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ABSTRACT 

In the bov ine species, available informat ion f rom a l im i t ed number o f studies has 

resulted i n contradict ing opinions w i t h respect to the intra-ovarian presence o f G n R H - G n R H 

receptor system or direct effects o f G n R H o n ovar ian function. Therefore, experiments were 

carr ied out to examine: i f G n R H - R and G n R H m R N A are expressed i n bov ine ovary; the 

direct effects o f a G n R H agonist (buserelin) on steroid hormone secretion f rom granulosa 

ce l ls , luteal cel ls and luteal tissues; the effects o f buserel in o n m R N A expression for 

steroidogenic enzymes ( S t A R protein, P450scc , 3(3-HSD) and the apoptotic genes ( B c l 2 , 

B a x ) , and; the effects o f post-breeding G n R H administrat ion o n corpus lu teum ( C L ) function 

and pregnancy outcome i n H o l s t e i n cows. 

Resul ts f rom present study revealed G n R H - R m R N A expression i n granulosa cel ls o f 

sma l l , m e d i u m , and large fo l l ic les as w e l l as i n the C L . The sequence analysis o f R T - P C R -

ampl i f i ed products f rom granulosa cells and C L tissues revealed a complete h o m o l o g y to that 

o f bov ine pi tui tary G n R H receptor c D N A sequence. R T - P C R studies also revealed the 

poss ible evidence for presence o f G n R H m R N A expression i n granulosa cel ls f rom different 

s ize fo l l ic les . Buse re l i n e l ic i ted a dose-dependent biphasic response o n E 2 product ion f rom 

granulosa cel ls . A s imi la r trend i n P 4 secretion from luteal cel ls and luteal tissues was 

observed f o l l o w i n g buserel in treatment. G n R H antagonist alone (P = 0.07) or i n combina t ion 

w i t h busere l in resulted i n a significant (P = 0.004) s t imulatory responses o n P 4 output from 

C L tissues. In terms o f luteal steroidogenic machinery, G n R H - a treatment o f luteal tissues 

showed a m i l d (nonsignificant) s t imulatory response o n m R N A levels for S t A R protein and 

ii 



P450scc m R N A although; tendency for s ignif icance (P = 0.12) c o u l d be seen o n l y i n the case 

o f 3P-HSD. Buse re l i n treatment d i d not affect m R N A levels o f B a x and B c l 2 i n C L tissues. 

In response to post-breeding G n R H administrat ion, despite the slight (P > 0.05) e levat ion i n 

P 4 levels , no improvement i n pregnancy rates was observed. 

In conc lus ion , the present findings reveal evidence for the presence o f G n R H - r e c e p t o r 

m R N A expression i n bov ine ovar ian fo l l ic les and C L . Buse r e l i n ( G n R H - a ) caused a dose 

dependent b iphas ic response o n steroid output f rom bovine granulosa ce l ls , luteal cel ls and 

luteal tissue. H o w e v e r , the m R N A levels o f S t A R protein, P450scc , and 3P-HSD observed 

f o l l o w i n g busere l in treatment do not p rov ide the defini t ive evidence for the direct interact ion 

o f G n R H w i t h its receptor i n the above c e l l types and tissue. Post-breeding G n R H 

adminis t ra t ion d i d not result i n improved C L function or pregnancy outcome i n d ia ry cattle. 
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C H A P T E R 1 

G E N E R A L I N T R O D U C T I O N A N D L I T E R A T U R E R E V I E W 

1.1. I N T R O D U C T I O N 

Gonadot rop in releasing hormone ( G n R H ) , also k n o w n as lu te in iz ing hormone 

releasing hormone ( L H R H ) , is a v i t a l requirement for the state o f homeostasis o f 

reproduct ive processes. G n R H is a neuronal secreting decapeptide, p r i n c i p a l l y p roduced b y 

neuronal cel ls i n the med ia l basal hypothalamus ( M B H ) , and released i n a pulsat i le manner 

into the hypophys i a l portal c i rcula t ion. U p o n b ind ing to its receptors o n pi tui tary 

gonadotropes, G n R H initiates a series o f phys io log i ca l events leading to the synthesis and 

release o f gonadotropins, lu te in iz ing hormone ( L H ) and fo l l ic le -s t imula t ing hormone ( F S H ) . 

In a h i g h l y coordinated fashion, both the L H and F S H i n turn cont ro l the processes o f 

gametogenesis and steroidogenesis ( C o n n and C r o w l e y , 1994; S to j i l kov i c and Catt, 1995). In 

addi t ion, it is be l i eved that G n R H m a y have a role as a modula tor o f the ac t iv i ty o f diverse 

systems i n the bra in and many peripheral organs (Hsueh and Jones, 1981; H s u e h et a l . , 1981; 

E m o n s and Scha l ly , 1994). Several reports suggest that there is also an extra-hypothalamic 

o r i g i n o f G n R H , as w e l l as the extra-pituitary presence o f G n R H receptors ( G n R H - R ) across 

different types o f tissues i n the b o d y ( F i g . 1.1). 

W i t h respect to the reproductive system, several reports reveal evidence for the 

presence o f G n R H and G n R H - R systems i n different organs such as the ovary , oviduct , 

endometr ium, placenta, and testes, across different species o f animals , i n c l u d i n g humans 
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( R e v i e w e d b y Janssens et a l . , 2000). F r o m both in vivo and in vitro m o d e l studies i n rodents, 

primates and humans, it is becoming increas ingly evident that G n R H or its synthetic 

analogues, c o u l d exert direct effect (s) through an autocrine or paracrine manner, e l i c i t ing a 

var ie ty o f responses depending o n the type o f target tissue and phys io log i ca l condi t ions 

( R e v i e w e d b y Janssens et a l . , 2000; Steele and L e u n g , 2003). Thus , i n recent years the extra-

pi tui tary roles o f G n R H have attracted special interests i n the f ie ld o f reproductive b i o l o g y 

and c l i n i c a l reproductive medic ine . H o w e v e r , there is an apparent pauci ty o f such 

in format ion w i t h regard to the bov ine species. Despi te the wea l th o f accumulated informat ion 

o n mul t i func t iona l roles o f G n R H and its applications i n bov ine reproduct ive management, 

substantial va r i ab i l i ty exists i n terms o f reproductive responses f o l l o w i n g adminis t ra t ion o f 

G n R H or its super-agonist analogues. Hypothe t ica l ly , the broader percept ion is that these 

variat ions c o u l d , i n part, be due to the direct effects o f G n R H o n reproductive tissues (Hsueh 

and Jones, 1982; Jones and Hsueh , 1982; G i l l i a n et a l . , 1981; D ' O c c h i o and A s p d e n , 1999). 

Hence , there is apparent need for more research and thorough understanding o f G n R H or its 

super-agonist- induced b i o l o g i c a l effects o n the reproductive system i n the bov ine species. 

Further, it w o u l d be h i g h l y in t r iguing i f mechanisms that are reported i n other species, can be 

shown to exist i n the bov ine species w h i c h is more often subjected to G n R H (or its 

analogues) treatment i n day-to-day reproductive management practices. Therefore, due to the 

apparent lack o f informat ion, there is a clear ind ica t ion that more systematic and in-depth 

studies are required to explore the intra-ovarian presence o f G n R H and G n R H - R system and 

its poss ible invo lvement i n modula t ion o f ovar ian function and reproduct ive performance i n 

the bov ine species. 
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1.2. L I T E R A T U R E R E V I E W 

T h i s section provides background informat ion pertaining to this thesis, and is 

presented i n two parts. Part I covers the rev iew o n G n R H , G n R H - R , and their different 

forms, and dis t r ibut ion i n different b o d y tissues w i t h special emphasis o n reproduct ive 

system. Part II covers an overv iew o f the ovar ian function i n cattle w i t h the m a i n emphasis 

o n appl icat ions o f G n R H i n bovine reproductive management. T h e rationale for the present 

study, general hypothesis tested, and the objectives o f the study are presented at the end o f 

this section. 

P A R T I 

1.2.1. G n R H and its types 

The hypothalamic G n R H , w h i c h is also referred to as G n R H - I or type one 

m a m m a l i a n G n R H ( m G n R H ) , was first isolated and sequenced dur ing the early seventies b y 

D r s . A . Scha l ly , R . G u i l l e m i n , R . Y a l o w and co-workers w h o became the N o b e l Laureates i n 

M e d i c i n e , i n 1977 ( R e v i e w e d b y R i v i e r , 2001). Presently, about 14 structurally variant forms 

o f hypotha lamic G n R H are k n o w n to regulate reproduct ion across a w i d e var ie ty o f 

organisms ranging from yeast to mammals . A t least a dozen o f these different G n R H forms 

have been fu l ly sequenced and characterized (Sherwood et a l . , 1993; Seal fon et a l . , 1997). 

A l l these forms are o f c lass ica l 10 amino ac id peptides, ( p G l u - H i s - T r p - S e r - T y r - G l y - L e n - S e r -

P r o - G l y - N H 2 ) w i t h a pyro-g lu tamyl -modi f ied amino terminus, an amidated c o r b o x y 

terminus, and conserved amino acids i n posi t ions 1, 2, 4, 9, and 10 ( P o w e l l et a l . , 1994). T h e 

most w i d e l y recognized and c o m m o n structural var ia t ion among the different forms o f G n R H 

resides i n amino acids between 5 and 8 i n the sequence. 
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T h e second type, a midbra in G n R H or G n R H - I I was first ident i f ied i n c h i c k e n bra in 

( M i y a m o t o et a l . , 1984). Thus , it is also referred to as ch icken G n R H - I I or c G n R H - I I ( M i l l a r 

et a l . , 2001) and is structurally conserved i n species ranging f rom teleost f ish to humans 

(Whi te et a l . , 1998). T h e th i rd type, a telencephalic G n R H , also ca l led type III G n R H or 

G n R H - I I I , p redominant ly exists i n the terminal part o f the olfactory neuronal c e l l i n the bra in 

( M i l l a r et a l . , 2001). It is clear that each form has its unique locations w i t h i n the bra in , w h i c h 

suggests a difference i n developmental o r ig in and/or adult function (Sherwood et a l . , 1993; 

1994; W h i t e et a l . , 1995; L e s c h e i d et a l . , 1997; D u b o i s et a l . , 2002). M o s t important ly , the 

G n R H - I I peptide is the one that appears to be predominant ly expressed i n other tissues such 

as the reproduct ive system; thereby, attracting the specia l interest o f today 's reproduct ive 

b io logis t s . H o w e v e r , the exact function o f these non-hypothalamic G n R H molecules is yet to 

be defined (Lesche id et a l . , 1997; Gore , 2002; L e u n g et a l . , 2003). 

1.2.2. G n R H agonis ts 

Bes ides the mul t i funct ional properties o f G n R H , knowledge o n peptide sequence and 

its shorter half- l i fe i n general c i rcu la t ion has led to the d i scovery o f synthetic G n R H , super-

agonist analogues w i t h greater stabil i ty against enzymatic degradation, increased receptor 

aff ini ty and b i o l o g i c a l potency ( review b y Kar t en and R i v i e r , 1986). In i t ia l ly , the o r ig ina l 

concept o f potent G n R H - a g o n i s t s ( G n R H - a ) was to treat hypogonad i sm resul t ing f rom 

insufficient endogenous secretion o f G n R H . H o w e v e r , the mul t id imens iona l properties o f 

G n R H analogues, and their potential appl icat ion i n reproductive p h y s i o l o g y and med ic ine 

were q u i c k l y rea l ized. T y p i c a l structural features that d is t inguish G n R H - a from the natural 

sequence o f G n R H are substitution o f g lyc ine at pos i t ion 6 o f the peptide w i t h a D - a m i n o 
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ac id (e.g. D-tryptophan) , and the r emova l o f g lyc ine from the amino terminus. Subst i tut ion 

w i t h a D - a m i n o ac id at pos i t ion 6 increases the half- l i fe o f G n R H - a i n c i rcu la t ion , and 

r emova l o f the amino terminal g lyc ine increases affinity for the G n R H - r e c e p t o r (Kar ten and 

R i v e r , 1986). S o m e o f the G n R H analogues or G n R H - a that are current ly i n use for c l i n i c a l 

or exper imental purposes include: gonadorel in (native-l ike G n R H ; gonadore l in diacetate 

tetrahydrate or gonadore l in hydrochlor ide) , buserel in (D-serine at pos i t ion 6 and ethylamide 

at pos i t ion 10), fert irel in acetate (ethylamide at pos i t ion 10) and des lore l in (D-t ryptophan at 

pos i t i on 6 and ethylamide at pos i t ion 10). 

1.2.3. G n R H r e c e p t o r a n d its types 

C l o n i n g o f the G n R H - R from several m a m m a l i a n species i n c l u d i n g the mouse 

(Tsutsumi et a l . , 1992), rat (E idne et a l . , 1992; K a i s e r et a l . , 1992; Reinhar t et a l . , 1992), c o w 

( K a k a r et a l . , 1993), human ( K a k a r et a l . , 1992; C h i et a l . , 1993), sheep ( B r o o k s et a l . , 1993; 

I l l i n g et a l . , 1993) and p i g (Weesner and M a t t e d , 1994) and a non -mammal i an species 

(catfish: Tensen et a l . , 1997) has revealed that the G n R H - R is a member o f the large super 

f a m i l y o f seven transmembrane doma in receptors that b i n d to G-proteins. The G n R H - R has 

seven transmembranal he l i ca l domains , characteristic o f the guanine prote in coup led receptor 

( G P C R ) super fami ly . H o w e v e r , a unique feature o f the G n R H - R is the absence o f a 

corboxy- te rmina l cy toplasmic ta i l , w h i c h is thought to be engaged i n desensi t izat ion and 

in ternal iza t ion i n other G P C R s . In conjunct ion w i t h the existence o f the other two forms o f 

G n R H , G n R H - I I and G n R H - I I I , it is also suggested that separate and cognate receptor types 

w o u l d also be present i n vertebrates (Troskie et a l . , 1998). The recent ly d iscovered T y p e II 

G n R H - R from the marmoset and human ( M i l l a r et a l . , 2001 ; N e i l l et a l . , 2001) is s h o w n to be 
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h i g h l y selective for G n R H - I I , and is w i d e l y expressed i n reproductive tissues and i n the 

central nervous system ( M i l l a r , 2002). In addi t ion, G n R H - I I receptor is expressed i n the 

major i ty o f gonadotropes suggesting it has a role i n the regulat ion o f gonadotropin secretion. 

Contrast to the T y p e I receptor, the T y p e II receptor get r ap id ly in ternal ized and has a 

d is t inc t ly different s ignal ing pathway and preferentially stimulates F S H secretion. T h i s has 

l ed to the suggested hypothesis that G n R H - I I and the T y p e II receptor have a specif ic role i n 

the regulat ion o f the gonadotrope function ( M i l l a r , 2002). The loca l iza t ion o f the T y p e II 

receptor to the b ra in reg ion is k n o w n to affect sexual arousal, and suggests a role i n 

reproduct ive behaviors . S i m i l a r l y , the presence o f the T y p e II receptor i n reproduct ive tissues 

(e.g. gonads, prostate, endometrium/placenta, and m a m m a r y glands) suggests an existence o f 

dist inct role(s) for type II G n R H molecules i n these tissues. 

1.2.4. Mode of G n R H and G n R H - R interactions in the pituitary 

U p o n b i n d i n g to its receptors o n gonadotropes, G n R H activates the G q / G l l 

subfami ly o f G-proteins . T h i s causes an increase i n phospholipase C ( P L C ) act iv i ty that 

results i n phosphoinosi t ide b reakdown and generation o f inos i to l 1, 4, 5-trisphosphate (IP3) 

and d i a c y l g l y c e r o l ( D A G ) . IP3 releases Ca2+ from intracel lular stores whereas D A G 

activates prote in kinase C ( P K C ) . These events lead to the synthesis and release o f 

gonadotropins, L H and F S H (S to j i lkov ic and Catt 1995). The frequency and ampli tude o f 

G n R H release from hypotha lamic neuronal cel ls is a c r i t i ca l and ra te - l imi t ing step for the 

cont ro l and maintenance o f gonadotropin secretion from pi tui tary gonadotropes. The G n R H 

pulse and ampli tude changes, i n turn, depend on feedback exerted b y sex steroids and 

gonadal peptides produced throughout the reproductive cyc l e (Shupnik , 1996). B o t h G n R H -
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R synthesis and L H p synthesis is favored at h i g h G n R H pulse frequencies (one pulse every 

30 m i n ) , whereas F S H P synthesis is favored at l o w G n R H pulse frequencies (one pulse every 

120 m i n ) as observed b y K a i s e r et a l . (1997). Further, it is suggested that the modu la t ion o f 

the G n R H pulse frequency enables G n R H to regulate mul t ip le p h y s i o l o g i c a l effects that 

c o u l d result i n the differential act ivat ion o f s ignal transduction pathways, thereby e l i c i t i ng 

different ce l lu la r processes. T h i s phenomenon was demonstrated b y K a i s e r et a l . (1995) 

where G n R H - s t i m u l a t e d L H p promoter ac t iv i ty was at the op t imal point o f s t imula t ion i n 

co inc idence w i t h that o f re la t ively h i g h G n R H - R numbers, w h i l e F S H P promoter ac t iv i ty 

was o p t i m a l l y st imulated at re la t ively l o w G n R H - R numbers. T h e recent studies b y 

Haisenleder et a l . (1997) suggest that i n addi t ion to G n R H - R numbers, the modu la t ion o f the 

frequency o f intracel lular c a l c i u m pulses m a y also p lay a role i n the differential regulat ion o f 

L H p and F S H p m R N A synthesis. 

