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ABSTRACT

Lac ta ting dai ry cows ex pe rien ce a tem po ra ry in fer ti li ty syn dro me. The re is a mul tipli ci ty of fac tors con tri bu -

ting to ear ly and late em bry o nic los ses. Some of the se fac tors be gin wit hin the post par tum pe ri od in as so ci a ti on

with dy na mic me ta bo lic and con di ti on chang es of the cow. Other fac tors in clu de ute ri ne he alth, as the cow en -

ters the bree ding pe ri od. Pro gram ming the pre o vu la to ry pe ri od with op ti mal re cruit ment and growth of the fol -

li cle in flu en ces sub se quent qua li ty, vi a bi li ty and sur vi val of the em bryo via di rect ef fects as so ci a ted with qua li ty

of the oo cy te and in di rect ly via en do cri ne re gu la ti on (i.e., fol li cle and cor pus lu teum func ti on) of the ovi duct and

ute rus. The ma ter nal-em bryo unit ap pe ars to be res pon si ve to re pro duc ti ve ma na ge ment as well as phar ma ceu -

ti cal and nu tra ceu ti cal pro grams to en han ce preg nan cy ra tes.   

SAMENVATTING

Hoog pro duc tie ve melk koei en er va ren een tij de lij ke pe ri o de van ver min der de vrucht baar heid tij dens de pe ri o de kort 

na het af kal ven. Vroe ge en late em bry o na le sterf te spe len hier in een be lang rij ke rol en wor den be ïnvloed door een veel -

voud van fac to ren. Heel wat van die oor za ke lij ke fac to ren vin den hun oor sprong in de pe ri o de vroeg na het af kal ven,

die ge ken merkt wordt door me ta bo le en con di ti o ne le ve ran de ring en bij de koe. Een an de re be lang rij ke fac tor is de al ge -

me ne ge zond heids toe stand van de ute rus op het mo ment van in se mi na tie. Het mo ni to ren van de pre o vu la toi re pe ri o de

(de re kru te ring en groei van de do mi nan te fol li kel) be ïnvloedt in be lang rij ke mate de kwa li teit en de le vens vat baar heid

van het ge vorm de em bryo. Dit kan ge beu ren door het be ïnvloeden van de ei cel kwa li teit of via en do crie ne mo du la ties

die een in vloed heb ben op de ei lei der en de baar moe der. Een goed fer ti li teits ma na ge ment in com bi na tie met een ge past

far ma ceu tisch of nu tri ti o neel ing rij pen kan de vrucht baar heids re sul ta ten doen ver be te ren.

INTRODUCTION

In high pro du cing dai ry cows, herd preg nan cy ra tes

are re du ced due to poor es trus ex pres si on and/or de tec ti on, 

anes trus, low con cep ti on ra tes and in cre a sed em bryo

mor ta li ty. Fur ther mo re, the se im pe di ments to op ti mal re -

pro duc ti ve per for man ce are exa cer ba ted un der stres sful

en vi ron men tal con di ti ons such as heat stress. Re a sons

for the de cli ne are mul ti-fac to ri al and not en ti re ly as so ci -

a ted with an in cre a se in milk pro duc ti on (Lucy, 2001).

The chal lenge, to cha rac te ri ze the fac tors com pro mi sing

em bryo de ve lop ment and de ve lo ping stra te gies to im -

pro ve em bryo sur vi val in the lac ta ting dai ry cow, is com -

plex. It should in vol ve se ver al cru ci al steps in fer ti li ty

such as ste roi do ge ne sis, fol li cle de ve lop ment, ovu la ti on,

fer ti li za ti on, cor pus lu teum de ve lop ment and main te nan ce,

ovi duc tal and ute ri ne func ti ons, em bryo de ve lop ment

and func ti on, im plan ta ti on and sub se quent fe tal growth. 

Indeed our cur rent day pro duc ti on and re pro duc ti ve ma -

na ge ment sys tems im pact on all of the se coor di na ted

events which need to be op ti mi zed if re pro duc ti ve ef fi -

cien cy in lac ta ting dai ry cows is to be en han ced.  Objec ti ves

of this re view ar ti cle are to cha rac te ri ze ear ly em bry o nic

mor ta li ty and des cri be the pos si ble cau ses and po ten ti al

re me dies to im pro ve preg nan cy rate. 

Embryo de ve lop ment and los ses

Du ring the ear ly cle a va ge sta ges from 1-cell through

to the ear ly blas to cyst sta ge, at day 8, the em bryo stays
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wit hin the zona pel lu ci da (Sree nan et al., 2001).  Bet -

