jensen el al., 1982

for 2d following Mone Saumande el al.., 1985
induced oestrus

Concentration of P4 Mone Jensen gl al., 1982

From d3 to d7 afler Positlive Saumande el al., 1985
induced ocestrus

Pealk EZ al induced None Saumande & Batra, 1985
oeslrus NMone Savage el al., 1987

E:

Duration of LH surge Positive Donaldson, 1985
Posilive Kweon et al., 1987

Magnitude of LH surge Positive Donaldson, 19835
Positive Callesen el al., 1987

Endogencus FSH at start Positive Kweon et al., 1987
of FiH treatment

Erndogenous FSH belween Positive Kweon gt al., 1987
PGF and AX i
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Walters et al., 1984

Walton & Slubbings, 1986

Yadav gt 1986 a

Yadav et

Dieleman

Kweon el al., 1987

Hevers & Dieleman, 1987

Karnits

Feference

1971

1984

Yadav @

2l

t al.,
HBevers & Dieleman, 1987

1988

Yadav,

Reference

Yadav el 19856

Yigezu el al., 1989

Hanitz et al., 1990
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S.Mo. Interval from LH peak to Reference
gvulaltion (hours)

1. fverage = 29k (0-5B2h) Bprague et al., 1971

P 22 h Yadav el al., 1986k

3. 24 to 30h Dieleman & Revers, 1987

4. 2 Lo 30h Dieleman gt al., 1987

e &2eh Yadav, 1988

é . PHGG treated Karitz et al., 1990
Cows = 23,50
FHSG trealed
Heifers = 20 Lo #2Zh
For treated
Cows & heifers= 19 to £3h

Collection and handling of samples

The pulsatile secretion of the reproductive
hormones is reflected in spisodic peaks of Lhe hormones in
Blood. Thus, the concentralion of hormone in & single
blood sample may not be very repressntaltive of the a&clual
amount  of  hormone  being secreted during a particular

physiological state (Britl and Holt, 1988).

Some hormonal evenls are so brief thatl hourly J{or
more frequent) sampling is required to estimate hormone
profiles accuralely. For example, the preovulalory LH
surge lasts aboutl & hours {Helmer and Britt, 1987) and it
is mecessary Lo collect samples frequently to characterize
the magnitude of secretion of the LH surge (Brill and

Holt, 19883,

57



Blood was sampled every 4 hours from 20 to 72
hours  afler the First prostaglandin injection to analyze
for luteinizing hormone (LMY, oestrogen and progesterone

{(Voss el al., 1988&).

Elood samples from heifers were taken &l 2  thours
intervals from 24 hours afler cloprostenol (prostaglandin
analogue) Lrealment until slaughter (bhetween 48 1o >100
hours after Uthe first cloprostencl treatmenl) and The
plasma  was assayed for LH concentraltions (Yadav el al.,

19860 .

e

Peripheral blood was sampled every hour from 320
hours  after prostaglandin to analysze fTor luleinizing
hormone (LH) (Dieleman and Bevers, 1987; Dieleman gl al.,

19869 .,

Blood was collected for luteinizing hormone (LMD
assay atl & hours intervals on the 3th day afler the first
follicle stimulating hormone (FSH) injecltion (Wuabishel gt

ale, 1991,
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SaMo. Duration of LH surge Reference
{hours?

T & to 10h Walters et al., 1984

& 3.7% to 10.25h Yadav el al., 19846a
3. PMEG Lreated = 12.432.5h Kweon el al., 1987
FoGH treated = 1Z.5%1.8h

Eubh. EMBRYO COLLECTION AND EVALUATION

Zub. e EMBRYD COLLECTION

Bovine embryos move from the oviduclt teo the ulerus
4 to B days aflter ocesltrus (3 to 4 days aflter ovulationd,
although in superovulated cows a few remain in Lhe uvyduct
through day 7 (NMewocomb el al., 197&7. A high percentage
af  embryos can uzually be recovered non-surgically from
the ulterus & or more days aflfer The begimming of oceslrus
(Elsden el al., 1976). The ulerine embryos are preferred
because they resull in higher pregnancy raltes {(MNewcomb and

Rowson, 1975).

Since bovine embryos form no intimale attachment
to the uterus before day 18, they can be recovered non-
surgically until this time, although Tthey are increasingly
prone  to damage aflter day 4. 11 appears thalt a larger
rumber  of normal embryos can  be oblained non-surgically
Hlo & days afier ocestrus Lthan alt  olther Times (Seidel,

1281 .



Previously, embryos were colleclted by surgical
means around day 4 of the ovestrus. Rowson gl al. (1969)
first demonstrated Lhe mid-ventral laparotomy lechnigue
for surgical recovery of embryos. The major disadvanlage
of  the surgical procedures is the virtually unavoidable
induction of peri-ovarian adhesions which  can  reduce

subsequent Fferltility, tLhe risks of anaesthetic-relaled

mortalily and olher surgical complicaltions.

The development and improvemenlt din non-surgical
melthods of embryo recovery (Brand el al.., 1978) provided
arn  opportunity to obtain embryos repeatedly from  high
producing  cows wilthout being deltrimental to long-term
fertility of the donor cows. Bul its demerilt is thalt the

embryos which are s1ill in the oviduct at LThe time of

recovery carnnol be collected.

Mostly, the non-surgical recoveries were made on

day  &th (Sreenan, 1975%; Brand gl al., 1278y Trounson el

@ala, A978: Wright, 1981y Goncalves, 987 Monty and

Racowsky, 1988), or day 7th (Bchmitz, 1987; HKuchukhidze,

19885 Foote el al., 198%9; Kadu gl al., 19893 Mapleloft gl

ala., 19903 Rodrigues el al., 19903 Slimane and Quali,

1991y Thomas el al.. 1991 or day 8th (Trounson

1978 Wright, 1981: Monty and Racowshky, 1988
~
Winder et al., 198%) of the cestrous cycle. Non—surgical

recovery as garly as day 3B3Lh (Moriuchi ale, 1991 or as

late as day 9Lh (Trounson gt al., 1978) of the oeslrous

cycle has also bheen atltempled.

&



D& and PA2 with FSH-P  or Folllropin and performed
Flushings on D7 and D& afler pestrus. The Ffirst flushing
vielded Z.A4t0.6  total ova and 1.8:20.5 transferable
embryos. The corresponding results for Znd flushing were
S.6E1.5 and .98 1.1. They concluded that it Wa
favourable to repeat the flushing in cows in  which a
discrepancy existed belween tLhe number of ova expected and

those oblained afler one flushing.

Bubramaniam gl al. (1991 observed similar resulls

while performing  "Repeal Flushing and Embryo Recovery'

(RFERY  in superovulated crosshred (Boes indicus % Bosg

Yaurus) donor  cows. The flushing was performed uwsing
modified Dulbecco®s PRS (phosphate buffer saline) wilh &
per  cent FCH (foetal calf serum) on D& after esltlimaling
the number of C.l. by rectal palpation. Thirty—-two
embryos from PMEG-Lreated cows and 38 from FSH-treated
cows were recovered in the Tirst attempt while 1% and 17
from these two groups, respeclively were recovered in  the
repealt flushing. Repeal Flushing recovery was significant
(PE0.01) . The recovery enhancement on ltolal embryos
recovered was 31.9 and 30.9 per cent respecltively for PMBG

and FSH~trealted cows.

Hay gl al. (1990} compared lhe efficacy of two non-
surgical methods of embryo recovery from the ulterus. In

the first melthod each ulerine horn was independently

&2



flushed with physiological saline solulion (PSS through &
Foley catheterﬁ In the second melthod both ulerine horng
were simullanecusly Flushed with PSS by passing  Ulhe
catheler into the ulterine body. The difference belween
The recovery rates (40 percent v/s. 31 percent) of the two

Flushing melthods was not significanl (P>0,05),

EMERYO EVMALUATION

Embryo  evalualion is an important delerminant Lo
Lhie GUCCRSS of embryo transfer procedures. Gross
morphological evaluation of  embryos is useful in
predicting pregnancy raltes for groups of embryos bul is of
Limited value in deltermining survival of individual

ambryos (Lindner and Wright, 1983).

~

£ greal deal af variability gxisls in
morphological developmenl and embryo gquality within  and
among  doners. BEmbryo recovery in the superovulalted cow
commenly resulls in  a range of embryonic cell stages
differing in esltimalted developmental ages from 24 To 48

fours (Lindner and Wright, 1983).

Morphological  evaluation has been widely used to
delinealte embryo quality {(Shea gl al., 197é6; Elsden gt

@l 1978 Schneider el al., 19803 Shea, 1981 Wright.