1.2.5. Extra-hypothalamic G n R H and G n R H - R system in reproductive tissues 

T h e first and earliest reports reveal ing the evidence for the presence o f ovar ian 

G n R H - R , or h i g h affinity b i n d i n g sites for G n R H i n rodent species, dates back to the late 

seventies. T h r o u g h rad io l igand b ind ing assays, l igand specif ic b i n d i n g sites were 

demonstrated o n granulosa and luteal cells (C l ay ton et a l . , 1979, 1980; H a r w o o d et a l . , 1980; 

Reeves et a l . , 1980; Jones et a l . , 1980; Pieper et a l . , 1981), oocyte ( D e k e l et a l . , 1988; N y et 

a l . , 1987), testicular interstit ial tissue (Bourne et a l . , 1980, 1982), and L e y d i g cel ls (Lefebvre 

et a l . , 1980; Sharpe and Fraser, 1983; C l a y t o n et a l . , 1990). These f indings were further 

conf i rmed i n subsequent studies b y several other researchers (Latouche et a l . , 1989; 

W h i t e l a w et a l . , 1995). Expres s ion o f G n R H m R N A has been demonstrated i n human 
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reproduct ive tissues and c e l l l ines ( D o n g et a l . , 1993; D o n g and Roberts et a l . , 1996), rat 

gonads ( O i k a w a et a l . , 1990; B a h k et a l . , 1995), and endometrial cel ls o f human (Raga et a l . , 

1999). In-situ hybr id iza t ion studies revealed the loca l iza t ion o f G n R H m R N A i n granulosa 

cel ls o f p r imary , secondary, and tertiary fol l ic les i n the ovary (C l ay to n et a l . , 1992; W h i t e l a w 

et a l . , 1995). Presence o f m R N A for GnRH-recep to r s has also been ident i f ied i n human 

granulosa luteal cel ls ( h G L C s ) us ing reverse transcription polymerase cha in react ion ( R T -

P C R ) techniques (Minare tz i s et a l . , 1995; O lo f s son et a l . , 1995; K a n g et a l . , 2000; 

Ramakr i shnappa et a l . , 2003). 

In testicular tissue, f rom both fetal (Botte et a l . , 1998) and mature rats, and i n adult 

humans, seminiferous tubular cel ls were found posi t ive for G n R H m R N A , whereas m R N A 

for G n R H - R was found i n interstitial cel ls , i nc lud ing the L e y d i g cel ls ( B a h k et a l . , 1995; 

C l a y t o n et a l . , 1990). Recent ly , us ing Nor the rn hybr id iza t ion procedure, three dis t inct ive, 

different s ized G n R H - R m R N A transcripts have been demonstrated i n rat and mouse 

testicular germ cel ls ( B u l l et a l , 2000). In addi t ion, type II G n R H - R exon 1-containing 

transcripts were detected b y i n si tu hybr id iza t ion i n human mature sperm, and i n postmeiot ic 

ge rm ce l l s , and were considered to be c lose ly related w i t h spermatogenesis, sperm 

maturat ion, and fer t i l izat ion (van B i l j o n et a l , 2002). Th rough nucleot ide sequence analysis, 

it was conf i rmed that both rat and human ovar ian and testicular G n R H - R have sequences 

ident ica l to those found i n the pi tui tary ( K a k a r et a l . , 1992; P e n g et a l . , 1994; M o u m n i et a l . , 

1994; O l o f s s o n et a l . , 1995; Ko t t l e r et a l . , 1999; Ramakr i shnappa et. a l . , 2003) . In para l le l , 

the knowledge o f hypotha lamic G n R H structure and its phys io log i ca l concentrations (Nett et 

a l . , 1974) or its short half- l i fe i n the general c i rcu la t ion (Eskay et a l . , 1977, H s u e h and Jones, 
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1981), has led to the idea o f exp lo r ing the presence o f G n R H or G n R H l i ke molecules i n 

gonads. In this regard, several researchers were successful i n demonstrating the existence o f 

G n R H - l i k e molecules i n Ser tol i cel ls b y compet i t ive b ind ing studies and i m m u n o -

his tochemis t ry (Sharpe and Fraser 1983; P a u l l et a l . , 1981; B h a s i n and Swerdloff , 1984). 

G n R H or G n R H - l i k e molecules have been detected i n human fo l l i cu la r f l u id ( Y i n g et a l . , 

1981), bov ine ( A t e n et a l . , 1987a; Ireland et a l , 1988) and human ovary ( A t e n et a l . , 1987b), 

i n human semina l p lasma ( Izumi et a l . , 1985), i n testicular intersti t ial f l u id o f hCG- t rea ted 

rats (Sharpe and Fraser, 1980a,b), and i n rat germ cel ls (Pau l l et a l , 1981). It has also been 

suggested that these molecules are p robably be ing synthesized i n the gonads ( O i k a w a et a l . , 

1990; Sharpe and Cooper , 1982a, b) and i n the prostate ( A z a d , et a l . , 1993). W i t h g r o w i n g 

evidence o f the endogenous presence o f G n R H - G n R H - R systems i n reproduct ive tissues, 

intensive studies have been focused o n elucidat ing autocrine or paracrine mechanisms that 

m a y exist w i t h i n reproductive tissues. 

1.2.6. Mode of G n R H and G n R H - R interaction in reproductive tissues 

In the ovary , G n R H has been shown to el ic i t a m i x e d effect o f both inh ib i to ry and 

s t imulatory responses affecting ovar ian function (review by ; Sharpe, 1982; Janssens et a l . , 

2000) . G n R H is be l i eved to exert its direct effects either o n its o w n , or i n conjunct ion w i t h 

other factors such as P G F 2 a , angiotension II or lu te in iz ing hormone ( F i g . 2). S t imula t ion o f 

one or more s igna l ing pathways such as phospholipase C ( P L C ) , phosphol ipase A 2 ( P L A 2 ) 

and phosphol ipase D ( P L D ) , or act ivat ion o f protein kinase C ( P K C ) causes either inh ib i to ry 

or s t imulatory effects o n ovar ian cel lu lar steroid output. These dual effects have been c lear ly 

demonstrated w i t h in vivo experiments i n adult male and female hypophysec tomized rats 
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where exogenous G n R H or G n R H - a cou ld either stimulate or inhib i t gonadal functions i n 

terms o f steroidogenesis (Hsueh and Jones, 1981). In adult male rats, a lower dose G n R H - a 

adminis t ra t ion for a short-term durat ion was shown to stimulate testosterone secretion 

(Sharpe et a l . , 1982), whereas the effect was opposite w h e n the agonist was administered at a 

higher dose or for long-term durations ( A r i m u r a et a l . , 1979, H s u e h and E r i c k s o n , 1979). 

S i m i l a r l y , other reports have demonstrated that G n R H modulates, bo th basal and 

gonadotropin, s t imulated steroidogenesis (Olofsson et a l . , 1995) i n the ovary . The inh ib i to ry 

act ion o f G n R H , or its agonists, o n gonadal steroidogenesis i nvo lves suppression o f 

gonadotropin receptors or intermediary enzymes i n v o l v e d i n steroidogenic pathway. Repor ts 

suggest ing G n R H - a induced suppression o f F S H and L H receptors ( T i l l y et a l . , 1992; 

Piquette et a l . , 1991; Guerrero et a l . , 1993), gonadotropin-induced c A M P levels (Richards , 

1994; K n e c h t et a l . , 1985), steroidogenic enzyme act iv i ty such as peripheral-type 

benzodiazepine receptor, steroidogenic acute regulatory protein, P450scc enzyme, and 30-

H S D (Sr idaran et a l . , 1999a; Sridaran et a l . , 1999b) or no effect (Casper et a l . , 1984) o f 

G n R H o n progesterone (P4) product ion i n human granulosa-lutein cel ls ( h G L C s ) have been 

documented. 

In the bov ine species, s imi la r observations revealed inh ib i to ry effects o f G n R H - a , 

busere l in o n P 4 secretion f rom in vitro cultured luteal cel ls ( M i l v a e et a l . , 1984). In vivo 

studies b y D ' O c c h i o et a l . , (2000) suggest that the suppressed ovar ian funct ion i n heifers 

treated long- term w i t h G n R H - a m a y have been due, i n part, to a direct act ion o f des lore l in 

( G n R H implant) o n the ovaries. O n the other hand, there are several reports, bo th f rom in 

vitro or in vivo studies, i n rodent, primate and in vitro human granulosa c e l l culture models , 
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to p rov ide contradic t ing data o n the above ment ioned inh ib i to ry effects o f G n R H - a at the 

gonadal l eve l . L i u et a l . (1991) reported dose-related s t imulatory effects o f G n R H - a o n 

aromatase ac t iv i ty and P 4 product ion i n m o n k e y granulosa c e l l cultures. T h e y also 

demonstrated G n R H antagonist suppression o f G n R H - a s t imulatory effect o n granulosa c e l l 

steroidogenesis i n culture. S i m i l a r reports demonstrating G n R H - a induced steroidogenesis i n 

cul tured human granulosa cel ls have been reported (Ranta et a l . , 1982; Par inaud et a l . , 1992; 

Bussenot et a l . , 1993). Par inaud et a l . (1988) suggest that G n R H - a c o u l d modulate 

steroidogenesis b y a direct ovar ian action. The agonist, buserel in, increased basal and 

decreased L H - i n d u c e d P 4 secretion in vitro. Guerrero et a l . (1993) found an increase i n P 4 

and decrease i n estradiol- 17P (E2) product ion, w h i c h seemed to be related to a decrease o f 

L H receptor numbers and aromatase act ivi ty i n G n R H agonist-treated granulosa cel ls . 

In the male gonads G n R H has been shown to cause a direct s t imulatory effect o n 

basal steroidogenesis, and an inh ib i to ry effect o n gonadotropin-s t imula ted androgen 

biosynthesis (Hsueh and Jones, 1982; Hsueh et a l . , 1984). Short-term in vitro treatments o f 

adult rat L e y d i g cel ls w i t h G n R H resulted i n increased testosterone product ion (Sharpe and 

Copper , 1982b; M o l c h o et a l . , 1984), w h i l e long-term incubat ion decreased the response to 

h C G ( B r o w n i n g et a l . , 1983). G n R H - a or G n R H - l i k e material also revealed pos i t ive effects 

o n the testosterone product ion and sprematogonial mu l t ip l i ca t ion i n frogs ( M i n u c c i et a l . , 

1986; Ze ran i et a l . , 1991). In contrast, it has been shown that h igh dose or long-act ing G n R H -

a have a direct inh ib i to ry effect o n the testosterone secretion i n hypophysec tomized rat. In 

immature and hypophysec tomized rats, in vivo administrat ion o f G n R H and G n R H - a had 

inh ib i to ry effects o n reproductive function (Bambino et a l . , 1980; K e r r et a l . , 1986), and 
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G n R H - a inh ib i ted the basal and L H - s t i m u l a t e d steroidogenesis i n rat fetus, and cul tured 

testicular cel ls (Dufau and K n o x , 1985; Habert , 1992). T h i s suggests that G n R H - a has a 

direct effect o n testis wi thout the act ion o f gonadotropin ( A r i m u r a et a l , 1979). Therefore, 

p h y s i o l o g i c a l functions induced b y G n R H or its agonists m a y be der ived f rom the direct 

effects o f G n R H and/or indirect effects v i a the variat ions o f gonadotropin and testosterone 

levels (Botte e t a l . , 1999). 

H o r m o n a l regulat ion o f G n R H and G n R H - R m R N A appears to be o f c ruc ia l 

importance for e lucidat ing G n R H - G n R H - R system i n testis. In adult rats, long-act ing G n R H -

a . (triptorelin) c o u l d reduce the levels o f both G n R H , and G n R H - R m R N A 24 hrs after 

inject ion. H o w e v e r , GnRH-an tagon i s t (antarelix) s ignif icant ly increased the levels o f G n R H -

R m R N A 8 hrs after injection, but had no effect o n G n R H m R N A express ion i n rat testis 

(Botte et a l , 1999). The mechan i sm b y w h i c h the GnRH-an tagon i s t elevated the levels o f 

G n R H - R m R N A remains to be elucidated. O n the other hand, treatment w i t h F S H had no 

effect o n the G n R H and G n R H - R m R N A expression i n rat testis, and L H can down-regulate 

G n R H - R , but not G n R H , m R N A levels(Botte et a l , 1999). A d m i n i s t r a t i o n o f testosterone 

c o u l d increase G n R H - R , but not G n R H m R N A levels, and this s t imulat ion was mediated b y 

L H secretion (Botte et a l , 1999). Thus , the regulat ion o f G n R H m R N A appeared to be 

independent o f gonadotropins i n rat testis, and L H is thought to be a k e y regulator o f G n R H -

R m R N A expression. In addi t ion, i n hypophysec tomized rat, adminis t ra t ion o f L H 

d imin i shed the effect o f post -hypophysectomy-induced increase o f G n R H - R (Bourne and 

M a r s h a l l , 1984). These f indings suggest that endogenous regulat ion i n the testis is different 

f rom that i n pi tui tary g land where G n R H and steroid regulate G n R H - R expression. 
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Furthermore, it is suggested that G n R H and its analogs m a y modulate spermatozoa-

zona pe l l uc ida b i n d i n g i n humans (Mora les and L lanos , 1996). Short t ime (5 min ) exposure 

o f spermatozoa to a 20 n M G n R H , or its agonist buserel in, caused a s ignif icant increase i n 

the number o f zona bound sperm count (by 300 to 350 fold) . T h i s effect was comple te ly 

preventable b y pr ior exposure o f spermatozoa to G n R H antagonist (Mora le s and L l a n o s , 

1996). These f indings suggest that the spermatozoa m a y interact w i t h G n R H , or G n R H - l i k e 

molecules , that they m a y come i n contact w i t h dur ing their journey through the male and 

female reproductive tracts (Mora les , 1998; B u l l et a l . , 2000). The interaction m a y occur : (a) 

dur ing spermatogenesis b y loca l , intra-testicular product ion (Hedger et a l ; 1985; H s u e h and 

Schaeffer, 1985; V e r h o e v e n and Ca i l l eau , 1985); (b) dur ing sperm maturat ion i n the 

ep id idymis ; (c) dur ing ejaculation, upon m i x i n g w i t h seminal p lasma dur ing transport to the 

site o f fer t i l iza t ion i n the oviduct . In the oviduct , the spermatozoa m a y interact w i t h G n R H 

secreted l oca l l y , or transported b y the products o f ovula t ion ( fo l l icu lar f lu id , granulose cells) 

f rom the ovary ( Y i n g et a l . , 1981; A t e n et a l . , 1987a, b ; Ireland et a l . , 1988; O i k a w a et a l . , 

1990). In addi t ion, it is also suggested that G n R H is i n v o l v e d i n the process o f fer t i l izat ion. 

G n R H - a has been shown to increase the cleavage rate o f bov ine oocytes in vitro (Funston et 

a l . , 1995), whereas Casan et a l . (2000) demonstrated the presence o f both G n R H m R N A and 

prote in expression i n the human fa l lopian tube dur ing the luteal, but not fo l l icu lar , phase o f 

the menstrual cyc le . G n R H - a i n supra-physiological or long-act ing doses appear to exert an 

inh ib i to ry effect o n each step o f spermatogenesis, and it is thought to be mediated b y 

suppressing F S H , L H and intratesticular testosterone levels. Interestingly, G n R H - a or G n R H 

antagonist, treatment enhanced the regeneration o f spermatogenesis f rom damaged testes i n 

irradiated rats ( M e i s t r i c h and K a n g a s n i e m i , 1997; Shutt lesworth et a l , 2000) , c ryp torch id rats 
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( K o i c h i et a l . , 2002) , cy to toxic therapy rat (Me i s t r i ch , et a l . , 1999), and juven i l e 

spermatogonial deplet ion (jsd) mutant m i ce ( M a t s u m i y a et a l , 1999). It is be l i eved that 

G n R H - a treatment w o u l d stimulate spermatogonial prol i ferat ion resul t ing i n then 

regeneration o f spermatogenesis. The exact mechan i sm for this is s t i l l uncertain, however , 

reduced intra-testicular testosterone levels b y G n R H - a m a y p l a y a role since intra-testicular 

testosterone l eve l was elevated after i r radiat ion or chemica l insult ( M e i s t r i c h and 

K a n g a s n i e m i , 1997). Testosterone is necessary for spermatogenesis, but suppressive to 

spermatogonial prol i fera t ion ( K o i c h i et a l . , 2002). 

M i x e d o p i n i o n exists w i t h regard to the presence o f the G n R H - G n R H - R system and 

its autocrine or paracrine effect i n the m a m m a r y system. G n R H m R N A has been detected i n 

the m a m m a r y gland o f pregnant and lactating rats, but not i n that o f v i r g i n rats ( P a l m o n et a l . , 

1994; flceda et a l . , 1995). D u e to its conspicuous presence s tr ic t ly dur ing the pe r iod o f 

pregnancy or lactation, it was suggested that G n R H expression might be regulated b y 

pro lac t in ( P a l m o n et a l . , 1994). It has been speculated that the presence o f b i o l o g i c a l l y active 

peptides i n m i l k suggests that the target o f m a m m a r y G n R H m a y be the offspr ing (Gore , 

2002) . 