ween 3 and 4 days af ter fer ti li za ti on, the em bryo mi gra tes 

from the ovi duct to the ute rus at the 8-16 cell sta ge.  At 5

to 6 days (16-32 cell sta ge), the em bryo un der goes com -

pac ti on and be gins to be de sig na ted as the mo ru la. At 8

days of age, the blas to cyst de vel ops the blas to coel ca vi ty

and cells (~120 cells) as so ci a ted with the in ner cell mass

(25%) and trop hec to derm (75%). At ap proxi ma te ly 9 to

10 days, the blas to cyst hat ches from the zona pel lu ci da

and un der goes ex pan si on un til it be gins to elong ate at ap -

proxi ma te ly 13 days of age. Elong ati on re pre sents a

trans iti on in ap pe a ran ce from sphe ri cal to ovoid to fi la -

men tous with em bryo length in cre a sing from 5.25 mm at

day 13 to 52 mm on day 16.  On day 17, it is not un com -

mon to see em bry os plus ex traem bry o nic mem bra nes

with lengths of 30-40 cm that oc cu py the ma jor part of the 

ute ri ne horn ip si la te ral to the CL. Ho we ver, the re is con -

si de ra ble va ri a ti on in size of em bry os. Ear ly at tach ment

of the con cep tus oc curs at day 19 with vi si ble ca run cu lar-

 coty le do na ry at tach ment points faint ly vi si ble on day 21.  

At day 42, the em bry o nic pe ri od ends with com ple ti on of

dif fe ren ti a ti on. The em bryo is now cal led a fe tus in which 

the ma jor tis su es, sys tems and or gans are for med.

Se ver al re cent re ports have eva lu a ted fer ti li za ti on ra -

tes in mo dern day high pro du cing dai ry cows who se

over all fer ti li ty is low. In stu dies in vol ving the use of the

6-day old bo vi ne em bryo (i.e., mo ru la) as a bi o mo ni tor, it

was de mon stra ted in non-lac ta ting dai ry cows that fer ti li -

za ti on ra tes were 66, 74 and 82% when in se mi na ti ons

were made at 0, 12 and 24 h af ter on set of es trus, res pec ti -

ve ly (Dal ton et al., 2001). The per cen ta ges of ex cel lent to 

good em bry os were 77, 52 and 47% for the 0, 12 and 24 h

time pe ri ods. Con se quent ly, AI 12 h af ter on set of es trus

is the re com men ded time for in se mi na ti on, which is a

com pro mi se be tween a po ten ti al ly lo wer fer ti li za ti on

rate at 0 h AI and lo we red em bryo qua li ty with AI at 24 h.  

A re cent sum ma ry in di ca tes fer ti li za ti on ra tes are si -

mi lar be tween lac ta ting and non lac ta ting dai ry cows and

ave ra ged 76.2% and 78.1%, res pec ti ve ly (San tos et al.,

2004a). Ho we ver, at days 5–6 post-in se mi na ti on in lac ta -

ting cows, only 65% of the fer ti li zed eggs are con si de red

vi a ble. Thus at 5 to 6 days af ter in se mi na ti on po ten ti al

preg nan cy rate is ap proxi ma te ly 50% con si de ring both

fer ti li za ti on fail ure and poor em bryo de ve lop ment. With

the use of ul tra sound di ag no sis at 27-31 days, preg nan cy

ra tes are 35-45% which re flects ad di ti o nal em bry o nic

loss of ~10%. Con se quent ly, be tween days 5 to 30 af ter

in se mi na ti on em bryo los ses are ap proxi ma te ly 48%. 

An al ter na ti ve and more prac ti cal mean to es ti ma te

em bry o nic los ses is to fur ther di vi de em bry o nic los ses

(EL) into ear ly (EEL) and late (LEL) em bry o nic los ses

that are de ter mi ned with such tech ni ques as milk pro ges -

te ro ne (P4), preg nan cy spe ci fic pro tein B (PSPB; a

pro tein se cre ted by the bi nu cle a te cells of the trop hoec to -

derm), ul tra sound (US) and rec tal pal pa ti on. Hum blot

(2001) pro po sed that lu te o ly sis wit hin 24 days af ter AI

could be as so ci a ted with eit her a lack of fer ti li za ti on or

EEL that did not al low the CL to be main tai ned. In con -

trast, ex ten ded CL main te nan ce and re turn to es trus af ter

24 days could be as so ci a ted with LEL oc cur ring at or

more than 16 days af ter AI. With this ra ti o na le and uti li -

zing a se quen ce of the se tech ni ques, cows were clas si fied 

preg nant or ex pe rien cing eit her EEL or LEL. In a stu dy

in vol ving 44 dai ry herds (1395 Hol stein cows) of low

fer ti li ty in a tem pe ra te en vi ron ment of Fran ce, preg nan cy 

rate, EEL and LEL ra tes af ter first AI were 42.9, 31.6 and

14.7%, res pec ti ve ly (Hum blot 2001). Nu me rous es ti ma -

tes of LEL ap proxi ma te 12.8% (San tos et al., 2004b), ba -

sed upon a po si ti ve preg nan cy di ag no sis via ul tra sound at 

~27 days and no preg nan cy at 45 days upon rec tal pal pa -

ti on. The se are in ag ree ment with the above laboratory

and rectal palpation estimates. 

Phy si o lo gi cal wind ows con tri bu ting to preg nan cy
los ses

Cy cle pri or to in se mi na ti on and pe ri o vu la to ry pe ri od

 Se ver al re ports in di ca te that low plas ma pro ges te ro ne

con cen tra ti ons du ring the lu te al pha se of the es trous cy -

cle pre ce ding AI were as so ci a ted with lo wer fer ti li ty than 

cows with high plas ma pro ges te ro ne con cen tra ti ons.