.

y

198473 . Embryvo evaluation involves the identification of
embryonic cell stage of developmenl and an assessment of
gqualitly based on morphological characteristics (Mapletoft,

19864 . FParameters commonly uwused to evaluate embryo



quality include shape, colour, number and compaciness of
cells, size of the periviltelline space, number of exlruded
and  degenerated cells, and the number and size of
vesitles.

Systems classifying embryos into good, fair and
poor  caltegories appear to he lthe simplest and wmost
reliable. Transferable embryos are the ones classified as
grcellent, good or fair (Lindner and Wright, 19863
L.indsell gl al., 1986,

Embryos are classified and gvaluated by
morphological examinaltion al 30-100 ¥ magnification (SBhea,
19281y Lindner and Wright,1982)., The overall diamelter of
the bovine embryo is B0-1920 dum dincluding a zona pellucida
of Lhickness 12-15% um. The diameler of the embryo remains
virtually unchanged from the one-cell sltage until
blastocyst expansion. Early c¢leavage-stage embryos are
commonly referred ta by the number of cells present, such
as  the zygote, lTwo-cell, etc, uplto the Jéd-cell slage
thindner and Wright, 1983). ’

Other melhods of embryoe evalualion dinclude in
vilro culture {(Mapletofl, A980), dye exclusion lests
(Kardymowicz, 1972, MEASUres of ENEyme acltivity

o

(Schilling et al., 197%b) glucose uptake (Renard el al..

1280 and  live-dead sltainsg (S8chilling et al., 197%a).
These melhods require complex equipment and & lengthy in
vitro cullure period thus limiting their use. To date,

microscopic evaluation of embryos remains a very

subjective assessment.

&



MATERIAL AND METHODS



3. MATERIAL AND METHODS

The present invesltigalion was conduclted on healthy
Rathi cattle during the months of June to November, 1993. The
experimental animals (n=12) were selected Ffrom the college dairy
farm at the C.V.ALS. campus, Bikaner (Rajasthanl). The animals
were in the age group of & to 10 years of age (2 to 4 parilyl),
free from gynaecological trouble (as determined by rectal
palpation), coycling rﬁgulariy and free from infeclion (as
delermined by microbiological investigation of 1{he oestrual
discharge). A1 the animals were maintained under standard

feeding and uniform farm managemental conditions.
The experimental cows were studied in different groupss

1. Control animals (n=2)
2. Unprimed animals, superovulaled with PMBG (n=3)
F. Primed animals {(primed with PMSGY, subsequently supsrovulatled

with PMSG (n=%

The animals were subjeclted To two different
superovulaltory regimes (wilth and withoul priming) to study the

comparalive efficacy of lhe following lwo regimest



Cows with well developed C.l.

i
:
Inj. PGFZw, #% mg, L/m
(Lutalysey Upiohnd

10d
Imi. PMBG, 3000 L.U., 1I/m
(Folligon: Intervel)
; Zd (48 hours)
Ini. PGFH%, E%my L/m
; S4-~3bH hours

Oestrus
A.le-AM., FPoM., AM.: or PuM., AJM., P.M,

i
¥
P 7d
i
t
:
Embrvo Recovery
:
v 1d
1
H
1
]

Embryo Recovery
(Repeal flushing)

Inj. PGFZw, 253mg, I/m
+ Antibiotics (Intra-ulerineg for 3 to 5 days)

10-E5d

eslirus.

fiaYia)



Cows with well developed C.L.

t
Inji. POGFZe, Z5% mg, I/m
{lLutalyse: Upiohn)

5/2 - 3d

Oestrus

2l

Ini. PMBG, 500 L.U. I/m
(Folligony Intervetl)
(Priming dose)

&l

Inj. PMEG, 3000 I.U. I/m

1

i

] Zd (48 hours?}
]

1

Ini. PGFZu, 25mg L/m

:

V2436 hours
[

]

]

3

Oestrus
fala-A.M., P.M., A.Moy or P.M., .M., F.M,

7

!
i
'
1
:
Embryo Recovery
i
Tl
i
Embryo Recovery
{(Repeal Flushing)
;
i
:
Inj. PGFZx, 25mg, I/ m
H Anlibiotics (Intra-uterine for & fo 3 days)

10-E5d

H
i
]
i
1
1

Oestrus.



Faot. SUPEROVULATION

Hathi COwWS wWere superovulated by Lhe
administration of commercially available preparation of
preghnant mare serum gonadetropin (PMBG) (Folligon, Inltervet
Int., RBoxmeer, Holland) on the 10Lh day of the oceslrous
cycle, followed 48 hours later Dby an intra-muscular
injection of PGF-Z2 alpha (Lutalysey Upjiohn, Agvel Division,
Undichem lLaboralories), In the primed group, pEIMing  was
carried oul by 500 L.U. PMSEG (Folligon, Intervel, Holland:
an Lhe Znd day of the cesltrous cycle. No gonadolropin  was
given to  the cows of control group. The cows We e
inseminated thrice al approx. 12 hours interval, the first
insemination commencing approx. 12 hours after the onsel of
oeslrusg. Twoe  slrawe of semen were used al each A1,
Embryas were recovered non-surgically at day 7 and 8 after
Aula.  Immediately following 2nd  flush, antibiolics were
infused into Lhe ulerus to reduce the possibilily of uterine
infection. Injecltion of PG (prostaglandin)  was also
administered inlramuscularly to help the donor relturn Lo
normal hormornal slatus gquickly and alseo to kill the embryos

that may have been lefl behind.

Preparalion of sclution

PM&SG (Falligon) — Each 1000 I.U. of freeze-dried powder of PMSG

was reconshitulted wilth Sml of the solvent.

&HE
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ATTRIBUT

The proposed plan of work included the following
allributes:
lnterval from PEGFZe injeclion to the onsel of ceslrus.
Interval from PGFEx injeclion (given after superovulalion
with PMSG) to the onsel of cesltrus.,
Imterval from PGFZe injection (given afler non-surgical
embryvo recovery) Lo the onsel of oesirus.
Number of ovulations in the two differenl superovulalory
regimes {(i.e. number of palpable corpora  lulea on ihe
gvariest.
Mumber of transferable embryos recovered.
Slages of the embryos-Morula, Blaslocoyst, Hatched blastocyst
and unfertilized or degeneraled ova.

Guality of the embryos~Excellent, Good, Fair, Poor.

Modified Dulbecco®s Phosphate-~buffered saline
(DPRSY  containing 0.1 per cenl Bovine Serum Albumin (BBA)
Fraction V¥ (Hi Media, Bombay, India) was used for {flushing.
The same medium was suppl@m@nt@deith 1.% per cenlt BEA  for
preparalion  of holding media. DPBS (Ca., Mg, Free) was
procured as  a dry media (Hi media, Bombay, India) and
diseolved in  B00ml Lriple glass distilled waler. Sodium
pyruvalte (0.0346 g/1) (Glaxo, Bombay, India), Glucose (1 9/1)
(E. Merck, Bombay, Indial), Streptomycin (100 Rg/ml)  and

Fenicillin & (4100 I.U./mlYy (IDPL, India) were added Lo it

é) ‘:‘/



Geparalely

&

Call {(0.10 g/1y (E. Merck, Hombay,

India) and

MgCl o & H O {(0.10g71) (Glaxo, Bombay, India) were dissolved

s o
[=8 i

in  A00ml  triple

solutions were

pHoof

by Ffiltration

of 0,220 pore

Table J.1 3

CONSTITUENT

Mall
KG1
Ma HFO
& 4
KH PO
2 4
Bovine Serum
{(Fraction )
Glucose
Ma pyruvate
Penicillin G
Streptomycin

Albumin

Call

i

MgQl L &H O
o

ol i

FPreparation

up solutions

i 3 a
adiust

pH ote 7.1 to

d. Confirm that
4. Blerilize bry

iMillipore)
o

70

M osed
the medium was adjusted Lo
Through

“lLEe

1,2 and

osmolality
filtration
fillters,

5. SBlore at 20 C for uplto 3

glass distilled waler
o
cooling to 4 O

gaicha The three

after temperalture. The

VY Medium was sterilized
atelalte
o
4 ¢

cellulose (Milliporey filter

and stored at {Tablet) .

Modified Dulbecco®s Phosphale Buffered Saline.

VOLUME TRIPLE DISTILLED
WETER (ML)

WETGHT (GMD

8,00
0.20

1.5
0,20

8O0 (Solution 1)
1.00

1.00

0,038

100 L.U./ml

100 Hg/ml

0.10 100(8elution &)

.10 100 (Solution®)

&)

3 separalelyy cool Tto 4 C and Lhen

Faf wilh MNaHCO  or

"
o

is aboult Z90 m OsmiHg.