1.2.7. Direct effects of G n R H and programmed cell death in the ovary 

A s i n the majori ty o f other c e l l types i n the body, occurrence o f p rogrammed c e l l 

death or apoptosis i n ovar ian fo l l i c l e and luteal tissues has been considered a p h y s i o l o g i c a l 

process that se lect ively eliminates unwanted cel ls , whi l s t main ta in ing no rma l phys io log i ca l 

processes (Sh ikone et a l . , 1996; Y u a n and Giud i ce . , 1997). In a l l the species studied so far, 
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the in i t i a t ion o f apoptosis i n granulosa cel ls is one o f the earliest signs o f fo l l i cu la r demise 

( T i l l y and H s u e h , 1993; Juengal et a l . 1993; T i l l y , 1996). The occurrence o f apoptosis i n 

granulosa cel ls o f atretic fo l l ic les has been documented based o n morpho log i ca l (Pa lumbo 

and Y e h , 1994; Y a n g and Rajamahendran, 2000a; Saito et a l . , 2000) and b i o c h e m i c a l cr i ter ia 

(Hughes and Gorospe , 1991; N a h u m et a l . , 1996; M a n i k k a m and Rajamahendran 1997, and 

Y a n g and Rajamahendran 2000a, b). Ev idence suggests a role for G n R H i n i nduc ing 

fo l l i cu la r atresia (Piquette et a l . , 1991; B i l l i g et a l . , 1994; W o n g and Richa rds , 1992). D u r i n g 

fo l l i cu la r phase, atretic fo l l ic les i n rats showed a h i g h m R N A expression for G n R H - r e c e p t o r s 

( W h i t e l a w et a l . , 1995). D u r i n g in vitro cultures, G n R H either inhib i ted D N A synthesis 

(Saragueta et a l . , 1997) or induced apoptosis i n rat granulosa cel ls ( B i l l i g et a l . , 1994). 

Studies have p rov ided the evidence for G n R H - i n d u c e d remode l ing o f the extra-cel lular 

mat r ix b y induc ing structural luteolysis i n superovulated rats. T h i s was accompl i shed through 

s t imula t ion o f matr ix metalloproteinase ( M M P - 2 ) and membrane type 1 - M M P expression i n 

matured C L , w h i c h degraded collagens type I V , type I and III, respect ively (Goto et a l . , 

1999). D u r i n g early pregnancy i n the rat, G n R H - a was shown to suppress serum P 4 levels , 

w h i c h was associated w i t h an increased degree o f D N A fragmentation i n the C L (Sridaran et 

a l . , 1998; Dharmarajan et a l , 1994; Rueda et a l . , 1995a,b; R u e d a et a l . , 1997). S i m i l a r effects 

o f G n R H - a - i n d u c e d increased number o f apoptotic bodies i n human granulosa cel ls (obtained 

dur ing oocyte retr ieval for in vitro fert i l ization) was demonstrated b y Zhao et a l (2000). 

1.2.8. GnRH and reproductive tissue tumors 

It has been hypothesized that G n R H m a y p l ay an autocrine or paracrine regulatory 

role i n the growth o f reproductive tissue tumors (ovarian ca rc inoma and endometr ial 

15 



carcinomas) . Recent studies have shown that G n R H was more abundantly present i n ovar ian 

and endometr ia l carcinomas than i n normal ovaries and endometr ium (Furu i et a l . , 2002). 

G n R H peptide expression has been identif ied i n certain tumors i n c l u d i n g ovar ian ( A r e n c i b i a 

and Scha l l y , 2000; K a n g et a l . , 2000; Irmer et a l . , 1995; O h n o et a l . , 1993), endometr ia l 

(Irmer et a l . , 1994), prostatic ( L i m o n t a et a l . , 1993; B a h k et a l . , 1998; L a u et a l . , 2001) and 

breast cancers (Harr is et a l . , 1991; Ko t t l e r et a l . , 1997). Further, an autocrine growth-

regulatory system that attenuates cancer development through direct effect i n the ova ry and 

the endometr ium, both in vivo and in vitro, has been hypothes ized based o n G n R H 

produc t ion and its receptor expression i n endometrial and ovar ian cancers ( Imai et a l . , 2000; 

A r e n c i b i a and S c h a l l y 2000; E m o n s and Schu lz , 2000; Grundker et a l . , 2002b) . 

T h e most recent studies b y Grundker et a l . (2002b) demonstrated that a second G n R H 

system exists i n primates. Further, the anti-proliferative effects o f G n R H - I I or G n R H - I 

agonist o n c e l l cyc l e and apoptosis were analyzed i n endometr ial cancer c e l l l ines ( H E C - 1 A 

and Ishikawa) and ovar ian cancer c e l l l ines ( E F O - 2 1 and N T H : O V C A R - 3 ) , and was s h o w n 

to be pos i t ive for expression o f G n R H - I I receptor m R N A . The prol i fera t ion o f those G n R H -

II receptor pos i t ive c e l l l ines was dose- and t ime-dependently reduced b y authentic G n R H - I I , 

and these effects were found s ignif icant ly higher than the anti-proliferative effects o f 

equimolar doses o f G n R H - I agonist, Tr ip tore l in . A l t h o u g h there is s t i l l m u c h research to be 

done, avai lable evidence suggests that direct anti-proliferative effects o f G n R H analogs h o l d 

p romise as n o v e l therapeutic remedies for the treatment o f reproductive cancers (Grundker et 

a l . , 2002a; V o l k e r et a l . , 2002). In summary, there are at least two dis t inct ive types o f G n R H 

that have been fu l ly characterized i n mammals , and these seem to be structurally conserved 
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for over 500 m i l l i o n years. The w i d e tissue dis t r ibut ion, par t icular ly o f G n R H - I I , suggests 

that it m a y have a var ie ty o f reproductive and nonreproductive functions that are yet to be 

ident i f ied ( M i l l a r , 2002; L e u n g et a l . , 2003). T h e existence o f dis t inct ive G n R H forms 

suggests the presence o f dis t inct ive cognate receptor types i n vertebrates; therefore, it w i l l be 

a product ive area o f research i n c o m i n g years. L i k e both G n R H - I and G n R H - I I , G n R H - I I I 

m a y also p l a y a role i n the management o f autocrine and paracrine effects w i t h i n 

reproduct ive tissues (Grundker et a l . , 2002a). T h e existence o f addi t ional G n R H systems i n 

bra in , pi tui tary and reproductive organs, as w e l l as different mechanisms o f ac t ion i n these 

tissues, m a y contribute to the development o f "new generation" G n R H analogues (agonists 

and antagonists) w i t h h i g h l y selective and contro l led actions o n these different types o f 

receptors. Nonetheless , it is n o w m u c h easier to delineate different mechanisms o f ac t ion i n 

these tissues; therefore, target-specific G n R H analogs cou ld be developed i n the near future 

that a l l o w better control over manipula t ion o f var ious reproductive processes. F o r example , 

target-specific G n R H analogs that o n l y act either at the pi tui tary l eve l , or at the gonadal 

l eve l , c o u l d be developed. A l t h o u g h m u c h remains to be elucidated w i t h regard to the 

s ignif icance o f different G n R H - G n R H - R systems i n reproductive tissues, it is certain that the 

future looks p r o m i s i n g for the research and development o f innovat ive and n o v e l therapeutic 

measures u t i l i z i n g the G n R H system. Further, it is possible that addi t ional roles for G n R H i n 

govern ing one or more phys io log i ca l events i n the b o d y c o u l d be unve i l ed i n the future. 
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Gonads: 
F o l l i c l e , Oocyte , 
Corpus luteum, 
Spermatozoa, 
Interstitial tissues 

F I G U R E 1.1. Extra-hypothalamic G n R H and its possible target sites in different tissues. 
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FIGURE 1.2. Hypothetical model o f G n R H involvement in stimulation or suppression o f multiple signaling 
pathways in association with various endocrine factors in the ovary. Potential interactions o f several o f these 
pathways culminating in the modulation o f estrogen, progestins, and prostaglandin ( P G E 2 / P G F 2 a ) production 
are depicted. A C , adenylate cyclase; c A M P , cyclic adenosine monophosphate; P K A , protein kinase A ; P L C , 
phospholipase C ; P L A 2 , phospholipase A 2 ; P L D , phospholipase D ; IP3, inositol trisphosphate; D A G , 
diacylglycerol; A A , arachidonic acid; P A , phosphatidic acid; P K A , protein kinase A ; C a 2 + , free calcium; P K C , 
protein kinase C ; P450scc, cytochrome P450 side-chain cleavage enzyme. [Adapted from: Steele and Leung, 
1993; with modifications]. 
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P A R T I I 

S ince this thesis m a i n l y focuses o n ovar ian expression o f G n R H and G n R H - R , and 

the direct influence o f G n R H - a o n bov ine ovar ian function, this sect ion provides the 

o v e r v i e w o n ovar ian function i n cattle. Emphas i s has been p laced o n the current knowledge 

o f applicat ions o f G n R H i n bov ine reproductive management. 

1.2.9. Ovarian follicular and CL dynamics in the bovine species 

M a m m a l i a n fo l l i cu lo genesis is a h i g h l y complex process and o n l y a ve ry s m a l l 

por t ion o f the fo l l ic les ( -0 .1%) survive apoptosis dur ing their p r imord i a l fo l l i c l e stages. In 

cattle, less than 1% o f the 100J000 fol l ic les present at puberty w i l l develop to matur i ty and 

ovulate. T h e m a i n processes i n v o l v e d i n the growth and maturation o f an ovula tory fo l l i c l e 

includes recruitment, select ion and dominance o f an ovula tory fo l l i c l e . T h e advanced 

technologies , such as a non- invas ive ultrasound moni to r ing o f ovar ian structures, are an 

inva luable too l that have enabled researchers to map the fo l l i cu la r and luteal dynamics 

prec ise ly dur ing the bov ine estrous cyc le . In a typ ica l estrous c y c l e o f a c o w , ovar ian 

fo l l i cu la r g rowth occurs i n two or three waves (Rajamahendran et a l . , 1994). T h e first 

fo l l i cu la r wave begins w i t h the emergence o f a cohort o f fo l l ic les ( 4 - m m diameter) f rom 

w h i c h a single fo l l i c l e acquires dominance and continues to g row w h i l e the others undergo 

atresia ( L u c y et a l . , 1992; Sav io et a l . , 1993; Rajamahendran et a l . , 1994; Gin ther et a l . , 

1996). The first wave dominant fo l l i c l e ( D F ) remains active un t i l approximate ly D a y 10-11 

o f the estrous cyc le . A t this t ime, dominance o f the first wave fo l l i c l e is arrested, since a 

recruitment o f second wave fo l l ic les begins at D a y 16 o f estrous cyc le . T h e second D F 

ovulates i n a two-wave cyc le ; alternatively, it m a y undergo atresia i n a three-wave cyc le 

20 



(Ginther et a l . , 1996). U n d e r normal circumstances, the ovula tory fo l l i c l e arises f rom the 

f inal wave ; therefore estrus gets delayed since the second D F must regress, and the th i rd D F 

requires addi t ional t ime to complete development before ovula t ion . C o w s exh ib i t ing three-

wave pattern fo l l icu la r g rowth tend to have longer inter-estrous intervals compared w i t h 

those o f a two-wave pattern (Ginther et a l . , 1989a, b ; T a y l o r and Rajamahendran 1991). The 

p r ima ry functions o f ovar ian fo l l ic les are: 1) to support and nurture a deve lop ing oocyte that 

is capable o f be ing fer t i l ized after ovula t ion , 2) to secrete steroid hormones that regulate the 

m o r p h o l o g y and function o f the reproductive organs, as w e l l as reproductive behavior dur ing 

estrus, and 3) to p rov ide the precursor cel ls that w i l l luteinize and form the C L after 

ovu la t ion (Irianni and H o d g e n , 1992). 

T h e C L is a transitory endocrine gland, or a y e l l o w i s h b o d y developed from a 

Graaf ian fo l l i c l e after ovu la t ion (Rev i ewed b y N i s w e n d e r et a l . (2000). A s described b y 

Regn ie r de G r a a f (1641-1673) , Corpora (bodies) lutea (ye l low) were named b y M a r c e l l o 

M a l p i g h i (1628-1694) . The y e l l o w color is attributed to the h igh levels o f an antioxidant, (3-

carotene (Graves -Hoag land et a l . , 1989). In the bovine species, luteal format ion begins w i t h 

an L H surge resul t ing i n successful ovula t ion and lute inizat ion o f fo l l i cu la r granulosa and 

thecal ce l l s , w h i c h shifts steroid biosynthesis from estrogens to progestins. T h e fo l l i cu la r 

ce l l s undergo mor pho log i c a l and b iochemica l changes that are related to lu te in iza t ion 

(Ni swender and Nett , 1988). A m o n g the changes are: 1) the b reakdown o f the basement 

membrane w h i c h separates the theca from the granulosa cel ls , and 2) i nvas ion o f b l o o d 

vessels into the ruptured w a l l o f the antral fo l l icu lar space, resul t ing i n the development o f an 

extensive vascular network (Niswender et a l . , 1994). B l o o d f l ow increases w i t h the increase 
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i n the C L weight (Damber et a l . , 1987). Thus , the complete development o f a C L takes about 

three days ( D a y 2 to 5 o f a cycle) . The bov ine C L increases i n size un t i l mid- lu tea l stage, at 

w h i c h t ime it plateaus before decreasing i n diameter dur ing the late diestrus stage (Mares et 

a l . , 1962). In a non-pregnant cyc le (at around D a y 16 to 18 after ovula t ion) , or i n failure o f 

pregnancy, the C L undergoes luteolysis i n response to prostaglandin F2 a (PGF2a) secreted b y 

uterine endometr ium (Garver ick et a l . , 1992). 

1.2.10. Ovarian steroidogenesis 

Steroids are a group o f compounds that share the cyclopentanoperhydrophenanthrene 

r ing sys tem o f sterols, and are interconverted b y specific enzymes i n different ce l l s ( R e v i e w 

b y H a n u k o g l u , 1992). T h e two-ce l l , two-gonadotropin m o d e l ( F i g . 3) has been proposed to 

exp la in ovar ian steroidogenic function (Arms t rong and Dor r ing ton , 1979). T h e predominant 

pathways o f steroidogenesis are governed b y the specific enzymes produced b y the thecal 

and granulosa cel ls ( F i g . 4). The k e y enzymes governing fo l l icu la r steroidogenesis inc lude 

cy tochrome P 4 5 0 enzymes and hydroxys tero id dehydrogenases. T h e thecal and granulosa 

cel ls differ i n the synthesis o f cytochrome P 4 5 0 enzymes, depending o n the stage o f 

fo l l i cu la r development. The cytochrome P 4 5 0 1 7 a is expressed b y thecal cel ls at a l l stages o f 

fo l l i cu la r development; however , granulosa cel ls do not express cytochrome P 4 5 0 1 7 a 

(Sasano et a l . , 1989). T h e cytochrome P 4 5 0 a r o m is expressed b y granulosa cel ls (and not b y 

thecal ce l ls ) , but this expression is l o w i n smal l antral fo l l ic les and increases ma rk ed l y w i t h 

fo l l i cu la r g rowth (Sasano et a l . , 1989). The cytochrome P450scc is expressed b y thecal cel ls 

at a l l stages o f fo l l i cu la r development, but cytochrome P450scc is o n l y expressed b y 

granulosa cel ls f o l l o w i n g lute inizat ion (Sasano et a l . , 1989). The steroid environment o f 
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sma l l antral fo l l ic les is androgenic; however , as the fo l l i c l e develops, the steroid environment 

w i l l become progress ively estrogenic, and then f o l l o w i n g lute inizat ion, P 4 synthesis 

increases marked ly . 

Progesterone is the p r imary steroid product o f the C L , and it is an essential 

requirement for the process o f embryo implantat ion and maintenance o f pregnancy. 

Concent ra t ion o f P 4 begins to increase progress ively dur ing D a y 3 to 12 o f the estrous cyc l e , 

and then stabil izes un t i l D a y 16. Concentrat ions rap id ly decrease f o l l o w i n g regression o f the 

C L (Hanse l and Echte rnkamp, 1972; Rajamahendran et a l . , 1976; N i s w e n d e r et a l . , 2000). 