Pro ges te ro ne con cen tra ti ons can in flu en ce se ver al phy -

si o lo gi cal events such as ova ri an fol li cu lar dy na mics and

sub se quent ute ri ne func ti on. Sangs rit avong et al., (2002)

de mon stra ted in clas si cal ex pe ri ments that li ver blood

flow was ele va ted fol lo wing fee ding in non lac ta ting and

lac ta ting dai ry cows. Both pro ges te ro ne and es tra di ol

me ta bo lism in the li ver were ele va ted acu te ly with feed

con sump ti on. Hig her ra tes of li ver blood flow and ste roid 

me ta bo lism in lac ta ting dai ry cows may re flect the chro -

nic ef fects of hig her feed in ta kes le a ding to lo wer ste roid

con cen tra ti ons. The lo wer con cen tra ti ons of pro ges te ro ne

and es tra di ol in lac ta ting dai ry cows com pa red to non lac -

ta ting dai ry cows (De La Sota et al., 1993; Sar to ri et al.,

2002a) ap pe ar to in flu en ce ova ri an fol li cu lar dy na mics.

Evi den ce sup port the con cept that lac ta ting dai ry cows

have a gre a ter num ber of  lar ger fol li cles, a lar ger ovu la -

to ry fol li cle, lo wer con cen tra ti ons of es tra di ol, and a

long er in ter val to ovu la ti on. Of cri ti cal im por tan ce is the

sub se quent abi li ty of the oo cy te ari sing from such fol li cles

to form nor mal em bry os. Sar to ri et al., (2002b) de mon stra -

ted that day 5 em bryo qua li ty was re du ced in lacta ting dai ry 
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cows. Pos si ble gre a ter cle a ran ce of es tra di ol in high pro -

du cing lac ta ting dai ry cows may re sult in less in hi bi ti on

of FSH se cre ti on that would al ter fol li cu lar de vi a ti on le a -

ding to a gre a ter oc cur ren ce of dou ble ovu la ti ons (Wilt -

bank et al., 2000). Fur ther mo re, lo wer con cen tra ti ons of

pro ges te ro ne may in flu en ce LH pul sa ti li ty and lead to

long er per sis ten ce of the do mi nant fol li cle. 

Israe li in ves ti ga tors (Sha ham-Alba lan cy et al., 2001)

es ta blis hed an ex pe ri men tal mo del to in du ce CL that se -

cre ted as cen ding con cen tra ti ons of pro ges te ro ne that

were sub stan ti al ly lo wer than con trol cows. Du ring the

next cy cle when pro ges te ro ne con cen tra ti ons were nor -

mal, both groups were chal leng ed with oxy to cin to eva -

lu a te PGF2a se cre ti on (i.e., 13, 14, di hy dro-15ke to PGF2a

[PGFM]) on day 15 of the cy cle. The PGFM res pon se in

the low pro ges te ro ne group was mar ked ly hig her. One

in ter pre ta ti on of the se fin dings is that low pro ges te ro ne

con cen tra ti ons du ring an es trous cy cle may have a de lay ed

sti mu la to ry ef fect on ute ri ne res pon si ve ness to oxy to cin du -

ring the late lu te al pha se of the sub se quent cy cle that ap p -

ro aches the time when the em bryo ini ti a tes main te nan ce

of the CL. A se ries of ex pe ri ments in beef catt le in di ca te

that shor te ned CL li fes pan as so ci a ted with first ovu la ti on

is as so ci a ted with pre ma tu re ute ri ne se cre ti on of PGF2a

(Inskeep, 2002). Oxy to cin se cre ti on from the CL may be

con tri bu ting to this phe no me non. Ho we ver, tre at ment of

the se cows with a pro ge stin du ring the syn chro ni za ti on

pe ri od eli mi na tes this pro blem. Whe ther such a phe no -

me non is con tri bu ting to ear ly em bryo de ath in lac ta ting

dai ry cows that have ano vu la to ry fol li cle tur no ver be fo re

in duc ti on of first ovu la ti on war rants in ves ti ga ti on. It is

clear that the pre o vu la to ry/pe ri o vu la to ry chang es in ste -

roids re gu la te sub se quent es tra di ol and pro ges te ro ne re cep -

tor con cen tra ti ons that in flu en ce sub se quent func ti ons of

the ovi duct, ute rus and ova ry.