HCL if necessary.

through cellulose acetate

pore size Q.224,
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NON-SURGICAL. EMBREYO RECOVERY

Recovery atltempls were carried oul on days 7 and 8
after A.1.. Donor animals were fasted for food and waler for
approx. 1 day prior to an attempt. The recltum was emplied
of faeces and an epidural block of 3ml of a 2 per cent
solulion of procaine hydrochloride was given. The vulva and
the surrounding area were washed wilth soap and walter and &

cervical dilator was introduced and guided manually per

rectum through Lthe cervix to the common body. A Grway

Foley's catheter wilh the stillete a&as a sliffner, was
introduced through the cervix. When the cuff was situated
about  the middle of the uvlterine horn, Uthe stillele was

wilhdrawn from the calheter.

The cuff was inflated by injecltling 310 ml of air.
After clamping the outlet, the wmedium was introduced in 50ml
aliquotls. The clamp on the outlelt tube was released when
FE5-100ml of tLhe medium had been introduced into the ulerine
horm. Flushings were colleclted in sterile 1 1t. measuring
cylinders., The process of filling the horn and releasing
The outlel clamp was continued until 500ml of the medium had
heen used. The ouff was Then deflated and The apparalus
withdrawn from the ulerus. The catheler, wilkh the stillete
re—inserted, was then pushed into lhe opposilte horn which

was Flushed in the same manner.

71



The measuring cylinders containing the Flushings

0
were allowsd to stand for 4% minutes at 37 C. The
supernatant was siphoned into separalte measuring coylinders
until 30 to 100 ml was lefl in the original cylinder. Then
the contents were mived wilh a swirling action and poured

into ova collection dishes (searching dishes) and examined

for emhbryos.

.5, EMERYD EVALUATION

s

fo m

3

e ®

After collecltion, the embryos were isolaled under
a stereoscopic microdcop@ (with built—in illumination) atl
004 magnification. A fine siliconized Pasteur pipetle was
used to transfer the ewmbryos to Fresh holding medium
{modified DPBES with 1.5 per cent BSA)Y in another dish for

morphologic examination al 40 X magnification.

Guality of individual embryos was delermined by

the criteria suggesled by Lindner and Wright (4983):

Excellent-fn ideal embryo, spherical, symmelrical wilth cells
of uniform size, colour and ltexlure.

Good-— Trivial imperfecltions such as & few extruded
blastomeres, irregular shape,. few vesicles.

Fair- Definite butl nol severe problems, presence of exlruded
Blastomeres, vesiculalion, few degeneralted cells.

Poor— Severe problems, numerous extruded blastomeres,
degensraled cells, cells of varying sizes, large numerous

vesicles butl a viable appearing embryo mass.



fAn altempl was made o determine The ovarian
lengti, width and thickness in all animals by
rectal palpation (following the procedure adopled by

Randhawa, 1980, in buffalo heifers) at three different

s
i
H

slages

{a) AL normal oceslrus,
(b At superovulatory cestrus,

(Y AL Flushing.

A three-way interaction ANOVA (Analysis of
Yariance) was applied separately for ovarian lenglh, width

‘and thickness to analyze the effect of -

(il Priming,

£ii)  The site {(localtion) of ovaries (righl or leftl),

£iii) The stage al which the ovarian size was delermined,
{iv)Y The interactions of the above Lhree,

an the ovarian paramelers.

The data of Randhawa (1980 revealed ighly
significant (PL0.05) correlalions between LThe estimaled
ovarian measurements and the actual measurements {oblained

immediately afler slaughler) in buffalo heifers.
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HERMONE

~4

A5EAY

-

T

secrelion of L.H

superovulalted cows.
superovilated cows

HAEEAY .

S.7.7. Blood sampling

{a) SBuperaovulated

altempl

was  made to study the pattern  of

and  F&SH  in normal (cantrol? and

For this purpose blood from control and

was collected to perform LH and F&M

cows? Samples of bleood, &-8Bml in  amount

each time,
Initially,
PEF-2 alpha

PH&SGY  for

£

hours

collected every &

24 samples

stopped

subsiding. SHo
assayed.

D]

LControl COWS &

hours of PG

COows werea

gestrus than

sampling was donel,

Fy
interval for
11

samples

interval and

74

were
bBlood
injection
period of 24 hours

interva

at

APREaK.

injection

supposed to

period of 24 hours
a period

all were collected, firslt &

collected from Lhe Jugular wvein.

was collected every 4 hours after

{given aflter superovulalion wilh

{i.e. & samples at 4

1y, Gfter that blood samples We @

houwrs for a period of 48 hours (i.e.

& hours interval). S0 the sampling

wher the heal symploms started

in all, 30 samples from each cow were

Blood sampling was slarited afler 48

(hecause Lhe untreated control

take a longer time to come Lo

the superovulated cows, hence late

initially at 4 hours interval for

(6 samples) and then at 2 hours

of 4% hours (& samples). Bo 18

at, 4  hours

la & at il hours interval.



Hlood  samples were immediately centrifuged and the
plasma thus separated was Lransferred to sltorage vials

o
and stored at ~ 20 C until assayed.

Kils used

Hormone assay (LH and FEH) was performed using the
LM Enzyme Immunoassay Test Kit (Medix Biotech. Inc., USA) and the
Fo Enzyme Immuncassay Test kil (Medix Biotech. Inc., UB&). 511

Lhe samples were run in duplicale. -

Due to the lack of availabilitly of Kits, LH assay
was performed over & cows (2 cows each from unprimed and  primed
GOl plus  the Z control cows, while The FBEH  assay could he
performed only over 3 cows of unprimed group plus the 2 conlrol

COWE .

378 FSH ENZYME IMMUNOSESAY

The Medix FSH quantitalive test is based on  Ulhe
principle of & solid enzyme-linked immunosorbent
HEEAY The assay system ulilizes mouse monoclonal
anti-F& for solid phase (micraliter walls?
immobilization and  sheep anti-alpha FSEH  in the
antibody-enzyme (horseradish peroxidase) conjugale
solution. The test sample is a&llowed to react
simultanenusly wilh the antibodies, resulling in  the
F8H molecules being sandwiched belween lthe solid phase

and  enzyme-linked anlibodies. After & 4% minute



(I

incubation &t room temperature, Lhe wells are washed
with waler to remove unbound labelled anltibodies. &
solution of 3,3°.5%,%° Telramelhylbenzidene (THMED) is
addead arnd incubated for 1% minutes resullting in  tThe
development of & blue colour., The colour development
is sLopped with The addition of EN HOL. and  the
resuliing vellow colour ia measured

-

spectrophotometrically atl 450nm. The concentraltion of
Foilicle Stimulating Hormone is direcltly proportional
to the colour intensily of the ltest sample.

(1 Antibody- coalted wells.

Microtiter wells coated wilh mouse monoclonal

ng

Enzyme conjugale reagent.

Contains sheap polyclonal anti—alpha &k

amnjugated to horseradish peroxidase.

(3) Reference standard set.
Contains  0,2.%,5,10,25,50, 100 and 200 wl.U./ml
(WHEG,  Znd IRP HMGY human FBH in bovine  serum
wilh preservalives. Lyophilized.

{4y Colour Reagenl A.
Contains hydrogenperoxide in acetale buffer.

(%) QColour Reagent B.
Contains 3,3°,5%,5% -Tetramethylbenzidine stabilized
in bufffer solution.

(&)Y BN HMCL.

Containsg dilute hydrochloric acid.



(¢

fesay procedured

1

a

(3)

(&)

(71}

(8)

-~
-3
—t

Secure the desirved number of coalted wells in tThe
holder.

Dispense 530 Ml of standards, samples, and
contrels into appropriale wells., Gently mix  for
30 seconde.

Dispense two drops (10081 of enzyme conjugale
reagent into each well.

Thoroughly mix for 10 seconds. It is important
ta have a complete mixing in this sltep.

Incubate at room temperature for 45 minules.
Prepare TMR solution up Lo three hours before use.
FRemove lhe incubaltion mixture by flicking the
plate contents inte a suitable waslte container.
Rinse and flick the microtiter wells 5  ltimes
wilh running tap or distilled waler.

Strike the wells sharply on absorbent paper to
remove residual waler droplels,

Dispense 200 ul THMB Substrate Reagent into each
wall. Gently mix for 3 seconds.

Incubate at room Lemperature in the dark for 15
minutes.