T h e functional l i fespan o f the C L is m a i n l y dependent o n the balance between luteotropic 

and lu teolyt ic hormone, L H and PGF2oc, respectively."It is a wel l -es tabl ished phenomenon 

that bo th L H and PGF2cc act i n two different mechanisms to exert their luteotropic and 

lu teolyt ic effects o n exis t ing C L (Rev iewed b y N i s w e n d e r et a l . , 2000) . U p o n b i n d i n g its 

receptors o n the luteal c e l l membrane, L H causes the synthesis and release o f P 4 into the 

general c i rcu la t ion ( F i g . 5). The LH-recep to r complex activates a secondary messenger 

system, cAJVIP, w h i c h i n turn initiates a cascade o f events through a specif ic s igna l ing 

pa thway ca l l ed prote in k i n a s e - A pathway ( P K A pathway). P K A system is k n o w n to activate 

esterase enzymes i n the cy toplasm, subsequently processing the conjugated cholesterol into a 

free fo rm cholesterol . Choles tero l is m a i n l y der ived f rom low-dens i ty l ipoproteins ( L D L ) or 

high-densi ty l ipoproteins ( H D L ) found i n the b l o o d (Anderson and Die t schy , 1978; A z h a r 

and M e a n o n , 1981), acetate or l i p i d droplets i n luteal cel ls ( H i n s h e l w o o d et a l . , 1993; H a n s e l 

et a l . , 1987). It m a y also exist i n unesterified forms i n sma l l and large luteal cel ls 

( H i n s h e l w o o d et a l . , 1993). L ipopro te ins (either L D L or H D L ) b i n d to their luteal p la sma 
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membrane-specif ic receptors to stimulate the release o f cholesterol . T h e free fo rm cholesterol 

is further transported into the inner mi tochondr ia l membrane b y an acute regulatory prote in 

ca l l ed steroid acute regulatory protein ( S t A R ) . T h i s protein can induce acute changes i n the 

rate o f steroidogenesis b y m o b i l i z i n g cholesterol , and subjecting it to the enzymes that are 

already present. These acute change can happen w i t h i n matter o f minutes. In the 

mi tochondr ia , a specia l type o f enzyme ca l led cytochrome side cha in cleavage enzyme 

(P450scc) , that is present w i t h i n the inner mi tochondr ia l membrane, converts the free fo rm 

cholesterol into pregnenolone through cleavage o f the cholesterol side cha in ( M i l v a e et a l . , 

1996). Further, pregnenolone is released into cy top lasm where another k e y enzyme, 3P-

hydroxys te ro id dehydrogenase (3P-HSD), exists i n the smooth endoplasmic re t i cu lum, and 

converts pregnenolone into P 4 . The resultant P 4 is then processed i n the G o l g i apparatus and 

released into general c i rcu la t ion (Rev i ewed b y N i swende r et a l . , 2000). 

Lu t eo ly t i c hormone, or its analogues, exerts the cyto toxic effects that eventual ly k i l l 

luteal ce l l s resul t ing i n both functional and structural regression o f C L tissue. It is u n i v o c a l 

that P G F 2 c t is a potent luteolyt ic agent that exerts its actions through a specif ic s igna l ing 

pa thway ca l led prote in kinase C ( P K C pathway). U p o n its act ivat ion, P K C is be l i eved to 

exert its ac t ion i n one or two ways . F i r s t ly , P K C act ivat ion is be l ieved to suppress the 

p roduc t ion and ac t iv i ty o f a k e y acute regulatory protein, S taR, w h i c h is responsible for the 

transport o f free cholesterol from outer mi tochondr ia l membrane into inner mi tochondr ia l 

membrane. Secondly , a cy to toxic effect alters the ce l l membrane potential and causes 

increased intracel lular c a l c i u m , something that is detrimental to c e l l su rv ivab i l i ty . 
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T H E C A L C E L L S G R A N U L O S A C E L L S 

F I G U R E 1.3. Diagrammatic illustration o f the two-cell-two-hormone theory. Luteinizing hormone 
stimulates thecal cells to produce androgens, and follicle-stimulating hormone stimulates granulosa cells 
to produce estrogens from androgens. L H , Luteinizing hormone; F S H , Foll ic le stimulating hormone, 
c A M P , cyclic adenosine monophosphate; P K A , protein kinase A ; R, receptor. 
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Pregnenolone 

3J3HSD 
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3pHSD 

•> DHEA 
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Progesterone • 17-Hydroxy progesterone 
P45017a 
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• 
17/3HSD 

Testosterone 

P450arow 

Estradiol-17f3 

F I G U R E 1.4. Follicular biosynthesis o f estradiol-17(3. The key steps involved in follicular 
steroidogenic pathways and their respective enzymes are illustrated. P450scc, cytochrome P450 side 
chain cleavage enzyme; 3p -HSD, 3(3-hydroxysteroid dehydrogenase; 17P-HSD, 17P-hydroxysteroid 
dehydrogenase; P 4 5 0 1 7 a i 17a-hydroxylase cytochrome P450; P450arom, cytochrome 450aromatase; 
D H E A , dihydroepiandrostenedione. 
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General circulation 

F I G U R E 1.5. Schematic representation o f intracellular events occurs during progesterone (P4) 
biosynthesis in C L . Three source o f cholesterol can be utilized for substrate: 1) low-Density 
lipoprotein ( L D L ) , 2) high-density lipoprotein ( H D L ) , or 3) hydrolysis o f cholesterol esters by 
cholesterol esterase. Free cholesterol is transported to inner mitochondrial membrane by the help of 
steroid acute regulatory protein (StAR). Cholesterol is converted to pregnenolone by cytochrome 
P450 side chain cleavage enzyme (P450scc). Then pregnenolone transported out o f mitochondria, and 
converted to P4 by 3(3-hydroxy steroid dehydrogenase (3P-HSD) in the smooth endoplasmic 
reticulum (SER) . P4 is believed be diffuse out from the cell into general circulation. L H , luteinizing 
hormone; P K A , protein kinase A ; c A M P , cyclic adenosine monophosphate; L D L r , low-density 
lipoprotein receptor; H D L B p , high-density lipoprotein binding protein; C E , cholesterol esterase. 
Modif ied from Niswender et al., 2000. 
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1.2.11. Applications of G n R H and G n R H analogues in bovine reproduction 

C o m b i n i n g the mul t i funct ional roles o f G n R H , and the ava i lab i l i ty o f potent, l o n g 

act ing synthetic G n R H analogues broaden the scope for G n R H applicat ions i n the f i e ld o f 

reproduct ive b i o l o g y and medic ine . In veterinary practice, the versati le functional properties 

o f G n R H have been exploi ted to manage a variety o f reproductive disorders w i t h v a r y i n g 

degree o f success ( R e v i e w e d b y Thatcher et a l . , 1993; D ' O c c h i o and A s p d e n , 1999; 

Rajamahendran et a l . , 2001). F o r instance, the acute effect o f G n R H caus ing endogenous 

release o f L H and F S H is an important feature that is be ing employed i n manipu la t ing the 

ovar ian act ivi ty . G n R H - i n d u c e d L H release is associated w i t h numerous p h y s i o l o g i c a l 

effects such as an altered C L function, and ovula t ion or lu te in iza t ion o f ovar ian fo l l i c les , 

i nduc t ion and development o f new fo l l ic les . Further, G n R H or its analogues are rout ine ly 

emp loyed i n var ious treatment regimens inc lud ing synchroniza t ion o f estrus and ovula t ion , 

i nduc t ion o f postpartum ovula t ion , and reversible suppression o f ovar ian ac t iv i ty for an 

extended periods ( D ' O c c h i o and A s p d e n , 1999). The accompl ishment o f the later phenomena 

has become m u c h easier since the ava i lab i l i ty o f s l ow releasing subcutaneous implants o f 

G n R H analogues. Furthermore, this feature o f a chronic effect appears to be a p r o m i s i n g too l 

for the development o f safer methods o f contraception through temporary suppression o f 

ovar ian function. T h e f o l l o w i n g paragraphs prov ide an ove rv i ew o f the roles for G n R H or its 

analogues i n the f ie ld o f farm an imal reproduction, w i t h special emphasis o n the bov ine 

species. 
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1.2.12. Neuroendocrine response to G n R H analogues in cattle 

T h e acute response to G n R H - a , irrespective o f dosage, was characterized b y 

increased gonadotropin secretion (Rodger and Stormshak, 1986; Chenaul t et a l . , 1990). 

C h r o n i c treatment w i t h re la t ively h i g h doses o f G n R H - a resulted i n the reversible 

suppression o f gonadotropin secretion ( L a h l o u et a l . , 1987). The latter was due to the d o w n -

regula t ion o f GnRH-recep to r s o n gonadotrophes ( H a z u m and C o n n , 1988; Grospe and C o n n , 

1988). K n o w l e d g e o f direct effects o f G n R H - a o n hypothalamic G n R H secretary pattern i n 

bov ine species is l imi t ed . H o w e v e r , i n rams, treatment w i t h G n R H - a d i d not inf luence G n R H 

secretary patterns (Caraty et a l . , 1990). It w o u l d appear, therefore, that G n R H - a treatment 

does not influence the ac t iv i ty o f hypothalamic G n R H secreting neurons, at least i n rams. 

T h e major direct effects o f G n R H - a w i t h i n the reproductive axis appear to be ac t ion 

o n pi tu i tary gonadotropes ( H a z u m and C o n n , 1988; H u c k l e and C o n n 1988; V i z c a r r a et a l . , 

1997). B u l l s treated w i t h G n R H - a (nafarelin) for 15 days had reduced pi tui tary G n R H -

receptors ( M e l s o n et a l . , 1986). Th i s was consistent w i t h the c lass ica l down-regula t ion o f 

GnRH-recep to r s induced b y G n R H - a ( H a z u m and C o n n , 1988). H o w e v e r , there are several 

studies i n the bov ine species to contradict these f indings, where bu l l s and heifers treated w i t h 

G n R H - a mainta ined basal secretion o f L H . These results differ f rom the signif icant reduct ion 

i n c i rcu la t ing L H seen i n most species dur ing agonist treatment ( D ' O c c h i o and A s p d e n , 

1996). R e d u c e d levels o f pi tui tary L H and L H m R N A was demonstrated i n intact bu l l s 

( M e l s o n et a l , 1986) and cows ( V i z c a r r a et a l , 1997) treated w i t h G n R H - a . T h i s was 

associated w i t h a lack o f pulsat i le secretion o f L H but maintenance o f basal L H , secretion 

( D ' O c c h i o and A s p d e n , 1996; A s p d e n et a l . , 1997a, b ; Rajamahendran et a l . , 1998; D a v i s et 
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a l , 2003) . Studies o n L H secretary patterns i n bul l s treated w i t h nafarel in revealed that basal 

L H secretions i n bu l l s were s l ight ly , but s ignif icant ly , increased dur ing treatment (J imenez-

Severiano et a l . , 1998, 2003). S i m i l a r increases i n basal p lasma L H was observed i n heifers 

treated w i t h a long-act ing G n R H - a , leuprol ide (Evans and R a w l i n g s , 1994), as w e l l as i n 

cows treated w i t h busere l in ( G o n g et a l . , 1995, 1996; Schmit t et a l . , 1996a; Rajamahendran 

e t a l . , 1998). 

G n R H - a - r e s p o n s i v e pi tui tary L H secretion i n cattle was further demonstrated us ing 

castrated bu l l s , w h i c h natural ly have an increased secretion o f L H . A l t h o u g h p l a sma L H was 

reduced i n castrated bu l l s treated w i t h agonist, basal secretion was maintained, s imi l a r to the 

f indings i n intact bu l l s ( A s p d e n et. a l . , 1996). The understanding that has emerged f rom 

G n R H - a studies i n cattle, therefore, is that pulsati le secretion o f L H is b l o c k e d , w h i c h is 

consistent w i t h down-regula t ion o f GnRH-recep to r s ( V i z c a r r a et a l . , 1997). H o w e v e r , basal 

L H secretion is ton ica l ly increased (Evans and R a w l i n g s , 1994, Schmi t t et a l . , 1996b; 

Rajamahendran et a l . , 1998; J imeneze-Severiano et a l . , 1998 and 2003). The exact 

mechanism(s) that promotes increased basal secretion o f L H i n cattle treated w i t h G n R H - a is 

not k n o w n . H o w e v e r , it has been hypothesized that the basal secretion c o u l d be consti tutive 

and does not require typ ica l second messenger pathways ( H u c k l e and C o n n 1988). 

Al t e rna t ive ly , G n R H - a m a y stimulate second messenger pathways i n cattle to main ta in 

increased basal L H secretion; nevertheless this assumption might be considered inconsistent 

w i t h the down-regula t ion o f GnRH-recep to r s i n cattle dur ing agonist treatment. Endogenous 

G n R H is not required for cont inued secretion o f L H i n bu l l s treated w i t h G n R H - a , as bu l l s 
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treated w i t h agonist, and s imultaneously ac t ive ly i m m u n i z e d against G n R H , mainta ined basal 

secretion o f L H ( A s p d e n et a l . , 1997a, b). 

T h e response o f the pituitary to the natural sequence G n R H secretion was reinstated 

over several weeks after treatment w i t h G n R H - a i n bu l l s (Bergfe ld et a l . , 1996a) and heifers 

(Bergfe ld et a l . , 1996b). It was not k n o w n whether the gradual recovery o f pi tu i tary 

responsiveness to G n R H is related to a gradual replenishment o f GnRH-recep to r s o n 

gonadotroph cel ls , or to a gradual re-establishment o f second messenger pathways w i t h i n 

gonadotroph cel ls (Grospe and C o n n , 1988). Consistent w i t h a gradual return to n o r m a l 

pi tui tary funct ion after G n R H - a treatment, post-pubertal heifers treated w i t h a des lore l in 

( G n R H - a ) b io - implan t for 10, 28, or 56 days, ovulated approximate ly 20 days after the end o f 

treatment ( D ' O c c h i o and K i n d e r , 1995; D ' O c c h i o et a l , 1996). Heifers infused w i t h busere l in 

for 48 days d isp layed estrus and preovulatory L H surge 8-11 and 22 days after cessat ion o f 

treatment, respect ively ( G o n g et a l . , 1996). In young bul l s , treatment w i t h leuprol ide from 6 

to 20 weeks o f age delayed the occurrence o f a pre-pubertal r ise i n p lasma L H and 

testosterone b y 4 weeks , from 20 weeks to 24 weeks (Chando l i a et a l . , 1997). 

1.2.13. Gonadal response to GnRH analogues in cattle 

T h e acute increase i n p lasma L H that occurs at in i t ia t ion o f G n R H - a treatment 

(Chenaul t et a l . , 1990) can induce ovula t ion o f a g rowing preovula tory fo l l i c l e , and can also 

induce a new fo l l i cu la r wave ( M a c m i l l a n and Thatcher, 1991). Lu te in i za t ion , wi thout 

ovula t ion , also can be induced b y treatment w i t h G n R H - a ( M a c m i l l a n and Thatcher, 1991; 

Ret tmer et a l . , 1992). In B r a h m a n heifers, ovula t ion was induced w i t h G n R H - a administered 
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o n D a y 4 and D a y 6 o f the estrous cyc le , but not o n D a y 2 or D a y 8 as r ev i ewed b y D ' O c c h i o 

and A s p d e n (1999). S i m i l a r f ind ing were reported b y Schmit t et a l . (1996a) and 

Rajamahendran et a l . (1998), where ovula t ion was consistently induced b y treatment w i t h 

G n R H - a at about D a y 5 to D a y 6 o f the estrous cyc le . L o n g - t e r m and cont inuous 

adminis t ra t ion o f G n R H - a starting from D a y 5 o f the estrous cyc le i n cattle has resulted i n 

suppressed p lasma F S H levels ( G o n g et a l . , 1996), and fo l l i c l e g rowth was restricted to ear ly 

stages o f development (<4mm) ( G o n g et a l . , 1996; Rajamahendran et a l . , 1998; D ' O c c h i o et 

a l . , 2000) . 

In prepubertal heifers, treatment w i t h des lore l in for 28 days was associated w i t h 

increased p lasma concentrations o f E 2 , s imi la r to that o f increased testosterone secretion i n 

bu l l s treated w i t h G n R H - a (Bergfe ld et a l . , 1996a). S i m i l a r trends were observed w i t h respect 

to P 4 secretion b y the C L i n heifers and cows treated w i t h G n R H - a ear ly i n the estrous cyc le 

(Thatcher et a l . , 1993; D ' O c c h i o et. a l 1996; Schmit t et a l . , 1996a; Rajamahendran et a l . , 

1998). Increased gonadal steroidogenesis i n cattle rece iv ing G n R H - a was thought to be due 

to maintenance o f t on ica l ly increased b a s a l , L H secretion (Evans and R a w l i n g s , 1994; 

Schmi t t et a l . , 1996a; J imenez-Severiano et a l . , 1998: Rajamahendran et a l . , 1998; Taponen 

et a l . , 1999). Cont ra ry to this assumption, several other authors have shown that G n R H - a 

administered at different k n o w n t ime points dur ing the estrous cyc le e l ic i ted different effects 

o n steroidogenic capabil i t ies o f the fo l l i c l e or ensuing C L . It was suggested that the acute 

increase i n L H that occurs when G n R H - a treatment is init iated at the m i d luteal phase o f the 

estrous cyc le ( D a y 12-13) causes lu te inizat ion o f fo l l ic les , account ing for the reduced the 

secretion o f E 2 (Thatcher et a l . , 1993; Ret tmer et a l . , 1992). F o r instance, heifers treated 
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ch ron i ca l l y w i t h G n R H - a fai led to initiate an endogenous preovulatory L H , and ovu la t ion d i d 

not occur ( D ' O c c h i o et a l . , 2000 and 2002). 

1.2.14. Effects of GnRH-a on preovulatory follicle development and CL function 

F o l l o w i n g luteolysis , increased L H pulse frequency (moderate rise i n F S H levels) , 

w i t h concomitant transitory rise i n E 2 levels , favors the f inal t ransformation o f granulosa and 

thecal ce l l s into luteal ce l l s , acqui r ing enhanced steroidogenic potentials to secrete enough P 4 

f rom the ensuing C L . T h e transient increase i n F S H and E 2 levels p r io r to ovu la t ion is 

be l i eved to p l a y a p ivo t a l role i n fo l l icu la r c e l l prol iferat ion, and acquis i t ion o f de n o v a L H -

receptors before differentiating into fu l ly lu te inized c e l l mass. 

Consequent to the advent o f the concept o f estrus synchroniza t ion i n fa rm animals , 

v igorous efforts are under w a y to f ind out an efficient hormona l treatment reg imen to induce 

synchron ized fo l l i cu la r development, ovula t ion and an effective C L format ion i n cattle. 