An ad di ti o nal fac tor as so ci a ted with the pre o vu la to ry

pe ri od that re du ces fer ti li ty is the de ve lop ment of per sis -

tent fol li cles. Again this is cou pled with the lo wer con -

cen tra ti ons of pro ges te ro ne, which pre dis po ses the cow

to a hig her LH pul se fre quen cy and main te nan ce of the

do mi nant fol li cle. When a per sis tent fol li cle ovu la tes, the 

oo cy te is at a la ter sta ge of ma tu ra ti on (Mihm et al.,

1999). The oo cy te un der goes fer ti li za ti on but ear ly em -

bry o nic de ath oc curs.  It is im por tant to re cog ni ze this

phe no me non when we deal with ty pes of syn chro ni za ti on

sys tems. We need to use syn chro ni za ti on and/or ovu la to ry 

cont rol sys tems that do not en tail long pe ri ods of low pro -

ges te ro ne ex po su re. Se cond ly, it is ne ces sa ry to pro mo te

in duc ti on of a new do mi nant fol li cle that is in du ced to

ovu la te be fo re ex pres sing do mi nan ce bey ond a 5-day pe ri od.

Pe ri od of fol li cu lar do mi nan ce long er than 8 days is as so -

ci a ted with re du ced fer ti li ty (Aus tin et al., 1999). Nor -

mal ly cows have two or three wave cy cles. Fer ti li ty was

gre a ter in lac ta ting cows in se mi na ted af ter ovu la ti on of

the third-wave fol li cle that had de ve lo ped for fe wer days

of the es trous cy cle (81% preg nan cy rate) as com pa red

with two-wave cows (63% preg nan cy rate; Town son et

al., 2002). The long er de ve lo ped ovu la to ry fol li cle of the

se cond wave group should not be con si de red a per sis tent

fol li cle, but it does emp ha si ze the po ten ti al im por tan ce of

re crui ting a fresh fol li cle as part of a syn chro ni za ti on or

timed- inse mi na ti on pro gram. Opti mi zing fol li cu lar dy na -

mics, du ra ti on of fol li cu lar do mi nan ce, and length of the

proes trus pe ri od ap pe ar to be cri ti cal in al lo wing for ovu -

la ti on of oo cy tes that have a hig her pro ba bi li ty of pro du -

cing vi a ble em bry os. 

Post ovu la to ry cy cle

Ele va ti on of pro ges te ro ne soon af ter ovu la ti on may

ad van ce ma tu ra ti on of the ute ri ne en do me tri um and ac ce le -

ra te growth of the de ve lo ping em bryo (Bar nes, 2000).

Indeed, size of the ovu la to ry fol li cle in dai ry hei fers was re -

la ted po si ti ve ly to sub se quent in cre a ses in plas ma pro ges te -

ro ne con cen tra ti ons (Mo rei ra et al., 2000). A very in te res -

ting as so ci a ti on was shown among lac ta ti o nal sta tu ses

be tween ovu la to ry fol li cle vo lu me, sub se quent CL vo lu me

on day 7 of the cy cle, and plas ma pro ges te ro ne con cen -

tra ti on on day 7 (Sar to ri et al., 2002a). Ba si cal ly a clear

po si ti ve as so ci a ti on exi sted be tween ovu la to ry fol li cle

and CL vo lu me that ap pe a red to be si mi lar be tween hei fers,

dry cows and lac ta ting cows. Ho we ver, due to lac ta ti on sta te 

the ng/ml in cre a se in pro ges te ro ne con cen tra ti on per mm3

vo lu me of the CL was 2x gre a ter at day 7 for dai ry hei fers

and 1.38 ti mes gre a ter for dry cows com pa red to lac ta ting 

dai ry cows. It is clear that lac ta ti on is re du cing lu te al pha se

pro ges te ro ne con cen tra ti ons. The re du ced pos to vu la to ry 

con cen tra ti ons in pro ges te ro ne of lac ta ting dai ry cows

may re du ce em bryo de ve lop ment (Mann and Lam ming,

2001) and the re by re du ce in ter fe ron t pro duc ti on by the

sub se quent fi la men tous em bryo that would con tri bu te to

both EEL and LEL. Hern an dez-Ce ron and Mo ra les

(2001) re por ted that lac ta ting dai ry cows with a fol li cle <

15 mm be tween 12 to 14 days af ter in se mi na ti on had a

hig her con cep ti on rate (49.7%) than cows with fol li cles

>15 mm (37.1%). Per haps this re flects dif fe ren ces in fol -

li cu lar dy na mics of cows with 3 fol li cu lar wa ves ver sus 2

fol li cu lar wa ves. Cows with a smal ler fol li cle at 12 to 14

days may be cows un der going 3 fol li cu lar wa ves and

would ul ti ma te ly have a long er in ter val be fo re the con -

cep tus needs to abla te the lu te o ly tic se cre ti on of PGF2a. .

With the ad vent of ti med in se mi na ti on pro grams, in -

ves ti ga tors have been able to show that ano vu la to ry cows 

have a lo wer preg nan cy rate than cy clic cows which is
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not un ex pec ted. Ho we ver, LEL was also gre a ter in ano -

vu la to ry cows ver sus ovu la to ry cows (26% ver sus 15%).