Slop reaction by adding one drop (3041 of 2N

i

HCL to each well. Genlly mix for % seconds.
Read 0.0, {(optical densily) al  450nm  wilh &

micratiter well reoader.
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7.3 LH ENZYME IMMUNOASEAY

Chd

Principle of Lhe Lest

The medix LH gquantitative test is based on  the
principle of & solid phase enzyme-linked immunosorbent
assay. The assay system ulilizes sheep polyclonal
anti-LH For solid phase (microltitler wells)
immobilization, and a mouse moncclonal anti-LH in  {he
antibody—enzyme {horseradish  peroxidase) conjugale
solution. The test sample is allowed 1o react
simultaneously with The antibodies, resulting in  The
LH molecules being sandwiched belween Uthe solid phase
and  enzyme-linked antibodies. Affter a 45 minule
incubation at room temperature, Lhe wells are washed
with water Lo remove unbound labellsd anltibodies. £
solution of 3,3°,5,%"~ Tetramethylbenzidine (THE) ia
added and incubated for 1% minutes, resullting in  The
development of & blue colour. The colour development

is stopped with The

i

solution of N HCIL, and the

H

resulting yvallow colour is measured
spectrophotometrically at 45%0 nm. The concentration
of luteinizing hormone i¢ direclly proportional to the
colour inltensity of The Lest sample.

{1 bAntibody~ coaled wells.

Microtiter wells coated wilh sheep polyclonal anti-i



]

(33

(4)

i
Ly

et

(&)

Enzyme Conjugale Reagent.
Contains mousse monoclonal anti-~LH conjugaled
horseradish peroxidase.

Reference standard sel.

to

Containg 0,2.5,%,.10,25%,50,100 and 200 wml.U./ml

Clk0 Ist IRP, &H8740) human LH in bovine serum

wilh preservalives, Lyophilized.

Colour Reagent A.

Contains hydrogenperoxide in acelale buffer.
Colour Reagent HR.

Contains Z,3%,5,5- Teltramelthylbenzidine
stabilized in buffer.

N OHCL .

Contains dilule hydrochloric acid.

procedurss

(i)

(3

o

s

4

Ln

-

3

e

Secure the desired number of coaled wells in
holder.

Dispense 50 Wl of standards, samples,
controls into approprialte wells., Gently mix

30 seconds.

the

and

for

Dispense lwo drops (10001 of enzyme conjugatle

reagent inlo each well.

Thoroughly mix for 10 seconds. 11 is important

o have a complelte mixing in This slep.

Incubate at room temperalure for 4% minules.

Frepare TME solution up to three hours before

Remove Lhe incubaltion mixture by flicking

WHE o

the

plate contents into a suitable waste container.
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(7Y Hinse and flick the microtiter wells 5 tlimes
with running tap or distilled waler.
(&) Birike the wells sharply on absorbent paper Lo

remove residual water droplets.

.
~d
et

Dispense Z00 ul THME Subsitrale Reagenl inlto each
well, Gently mix for 5 seconds.
(10) Incubate al room lemperature in the dark for 13

minules.

.
—
—
At

Sltop reaction by adding one drop (3041)  of 2N
HCL to each well. Genltly mix for 5 seconds.
(12 Read 0O.D. (opltical density) &t 450nm wilh  a

microbtiter well reader.

A mini FLISS reader (Melterltech Inc., USA)Y was used
Lo determive the optical densily (0.D) ftabsorbance) of
the samples. Since each sample was run in duplicate,

the mean 0.D. for each sample was calculated as

0.0.1 + 0.0, 11X
Mean 0O0.D. ST vsee etneseae st 41 S48 Shr Stk R R AR Sk RS S s S aen e Sk HRRS ARR B SReS

Fr)

&
A standard curve, each for LH and FBH, was plotted
after determining the 0.0, of the standards wilh lhe

Melp of the standards supplied wilh The kils.

Gubsequently, with The help of tThe standard curve,
the concentraltion of LMW and F8H could be known faor
gach sample afler delermining the mean 0.D. for each

gample.



On  completion of lthe assay, & graph was

for each cow to study the endocrine profile
pattern of LH and F8H secretion in control

superovulated cows.
Table 3.2. ¢ LH assay — table for standard graph.

Standard Mean Absorhbance Concentraltion
(Optical density) m I.U./ml

O 0.000 O

0.040 2.5

g
i

5 0.092 5
10 0.185 10
25 0.560 25
50 0.9200 50

100 1.422 100

200 1.966 200
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Table 3.3. @ F8H assay — lable for standard graph.
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Standard Mean Absorbance Concentration
(Optical density) m L.Us/ml

m_gmm"mmmmmwwwmmmmgtsggmwmmmmmmmmwwm_memmmgwmm*mmw_m_m
2.5 O.121 2.5
3 0.150 ' 3

10 0.202 10

2% 0.427 | 25

50 0.644 50

100 1.050 100

200 1.550 200
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STATISTICAL ANALYESIS

The mean and S.E. (Btandard Ervvror) were calculated
by using conventional metlhods a&s suggesled by Snedecor and
Cocharan (1967),. Different mean comparisons were carrvied outl

by the Student®s t-lesl (Snedecor and Cocharan, 1967).

For different ovarian measurements, analysis of
variance CANDVAY  was  carried oul by using following

mathemathical model &-

.
'
il
e
o
N
+
-3
+
g
751
LS
+
-
T

Th th
is  Uthe measurement of 1 animal belonging to i

th th
treatment of The J side at the k slage.

L

1te

L6 the overall population mean.
th
T is the effect of i treatment (i=1,2).

th
the effect of j side of ovary (i=1,2).

m—
H
i)

Th
& is the effecl of k stage of cycle (k=1,2,3).

& is  The error term associalted wilh each observalion
idkl
&
arnd assumed Tto be NID (o, ) which make the analysis
@
valid.

;:'2
NMote = MID (o, ) = Normally and independently distributled

@

wilh zero mean and equal variance.
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RESULTS AND DISCUSSION



4. RESULTS AND DISCUSSION

A Total of 48 Rathi cattle of different parilies
(2 to 4 and ages (& Lo 10 years) were used for this study. The
guperiment was designed to study the superovulalory rvesponse

using PHMEG, wilth and withoul priming.

4.1, DESTRUS SYNCHROMIZATION/ INDUCTION

Oestrus  was synchronized prior Lo superovulalion
in all animals, irrespecltive of their trealment regimen., The
mean interval from prostaglandin injection to the onset of
pestrus was caloculated separately for The unprimed anmd  The

primed group (table 1).

Table 4.1. % Interval from PGF-2 alpha injecltion to the onsel of

nestrus.

Cow No. Interval (hours)

UNPRIMED

~
4]

]
£
(5

FRIMED

7 &HO

: o H
-
o

T by 70



Destrus was induced alt & mean interval of &027.589
fowrs  in unprimed group and &%.617.960 hours in the primed
group  after the injection of POGF-Z alpha. HNo significant
differences were observed in the Lwo groups (P>0.05%).

Time from PG injeclion
Control cow no. to opstrus (hours)

Nl
>

The findings are in accordance wilh those of Roche
(1974)  and Oyvedipe el al. (1988) who reported thal animals

with a functional C.lL. were delecled in ocestrus & lto 4 days

atter POGF-Z2x injecltion.

o
~d



Table 4.2, % Interval from PGF-Z alpha injection {given after
superovulation with PMSGY Lo the onsel of

superovulatory cestrus.,

Cow No. Interval (hours?

S | 4é

ful
4

m
E~

UNPRIMED

PRIMED & 48

s )

e e e e e

SRR 48

The superocvulatory oceslrus occurred al a mean
interval of 32&4.05% hours in The unprimed group and 40.8:4.8
hours in the primed group after POGF-2 élphﬁ injection given
post-superovulaltion. Allhough The mean interval was grealer
in the primed group, the difference remained non-significant
(PE0,05),

The resulls are in accordance with the following
seientists who reported this interval To be 24 to 48 hours
{(Mehmood gl al., 1991, 9.7 to 42 hours (Kaniltz et &l..,

19900 and  41.3%1.25%  hours (Yadawv alay 19840} i

superovulated cows.

[y
fe's]
)
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Table 4.3. & Interval {(days) from PGF-Z alpha injection {(given

afler embryo recovery 1.8. post-superavulatory

injection of POGF-Z alpha) to the onsel of oestrus.

Cow Mo Interval (days)

onre suoes auras sons vosss .-l 1 3‘.:‘)
£ 17
UNPRIMED
17

4 19

%]

SRR 1é

FRIMED

—ts
~3

Post—supsrovulatory induction of oeslrus W s
induced following repealt flushing. The animals in  the
unprimed group  exhibilted ocestrus al & mean inlerval of
14 820.663 days while in the primed group This interval was
19. 251,655 days, the difference belween the tLwe groups hbeing

non-significant (P>0.05%).

The resuwllis are in  accordance wilh those of
Halbert el al. (198%9) who reported an interval of 18.7%14.0

days  from POF-ZFe (Lutalyse) injection to the first post-

suparovulatory oestrus.

&9



4.2, GQUPERONULATION RESPOMNBE

Thee superovulaltory response  was studied by
palpation of the number of graafian follicles formed at
superovulatory oeslirus  and  The number of corpora  lutea
{ovulation ralte) fell al the time of embryo recovery (lLhe

day of flushing).