Recent reports f rom several laboratories have g iven new hope to effective manipu la t ion o f 

synchron ized ovu la t ion leading to an enhanced C L function through usage o f G n R H or its 

synthetic analogues. One such recently developed protocol , referred to as " o v s y n c h " (Purs ley 

et a l . , 1995), i n v o l v i n g G n R H o n D a y 0, P G F 2 a o n D a y 5-7 and second G n R H o n D a y 7-9, 

has been s h o w n to be a p romis ing method o f estrus synchroniza t ion and ovula t ion . T h i s 

me thod is be ing w i d e l y pract iced i n t imed inseminat ion protocols . H o w e v e r , due to l im i t ed 

knowledge o f the mul t i funct ional roles o f G n R H or its analogues i n the reproduct ive tissues, 

it is not yet possible to come up w i t h an appropriate treatment reg imen for G n R H or G n R H - a 

i n the f ie ld o f both human and domestic an imal reproductive medic ine . Expe r imen ta l studies 
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have revealed that w h i l e l o w pulse frequency o f G n R H supports F S H synthesis and release. 

O n the other hand, it is not as effective i n increasing L H levels. Whereas h i g h G n R H pulse 

frequency inhibi ts F S H synthesis and release ( V i z c a r r a et a l . , 1999). S i ze o f the largest 

ovar ian fo l l i c l e was greater i n heifers treated w i t h G n R H - a (Purs ley et a l . , 1997, and 

Taponen. , 1999 and 2000), w h i c h was associated w i t h increased p lasma concentrations o f E 2 

(Bergfe ld et a l . , 1996b; M a c l e l l a n et a l . , 1997: Dufour et a l . , 1999). Converse ly , w h e n a 

second dose o f G n R H - a was administered 24 h after the prostaglandin inject ion, it seemed to 

cause an L H surge, w h i c h stopped the E 2 secretion i n preovulatory fo l l i c l e . T h i s seems to 

occur even though the fo l l i c l e had not reached the f inal matur i ty (Taponen et a l , 1999, 2002, 

2003) . 

A d m i n i s t r a t i o n o f G n R H or G n R H - a i n the early fo l l icu la r phase has resulted i n an 

inadequate or defective C L ( L u c y and Stevenson, 1992; M u r d o c h and V a n K i r k , 1998; 

Taponen et a l . , 1999, 2003) . There are more than one theory to exp la in that consequent to 

G n R H - a administrat ion, L H concentrations reach beyond their threshold levels causing 

down-regula t ion o f LH-receptors i n preovulatory fo l l i c l e cel ls ; thus, ensuing luteal defect. 

S i m i l a r postulat ions indicate lack o f F S H p r i m i n g granulosa cel ls w o u l d fa i l to acquire 

a romat iz ing capabil i t ies; hence decreased E 2 levels cou ld lead to decreased granulosa c e l l 

prol i ferat ion, and thus, the luteal insuff ic iency (D ie l eman and Blankens te in 1984). In heifers, 

chronic adminis t ra t ion o f G n R H - a c o m m e n c i n g early i n the estrous cyc le ( D a y 3) resulted i n 

a larger C L , and secreted more P 4 than i n untreated heifers ( D ' O c c h i o et a l . , 1997). S i m i l a r 

observations were made w h e n G n R H - a was administered dur ing mid - fo l l i cu l a r phase 

( M u r d o c h and V a n K i r k , 1998, M o m c i l o v i c et a l . , 1998; Taponen, 1999), or ear ly estrous 
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cyc le , resul t ing i n an enhanced C L function (Twagi ramungu et a l . , 1995). Treatment w i t h 

des lore l in is associated w i t h an increased p lasma P 4 levels i n cattle (Schmit t et a l . , 1996a and 

Rajamahendran et a l . , 1998), w h i c h is be l ieved to be attributed i n part to the increased size 

and funct ion o f the C L . The C L i n heifers treated w i t h des lore l in had a greater content o f 

S t A R protein, and the steroidogenic enzyme P450scc , ( reviewed i n D ' O c c h i o and A s p d e n , 

1999). Treatment o f heifers w i t h buserel in early i n the estrous cyc le caused an increase i n the 

relat ive numbers o f large luteal cel ls i n the C L (Twagi ramungu et a l . , 1995, Schmi t t et a l . , 

1996a). O n the other hand, heifers treated w i t h G n R H - a from about D a y 4 to D a y 6 o f the 

estrous c y c l e can ovulate and develop an accessory C L w h i c h m a y be a contr ibutory factor 

towards increased p lasma P 4 (Schmit t et a l . , 1996a; Rajamahendran and Sianangama, 1992; 

Rajamahendran et a l . , 1998). F o l l o w i n g inseminat ion, administrat ion o f G n R H - a ear ly i n the 

estrous cyc le to increase p lasma P 4 w o u l d enhance the l i k e l i h o o d o f concept ion, pregnancy 

recogni t ion and embryo su rv iva l ( U l l a h et a l . , 1996). 

1.2.15. Effects of G n R H analogues on pregnancy outcome in cattle 

A considerable number o f studies have examined whether G n R H treatments g iven at 

the t ime o f A I are able to improve pregnancy rates i n cattle. In most o f the experiments 

G n R H treatment (gonadorelin-native G n R H or buserelin-agonist ic analogue) was g iven at the 

t ime o f first or second A I . The dosage is general ly around 100 - 125 u.g for native G n R H and 

8-10 p,g for buserel in . Genera l ly , these treatment are employed around the t ime o f A I , or 

dur ing the mid- lu tea l phase to attempt to establish enhanced C L function. T h e major i ty o f 

exper imental results show a numer ica l ly increased P 4 product ion, and i n some instances, 

pregnancy rate, after G n R H treatment. Howeve r , the difference is often stat ist ically non-
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significant i n compar i son w i t h untreated animals . O v e r a l l , the studies demonstrate an 

increase i n pregnancy rates i n cows treated w i t h G n R H at the t ime o f first A l ( M e e et a l . , 

1990; U l l a h et a l . , 1996). H o w e v e r , according to Thatcher et a l . (1993), changes i n pregnancy 

rates, i n response to G n R H administrat ion at the t ime o f first service o f da i ry cows , varies 

f rom -7 to +17%; therefore, it is diff icul t to accept that G n R H is e l i c i t ing a predictable 

increase i n fert i l i ty that can be re l i ab ly appl ied f rom herd to herd. 

Repeat breeding has considerable impact o n the economy o f da i ry farmers. The 

def in i t ion o f repeat breeding includes pregnancy failures occur r ing after three or more 

inseminat ions performed at estrus w i t h normal inter-estrous intervals i n the absence o f 

detectable abnormali t ies (Zemjanis , 1980). H o w e v e r , i n most studies dea l ing w i t h the effect 

o f G n R H g i v e n at the t ime o f A l i n repeat breeders, they were c lass i f ied as c o w s that return 

to estrus for a th i rd or further service. T h e native G n R H or G n R H agonists are often the 

choice o f treatment to tackle this p rob lem, and this treatment is usua l ly emp loyed at the t ime 

o f A l , or 12-16 hours before A l (Stevenson et a l . , 1990). In conc lus ion , it is suggested that 

the adminis t ra t ion o f G n R H and its agonistic analogues at the t ime o f A l w o u l d increase 

pregnancy rates, despite the fact that type o f an imal , management and p h y s i o l o g i c a l status 

can contribute to the differential fert i l i ty responses to G n R H treatments (Thatcher et a l . , 

1993; U l l a h et a l . , 1996; C a m et a l . , 2002). 

In a nutshel l , bo th acute and chronic phases o f the L H response i n cattle to G n R H - a 

adminis t ra t ion broaden the scope for f ine-tuning the pract ical applicat ions for G n R H 

analogues i n bov ine reproduction. The acute increase i n p lasma L H that occurs at the 
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beg inn ing o f agonist treatment has been an invaluable too l i n the treatment o f cys t ic fo l l i c les , 

development o f estrous synchronizat ion protocols , and new super-ovulat ion programs 

( review b y Thatcher et a l . , 1993; D ' O c c h i o and A s p d e n , 1999). Further, the exercise o f 

adminis ter ing G n R H analogues at various t ime points at A I and embryo transfer to enhance 

concept ion rates, is an ongo ing effort i n ant icipat ion o f more precise answers. B a s e d on the 

facts, the absence o f a pre-ovulatory L H surge i n animals treated ch ron i ca l l y w i t h G n R H - a is 

a p r o m i s i n g feature. It cou ld be appl ied to the development o f long-act ing contraceptive 

methods us ing G n R H - a b io- implants , w h i c h cou ld be used i n farm an ima l practice or for 

veter inary use ( D ' O c c h i o and A s p d e n , 1999; D ' O c c h i o et a l . , 2002; T r i g g et a l . , 2001 ; 

M u n s o n et a l . , 2001) . 

A significant propor t ion (30 - 40%) o f pregnancy failures or infer t i l i ty p rob lems i n 

cattle, have been attributed to inadequate funct ioning o f the C L (Purse ly et a l . , 1997). Studies 

f rom several researchers reveal that animals destined to carry a conceptus f o l l o w i n g 

inseminat ion , produce more P 4 dur ing the second h a l f o f the diestrum per iod . T h e opposite is 

true for those animals destined for concept ion failure or early pregnancy loss. M o s t o f the 

concept ion failures or early pregnancy losses are associated w i t h defective C L funct ion or 

luteal funct ion, w h i c h is due to a lack o f adequate luteotropic support f o l l o w i n g ovula t ion . 

Several correct ive measures have been developed to combat inadequate C L funct ion i n cattle. 

F o r example , induc t ion o f increased L H p lasma concentrations either through direct L H 

adminis t ra t ion or adminis t ra t ion o f h C G , c o u l d exert L H l i ke act ivi ty . Efforts have also been 

made to compensate for luteal insuff ic iency through exogenous P 4 administrat ion. 

Consequent ly , they have y ie lded poor results due to u n k n o w n reasons besides prac t ica l 
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diff icul t ies . In spite o f continued efforts f rom several researchers, l i t t le improvement has 

been achieved towards successful treatment o f luteal insuff ic iency i n bov ine species. Resul ts 

f rom several studies has revealed that the administrat ion o f G n R H or its agonist analogues, 

w h i c h posses higher aff ini ty for G n R H receptors compared to the endogenous G n R H , 

y i e lded a m i x e d response towards luteal enhancement f o l l o w i n g ovula t ion . D u e to the 

versati le nature o f G n R H function depending o n phys io log ica l status o f an i n d i v i d u a l , it is 

not yet poss ible to u t i l i ze its p romis ing benef ic ia l effects towards luteal enhancement 

protocols . Suppor t ive results f rom exis t ing G n R H protocols inc lude adminis t ra t ion o f G n R H 

at var ious t ime points before and after ovulat ions, and induc t ion o f accessory C L , resul t ing i n 

increased p lasma P 4 concentration. G n R H agonists administered either i n ear ly diestrum, or 

i n late dies t rum per iod , resulted i n successful induc t ion o f accessory C L and increased 

p l a sma P 4 concentration. H o w e v e r , results are often inconsistent, and therefore, the search 

for suitable t ime-point(s) for G n R H - a administrat ion dur ing estrous cyc le continues. 

1.3. R A T I O N A L E F O R T H E S T U D Y 

G n R H has an undisputable k e y role i n hypothalamus-pi tui tary-gonadal axis . A s w e l l , 

accumulated informat ion c lear ly suggests an importance for the use o f G n R H i n both 

management and treatment o f var iety o f reproductive disorders. T h e ava i l ab i l i ty o f potent 

and long-act ing synthetic G n R H analogues have led to an u n v e i l i n g o f diverse roles for 

G n R H i n m a m m a l i a n reproduction. In addi t ion, there are evidences to suggest autocrine or 

paracrine roles o f G n R H i n reproductive tissues. Di rec t effects o f G n R H , or its analogues, 

have been documented i n different reproductive c e l l types i n several species o f animals 

(primates, p igs , rodents), i nc lud ing humans. H o w e v e r , several o f those reports, i n one or 
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more o f these species, have y ie lded m i x e d results o n the direct effects o f G n R H o n ovar ian 

funct ion; therefore, it is a continued topic o f research interest. In l i eu o f these in t r igu ing 

f indings f rom other species, it w o u l d be h i g h l y interesting to explore i f any such mechanisms 

exist i n the bov ine species, where these animals are often subjected to G n R H or G n R H - a 

treatment dur ing their reproductive l ife span. 

The expected outcome f rom this study w i l l be a strengthening o f our knowledge 

regarding the direct effects o f G n R H - a o n ovar ian cel lu lar function i n the bov ine species. In 

addi t ion, any such knowledge gained through these studies w o u l d a id i n the ra t ional iza t ion o f 

the usage o f G n R H , or it potent synthetic analogues, i n both domest ic an imal and h u m a n 

reproduct ive management. M o r e important ly, the informat ion gained through these studies 

w i l l further broaden the basis for addi t ional studies w i t h respect to pro-and anti-fert i l i ty 

effects, as w e l l as therapeutic roles, for G n R H or its analogues i n the f i e ld o f reproduct ive 

medic ine . 

1.4. H Y P O T H E S I S 

A s pointed out i n the preceding section, literature rev iew, there is an apparent pauci ty 

o f in format ion w i t h respect to the presence o f G n R H and G n R H - R molecules i n bov ine 

reproduct ive tissues, and their possible involvement i n modu la t ion o f reproduct ive 

function(s). Therefore, this thesis proposes the hypothesis i n a broader perspective that the 

bov ine ovar ian structures ( fo l l ic le and C L tissue), w o u l d express m R N A transcripts for 

G n R H - R and G n R H , and that the direct effects o f G n R H are exhib i ted through altered 

39 



ovar ian funct ion i n the bov ine species. A s w e l l , post-breeding G n R H adminis t ra t ion w o u l d 

enhance C L function and pregnancy outcome i n this species. 

1.5. OBJECTIVES 

In order to test the above hypothesis, a series o f experiments were performed w i t h the 

f o l l o w i n g specif ic objectives: 

(a) T o explore the poss ib i l i ty o f m R N A expression for G n R H - R and G n R H i n bov ine 

ovar ian structures ( fol l ic les and C L ) [ C H A P T E R 2]. 

(b) T o examine the direct effects o f G n R H - a o n steroid hormone produc t ion i n granulosa 

ce l ls , dispersed luteal cel ls , and C L tissues in vitro [ C H A P T E R 3]. 

(c) T o assess the direct influence o f G n R H - a on molecula r mechanisms o f luteal 

steroidogenic machinery i n the bov ine C L [ C H A P T E R 4] . 

(d) T o examine the direct influence o f G n R H - a o n apoptotic process i n bov ine C L 

[ C H A P T E R 4] and 

(e) T o determine the influence o f post-breeding G n R H adminis t ra t ion o n in vivo C L 

funct ion and pregnancy outcome i n dai ry cattle [ C H A P T E R 5]. 
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C H A P T E R 2 

G n R H - R A N D G n R H mRNA E X P R E S S I O N IN T H E B O V I N E O V A R Y 

2.1. A B S T R A C T 

T h i s study was undertaken to investigate the m R N A expression for G n R H receptor 

and its l igand , G n R H , i n the bov ine ovary. Granu losa cel ls from sma l l (<4 m M ) , m e d i u m (5-

8 m M ) and large fo l l ic les (>8 m M ) and tissues f rom different staged C L [Stage I ( D a y 1-4), 

Stage II ( D a y 5-10), Stage III ( D a y 11-17), and Stage TV ( D a y 18-21, days after ovulat ion)] , 

were harvested from bov ine ovaries col lected at a l oca l abattoir. The m R N A isolated from ' 

representative samples was subjected to R T - P C R us ing gene sequence specif ic pr imers . The 

expected s ized P C R ampl icons were detected through southern hybr id i za t ion procedure, and 

the sequence identi ty ( G n R H - R ) was conf i rmed through nucleot ide sequence analysis . The 

results were s h o w n to be posi t ive for the presence o f G n R H - R m R N A expression i n both 

fo l l ic les and C L . Mode ra t e ly higher levels o f G n R H - R transcripts were evident i n granulosa 

cel ls from sma l l fo l l ic les , whereas s l igh t ly lower , but un i form, expression levels were evident 

i n bo th m e d i u m and large fo l l ic les . A m o n g different staged C L , G n R H - R transcripts were 

c lea r ly detectable i n stage III luteal tissues, where as the expression levels were s l igh t ly 

l ower i n stage II, and bare ly or not detectable i n stage I and I V luteal tissues. W i t h respect to 

G n R H m R N A expression i n bov ine fo l l ic les , p re l iminary f indings f rom R T - P C R studies 

revealed the evidence for the possible presence o f G n R H m R N A expression i n granulosa 

cel ls from different staged fol l ic les . 
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2.2. INTRODUCTION 

G n R H is a neuronal secretary decapeptide that p lays a central role i n reproduct ive 

processes through s ignal ing , synthesis and release o f gonadotropins, L H and F S H , f rom the 

anterior pituitary. A l t h o u g h it is an indisputable fact that hypothalamus and pi tui tary are 

respect ively the p r inc ipa l source o f G n R H and its target sites, recent reports con f i rm the 

extra-hypothalamic o r ig in o f more than one type o f G n R H peptide, as w e l l as the presence o f 

its cogni t ive receptor types i n extra-pituitary tissues i n the body . Reproduc t ive tissues such as 

ovaries, placenta, endometr ium, oviducts , and testes have been shown to be pos i t ive for the 

G n R H and G n R H - R m R N A , or functional forms o f respective prote in molecules , across 

different laboratory species (rats, p igs , and monkeys) and i n humans. Numerous studies have 

also demonstrated the direct effects o f G n R H at the ovar ian ce l lu lar l eve l (sect ion 1.2.5 and 

1.2.6; C H A P T E R 1). T h e earliest report o f evidence for the presence o f ovar ian G n R H 

receptors was the demonstrat ion o f h igh affinity b i n d i n g sites for G n R H i n rodent species 

( C l a y t o n et a l . , 1979; Jones et a l . , 1980; Pieper et a l . , 1981; D e k e l et a l . , 1988). Despi te 

in i t i a l conf l i c t ing reports, subsequent studies i n humans have successful ly demonstrated 

G n R H receptor expression i n the ovary. Presence o f h i g h aff ini ty G n R H receptors o n 

granulosa cel ls (Latouche et a l . , 1989), ands l o w affinity b i n d i n g sites i n corpus lu teum ( C L ) 

(Latouche et a l . , 1985), has been conf i rmed through b i n d i n g or auto-radiographic studies. 