Body con di ti on sco re at the time of bree ding is re la ted to

preg nan cy ra tes with low BCS being as so ci a ted with lo -

wer preg nan cy ra tes. A gre a ter de cli ne in BCS from cal -

ving to bree ding was as so ci a ted with gre a ter ra tes of LEL

(Ru tig li a no and San tos, 2005). Fur ther mo re, preg nan cy

ra tes are lo wer for mul ti pa rous cows than pri mi pa rous

cows (Ru tig li a no and San tos, 2005). This com plex of

res pon ses is symp to ma tic that em bryo de ve lop ment and

sur vi val are in flu en ced mar ked ly by the postpartum plat -

form of lactating dairy cows.

Occur ren ce of mas ti tis in flu en ces both EEL and/or

LEL. Cows that had cli ni cal mas ti tis du ring the first 45 d

of ge sta ti on were 2.7 ti mes at hig her risk of abor ti on wit hin

the next 90 d (Ris co et. al., 1999). Both days open and ser -

vi ces per preg nan cy were in cre a sed in cows with cli ni cal

mas ti tis that oc cur red be tween first ser vi ce and es ta blish -

ment of preg nan cy (Schrick et al., 2001). 

The sta tus of the ute rus in lac ta ting dai ry cows is li ke ly 

con tri bu ting to the in fer ti li ty syn dro me of lac ta ting dai ry

cows. A vi vid exam ple is the re pe at bree der cow that ap -

pe ars to be cli ni cal ly nor mal re gar ding the re pro duc ti ve

tract but has re pe a ted nor mal cy cles and fails to con cei ve.

A pro por ti on of the re pe at bree der cows have dis tinct al te ra -

ti ons in spa ti al en do me tri al ar chi tec tu re cha rac te ri zed by

wal led off and oc clu ded ute ri ne glands, de ge ne ra ti on of the

glan du lar epi the li um, thic ke ning of the un der ly ing stro ma,

and in fil tra ti on of eit her eo si nop hils or lymp ho cy tes or

both (Cupps, 1973). It was hy po the si zed that this lo ca li -

zed con di ti on was a car ry over from pri or in flam ma to ry

res pon ses to me tri tis and en do me tri tis in the ear ly post -

par tum pe ri od. This is an in te res ting ob ser va ti on in that

41% of nor mal lac ta ting dai ry cows (i.e., did not ex pe -

rien ce eit her ex ter nal di schar ges on the tail, pe ri neum and 

vul va or in ter nal ly by va gi nos co py be tween 20-33 days

post par tum) were di ag no sed with sub cli ni cal en do me tri tis

at 34-47 days post par tum and ex pe rien ced a lo wer preg -

nan cy rate to first in se mi na ti on (Ka si ma nic kam et al.,

2004). Is the re a pa ral lel be tween the re pe at bree der and

the high pro du cing po pu la ti on of cows re gar ding si mi lar

ute ri ne sta tu ses that com pro mi se em bryo sur vi val? Re -

cent fin dings in di ca te that re pe at bree der cows have an

ab nor mal pat tern of epi der mal growth fac tor (EGF) con -

cen tra ti ons in en do me tri al tis sue du ring the es trous cy cle

and that tre at ment in vol ving ex po su re to es tra di ol may

res to re a nor mal se cre to ry pat tern and fer ti li ty (Ka ta gi ri

and Ta ka ha si, 2005). Cle ar ly, the re pe at bree der pro blem

is mul ti fac to ri al in na tu re, but re ci pro cal em bryo trans -

fers be tween re pe at bree der and vir gin hei fers in di ca ted

that the ute ri ne en vi ron ment in re pe at bree der hei fers is

sub op ti mal for the sup port of nor mal em bry o nic de ve -

lop ment (Gus tafs son and Lars son, 1985). In lac ta ting

dai ry cows ma na ged in a tem pe ra te en vi ron ment, em -

bryo trans fer fai led to en han ce con cep ti on or cal ving ra -

tes com pa red to cows ar ti fi ci al ly in se mi na ted to a fixed

ti med in se mi na ti on pro gram (Sar to ri et al., 2005). Thus

the lac ta ting dai ry cow may have ot her li mi ta ti ons not

over co me by trans fer of an em bryo such as a sub-op ti mal

ute ri ne en vi ron ment as so ci a ted with lac ta ti on. The role

of growth fac tors and cy to ki nes on re gu la ti on of the em bryo

and ute rus war rant in ves ti ga ti on. Gra nu lo cy te-ma cro phage 

co lo ny sti mu la ting fac tor, that is pre sent in both the en do -

me tri um and em bryo, will sti mu la te ear ly em bryo se cre -

ti on of in ter fe ron-t (Rooke et al., 2005). Li ke wi se, in su -

lin-like growth fac tor (IGF-I), which is re a di ly se cre ted

by the ma ter nal unit and ex pres sed in the en do me tri um,

will sti mu la te in vi tro em bryo de ve lop ment (Mo rei ra et

al., 2002a) and im pro ve preg nan cy ra tes fol lo wing trans -

fer of in vi tro pro du ced em bry os that were cul tu red with

IGF-I (Block et al., 2003).