Table 4.4, % MNumber of G.F. {(fellt by reclal palpalion) at
superovulaltory oeslrus.

Mo. of G.F.

GCow No. | R.O. Lo O Total

1 4 &

Y

& & 3 %
UNPRIMED
3 3

£:3
i
£

4 4 3 7

LA
i

i
o

b
=
=

Mote * R.O.=Right ovary, L.O.=Left ovary, G.F.=0raafian follicles

In the unprimed group, & mean number of &.830.8460
Gu.F. could be fell by rectal palpation as compared to & mean
nuinber of  B.2r0.5%82 G.F. in  the primed gQroup. The

difference was again found to be non-significant (Px0.05)

beltween The lTwo groups.
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Table 4.%. ¢ Mumber of C.L. or ovulaltion ralte {(determined by

rectal palpalion) on the day of flushing.

Mo. of C.l.

Gow Mo

I Total

as0ss caren suren seans asess -i L‘:} .‘f

& 5 4 o

UNPRIMED

- P
)

e

ih
=
O

eres vomn s seres oenn é) E“" -,' 1 5

L
.
18]
~

FRIMED

.

R
<
fd
ot
™

£
L}'l
0

Cystlic -

R LY yslic Cystic -

Mote @ R.O. = Right ovary,L.O.=Left ovary.C.lL.=Corpora lulea,
Cystic=0Ovaries exhibited anovulatory follicular cysis.
The mean  ovulalion rale was 9.250.854 and
18+x4 . 738 for The unprimed and The primed QO RS ,
respecltivel v. Alihough the ovulation rate was higher for
the primed group, Lthe difference observed WA on-

significant (P:0.0%).

It was concluded That priming bad no  significant

gffect on the ovulatlion ralte. The resulls are in accordance

wilh Rieger gf al., 1988 and Gray gl al., 1992 who also

aghserved no beneficial effect of priming.

o



4.2. ESTIMATION OF OVARIAN PARAMETERS

Table 4.6. % Table showing the estimation of ovarian
paramelers al three different stages.

: OVARIAN SIZE ;
Donor | H
Cow | At Normal oestrus ! At Superovulatery oestrus | At Flushing :
- ; R. Gvary 1 L.Ovary 1 R.Ovary 1§ L.Ovary | R, Ovary | L. Ovary ;

y )

; L W THL W THL W THEL W THL W T1i1L W T;

tlem) (emd (emdi{em) Cem) (emd)i{em) (cm) (omdidemd (om) (et (em) {em) (emdiCem) (em) (em)i
13 2 1 252 145 4 256 453 1554 257 & 3
2 ;35 2 1525 2 ;45 4 2 5 4 Li 5 4 2 55 4.5 &é
3 ;35 2.8 1.5 2.5 2 iébd 5 25 &6 45 &ﬂ B 653 7 & &é
4 ;3 g5 2 2.5 2.5 1£;6 45 255 4 2 ; 8 6 3 75 6 3;
5 ;35 2 153 2 ;55 4 2555 4 2 ; 7 5.5 2.5 65 4 &5
b ;35 2.5 1.5 2.5 2 5265 45 3 55 45 3 ; 75 & 2S5 7.5 45 &i
7 ;3 251 3 2 ;55 45 2.5 5.5 4 &ﬁ 6 5 25 & 4 &ﬁ
8 ;25 .5 1.5 3 2.3 18235 252 3 5 25; 45 3 2 & 45 &ﬂ

; ' ) i
9 E 4 252 25 2 ; &5 4 3 5 35 2 5; 7 5 3 35 4 2.5;
10 ; 352 123 2 1.2; & 4 2555 4 3 ; 65 453 7 5 3 ;
Note @ L=lLength

W=Width

T=Thickness

Qe



Table 4.7. ¢ MeantB5.E. for ovarian lenglh (cm).

Main effect Classifi "
Overall mean - =18 5000 . 21
Trealment Unprimed ) 30 5. 0580, 382
Primed (P G0 4,950,289
Gite Right (R 30 5. 18020
Left (1.3 20 AL BBEG .3
«
Slage Mormal oestrus (M) 20 3. 0050.10
’ I
Superovulatory (8) Z0 H.4710.16
ceslrus
Flushing (Fy 20 bW EEE0. 22
Treatment « Site Lhal 15 50171044
¥ 15 5.0710.48
Lhal 1 4.930.48
. 4,630, 49
Treatment » Slage U 2L 9EE0 .14
Frac 2100016
Lt 5H.H0X0 .20
P B.A45E0.27
LixF G700, 33
Pul é o BBE0. 320
Hile » Stage R 3.3010.43
Loxi ELT708G.08
8 i i S Sl O IR |
(IRTC 5L A40E0. 18
i b B0, 39
Losf

Mole = Figures wilh any one same superscript within a sub-class

did not differ significantly (P>0.05) from each other.



Source of

Treatment
Bite
HGltage
Treatment

Treatment

Gite « Blage

Treatment

Lrror

e
PxS

(¥
2

tw)
b

s 18

VofAnal

Gite 1

Stage 2

Site » Slage &

4.8

Significant at P<0.01

of variance for

OVarian

55 . 510

0.0
0.2625%

O, 5548

length

(omd .

F ovalue

O.48

0.88

0.1



OVAREILIAN LENGTH

The ANDOVA for ovarian length as shown  in table
4.8 reveals a highly significant (PL0.01) effect of the
slage of the cycle and no effect of Lreatment and site of
the ovary. The all possible interactions beltween the three
main effects (treaitmeni, site and stage) also showed no

significant effeclt over the ovarian lenglh.

The overall mean ovarian lengih was 5,020,217 cm.
The ovarian length did nol vary significantly between lhe
unprimed and  primed group (5.05%E0.32 cm and 4.9520.29  om.,

respectively) mnor did it vary beltween the right and lefl

ovaries (5.1220.30 and 4.88:0.31 om., respectivelyd.

However, there was a significant effect of the
slage {(al which Tthe ovarian length was delermined? on  lhe
ovarian length & 3.020.10 om, 5.4720.14 om and  6.5220.22 om
al normal oceslrus, superovulalory ocestrus and al  flushing,

respectivel v,

frnodncreasing trend of ovarian lenglh was observed
a5 the sltage advanced, probably due To gonadolropin

abtimulation.



I

Mearnti.

Main effect

Overall mean
Treatment

Bite

Htage

Treatmenl » Site

(B3]
wt

Trealtment Slage

SGite » Slage

Note * Figures wilh

did nol diffe

for ovarian

E.

Classificaltion

(L)
(P
(R
(1.2

Unprimed
Primed
Right
Lefl
Mormal oeslrus
[ 900 . 0 b e
Buperovulatory
peshrus

Flushing

UuR
Pui
Ll
Pl
W
Fohd
[0 ETe:s
Py
LheF
b
Fah
Loy
[R5
Luxh
s
L

Ay one  same

rosignificantly (P20.05)

width

(F)

Comd .

Mo

&0
30
a0
3G

20
20

20

20

15
15
15
15
10
10
106
10
10
10
10
10
10
10
10
10

superscript within a

Meant& . E.,
R 7RG TS
B3L.BYEO L ELT

F.6H8X0.233

B.T78E0.856
"

Z.21E0 .06
ko

4.1500. 121

&
53.0010.226

RRERQ.374
F.6H7EO.3IR
F.8740.382
2.7050.35
. 180,095
Za.2Br0.083
GaZB5E0. 111
4,050,217
k.38
4. 75000318
#3340 .0%4
2i0E0.067
G 1050208
4,2040. 133
G, 9550 .345
5. 0510 .31

from each olher.

sub-class



Table 4.10. ¢ Analysis of variance

da.fa

Bource of var

iation

Treatment 4

Htage

Treatment » Site 1
Treatment x Sltage &

o

Treatment =« Site » Blage

Frror

4.8

A

Mote ¢ # = Significant al P<0.01

for ovari

M.5.
Oub&13
0.0015

32

40, 74
0.0282
0.4063

=

01815
0.0962

0.5094

an width (cm) .

Ff‘

value

1,30
0.003
79.98
0,05
.80
.36

0.9



OVAERIAN WIDTH

The ANOVA for ovarian width as shown in table 4.0
reveals a highly significant (P20.01) effecl of the stage of
Lhe cycle and ne effect of Ltreatment and sile of the ovary.
The all possible interactions between The three main effecls
(Lreatment, site and stage) alse showed wno significant

affect over The ovarian widih.

The overall mean ovarian width was 3.7980.173
cme  The ovarian widith did not vary significantly belween
LThe unprimed and primed group (3,890,263 om and  3.46830.230

cm, respeclively) nor Jdid it vary beltween the right and lefl

ovaries (Z.79210.242 and 3.7820.254 om, respecltively).