Further, the ava i lab i l i ty o f powerfu l tools i n the field o f molecu la r b i o l o g y has enabled 

researchers to gain deeper insight w i t h respect to G n R H or G n R H receptor gene expression, 

and its regulat ion. T h e nucleot ide sequence o f human G n R H receptors c D N A was deduced 

us ing the R T - P C R technique ( K a k a r et a l . , 1992). Later, s imi l a r studies conf i rmed the 

nucleot ide sequence o f G n R H and its receptor i n human granulosa cel ls (Peng et a l . , 1994; 
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M i n a r e t z i s et a l . , 1995). Studies o n the regulat ion o f the ovar ian G n R H receptor m R N A 

showed that G n R H up-regulates, and h C G down-regulates the G n R H receptor gene 

express ion (Peng et a l . , 1994). Further, several observations from both in vivo, and in vitro 

m o d e l studies i n rodents, primates and humans, p rov ided evidence that G n R H can affect the 

fate and funct ion o f ovar ian cel ls through its direct act ion o n them ( reviewed b y Janssens et 

a l . , 2000; L e u n g et a l . , 2003). 

Interestingly, there is an apparent pauci ty o f informat ion w i t h regards to the poss ible 

existence o f G n R H - R and G n R H system, and its direct involvement i n modu la t ion o f ovar ian 

funct ion l o c a l l y i n bov ine species. Based o n o n l y a l imi t ed number o f studies, the conc lus ion 

was d rawn that the bov ine species lacks the ovar ian expression o f G n R H receptor m R N A , or 

its funct ional prote in ( B r o w n and Reeves, 1983; Net t et a l . , 1987; K a k a r et a l . , 1993). 

H o w e v e r , there is at least one study that has revealed the presence o f G n R H receptor m R N A 

i n bov ine cumulus-oocyte complex cel ls b y us ing R T - P C R technique (Funston and Se ide l , 

1995). Therefore, there is a clear indica t ion that more studies are needed i n order to explore 

the presence o f G n R H - R and G n R H system i n bovine ovar ian structures, fo l l i c l e and C L . 

Hence , the current study was undertaken w i t h the objective o f exp lo r ing for the presence o f 

m R N A expression for G n R H receptor and its l igand, G n R H , i n bov ine ovar ian structures, 

fo l l i c l e and C L . 
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2.3. MATERIALS AND METHODS 

2.3.1. Collection of bovine ovaries and classification of follicles and C L 

B o v i n e ovaries were col lected at a loca l abattoir w i t h i n 15 to 20 m i n after 

exsanguinations. Pa i red ovaries from each an imal were separately packed i n w h i r l pack 

plast ic bags conta in ing i ce -co ld D M E M / F T 2 culture m e d i u m . Ovar ies were transported to the 

laboratory o n ice w i t h i n 3 to 4-h after co l lec t ion . Immediate ly upon ar r iva l at the laboratory, 

each pa i r o f ovaries was examined carefully, and the exis t ing fo l l ic les were c lass i f ied into 

different categories according to p rev ious ly established cri ter ia ( K r u i p and D i e l e m a n , 1982; 

Y a n g and Rajamahendran, 2000). Based on fo l l i c l e diameter and morpho log i ca l appearance, 

fo l l i c les were c lass i f ied as sma l l (<4 m m ) , m e d i u m (5-8 m m ) and large fo l l ic les (>8 m m 

diameter). T h e stage o f exis t ing C L was determined and categorized into one o f four stages 

based o n their gross appearance, size o f the c rown , and shape (Ireland et a l . , 1980). T h e four 

stages were , Stage I (Day , 1-4); Stage II (Day , 5-10); Stage III (Day , 11-17) and Stage I V 

(Day , 18-21), after ovula t ion . Batches o f 6 to 8 pairs o f ovaries were obtained dur ing each 

v is i t to the abattoir, and at least 5 different pools o f granulosa cel ls from each stage o f 

fo l l i c les , and at least 6 different tissue samples from each stage o f C L were examined i n this 

study. 

2.3.2. Aspiration of follicles and granulosa cell processing 

F o l l i c u l a r f l u id conta ining granulosa cel ls was aspirated from different s ized fo l l ic les 

u s ing a 1 0 - m L plast ic syringe w i t h 18 gauge needle. F o l l i c u l a r f l u id f rom each category o f 

fo l l i c les was poo led and kept separately i n heparin-dusted 15 m L F a l c o n tubes. F o r sma l l 

fo l l i c les , about 1 m L o f sterile phosphate buffered saline ( P B S ) so lu t ion was used i n order to 
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facilitate retr ieval o f granulosa cel ls into the syringe. M e d i u m and large fo l l ic les were 

aspirated wi thout us ing P B S . D u r i n g aspiration o f each fo l l i c l e , fo l l i cu la r f l u id was 

repeatedly aspirated and expel led into the fo l l i c l e several t imes to m a x i m i z e the recovery o f 

granulosa cel ls . Tubes containing fo l l icu la r f l u id were he ld o n ice dur ing the pe r iod o f 

aspiration. F o l l i c u l a r aspirates were centrifuged at 400 x G for 10 m i n at 4 ° C and the 

supernatants were discarded. Depend ing o n the size o f the remain ing granulosa c e l l pellet , 1 

to 2 m L o f T r i Reagent so lu t ion ( S i g m a - A l d r i c h Canada L t d . O a k v i l l e , O N ) was added 

di rec t ly to the F a l c o n tubes. Contents were thoroughly m i x e d b y repeated pipet t ing un t i l the 

complete d isso lu t ion o f c e l l pellet into to a un i fo rm homogenate. A t this stage, i n d i v i d u a l 

samples were either processed immediate ly , or stored at - 7 5 ° C un t i l the next day, for 

cont inued w i t h total R N A isola t ion. 

2.3.3. Processing of C L tissues 

U p o n ident i fy ing the stage o f each C L , about 200 m g o f luteal tissue was harvested 

from the central port ions o f each C L mass, and immedia te ly transferred into a 50 m L F a l c o n 

tubes conta in ing 2 to 3 m L o f T r i Reagent solut ion. Care was taken to a v o i d us ing C L w i t h 

larger cavi t ies , or from pregnant animals dur ing the co l lec t ion process. T h e luteal tissues 

were then homogen ized us ing a l o w speed motor-operated tissue homogen iza t ion meta l l i c 

probe. The resultant homogenate mixtures were either used immedia te ly for total R N A 

iso la t ion , or stored at -75 ° C for subsequent use. 
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2.3.4. Collection and processing of bovine pituitary and hypothalamus tissues 

A bov ine (cow) head w i t h an intact s k u l l was col lected at the l o c a l abattoir and 

transported to the laboratory on ice. The sku l l bone was cut us ing a hand-held electric saw, 

and the intact bra in , a long w i t h pi tui tary gland, was careful ly l if ted f rom the s k u l l cavi ty , and 

thoroughly washed w i t h i ce -co ld phys io log i ca l saline solut ion. The pi tui tary g land was 

careful ly separated f rom its capsule and surrounding vascular structures, and immedia te ly 

frozen o n d r y ice . Cerebra l hemispheres were cut apart through the mid-sagi ta l sect ion us ing 

a scalpel and bra in tissue explants from the hypothalamus area were harvested and 

immedia te ly frozen o n dry ice . B o t h the pi tui tary and hypothalamus samples were either 

stored at - 7 5 ° C , or immedia te ly processed for total R N A and m R N A iso la t ion , i n a s imi l a r 

fashion to those o f C L tissues. 

2.3.5. Total R N A and mRNA isolation from granulosa cells, C L , pituitary, and 
hypothalamus tissues 

T o t a l R N A was isolated f o l l o w i n g a single-step R N A iso la t ion method ( C h o m c z y n s k i 

and Sacch i , 1987) us ing a total R N A isola t ion solut ion, T r i Reagent. B r i e f l y , 1 m L o f 

homogenate mix ture prepared f rom granulosa cel ls , or respective tissue samples ( C L , 

pi tui tary and hypothalamus) were transferred to sterile 1.5 m L micro-centr i fuge tubes, and 

samples were a l l owed to sit for 5 m i n at r o o m temperature to facilitate complete d isso lu t ion 

o f nuclear proteins and c e l l w a l l components. T w o hundred u.1 o f ch lo ro fo rm per each 1 m L 

o f i n i t i a l v o l u m e o f T r i Reagent so lu t ion was added to each tube, and samples were agitated 

v i g o r o u s l y for 30 s. A g a i n , the samples were a l l owed to stand at r o o m temperature for 10 to 

15 m i n , and then centrifuged at 12000 x G for 15 m i n at 4 ° C . The top layer o f a clear 
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so lu t ion conta in ing total R N A molecules was careful ly transferred into a new set o f sterile 

micro-centr i fuge tubes. F o r each tube, 0.5 m L o f isopropanol (per each 1 m L in i t i a l v o l u m e 

o f T r i Reagent solution) was added and samples were a l l owed to stand for 15 m i n at r o o m 

temperature. Samples were again centrifuged at 12000 x G for 10 m i n at 4 ° C , and the 

supernatant so lu t ion was careful ly discarded . The resultant R N A pellet was washed two 

t imes w i t h 75 % ethanol and f ina l ly the R N A pellet was d i sso lved i n sterile, D E P C treated 

water. T h e quanti ty and qual i ty o f the total R N A was assessed b y both spectrophotometry, 

and b y observ ing clear bands for 28S and 18S ribosomal R N A species o n e th id ium bromide 

stained, 0 .8% agarose gels. To ta l R N A was either used immedia te ly for m R N A iso la t ion or 

stored at - 7 5 ° C for subsequent use. 

U s i n g total R N A from the representative samples o f fo l l i c les , C L , and pi tui tary 

tissues, P o l y ( A + ) R N A was isolated us ing a c o m m e r c i a l l y avai lable m R N A Isolat ion K i t 

(Roche M o l e c u l a r B i o c h e m i c a l s , L a v a l , Q C ) . B r i e f l y , a k n o w n amount o f total R N A from 

respective samples was hybr id i zed w i t h a biot in- labeled o l igo (dT)20 probe. T h i s mixture 

was added to separate micro-centr ifuge tubes conta ining streptoavidin magnet ic particles that 

were prepared ^earlier. Tubes were incubated for 5 m i n at 3 7 ° C . T h e resultant P o l y ( A + ) 

R N A - S t r e p t o a v i d i n magnet ic part icle h y b r i d mixture was separated from the rest o f the R N A 

species b y subjecting to a M a g n e t i c Part ic le Separator (Cat. N o . 1641794, R o c h e M o l e c u l a r 

B i o c h e m i c a l s , L a v a l , Q C ) . Further, the magnetic pa r t i c le -Po ly ( A + ) R N A mix ture was 

washed twice w i t h wash ing buffer. F i n a l l y the bound P o l y ( A + ) R N A was eluted into the 

RNase-free water, b y incubat ing 2 m i n at 6 5 ° C , fo l lowed b y separation o f magnetic particles 

from the f l u id por t ion , w h i c h contains P o l y ( A + ) R N A molecules . The qua l i ty and quantity o f 
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P o l y (A + ) R N A was determined spectrophotometrically. P o l y ( A + ) R N A samples were either 

used immedia te ly for R T - P C R or stored i n aliquots at - 7 5 ° C . A l l buffers used i n this 

p ro toco l were suppl ied as part o f the ki t . 

2.3.6. Detection of G n R H - R mRNA expression in granulosa cells and C L tissue 

2.3.6.1. Reverse Transcription-Polymerase Chain Reaction (RT-PCR) 

Unles s otherwise specif ied, the R T - P C R protocols used i n this study were 

accompl i shed b y u t i l i z i n g a c o m m e r c i a l l y avai lable R T - P C R - 2 0 K i t ( S i g m a - A l d r i c h Canada 

L t d . O a k v i l l e , O N ) . In i t ia l ly , the amount o f template m R N A , magnes ium concentrat ion, 

compa t ib i l i t y o f p r imer pairs, and P C R cyc le number were tested to determine op t ima l 

condi t ions for R T - P C R (data not shown). A b o u t 200 to 500 n g (depending o n the source, e.g. 

200 n g f rom pi tui tary and 500 ng from granulosa cel ls and C L tissues) o f P o l y ( A + ) R N A 

from each sample was reverse transcribed ( R T ) for 1 hour at 4 2 ° C , as per k i t guidel ines. T h e 

gene sequence specif ic 3 ' end antisense pr imers for both G n R H - R and a housekeeping gene, 

G 3 P D H , were u t i l i zed for the R T step. The internal control , G 3 P D H , was co-ampl i f i ed w i t h 

the G n R H receptor sequence i n order to ascertain the qual i ty o f the template R N A , and to 

insure the success o f R T - P C R reactions. Components inc luded i n R T react ion were: 50 m M 

T r i s - H C I ( p H 8.3), 40 m M K C I , 8 m M M g C l 2 , 1 m M D T T , 0.5 m M each d N T P , 20 U 

Enhanced A M V reverse transcriptase, 20 U R N a s e inhibi tor , and m R N A from fo l l i cu la r 

granulosa ce l l s or luteal tissues. A 5 u,l o f the R T sample representing about 50 n g (pituitary) 

or 125 n g (granulosa cel ls or luteal tissue) o f P o l y ( A + ) R N A , was used to co -ampl i fy both 

G n R H - R and G 3 P D H sequences i n the 50 u.L react ion vo lume . P C R m i x was compr i sed o f 1 

x P C R buffer (10 m M T r i s - H C I / p H 8.3, 50 m M K C I , 1.5 m M M g C l 2 , 0.001 % gelat in, 2 % 
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D M S O v / v ) , 200 u M each d N T P , 400 n M o f each gene specif ic pr imers ( forward and 

reverse), 2.5 U o f A c c u T a q L A D N A polymerase, and the required amount o f water to make 

up the f ina l v o l u m e o f 50 p L reaction m i x . The pr imer pairs der ived from respective c D N A 

sequences, bov ine pi tui tary G n R H - R (Access#: U 0 0 9 3 4 ) and bov ine G 3 P D H (Access #: 

A J 0 0 0 0 3 9 ) were used to ampl i fy an approximate size o f a 920 bp and a 320 bp P C R 

fragments for G n R H - R and G 3 P D H , respect ively (Table 1.1). In order to main ta in the 

exponent ia l P C R condi t ions for both G n R H - R and G 3 P D H , different sets o f P C R cycles 

were performed for fo l l ic les (33 & 20), C L (35 & 21), and pi tui tary (26 & 20) samples (data 

not shown) . Pr imers for G 3 P D H were dropped i n to P C R reactions at a specif ied cyc l e 

number dur ing P C R ampl i f ica t ion ( W o n g et a l . , 1994). C o n t r o l reactions inc luded P o l y ( A + ) 

R N A from bov ine pituitary, wi thout m R N A template, and wi thout reverse transcriptase 

enzyme, to ensure the successful ampl i f ica t ion o f the expected P C R ampl i con , lack o f cross 

contaminat ion, and the absence o f genomic D N A ampl i f ica t ion , respect ively. Af t e r an in i t i a l 

denaturation step o f 3 m i n at 9 5 ° C , the P C R was carr ied out for the appropriate number o f 

cyc les of: a denaturing step o f 1 m i n at 9 4 ° C , an anneal ing step o f 1 m i n at 5 8 ° C , and an 

extension step o f 1 m i n at 7 2 ° C , f o l l owed b y a f inal extension step o f 10 m i n at 7 2 ° C . 

2.3.6.2. Southern transfer of PCR products 

A l i q u o t s (pituitary 10 p L , granulosa cel ls 15 p i and luteal tissues 20 p i ) o f P C R 

products were electrophoresed on a 1.5 % agarose ge l and transferred onto the n y l o n 

membranes. B r i e f l y , the agarose gel-resolved P C R ampl icons were subjected to the a lka l ine 

denaturation for 20 m i n i n 0.4 M sod ium hydroxide solut ion, and the denatured D N A strands 

were transferred onto pos i t ive ly charged n y l o n membranes (Hybond-NT, A m e r s h a m B i o t e c h 
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U K L t d . Buck inghams i r e , England) b y f o l l o w i n g the cap i l l a ry transfer method i n 0.5 M 

sod ium hydrox ide solut ion. F o l l o w i n g overnight transfer, the transfer set up was dismant led, 

the membranes were ident if ied, and the i nd iv idua l lanes were marked . In order to remove 

agarose residues, the membranes were washed i n 2 x S S C solu t ion for 2 m i n at r o o m 

temperature, air-dried, and the membranes were either used immedia te ly for hyb r id i za t ion or 

stored at - 2 0 ° C . 