 Stra te gies to im pro ve preg nan cy ra tes

De ve lop ment and Opti mi za ti on of Ti med Inse mi na ti on
Pro grams

The abi li ty to con trol the time of ovu la ti on pre ci se ly

per mits a ti med in se mi na ti on, fol lo wing a pe ri od in

which fol li cu lar de ve lop ment and CL re gres si on have

been pro gram med se quen ti al ly. With the im ple men ta ti on of 

fixed ti med ar ti fi ci al in se mi na ti ons (TAI), spe ci fic ti med

tre at ments to im pro ve em bryo sur vi val can be im ple men ted 

ef fec ti ve ly. Such pro grams are es sen ti al in high pro du cing

dai ry cows that ex pe rien ce a re duc ti on in es trus in ten si ty

that con tri bu tes to un de tec ted he ats, re-oc cur ring lu te al pha -

ses wit hout es trus ex pres si on, or re-oc cur ring wa ves of fol li -

cles that fail to ovu la te. De ve lop ment of ti med in se mi na ti on

pro grams has been ba sed upon a tho rough un der stan ding of

the fac tors con trol ling ova ri an fol li cu lar growth.  

The OvSynch ti med in se mi na ti on pro gram per mits a

fixed time in se mi na ti on for first ser vi ce wit hout the need

for de tec ti on of es trus. The OvSynch pro gram en tails in -

jec ti on of GnRH 7 d be fo re and 48 h af ter an in jec ti on of

PGF2a and cows are in se mi na ted 12 to 16 h af ter the se -

cond in jec ti on of GnRH (That cher et al., 2004).  This sy s -

tem syn chro ni zes fol li cle ma tu ra ti on with re gres si on of

the cor pus lu teum be fo re the GnRH-in du ced ovu la ti on

and ti med in se mi na ti on. Nu me rous stu dies in di ca te that

preg nan cy ra tes (pro por ti on of all tre a ted cows that were

preg nant) to the OvSynch pro gram were com pa ra ble and

in some stu dies gre a ter than the ap propri a te con trol group

(That cher et al., 2004).  
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The re are se ver al sta ges of the es trous cy cle when ini ti -

a ti on of the OvSynch pro gram cau ses re du ced preg nan cy

ra tes. Ini ti a ti on of the pro gram be tween days 13 to 17 of

the cy cle or du ring the ear ly sta ges of the cy cle (e.g., days

2 to 4), re sults in lo wer preg nan cy ra tes. Pre syn chro ni za -

ti on of cows pri or to im ple men ta ti on of the OvSynch pro -

gram should im pro ve preg nan cy ra tes if cows en ter the

OvSynch pro gram at the most fa vo ra ble pe ri od of the es -

trous cy cle (i.e., days 5 to 12 of the cy cle). A pro gram de -

fi ned as Pre synch-OvSynch was de ve lo ped in which

pre-syn chro ni za ti on is achie ved with a stand ard es trous

syn chro ni za ti on pro to col (PGF2a gi ven twi ce at a 14-day

in ter val) with the OvSynch pro gram ini ti a ted 12 days af -

ter the se cond in jec ti on of PGF2a (That cher et al., 2004).

A Pre synch-OvSynch pro gram in cre a sed preg nan cy ra -

tes with 18 per cen ta ge units (i.e., 25% to 43%) in lac ta -

ting cy clic cows. Fu tu re pro grams for fur ther op ti mi za ti -

on of fer ti li ty li ke ly will con si der pro grams that

ma ni pu la te ova ri an func ti on such that fol li cu lar tur no ver

via ovu la ti on or in du ced fol li cu lar at re sia oc curs in all

cows, and lu te al pha se like pro ges te ro ne con cen tra ti ons

are sus tai ned un til the time of in du ced CL re gres si on. 

An al ter na ti ve stra te gy to con trol the time of ovu la ti on

is the abi li ty of exo ge nous es tra di ol to in du ce a LH sur ge

by sti mu la ting hy po tha la mic se cre ti on of GnRH when

gi ven in a low pro ges te ro ne en vi ron ment du ring late

dies trus and proes trus. An es tra di ol in du ced LH sur ge

lasts for ap proxi ma te ly 10 h, which is com pa ra ble to a

spon ta ne ous LH sur ge and long er than the LH sur ge in -

du ced by GnRH. Fur ther mo re, an exo ge nous in jec ti on of 

es tra di ol in the proes trus pe ri od will ele va te con cen tra ti ons

of es tra di ol in lac ta ting dai ry cows that are de fi cient in es -

tra di ol (i.e., due to ra pid cle a ran ce) and per haps im pro ve

sub se quent fer ti li ty. Estra di ol cy pi o na te (ECP) is used to

re pla ce the se cond GnRH in jec ti on of an OvSynch pro -

gram and is cal led He at synch (That cher et al., 2004).

Cows are pre-syn chro ni zed with two in jec ti ons of PGF2a?

gi ven 14 d apart with He at synch be gin ning 14 d af ter the

se cond in jec ti on of PGF2a. Cows are then in jec ted with

GnRH fol lo wed by PGF2a 7d la ter. The ECP (1 mg, i.m.)

is in jec ted 24 h af ter PGF2a, and cows are in se mi na ted 48

h la ter. Any cow ob ser ved in es trus pri or to the TAI

should be in se mi na ted at de tec ted es trus. Cer ri et al.