However, lhere was a significant effect of the
stage (Al which the ovarian width was deltermined) on  the
ovarian widtlh & Z.2120.068 cm, 4.15380.121 cm and  5.00k0.224
cm o at normal oestrus, superovulalory cestrus and at flushing

respecltively.

An dncreasing btrend of ovarian widlh was observed
=X Lthe sltage advanced., probably due To gonadotropin

stimulation.



Table 4.11. & MeantB.E. for ovarian thickness {(cm).

Main effect Classificaltion MO . Mepanth.E.
Overall mean - &0 2. 1BE0. 086
Treatment Unprimed (U) 30 21420121
Frimed (F) 30 A B R O I
Site Right {R) 30 20190113
Left (L) 30 A W% st I B
e

Stage Normal oeslrus (M) 20 ToB7H0.077

b
20,077

3

s
)

{41

Supsravulaltory (5) 20
oceslrus

f

)

a
1

o

Flushing (Fy 20 2.6450.0

Trealmentl » Hite UxR 15 #017 R0 .15
Fui 15 22250174
Lisl 1% 2. 1280.195
Pl 15 2.20k0. 183
Treatmenl 2 Stage Lt 10 1. 35320, 115
Pt 10 1. 38480, 109
WUns 10 2. 4050.100
s 10 2,650,107
L 10 . E8E0.106
FraF 10 &2
Hite x Slage R 10 1.4750.108
Lo 10 1. 2620, 104
Rt 10 2L B0R0 105
& 10 25580, 117
P 10 26080185
Lo 10 2L HRE0.074

=
Q
t-*-
o}

Figures wilh any one same superscripl within a sub-class

did not differ significantly (PH0.05%) from each other.



Table 4.2, ¢ fnalysis of variance for ovarian thickness (om).

SGource of variation d.f. F value

Trealtment 1

0.53

SHite 1 0.0120 0.10
#

Sltage a 19 . 8152 B2 .62

Treatment = Site 1 .,0034 0.03

Trealtment = Stage

“
i
o

2843 1,18
Bite » Hlage z GLE2&HEE 1.10
Treatment % Site x bHlage 2 0. 0692 .23
Error 48 5 a THEG

Mogle &+ # = Significant at P<0.01
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OVARLIAN THICKNESS

The ANOVA for ovarian thickness as shown in  lable
4,12 reveals & highly significant (P<0.01) effect of the

of Lhe cyele and no effect of treatment and site of

the ovary. The all possible interacltions belween the three
main  effects {(lreatment, site and stage) alsu showed no

significant effect over the ovarian thickness.

The overall mean gvarian thickness was 2.18:0.086
cm. The ovarian Uhickness did nol vary significantly helween
Lhe unprimed and primed group (Z.1430.4121 om and  2.2100.124
cm, respectively) nor did il vary between The right and left

o )

agvaries (Z.,1920.1183  and Z2.1620.131 om, respecltivelyl.

However, there was a significant effeclt of the
stage (al which the ovarian ILhickness was delermined? on ULhe

0077 om and

aovarian thickness & 4 EG720.077  om, 8,52
HZehat0.071 cm oal normal oceslrus, superovulaltory ocestrus  and

al flushing respeclively.

A dncreasing Lrend of  ovarian Uhickness was
obhserved as the stage advanced, probably due to

gonadotropin stimulation.



4.3 EMERYD RECOVERY

A total of 11 embryos were

donor  cows, oul of which only 7 were viabls

while tThe other 4 were degeneraled embryos.

ten superovulated cows exhibited bilateral

follicular cystls, ‘the cysltlic ovaries of lhese

were diagnosed al the Lime of flushing.

Table 4.13 1 Embryo recovery from varicous cows.

Low Mo. of Embryos
Ma. Recoversd

Developmental
Stage of the Embryo

Both Blasltocysls

-1 -

i o
Morula
3 o 1

Morula, 1 Degenerated

Degenerated

Cow)d
Bolth Degeneraled
Bolh Morula
Blastocyst

& ML -
{(Cystic cowl

10 ML -

{Cystic cow)d

Fost-superovulatory PGF-2 alpha was

repeal flushing) to all lhe cows

wheliher any recovery of embryos

tLhe Cow wenl cysltic or did not plus

{(Oxytetracycling boluses) were infused

three days.

TOE

recovered

Three of

three

given
irrespective of
occurred ovr notl

ar

intra-ulerine

from the

(transfevrable?}

the

anovulatory

Cows

Guality of the

Embryo

Both Good
Evcellent
Poor

Good,

Poor

Both Poor
Foth Good

Ercellent

(afler
the fact

whether

antibiotics

for



Since the embryo recovery in this experiment was
very low, Lhe effeclt of priming, 1f any. on embryos recovery
rate could not be judged properly. However, sltudy of olher
paramelers revealed that priming had no beneficial effect on
the number of follicles formed, the number of corpora  lutlea
fovalaltion ralte) or the gposi-superovulaltory relturn to
gestrus  in Ralhi cattle. Bo, overall it can be stated That
primivng  had no  beneficial effect on The superovulaltory
response. The resulls are in accordance with the resulls of
Rieger gl al.. 1988 and Gray gl al.. 1992 who also observed
o beneficial effecl of priming.

A constant problem with current methods for  lhe
superovulaltion of ~attle is the inabilily to predicl  the
riumber of viable embryos ULhat will be vrecovered following
treatment (Momniaux sl a)l.. 1983; Moor el al., 19843,

The superovulalory responses may be limited by a genelic
component  or by the availabilily of growing follicles
(Mommiaux el al., 1983).

Feasons for low smbryo recovery

The differences in ovarian response with respect
to Lthe number of corpora lutea and the embryos colleclted can
bre explained in various ways & -
£1)  Lack of egg uptake by the infundibulum  due to the

intense ovarian reacltion ¢ Ovary size might be such
that the fimbriae are incapable of inveslting lthe ovary

aufficiently to allow complele recovery of ova {(Hafez

Lo 1943y Becker and Pinheiro, 198b; Bono gl al..

1991 .

3



L3
~

o
o

(5

(&)

Premature or delayed ovulation (asynchronous ovulation)
{(Mewcomb et al., 1976: Becker and Pinheiro, 19866y

Zeitoun gl

Loal., 1991,

Delayed egg or embryo descent becauvse of imbalance in
the gonadal steroids (Becker and Pinheiro, 1988).
PFrecelerated  egg  or  embrye descenlt  into the ulerus
because of The same ovarian hormone imbalance (Newcomb
el al., 1976y Becker and Pinheiro, 1984 Hawk, 1988).

Deviant sysltemic endocrine profiles affecling early

embryonic development (Mafez gl al., 198633y Newcomb gl

al., A97&: Elsden gl al., 1978 SBaumande, 19803 Foole

and  Ellinglton, 1988; Zeiloun gl 1991y Armstrong,

Gi
ot
®

¢

I

1993) .

Buboptimal sperm Lranspori leading to low fertilization
rates or complelte absence of fertilization (Hafez el
al., 1963y Hawk, 1988; Hunter, 1988; Hyttel gl al.,

1991 Armsteong, 1993).

Ariovulatory  follicles have also been reported by
Gilvas el &l 1981 and Kutiner A978 afler FMSG

treatment for superovulalion .

Tt was  suggested by Sreenas (1978 that tThese

follicles persislted due Lo thelr failure to  bind

sufficient quantity of LM during pre-ovulalory surge.

104



Fecker and Pinheiro (1984) also found 11.9  per
cent  luleinized Ffollicular cysts and concluded That
lack of egg uptake by the infundibulum had cccurred in
cases of increased ovulation, wilh excessive increase

in volume of the ovary.

Bhalttacharya el @l (1989 also reported
development of anovulaltory follicles following
superovulation wilth PMBEG in crosshred cows. These
follicles disappeared spontaneocusly and were not

palpable on recltal examination afler a week's lLime.

o

The wuse of PMBG tas been associaled with  high
numbers of unovulated follicles because of its  long

half~life in  bleood (Boland el al., 1991; Zeitoun

~O

al., 19910,

The growth and maturation of small follicles
stimulated by PMBG continued aflter the pre-ovulaltory LM
surge and resulled in the post-ovulalory oesltrogen rise
(Moyaert el al., 1985%) and the increased number of

large ancovulaltory follicles.

PMOBG treatment revealsd increases in ovary volume
te the size of an orange with a number of cases of
ovarian coysts and irregularities in return To normal

cyclic activity (Borno gt al., 19%91).
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Fhotomicrograph of & bovineg embryo, 100X
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A bovine embryo showing first signs  of

LRV

degeneralion, 200X

A odegenerated bovine embryo, Z00X
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LH assay was carrvied oul on six cows L3 cows each

of unprimed groupfcow number 1,7 and 3  and  primed

groupl{cow number &,7  and 831 plus two cows of  the

conltrol group.