2.3.6.3. Preparation of chemiluminescentprobe and hybridization 

R T - P C R ampl i f i ed gene specific sequences o f both G n R H - R (750 bp) and G 3 P D H 

(320 bp) served as the source o f material for preparation o f chemiluminescent D N A probes 

( E C L T M , D i r ec t N u c l e i c A c i d L a b e l i n g Detec t ion System, A m e r s h a m B i o t e c h U K L t d . 

B u c k i n g h a m s i r e , Eng land) . B r i e f l y , D N A fragments o f an approximate size, 750 bp G n R H - R 

and a 320 bp G 3 P D H , were generated through R T - P C R b y us ing m R N A isolated f rom 

bov ine pi tui tary and luteal tissues, respectively. The D N A fragments were reso lved o n 1 % 

agarose ge l , and extracted us ing ge l extraction k i t ( Q I A q u i c k G e l Ex t rac t ion K i t , Qu iagen 

Inc. Mis s i s sauga , O N ) . The sequence identi ty o f the respective P C R ampl icons was 

conf i rmed through nucleot ide sequence analysis. The required amount o f gel pur i f ied D N A 

(10 n g / m L ) was denatured for five m i n i n a b o i l i n g water bath and immedia te ly p laced o n 

ice for 5 m i n . Tube contents were centrifuged br ie f ly and an equal amount o f l abe l ing reagent 

was added and thoroughly m i x e d b y repeated pipett ing. Subsequently, an equal amount o f 

glutaraldehyde so lu t ion was added, m i x e d and once again centrifuged b r i e f ly to concentrate 

tube contents at the bot tom. L a b e l i n g was cont inued b y incubat ing the tubes at 3 7 ° C for 20 
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m i n , and then the probe was used immediate ly , or stored i n 50 % g lyce ro l at - 2 0 ° C for 

subsequent use. 

H y b r i d i z a t i o n o f resultant D N A blots and s ignal detection was carr ied out b y us ing an 

E C L D i r ec t N u c l e i c A c i d L a b e l i n g k i t ( E C L T M , Di rec t N u c l e i c A c i d L a b e l i n g Detec t ion 

Sys tem, A m e r s h a m B i o t e c h U K L t d . Buck inghams i re , Eng land) as per manufacture's 

instructions. B r i e f l y , the hybr id iza t ion buffer was prepared freshly b y m i x i n g b l o c k i n g agent 

(suppl ied w i t h the ki t ) and analyt ical grade N a C I to the concentrat ion o f 5 % and 0.5 M , 

respect ively. Buf fe r contents were m i x e d thoroughly b y st i rr ing for 1 hour at r o o m 

temperature, f o l l owed b y m i x i n g at 4 2 ° C for 30 m i n . Membranes were p re -hybr id ized for 1 

hour at 4 2 ° C , then a labeled probe was added at the concentrat ion o f 10 n g / m L o f 

hybr id i za t ion buffer. A further hybr id iza t ion process was carr ied out over night at 4 2 ° C w i t h 

gentle shaking. B l o t s were washed (2 x 20 m i n cycle) i n p r imary w a s h buffer (0.5 x S S C , p H 

7.0, 0.4 % S D S , 6 M urea) at 4 2 ° C , f o l l owed b y a secondary was h two times w i t h 2 x S S C at 

r o o m temperature. E a c h secondary wash lasted for 5 m i n w i t h gentle agitation. F o l l o w i n g 

wash ing , the detection solu t ion was added to the membranes for one m i n , and the excess 

detection reagent was q u i c k l y blot ted d ry from the membranes. Signals were recorded 

through autoradiography b y us ing E C L f i lms ( A m e r s h a m B i o t e c h U K L t d . Buck inghams i r e , 

England) . T h e probe-target specif ic i ty and the absence o f cross react ion between G 3 P D H and 

G n R H - R probes were examined b y h y b r i d i z i n g the uncut membranes either w i t h o n l y 

G 3 P D H probe, or G n R H - R probe alone i n separate hybr id iza t ion steps (data not shown) . 
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2.3.6.4. Sequence analysis of PCR amplicons (GnRH-R) 

T h e P C R ampl i f i ed G n R H - R fragments ( -920 bp) generated dur ing the first round 

R T - P C R (from bov ine granulosa ce l ls , C L and pi tui tary tissues) step were subjected to a 

nested P C R ampl i f ica t ion . The identi ty o f the nested P C R ampl i f ied , D N A products were 

conf i rmed through nucleot ide sequence analysis (F ig . 2.3). 

2.3.6.5. Nested PCR amplification of GnRH-R sequence and nucleotide analysis 

T h e internal pr imers , f lanking a 750 bp s ized P C R fragment w i t h i n the sequence 

length o f a 920 bp first round R T - P C R , G n R H - R D N A fragment used are i l lustrated i n F i g . 

2 . 2 A and B . The internal p r imer pai r (Table. 1.1) used i n nested P C R was p rev ious ly tested 

and publ i shed (Funston and Se ide l , 1995). A b o u t 2 p i o f first round R T - P C R D N A sample, 

representing each sma l l fo l l i c l e and C L tissue, was used to ampl i fy the second round G n R H -

R D N A sequences (750 bp) i n 50 p L reaction volumes . P C R m i x was compr i sed o f 1 x P C R 

buffer (10 m M T r i s - H C I / p H 8.3, 50 m M K C 1 , 1.5 m M M g C l 2 , 0.001 % gelat in, 2 % D M S O 

v /v ) , 200 u M each d N T P , 400 n M o f each gene specific pr imers ( forward and reverse), 2.5 U 

o f A c c u T a q L A D N A polymerase and the required amount o f water to make up the f inal 

v o l u m e o f 50 p L react ion m i x . C o n t r o l reactions i nc lud ing first round R T - P C R D N A 

representing bov ine pituitary, wi thout reverse transcriptase enzyme i n R T samples from 

s m a l l fo l l i c l e granulosa cel ls and C L tissue, and wi thout D N A template were inc luded to 

ensure successful ampl i f ica t ion o f the expected P C R ampl icons , the absence o f genomic 

D N A ampl i f ica t ion , and lack o f cross contaminat ion, respectively. T h e P C R condi t ions were: 

i n i t i a l denaturation for 3 m i n at 9 5 ° C , and 45 sec at 9 4 ° C , 1 m i n at 5 8 ° C , and 1 m i n at 7 2 ° C 
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f o l l o w e d b y f inal po lymer i za t ion for 10 m i n at 7 2 ° C . A total o f 30 cyc les were a l l owe d 

dur ing the nested P C R step. 

T h e nested P C R ampl icons were resolved o n 1% agarose gel , and respective bands 

( F i g . 2.2) were careful ly excised f rom the gel and pur i f ied us ing a c o m m e r c i a l l y avai lable gel 

extract ion k i t ( Q I A q u i c k G e l Ex t rac t ion K i t , Quiagen Inc. Miss i s sauga , O N ) . Further, the 

pur i f ied , nested P C R D N A samples representing smal l fo l l ic les , C L and pi tui tary, were 

subjected to nucleot ide sequence analysis (Nuc le i c A c i d Pro te in Services , B i o t e c h n o l o g y 

Labora tory , T h e U n i v e r s i t y o f B r i t i s h C o l u m b i a ) . The identi ty o f the products was conf i rmed 

through nucleot ide sequence query us ing N C B I standard nucleot ide-nucleot ide B L A S T 

[blastn]. A t least 3 samples each o f nested P C R products representing different poo ls o f 

granulosa ce l ls , and different C L tissue, were analyzed. 

2.3.7. D e t e c t i o n o f G n R H m R N A i n g r a n u l o s a cells 

D u e to the lack o f informat ion o n bov ine G n R H cod ing sequence, three different sets 

o f pr imers degenerate pr imers , pr imers designed based on ov ine G n R H sequence (partial), 

and a p r imer set der ived from human hypothalamus G n R H - I were u t i l i z ed i n this part o f the 

experiment. R T - P C R was performed us ing m R N A isolated from bov ine granulosa cel ls o f 

different s ize ovar ian fo l l ic les . 

2.3.7.1. Selection of degenerate GnRH primers 

Degenerate pr imers are ol igonuleot ides primers that have a number o f options at 

several posi t ions i n the sequence, so as to a l l ow annealing to, and ampl i f i ca t ion of, a var iety 
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o f related sequences. Degenerate pr imers are used i n P C R ampl i f ica t ion to isolate distantly 

related sequences encoding the conserved amino ac id sequence (Rose et a l . , 2003) . D u r i n g 

this study, a set o f degenerate pr imers (Table 1.1) was der ived based o n the most conserved 

regions or mot i fs o f amino acids i n hypothalamus G n R H sequence among bov ine , sheep and 

human. The onl ine ve rs ion o f the degenerate p r imer designing software ( C O D E H O P V e r s i o n 

12/17/99.1: F r e d H u t c h i n s o n Cancer Research Center, Seattle, W A , U S A ) was u t i l i z ed to 

generate G n R H degenerate pr imers for this study. Degenerate pr imers generated b y this 

software consist o f a a l l possible nucleotide sequences encoding 3 to 4 h i g h l y conserved 

amino acids w i t h i n a 3' degenerate core, and a longer 5' non-degenerate c lamp reg ion that 

contains the most probable nucleotide predicted for each f lank ing codon (Rose et a l . , 2003) . 

A second and th i rd pair o f pr imer sets were der ived based o n ov ine and human 

hypothalamus G n R H ( G n R H - I ) c D N A sequences and were u t i l i zed dur ing the R T - P C R 

procedure. R T - P C R , Southern transfer-hybridization, and s ignal detection methods were 

s imi l a r to those expla ined under the R T - P C R procedure for G n R H - R m R N A ident i f ica t ion i n 

bov ine granulosa cel ls and C L tissues, except for the f o l l o w i n g modif ica t ions . A b o u t two p g 

o f total R N A representing the hypothalamus and granulosa cel ls f rom different s ize fo l l ic les 

was reverse transcribed ( R T ) us ing 3 ' end specific antisense p r imer i n 20 u l react ion ( R T -

P C R - 2 0 , S i g m a - A l d r i c h Canada L t d . O a k v i l l e , O N ) . The R T - P C R reaction components were 

the same as out l ined for the ampl i f ica t ion o f the G n R H receptor sequence, except for the 

template R N A and different pr imer pairs used dur ing different R T - P C R s . B o t h the sense and 

antisense o l igonucle t ide pr imers (degenerate, or ovine and human G n R H gene sequence 

specif ic pr imers (Table 1.1) were used to ampl i fy an expected s ized (sheep-152 bp and 
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human-380 bp) P C R fragment. P C R condit ions were, in i t i a l denaturation for 3 m i n at 9 5 ° C 

f o l l o w e d w i t h 45 s at 94° C , 1 m i n at 5 5 ° C , [degenerate pr imes, 2 m i n at 6 5 ° C ; ov ine 

pr imers , 1 m i n at 6 5 ° C ] and 1 m i n at 7 2 ° C for 40 cycles , and f inal po lymer i za t ion for 10 

m i n at 7 2 ° C . Whereve r applicable, para l le l reactions compr i s ing a pos i t ive control (human 

granulosa lu te in c e l l c D N A ) , wi thout R N A template, and wi thout reverse transcriptase 

enzyme, were inc luded to ensure successful ampl i f ica t ion o f the expected P C R ampl i con , 

lack o f cross contaminat ion, and the absence o f genomic D N A ampl i f ica t ion , respect ively. 

H u m a n granulosa lu te in c e l l c D N A and the pr imers used i n this part o f the R T - P C R 

experiment, were obtained as a gift f rom D r . P . C . K . L e u n g ' s L a b , Facu l ty o f M e d i c i n e , T h e 

U n i v e r s i t y o f B r i t i s h C o l u m b i a . 

2.3.7.2. Sequence analysis of PCR amplicons (GnRH) 

R T - P C R fragments o f G n R H , representing both bov ine granulosa ce l ls , hypothalamus 

tissue and human granulosa lutein cel ls , was resolved o n e th id ium bromide stained 2 % 

agarose ge l and respective bands ( F i g . 2.4) were careful ly excised f rom the gel , and pur i f ied 

b y us ing a c o m m e r c i a l l y available gel extraction k i t ( Q I A q u i c k G e l Ex t rac t ion K i t , Qu iagen 

Inc. Mis s i s sauga , O N ) . Further, the pur i f ied P C R D N A samples were subjected to nucleot ide 

sequence analysis ( N u c l e i c A c i d Pro te in Services, B io t echno logy Laboratory , T h e U n i v e r s i t y 

o f B r i t i s h C o l u m b i a ) . T h e 3 ' end (reverse) pr imer from human hypothalamus G n R H - I , w h i c h 

was used i n R T - P C R step, was used as sequencing pr imer . 
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2.4. R E S U L T S 

2.4.1. G n R H - R m R N A Expression in bovine granulosa cells and luteal tissue 

Resul ts f rom the present study revealed G n R H - R m R N A expression i n granulosa 

cel ls f rom sma l l , m e d i u m , and large fo l l ic les , as w e l l as i n the C L . A representative 

autoradiogram showing G n R H - R m R N A expressions i n different s ize fo l l i c les ( F i g . 2. I B ) , 

and f rom different stage C L ( F i g . 2 .1C) , are presented. A m o n g different stage C L , the 

G n R H - R transcripts were c lear ly detectable i n stage III ( D a y 11 - 17), whereas l o w 

express ion i n stage II ( D a y 5 - 1 0 ) , and ve ry weak expression or no s ignal was evident f rom 

stages I ( D a y 1 - 4) and I V ( D a y 1 8 - 2 1 ) luteal tissue (F ig . 2 . 1 C ) . A s shown i n the F i g . 2 . 1 B 

and C , the expected s ized ( -920 bp) P C R fragments o f G n R H - R were successful ly ampl i f i ed 

us ing gene specif ic pr imers designed, based o n the bov ine pi tui tary G n R H - R c D N A 

sequence. Further, nucleot ide sequence analysis o f nested P C R , D N A fragments ( F i g . 2.2) 

generated f rom both granulosa cel ls and C L tissue m R N A revealed a complete h o m o l o g y to 

that o f bov ine pi tui tary G n R H - R sequence (F ig . 2.3). 

D u e to a weak fluorescence s ignal o n e th id ium bromide-stained agarose gels, 

Southern b lot hybr id i za t ion step was undertaken i n order to enhance the s ignal intensity and 

detection l imi t s . T h i s step was an added advantage for ident i f icat ion o f P C R ampl i f i ed 

products us ing a gene sequence specific probe. The expected s ized P C R fragments were 

detectable as clear, discrete and single bands on resultant autoradiograms. Non- spec i f i c 

b i n d i n g o f the chemilumeniscent probe, or cross-reaction between G n R H - R and G 3 P D H 

probes, was not detectable dur ing southern blot procedure ( F i g . 2 . I B and C ) . The poss ib i l i ty 

o f genomic D N A ampl i f ica t ion or cross-contamination was ru led out as no P C R products 
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were detectable f rom negative control samples without R T enzyme and wi thout template 

dur ing R T and P C R ampl i f ica t ion steps, respectively. 

2.4.2. G n R H mRNA Expression in bovine granulosa cells 

R T - P C R technique i n an attempt to identify G n R H m R N A expression i n bov ine 

granulosa ce l ls , us ing degenerate pr imers or a pr imer set der ived based o n the ov ine G n R H 

c D N A sequence (partial), was not successful. H o w e v e r , the p re l imina ry evidence f rom R T -

P C R us ing the pr imers der ived f rom human hypothalamus G n R H - I revealed poss ible 

evidence for G n R H m R N A expression i n bov ine granulosa cel ls obtained from sma l l , 

m e d i u m , and large fo l l ic les (F ig . 2.4). The expected s ized P C R a m p l i c o n was evident o n the 

e th id ium b romide stained agarose gels. H o w e v e r , further conf i rmatory steps through 

Southern b lot procedure or sequence analysis were not successful due to lack o f s ignal dur ing 

either step. 

2.5. DISUCSSION 

Intra-ovarian expression o f G n R H receptor-l igand system and its direct invo lvement 

i n alteration o f ovar ian ce l lu lar functions, is a wel l -documented fact i n several species o f 

animals and humans but not i n the bov ine species. T o our knowledge , current results are the 

first to successful ly demonstrate the presence o f G n R H receptor m R N A expression i n both 

fo l l i c les and C L tissues i n the bovine species. H o w e v e r , present studies cannot rule out 

granulosa c e l l contaminat ion w i t h cumulus oocyte complexes where the latter c e l l types have 

been s h o w n pos i t ive for the presence o f G n R H - R m R N A expression (Funston and Se ide l , 

1995). In addi t ion, al though our present f indings are a step forward i n the right d i rec t ion, 
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demonstrat ion o f the functional form o f G n R H - R protein molecules is an imperat ive step 

before attributing any possible direct effects o f G n R H or its agonists at ovar ian ce l lu la r l eve l 

i n bov ine . Fa i lu re o f previous attempts to demonstrate G n R H receptor prote in ( B r o w n and 

Reeves , 1983; Net t et a l . , 1987), or G n R H receptor m R N A , i n the bov ine ovary ( K a k a r et a l . , 

1993) m a y be attributable to the investigative methods used. T h e y m a y not be sensit ive 

enough, or because o f the type o f experimental materials used were inadequate. In the former 

study ( B r o w n and Reeves , 1983), the who le ovar ian homogenates used for s ingle point 

saturation analysis i n associat ion w i t h l o w abundance receptor concentrations, c o u l d have 

undermined the detection l imi t s . In the study o f K a k a r et a l . (1993), the procedure o f us ing 

w h o l e ovar ian tissue as a starting mater ial might not have been adequate for detecting the 

G n R H - R message i f it is present o n l y i n a few c e l l types o f the ovary. 