(2004) de mon stra ted that preg nan cy ra tes on d 45 af ter

AI were hig her for cows re cei ving a He at synch ma na ge -

ment pro gram com pa red to a pro gram in vol ving in jec ti ons

of GnRH and PGF2a gi ven 7 days apart and AI fol lo wing

es trus de tec ti on (i.e., 43% >35%).  

Bo vi ne So ma tot ro pin (bST)  to Impro ve Embryo De -
ve lop ment and Preg nan cy ra tes

Exo ge nous bST in cre a sed preg nan cy ra tes when ad -

mi nis te red as part of a TAI pro to col in cy clic lac ta ting

dai ry cows (Mo rei ra et al., 2001; San tos et al., 2004a) or

in pro to cols in vol ving cows being in se mi na ted at de tec -

ted oes trus (Mo ra les et al., 2001; San tos et al., 2004b).

Fur ther mo re, preg nan cy los ses were re du ced in preg nant 

cows that had re cei ved bST at the time of the GnRH in -

jec ti on of eit her an OvSynch pro to col or a GnRH-PGF2a

pro to col (i.e., 7 days apart) with AI at de tec ted es trus

(San tos et al., 2004).

Sin ce bST was ef fec ti ve at in se mi na ti on, it is li ke ly

that bST sti mu la ted em bry o nic de ve lop ment and sur vi -

val fol lo wing in se mi na ti on in lac ta ting dai ry cows. Se -

ver al stu dies sho wed that bST sti mu la ted bo vi ne in vi tro

ma tu ra ti on of oo cy tes and em bry o nic de ve lop ment (Iza -

dy ar et al., 2000; Mo rei ra et al., 2002a). Both bST and

IGF-1 sti mu la ted em bryo de ve lop ment and blas to cyst

cell num ber at day 8 in vi tro (Mo rei ra et al., 2002a).

Admi ni stra ti on of bST at AI to su per ovu la ted do nor

cows de cre a sed the num ber of un fer ti li zed ova, in cre a sed 

the per cen ta ge of trans fe ra ble em bry os, and sti mu la ted

em bry o nic de ve lop ment to the blas to cyst sta ge. Fur ther -

mo re, bST af fec ted both ear ly em bry o nic de ve lop ment

and re ci pient com po nents to in cre a se preg nan cy ra tes

fol lo wing em bryo trans fer (Mo rei ra et al., 2002b). In lac -

ta ting dai ry cows, bST tre at ment in cre a sed ex pres si on of

ovi duc tal in su lin-like growth fac tor II (IGF-II) mRNA

and en do me tri al IGFBP3 mRNA on days 3 and 7 of the

es trous cy cle, res pec ti ve ly (Pers hing et al. 2002). The

mRNA en co ding for the growth hor mo ne (GH) re cep tor

was pre sent in the en do me tri um and in cre a sed from day 3 

to day 7. The se fin dings in di ca te that the GH and IGF sys -

tem ap pe ar to be a func ti o nal com po nent po ten ti al ly af -

fec ting em bryo-ma ter nal in ter ac ti ons.

We have ex ten ded our in ves ti ga ti ons in vol ving bST to 

the pe ri od ap pro aching preg nan cy re cog ni ti on as so ci a -

ted with CL main te nan ce at day 17 in lac ta ting dai ry

cows (Bil by et al., 2004 a,b). Injec ti ons of bST (500 mg)

on day 0 (i.e., at a ti med in se mi na ti on) and 11 days la ter

in cre a sed preg nan cy rate (83% [5/6] > 40% [4/10]), con -

cep tus length (45 > 34 cm) and in ter fe ron-tau in the ute ri -

ne lu mi nal flus hings (9.4 > 5.3 mg) with no ef fect on in ter -

fe ron-tau mRNA con cen tra ti on in the con cep tus.

Tre at ment with bST in cre a sed plas ma GH and IGF-I.

Endo me tri al IGF-II mRNA was in cre a sed in the en do -

me tri um of bST-tre a ted cy clic cows. The in su lin-like

growth fac tor bin ding pro tein-2 (IGFBP-2) mRNA was

in cre a sed in bST tre a ted cows, whe re as ad mi ni stra ti on of 

bST de cre a sed the IGFBP-2 mRNA in cy clic cows. Bo -
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vi ne So ma tot ro pin tre at ment and se cond ge ne ra ti on re -

gu la to ry fac tors ap pe a red to mo du la te ma ter nal and con -

cep tus in ter ac ti ons that are beneficial to the developing

conceptus and pregnancy rate.