F&H assay was carried oul on Lhree cows of  the

unprimed  group  only {(cow number 1,7 and &) plus  fwo

cows of The conirol group.

Tables showing the concentration of LH and FBH in
The above menlioned cows and Lheir respective graphs
showing the patltern of changes in  LH and Fres

concentralion are given below -
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Table 4.14 =

Sample
Mo

Feak level 1

level of

Cow o 4

EHVBEGLS m

-
-

Lk

Hours
PG injeclion

e

e 4.
wd

&0
&Hd
& &
e

3

£

7é
T8
80

or

[=8

&4

The
ohsevrved

parficular

The
observed

particular

ASSAY

from

The

1.2520.85

and

respecltivel y)

&

I /ml

of

ighest

table for

Cow No.
F.5

&
4

lowest value or
amorgsl

COW.

value
amongs
COW .
control cows
m L./ ml (1.0
, respecltively)
(29

and 28 m

L.

Control

Concentration

all the

all

exhiibited,
ard
of

oo /ml

COows

1 i

concentration

samples

ar concentration

the

an
Ta3 m
L

and &

for

no. 1

{m

samples belonging

@an

I1.U.7ml

cantrol

and #Z.

I.U./mis

1.5

of the hormone

belonging to &

of the hormone

to &

average, a basal

for control

peak level of

cow no. 1 and
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tLH assay ~ table for Unprimed cows no. 1,2 and 3.

SGample Hours from Concentration {(m LI.U./ml)

"o F) G i J X 'L GBI} e e e o e s s e e s e s i 5 s 1 e s 1 o e s T s S G e o 1

Cow no. } Cow no.

O.75%

15 0,75

1.5 1,75 1.5
6y

e & Q.75
1.%

o
fores
£
oo
WS et

w7 & 1.75 4 3.5

oy o _ ) -
20 7 & & n S 3
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Takbhle 4.6, 3 LM assay - table for Primed cows no. &,7 and 8.

Sample Hours from Concentralion (m I.U./ml)

Mo, FECE L1060 0D L BT oo o o o o i e s e e e et e e e

Cow no. & : Cow no. 7 i Cow no. &

4 4 4 e 1.5
s & 1.5 1.5 JCI
32 12 4.5 ) il
4 1é&
i AS)
& =4
7 &éa
& =8
4 jcv]
10 a2
11 34
1 3é
13 I E) Pk
14 40
15 Y
1é 44
17 &b
1 48
50
S
54
5é

58 15

w

NS SRR DO NR SY A
;
n
-
=
¥
fg
o

™
£y
.

iy
~} if
L

4.5

et

iy
ia
3

ES s [ R+
) /

o 110 38

B O
:

i

PR
Mmoo

O

w73 & 1.5

il
£
vt
2=

a3 i
& £

0.5
) &

o
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The unprimed cows exhibited, on an average, &

bhasal level of O.416420.0833 m L.U./ml (0.3, 0.3 and 0.25%

mo LoU./ml for cow noat, @ and 3F,respecltively) of LM whereas in the

primed cows This value was  0.5833R0.0838 m I.U./ml (0.5, 0.75%

and 0.3 m I.U./ml Ffor cow no. &,7 and &, respeclively? of  LH.

The difference belwesn LThe lwo groups was non-significant

(F=0.0%),

The unprimed cows exhibited, on an average, a peak

level of 55.33:32.95 m L.U./ml (12, 480 and 24 m I.U./ml for cow

no. 1,2 and 3, respectively) of LH whereas in the primed cows

this wvalue was 57.686E26.43 m I.U/ml (85, 110 and 38 m  L.U./ml

for cow no. b, 7 oand 8, respectively) of LH. The difference

hetween Lthe two groups was found teo be non-significant (PX0.05).

124



Table 4.17 & FBH assay —~ table for Control cows no. 1 and 2.

Sample Hours from Concentration {m I.U./ml)
Cow no. i Cow no. 2

1 2 4 3

! ¥ a 0.5
&0 4 1
4 éd 0,75 4
i HE & &
& e 13 O.75
y 74 4 10
& Té 4 ‘
) TE é {
10 &0 3 20
11 &z 7E
1 &4

. MY

3 0

r O
o
I

The control cows exhibiled, on an average, a basal
level of 0Q.625X0.125% mwm I.U./m)l (075 and 0% m 1.U./ml for
control cow no. 1 and 2, respeclively) of FSH and & peak level of
FTELGEEE.5 m LaU/ml (13 and 20 m I.U./ml for control cow noeo 1 and

g, respeclively) of FSH.
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Table 4.18, & F&H assay — Table for Unprimed cows no. 1,2 and 3.

SGample Hours from Concentratioca (m L.U./wl)
MG . FICR B TY5 0 0 b C3TY v v oo o o i e 1 0 i 0 5 it
Cow no. 1 v Cow 1o i Cow no. 3

O“Ti:)

&

e
HIR AN

i:

o 25 1

o b

e
:

i
:

n
!
o)
'

£33
£
S B
S8
.
o3

N

G
13
Y

——de
i
1
Ll

HE s
-~
LA
=

§ o
i

S,
5
if
™ YRRy
IR N MRy M

*3

™
H

i

HY

4

S

z
£ow) o L
Y

N

83

___,____.__:.__\3

HES

- O
=
~i
51

HA

A
LS
B
oy
8-
—~
<
N
~§
L
oMY 7R MY T
ioi i

20 SE 0.75 &

,
:
i
Y
e
n

it
IS8
i

1

.

s
i
f —
—
L3

FaS

Y

7.3 My
{23 i}
P,

Pl

2

i

if

s

i

b & 1 4

&8 &8 3 0.5 <}
=9 70 & o 3
20 e 3 1 &
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The unprimed cows exhibited, on an average, A
basal level of O.23TE0OAEE w L.uU./ml (0.1, 001 and 0.5 m I.U./ml
for cow no. 1, & and 3, respectively) of F8H and a peak level of

TEZ.331464.68 mw LUL/ml 0494, 3 and 200 m I.U./ml for cow no. 1, &

and 3, respectively’ of FSH.

The unusually low peak level of FEH (B m I.U./ml)
in Lhe unprimed cow nio. & could rnol be explained. Perhaps, The

gndogencus FSEH level never reached & higher value.

The secreltion of LH and FGH was {found Lo  be
pulesatile in the superovulated and conlrol Rathi  cows. These
findings are in accordance with those of Rahe el al. (19807,
Seohallenberger gl al. (1984), Walters and Bchallenberger {(1984),

Walters el al. (1984) and Yadav gl al. (1986a).

More freguent blood sampling {every 30 minutes or
every hourl) mighl be advocaled for fulture research programmes Lo

determine Lhe pulse frequency.

A
il
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Table showing interval from PG

peak {hours)

PG injection Lo
FEH peak (houwrs)

FEH

Cow nio. peak

Comntrol cow nio.

Unprimed cow no.
4 4.4

e 4

a4

The mean interval from

was observed be 7é&E4 hours in Lhe control

hours din the unprimed cows.

The mean interval from FSH

ghserved Lo be O hour in the conbrol cows

coincided witlh the onsel of cestrus in The

this interval wasg found to ke 1.332E0.&64 hour

COWS . In {Cow 3

1

agre of the unprimed cows Y0 .

EX

found Lo coincide with Lthe onsel of oeslrus.

130

and FEH peak Lo oesstrus

to
{houra)

)

&

injection

COWs

pealk
a8

control

5

¥

injection

11

the

Lo

(hours).

oestrus

(coinciding?

(coinciding)

(coinciding?

Lo F&SH

anad  20.466

to gestrus

the FSH
caows,
the

FaH peal

unprimecl



4,20, 1 Table showing interval from PO injecltion to LH peak

{hours) and oestrus to LH peak (hours).

Cow na. PG injescltiaon Oestrus to LH
to LM pealk {(hours) peak {hours)

Control cow no.

o Y 4
Urniprimed cow  No.

1 46 O {coinciding)

RY

g, -
28 i

22 i

F]

Frimed cow no.

& 28 el

=4

50 &

7y

3
i
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The LH pealk occcurred at & mean inlterval of 784
Bours from PG injection in the control group, 38.383106.3% hours in
the unprimed cows  and  4é&6E4 hours din the primed cows, the

difference belween Lhe unprimed and the primed cows  being none

significant (PrO.05).