HCG in duc ti on of ac ces so ry CL, three wave cy cles
and en han ced preg nan cy rate

The op por tu ni ty to re gu la te ova ri an func ti on af ter in -

se mi na ti on to im pro ve preg nan cy ra tes is an ad di ti o nal

pro duc ti on ma na ge ment stra te gy. The abi li ty to in du ce

ovu la ti on of the he al thy first wave fol li cle on day 5 eit her

of the cy cle or af ter in se mi na ti on re sults in two al te red

en do cri ne sta tes. The hCG in du ces ovu la ti on with the

sub se quent for ma ti on of a func ti o nal ac ces so ry CL and

cows will ex pe rien ce three-fol li cu lar wave cy cles due to

the ear lier emer gen ce of the se cond wave fol li cle. Injec ti on

of 3300 IU of hCG in lac ta ting cows at 5 days af ter AI in -

cre a sed preg nan cy ra tes on days 28, 42, and 90, but late

em bry o nic and fe tal los ses re mai ned unal te red (San tos et

al., 2001). The re fo re, the po si ti ve ef fect of hCG was me -

di a ted by re du cing EEL. The be ne fit of hCG to in cre a se

preg nan cy rate was most ap pa rent in lac ta ting dai ry cows

lo sing BCS be tween AI and day 28 of preg nan cy. 

Effect of non-ste roi dal sup pres sors of pros tag lan din 
se cre ti on on re pro duc ti ve per for man ce

As des cri bed pre vi ous ly, 48% of the em bry os are lost

in lac ta ting dai ry cows be tween days 5 and 30 af ter in se -

mi na ti on. A cert ain per cen ta ge of the se los ses would be

as so ci a ted with a fail ure to at te nu a te the lu te o ly tic se cre -

ti on of PGF2a due to eit her in ade qua te con cep tus se cre ti on

of in ter fe ron-t or an in abi li ty of the en do me tri um to sup -

press PGF2a se cre ti on in res pon se to in ter fe ron-t. Dai ry

hei fers are an ex cel lent ex pe ri men tal mo del to exa mi ne

the wind ow of CL main te nan ce (i.e., days 16-17 days)

be cau se fer ti li za ti on ra tes, ear ly em bry o nic los ses and ul -

ti ma te preg nan cy ra tes are hig her than in lac ta ting dai ry

cows. When dai ry hei fers re cei ved flu nixin meg lu mi ne

(FM; 1.1 mg/kg BW; i.m) twi ce dai ly, 12 h apart on the

eve ning of day 15 and the mor ning of day 16 (Gu ze log lu

et al., 2006) preg nan cy ra tes were hig her at day 29 (76.9

%; 20 of 26 [FM] vs. 50 %; 13 of 26 [Con trol]; P < 0.05)

and ten ded to be hig her at day 65 (69.2 %; 18 of 26 [FM]

vs 46.2 %; 12 of 26 [Con trol]; P < 0.10). It would ap pe ar

that flu nixin meg lu mi ne (i.e., a non-ste roi dal in hi bi tor of

pros tag lan din syn the sis), ad mi nis te red two ti mes at a cri -

ti cal sta ge when the cor pus lu teum is main tai ned, in cre a -

sed ear ly em bryo sur vi val and preg nan cy rate via an ad -

di ti ve an ti lu te o ly tic ef fect with the con cep tus. Thus

stra te gies to at te nu a te PGF2a se cre ti on of fer pro mi se to

re du ce EEL in lac ta ting dai ry cows whe re such los ses are

even gre a ter. 

Se ver al ex pe ri ments per for med in vivo and in vi tro in -

di ca te that the ome ga-3 fat ty acids are able to de cre a se se -

cre ti on of PGF2a (Mat tos et al., 2000; Mat tos et al., 2003). 

Fee ding fish meal (8% of dry mat ter is oil which con tains

two po ly un sa tu ra ted fat ty acids of the n-3 fa mi ly, ei cos a -

pen tae noic acid [EPA, C20:5] and do co sa hexae noic acid

[DHA, C22:6]) in cre a sed fer ti li ty of lac ta ting dai ry cows

(Bur ke et al., 1997). Va ri ous fat fee ding stu dies are en -

cou ra ging in that se lec ti ve nu trients (i.e., ome ga 3 fat ty

acids such as EPA, DHA, a-li no le nic acids and ome ga 6

fat ty acids such as Li no leic and Mo noe noic Trans Fat ty

Acids) ap pe ar to be can di da tes to im pro ve preg nan cy ra -

tes (That cher et al., 2006). Some of the se fat ty acids (i.e.,

EPA and DHA) are ca pa ble of de cre a sing the se cre ti on of

PGF2a and would com pli ment the an ti lu te o ly tic ac ti on of

in ter fe ron-t (Mat tos et al., 2003). Both EPA and DHA are 

known to have dis tinct anti-in flam ma to ry and im mu no -

sup pres si ve ef fects that may ac tu al ly com pli ment the

nor mal im mu no sup pres si ve and anti-in flam ma to ry ef -

fects of pro ges te ro ne and in ter fe ron-t in ear ly preg nan cy. 

It would be in te res ting to de ter mi ne if cows fed anti-

 inflam ma to ry li pid diets would re du ce the in ci den ce of ear -

ly and late em bry o nic mor ta li ty as so ci a ted with the oc -

cur ren ce of mas ti tis. The ef fects of nu tra ceu ti cals, such as 

spe ci fic fat ty acids, on em bryo de ve lop ment and sur vi val 

war rant ad di ti o nal in ves ti ga ti on.
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