The resulls are in accordance wilh the Ffollowing
scientists who reported this interval To bhe 82 hours in controls
(Yadav el al., 198bad: 37 hours (Yadav el al., 1986a), J&.6%6.4

fours (Kweon el al., 1987) in PMEG trealed cowsy 46.8r5.9 hours

(Kweon el al., 1987 in FBH trealed cows.

The mean interval frowm oesltrus to LH  pealk was
ohserved Llo ke Z hours in control cows, 1.33X0.646 hours in  The
unprimed cows  and £ hours in the primed cows, UThe difference
belween the unprimed and The primed cows Dbeing non-significant
(P=0.05)., Only ivn one of the unprimed cows {(cow no. 1) the LH

peak was found to be coinciding with the onsetl of ocestrus.

The resulis are in accordance with the following
scientists who reported this interval Lo be 2 hours (Yadav el

al ., 1984by Yadav, 1988), average £ hours (Sprague gt al., 1971)

and 1.9420.54 hours (Bevers and Dieleman, 19877 in supesrovulaled

COWSE .



The growlh of scientific understanding is  limited
by the methods available lo enhance il, can be limited by failure
te use the besl method to promolte i1 and may nol only be limited
but inhibited by The improper application of even LThe most

appropriate melhod,

In the present investigation il was seen Tlhat
priming brad 710 significant bhenaficial effect an Lhe
superovulaltory response. Perhaps, & change in the dose (larger
dose) or & change in the day of priming may egxert ]

significantly positive effect on superovulalion.

Three of tThe ten superovulalted cows revealed
ancvulatory follicular cysls. It was suggeslted by Breenan (1978)
that these follicles persisted due to their faillure Tto  Dbind
sufficient quantity of LH during pre-ovulatory surge. Perhaps an
gxogenous  source of LH, in the form of GnRH or HCG injecltion  at
the time of H.1., could improve ovulalion rate and hence increase
The superovulatory response. OGnRH resullted din & significant
increase in  the ftoltal number of embryos recovered and &
Ltendency for increased number of feriilized ova and Itransferable

embryos (Savage and Mapletoft, 1984).

Though  the number of embryos recovered was small
bt zvern this rate of superovulaltion and embryo recovery lends
credibility Tto 1TLhis lechnigue in its wultimale objeclive of
rapidly increasing Uthe number of offsprings  from SUperior

animals, It is now open for speculaltion thal whelher the eqggs

472732

oF Sead



which we I e unaccounted for had been expelled from the
genital tract afler premalure entry into the ulterus or whelher

Lhey were "tube-locked” i.e. relained in the oviducls.

Because of The continued stimulation of ovaries
caused by the longer half-life of PMBG, most of the cows revealed
large sized ovaries alt the time of {flushing. Might be thal the
fimbriae were incapable of investing the ovary leading to &
failure of recovery of the ova by the infundibulum (Hafez gl al..

1963y Becker and Pinheiro, 19865 Bono el al., 1991, Perhaps,
Treatment with & smaller dose of PMBG and incorporation of anti-
PMEG in the superovulalory regimen may allevialte this problem.

PHMSG antiserum was  found to resull in  higher ovulalions, a

ation

decreased number of unovulalted follicles, & beller ferlilisz
rate and & shorter exhibilion of external symploms of heat with
less inseminaltions to bhe performed, when used alongwith PMSG  for
superovulation in cows (Dhondt gl al.. 1978). Adverse effect on
embryo quality due to cvarian hyperstimulation by PMBG after
ovulation can be effeclively controlled wilh an anti~-PMBGE  serum
injeclted al oestrus  in cows  (Baumands el aluy 19843 .
Meultralization of PMEG at &0 hours afler the PG dinjecltion
prevented the rise of ﬁastvadiol concentration and improved the
fertilization and embryo recovery rate. Belier resulls can he
egxpected by incorporating GnRH and/or PHMSG antiserum in Lhe PMBG
incorporalting superovalation proltocols. In  Lhe end it i%
worthwhile to suggest thal superovulalion trials may be conducted’

o more number of animals.
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SUMMARY



5. SUMMARY

The present investigaltion was undertaken to study
{1y the superovulaltory response and non—-surgical embryo recovery
in Rathi cows, superovulated with PMSG, with and withoul priming,
(2 the endocrineg profile (in terms of LH  and FSH) in
superovulated and control cows. Im all 12 animals wWe e
undertaken for the study, & were kepl in the control group and
the rest 10 were allocated to lwo different Trealment groups.

Destrus  was synchronized prior lto éupermvulatiOﬁ
in all animals. Mo significant difference (P>0.05%) was observed
in mean interval from PG indecltion teo ocesltrus inducltion belween
the unprimed and the primed cows (HOE7.58% hours and  &%.657.960
hours, respeclivelyl.

The superovulatory oestrus occurred belween Z4 Lo

N

48 hours in all animals in Lthe two different Trealmenl qgroups.,
with no  significant difference between Lthe unprimed and the

primed cows (PHO.05).

The post-superovulatory relurn to ceslrus occourred
atl  a mean interval of 16.8L£0.668 days in The unprimed cows as

compared to 19.251.465%% davs in the primed cows, the difference

being non-significant (P>0.03).

The mean  ovulation rate was 9.25:0.85%4 and
1201 T7EE v the unprimed and the primed cows, respecltively.
Alihough the ovulalion rate was higher for the primed group, the

difference ohserved was non-significant (P:0.0%).
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The AMNOME for ovarian lenglh, width and thickness
revealed a highly significant (P<0.01) effecl of the stage of the

cycle and noe effect of trealment and site of Lhe ovary.

27y

in &all, no significant effect of priming was

(S8
~
i)

ahserved on Lhe supesrovulalory response.

Mon—-surgical embryo recovery was carried oul on
Fih oand 8th days after A.1.. & fotal of 11 embryos were recovered
from the donor cows, oul of which only 7 were viable while Ulhe

ather 4 were degeneralted. Three of the 10 superovulaled cows

exhibilted anovulaltory follicular cystis.

The control cows exbibited, on an average, hasal
and  peak  values of 1.2520.25% and 28.520.5% m L.U./ml  of  LH,

respecltively.

The unprimed cows exhibited, on an average, basal
and peak values of 0.416630.0833 and 55.33E32.93% m L.U./ml of LH,
respecltively, whereas these wvalues in the primed group were
0L.5833E0.0833 and B7.66186.43 w L.U/ml of LH, respectively. The

difference belween the two groups was non-significant (PX0.05),

The control cows edhibilted, on an average., bhasal

o

arnd peak values of 0.4625%20.12% and 1&.5%XF.5 m I1.U./ml  of F&5H,

The unprimed cows exhibited, on an average, basal

0L 13T and 13203

and peak values of G L ES m T.UL/ml of FEH.,

respectively.



The secrelhion of LH and FSH was found to be

pulsatile in the superovulalted and conltrol Rathi cows.

Alihough there are numerous sources of variatiOﬁ;
but  for supercvulaling the Ralthi cows, slightly lower dose of
PMSG (compared  to thal uvsed in the present invesltigalion i.e.
2000 to 2500 1.U) is recommended. A larger priming dose or &
change in the day of priming may be tried. Preparaltions like GnRH
or HCG and PMBG anliserum may also  be incorporated in  lthe

superovulation prolocols.
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ABSTRACT OF THE THESIS SUBMITTED BRY SANMJAY BHOJWANI ENTITLED
"SUPEROVULATORY RESPONSE AND NON-SURGICAL EMBRYO RECOVERY 1IN
RATHI COWS'" FOR THE AWARD OF M.V.S5c. DEGREE IN THE SURJECT OF
OBSTETRICS AND GYNAECOLOGY (INCLUDING ARTIFICIAL INSEMINATION)Y TO

THE RAJASTHAN AGRICULTURAL UNIVERSITY, BIKANER.

ABSTRACT

The present investigaltion was conducted to siudy

supegrovulation and non-surgical embryo recovery in Halhi cows.

Ten cows were divided inlto 2 groups — tThe unprimed
and  the primed groups, & cows were kepl as controls. All the
cows  {exceplt controls) were superovulalted witlh PHMBG, oestrus
being synchronized by using prostaglandin F-2 alpha. 6.1, was

performed at  superovulalory ocestrus and non-surgical embryo

recovery was performed on 7th oand 8ith days afier ALL..

Mo significant difference (PX0.0%) was observed
between the unprimed and ihe primed cows regarding mean interval
from PO dinjection to dinduction of normal ocestrus, superovulalory

peslrus, post-supesrovulalory relturn to ocestrus, mean number of

follicles, . mean ovulation rate and ovarian paramelers {mean
length, width and thickness). A total of 11 embryos wera

-

recovered from the donor cows of which 7 were viable and 4 were
degeneralted. Overall, no bhensficial effect of priming Wa %
oheerved., The LH and FSH secrelion was found to be pulsatile in

superovulated and control cows.
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