W i t h respect to bov ine ovar ian expression o f G n R H m R N A , al though the current 

f indings are ve ry pre l iminary , R T - P C R results show possible evidence for presence o f G n R H 

m R N A i n bov ine ovar ian granulosa cel ls . P C R products resolved o n agarose ge l (e th id ium 

bromide stained) revealed clear bands o f expected s ized P C R ampl icons that run at a s imi l a r 

l eve l w i t h the pos i t ive control samples (human granulosa lu te in cel ls) . Despi te the l imi ta t ions 

o f the materials, and the experimental approach used i n this part o f the study, failure o f 

southern hybr id i za t ion procedure and nucleotide sequencing steps m a y be attributable to one 

or more factors. These include the amount o f target D N A avai lable o n the blot , the 

percentage o f probe target compl imentary sequence, the s tabi l i ty o f the probe sequence to 

wi ths tand pos t -hybr id iza t ion wash ing steps, and f ina l ly , the nature o f the s ignal itself. In the 

present experiment, the l o w amount o f target D N A , and the part ial compl imen ta ry probe 
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sequence o f re la t ive ly shorter length i n the who le p l a smid used, and the chemi luminescent 

s igna l ing method c o u l d have undermined the detection abi l i ty . In the case o f the sequencing 

step, the direct P C R product used as template DAN, and the same 3 ' end pr imer w h i c h was 

used both dur ing R T - P C R and dur ing sequencing step, w o u l d have been the major 

contr ibut ing factor for the absence o f the s ignal output dur ing sequencing step. Further steps, 

such as c l o n i n g o f R T - P C R fragments into a suitable vector, propagat ion i n a p l a smid , and 

sequence analysis us ing universa l sequencing pr imers such as M l 3 c o u l d have been a more 

product ive approach i n ident i fy ing G n R H sequence. T h e p re l imina ry evidence f rom present 

study m a y be supported b y the related informat ion f rom earlier f indings where the presence 

o f G n R H - l i k e prote in molecules i n bovine ovaries has been suggested (S to j i l kov ic and Catt, 

1995; Ireland et a l . , 1988), and demonstrated i n human and rat ovaries ( A t e n et a l . , 1987). 

Therefore, w e bel ieve that the R T - P C R technique, us ing human primers has revealed 

evidence for G n R H m R N A expression i n bovine granulosa cel ls o f different s ized fo l l ic les . 

Severa l studies f rom other species not o n l y reveal the presence o f G n R H - R - G n R H 

system i n intra-ovarian structures ( fol l ic les and C L tissue), but there are evidences suggesting 

intra-ovarian funct ional roles for G n R H . G n R H - a has been shown to induce a dose-

dependent s t imulatory effect o n aromatase act iv i ty and P 4 product ion i n m o n k e y granulosa 

cel ls , in vitro ( reviewed b y Janssens et a l . , 2000). O n the other hand, inh ib i to ry actions o f 

G n R H or its agonists on gonadal steroidogenesis i n v o l v i n g suppression o f gonadotropin 

receptors, or intermediary enzymes i n steroidogenic pathway such as S t A R , P450scc enzyme, 

and 3-pHSD, were also reported i n rodent species (Sridaran et a l . , 1999). In the bov ine 

species, G n R H - a has been shown to cause an inh ib i to ry effect o n P 4 secretion f rom in vitro 
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cul tured luteal cel ls ( M i l v a e et a l . , 1984). It is also noteworthy to that bov ine oocytes 

exposed to the G n R H agonist, buserel in, had increased cleavage potential after in vitro 

fer t i l iza t ion (Funston and Se ide l , 1995). The reason for these v a r y i n g effects o f G n R H o n 

reproduct ive tissues across different species is not k n o w n . Therefore, i n order to gain a 

deeper perspective subsequent studies ( C H A P T E R 3) have focused o n invest igat ing the 

direct effects o f G n R H o n the bov ine ovary. 

2.5. C O N C L U S I O N 

In conc lus ion , the present f indings reveal defini t ive evidence for the presence o f 

G n R H - R m R N A expression i n bovine ovar ian structures (the fo l l i c l e , and the C L ) . It is wor th 

no t ing that our p re l imina ry studies also p rov ided evidence for G n R H m R N A expression i n 

bov ine granulosa cel ls . 
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5' U T R 

F I G U R E 2.1. R T - P C R detection o f G n R H - R m R N A in bovine granulosa cells and C L tissue. A . The 
locations of the primers selected from bovine G n R H - R c D N A sequence are indicated (not to scale). 
B . Representative auto radiogram showing G n R H - R (upper panel) m R N A transcripts in different 
staged follicular granulosa cells and pituitary tissue; (P) bovine pituitary, (S) small follicles, (M) 
medium follicles, (L) large follicles, (-R) sample without reverse transcriptase enzyme, (-T) sample 
without m R N A template. Lower panel represents the internal control, G 3 P D H . C . Representative auto 
radiogram showing G n R H - R (upper panel) m R N A transcript in different staged C L and in pituitary 
tissue; (P) bovine pituitary, ( C l ) stage I C L , (C2) stage II corpus luteum, (C3) stage III C L , and (C4) 
stage I V C L , (-R) sample without reverse transcriptase enzyme, (-T) sample without m R N A template. 
Lower panel represents the internal control, G 3 P D H . 
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5' U T R 

F2 

Nested P C R , 750 bp M

 1 

R2 

M S F C L 3 Pt - R s - R c - T 

1000 bp 

750 bp-* 
500 bp 

F I G U R E 2.2. E th id ium-bromide stained agarose gel showing the expected s ized nested P C R 
fragments ( G n R H - R ) . A . Locations o f first round P C R ( F l , R l ) . B . Locations o f the internal 
primers (F2, R2) . (M) 250 bp ladder; (SF), small follicle; (S) small follicle; (CL3) stage III C L ; (Pt) 
pituitary; (-Rs) without reverse transcriptase from small follicle; (-Rc) sample from small follicles 
without reverse; (-Rc) sample from C L 3 without reverse transcriptase; (-T) negative control without 
template. 
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Ovary-

P i t u i t a r y - 38 6 

Ovary-

P i t u i t a r y - 4 4 6 
Ovary-

P i t u i t a r y - 5 0 6 

Ovary-

P i t u i t a r y - 5 66 

Ovary-

P i t u i t a r y - 6 2 6 

Ovary-

P i t u i t a r y - 6 8 6 

Ovary-

P i t u i t a r y - 7 4 6 

Ovary-

P i tuxtary-806 

Ovary-

P i t u i t a r y - 8 6 6 

Ovary-

P i t u i t a r y - 9 2 6 

Ovary-

P i t u i t a r y - 9 8 6 

Ovary-

P i t u i tary-1046 

a taaotg t t caa tgg ta tgc tggagagc tcc t t tg taaagtcc toagota to tgaagc t t 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
ataaotg t tcaatggta tgo tggagagc tcc t t tgcaaagtcc tcagc ta to tgaagot t 445 
t t c tcca tg tacgcccoogoct tca tgatggtggtgatoagcc t tgaccgotcgc tggcg 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
t to tocatgtaogccccogoct tcatgatggtggtgatcagcctcgaoogctcgctggcg 505 
atcaccaagcctctagoagtgaaaagcaacagcaagcttggacagttoatgattggottg 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
atcaccaagcctc tagcagtgaaaagcaacagcaagct tggacagt tcatgat tggct tg 565 
gcc tggc t t c t cag tagoato t t tgc tggaccacagota taoatc t t tgggatga toca t 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
gcc tggotoo tcag tagca tc t t tgc tggacoacagc ta taca tc t t tgggatga tcca t 625 
t tagcagatgac tc tggacagac tgaaggt t t c t c t cag tg tg taacacac tgcag t t t t 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
t tagcagatgaototggacagaotgaaggt t tc tc toagtgtg taacacactgoagt t t t 685 
o c a o a g t g g t g g o a t c a a g c c t t t t a t a a c t t t t t c a c c t t c a g c t g c c t c t t o a t c a t c 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
c c a c a g t g g t g g c a t o a a g c o t t t t a t a a c t t t t t o a o o t t c a g o t g c c t c t t o a t o a t c 745 
c c t c t t c t c a t c a t g g t g a t c t g c a a t g c a a a a a t c a t c t t t a c c c t a a c a a g g g t c c t t 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
c c t c t t c t c a t c a t g g t g a t o t g c a a t g c a a a a a t c a t c t t t a c c c t a a o a a g g g t c c t t 805 
catcaggatccccacaaactacaactgaatcagtccaagaacaatataccacgagctcgg 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
catcaggatccccacaaactacaactgaatcagtccaagaacaatataccacgagctcgg 865 
c tgaggaccctaaagatgacggt tgcat t tgocaot tcat t taotgtc tgotggacgcoo 
I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
c tgaggaccc taaagatgacggt tgoat t tgocac t tca t t tac tg tc tgc tggacgooc 925 
tao ta tg tco t tggaat t tgg ta t tgg t t tga tcc tgaca tgg taaacagggtg toagat 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
t a c t a t g t c c t t g g a a t t t g g t a t t g g t t t g a t c c t g a c a t g g t a a a c a g g g t g t c a g a t 985 
c c a g t a a a t c a c t t c t t c t t t c t o t t t g c t t t t t t a a a t c c a t g c t t t g a t c c a c t t a t a 
I I I I I I I I I I I I I I I I I I I 1 1 I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
c o a g t a a a t o a o t t c t t c t t t c t c t t t g c t t t t t t a a a t o o a t g c t t t g a t o c a c t t a t a 1045 
t a t g g a t a t t t c t c t c t a t a a t t g t t a g a c t g c a t a g a a a g 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
t a t g g a t a t t t c t c t c t a t a a t t g t t a g a c t g c a t a g a a a g 1086 

F I G U R E 2.3. Bovine granulosa cell and luteal tissue G n R H - R c D N A (partial) sequence and its 
homology to bovine pituitary G n R H - R c D N A sequence. About 750 bp sized nested P C R products 
from granulosa and luteal tissues were gel extracted and subjected for nucleotide sequence analysis. 
Sequence results were subjected to sequence query using N C B I standard nucleotide-nucleotide 
B L A S T [blastn]. 
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5 ' U T R S P G n R H G A P 

mm 
888888 

3 ' U T R 

R T - P C R , 380 b p 

R 

500 bp 

G n R H 3 8 0 b p 

250 bp 

F I G U R E 2.4. Representative autoradiogram (upper panel) and corresponding photograph o f ethidium 
bromide stained agarose gel (lower panel) showing G n R H m R N A transcripts in different staged 
follicular granulosa cells. ( L D ) 250 bp ladder; (G) human granulosa lutein cells; (S) small follicle; 
( M ) medium follicle; (L) large follicles; (H) bovine hypothalamus. A . Location o f the forward and 
reverse primers on human G n R H - I c D N A are indicated (not to scale). SP, signal peptide sequence; 
G A P , GnRH-associated peptide; 375' U T R , 3' and 5' untranslated region. 

85 



T a b l e 2 .1 . Ol igonuc le t ide pr imer pairs and their respective P C R ampl icons for G n R H - R , 
G n R H and G 3 P D H m R N A transcripts form bov ine ovary. 

N a m e P r i m e r Sequence F r a g m e n t 
F o r w a r d 5 ' -3 ' L e n g t h (bp) 
R e v e r s e 5 ' -3 ' 

G 3 P D H [318 bp] 5 ' - T G T T C C A G T A T A G A T T C C A C C - 3 ' 
5 ' - A G G A G G C A T T G C T G A C A A T C - 3 ' 

318 

G n R H - R [918 bp] 5 ' - G A G T A G C A G T T A C T T T C T T C C - 3 ' 
5 ' - A G G A A G A A G C G T A A C A T T A C C - 3 ' 

918 

G n R H - R [748 bp] 5 ' - A C T C T G A T T G T T A T G C C A C T G - 3 ' 
5 ' - C C T T T C T T T G A C T T T C T A T G C - 3 ' 

748 

G n R H 
[degenerate] 

5'- C G G C T T G C G G C C N G G N G G N A A - 3 ' 
5 ' - T C G C G G G C T G G T C N A C Y T C Y T T N R C - 3 ' 

G n R H [ovine] 5 ' - G A A T T C G C C C T G G A G G A A A G A G A A A T - 3 ' 1 5 2 

5 ' - G A A T T C A C T T T C C A G A G C T G C C T T C A - 3 ' 

5 ' - A T T C T A C T G A C T T G G T G C G T G - 3 ' 
U n R H - l Lnumanj 5 _ G G A A T A T G T G C A A C T T G G T G T - 3 ' 

380 
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C H A P T E R 3 

D I R E C T E F F E C T S O F GnRH-a O N In Vitro STEROID H O R M O N E P R O D U C T I O N 
IN B O V I N E G R A N U L O S A C E L L S A N D C O R P U S L U T E U M 

3.1. A B S T R A C T 

T h e present study investigated the direct effects o f the G n R H - a (buserelin) o n in vitro 

steroid hormone secretion f rom granulosa cel ls , dispersed luteal cel ls and C L tissue from the 

bov ine species. Granu losa cel ls harvested f rom m e d i u m and large fo l l ic les were cul tured i n a 

serum-supplemented g rowth m e d i u m for 48 h . Thereafter, c e l l cultures were swi tched to 

serum-free culture condi t ions , and subjected to increased dose levels o f busere l in (0, 10, 50, 

200, 500 or 1000 n g / m L ) for the next 24 h . Dispersed luteal cel ls were prepared f rom stage 

III C L ( D a y 11 - 17) and incubated i n serum-supplemented g rowth m e d i u m for 24 h . 

Thereafter, luteal c e l l cultures were swi tched to serum free-culture condi t ions , and treated 

w i t h increased doses o f buserel in (0, 10, 50, 200, 500 or 1000 n g / m L ) for the next 24 h . 

M i n c e d luteal tissue samples (100 mg) , prepared from stage III C L , were subjected to 

busere l in treatment. Treatments (ng /mL) were compr ised o f m e d i u m alone ( C O N ) , L H 100 

ng , busere l in ( B U S ) 200 ng , B U S 1000 ng , L H 100 ng + B U S 200 ng , L H 100 n g + B U S 

1000 ng , antide ( A N T ) 500 ng , A N T 500 ng + B U S 200 ng , PGF 2 oc 500 ng, or P G F 2 o c 500 ng 

+ B U S 1000 ng . Granu losa and luteal c e l l cultures were incubated at 3 7 ° C and m i n c e d 

tissues were incubated at 3 8 ° C i n a humid i f i ed atmosphere o f 95 % air, and 5 % C 0 2 . Spent 

culture m e d i u m was col lected at the end o f each treatment per iod and assessed for steroid 

hormone concentrations b y f o l l o w i n g a radio immunoassay procedure. A dose-dependent, 

b iphas ic response o f busere l in was evident o n E 2 accumulat ion dur ing in vitro treatment o f 
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granulose cel ls . Buse re l in , at a dose o f 200 - 500 n g / m L , exerted a s t imulatory response (P < 

0.05) o n E 2 secretion from granulosa cel ls . A further higher dose o f buserel in , 1000 n g / m L , 

caused a m i l d inh ib i l to ry effect o n E 2 output. C o m b i n e d treatment o f antide and busere l in 

resulted i n the reversal o f buserel in caused st imulatory response o n E 2 output i n granulosa 

cel ls . P4 concentrations revealed a s imi la r trend, except that the busere l in response o n P 4 

output was not s igni f icant ly different from that o f P4 levels i n untreated cont ro l samples. 

Dispersed luteal cel ls treated w i t h buserel in exhibi ted a dose-dependent, b iphas ic 

response i n terms o f P4 product ion. M a x i m a l s t imulatory response was evident at the dose 

range o f 50 - 500 n g / m L o f buserel in (P = 0.1). A higher dose o f buserel in , 1000 n g / m L , 

showed a m i l d inh ib i to ry effect o n P4 levels; al though the difference was not s igni f icant ly 

different from that o f P4 levels i n untreated control samples. Buse r e l i n treatment o f bov ine 

luteal tissue (minced C L tissue) in vitro exhibi ted a s imi la r response i n terms o f P4 output. 

T h e dose-dependent s t imulatory response o f buserel in 200 n g / m L (P = 0.19) and 1000 

n g / m L (P — 0.14) tended to be different from that o f P4 levels i n untreated control samples. 

Treatment w i t h antide alone ( P = 0.07), or a combina t ion o f buserel in ( P = 0.004), showed a 

m a x i m a l s t imulatory response i n terms o f P4 output. L H treatement, at the dose o f 100 - 500 

n g / m L caused a s t imulatory response o n P4 output i n luteal tissue (P = 0.05). , B u s e r e l i n i n 

combina t ion w i t h L H or PGF20C treatment had no influence o n P4 output i n luteal tissue. In 

summary , the G n R H - a (buserelin) exerted a dose dependent-biphasic treatment effect o n 

steroid hormone output from granulosa cel ls , dispersed luteal cel ls , and luteal tissue dur ing in 

vitro culture. 
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3.2. INTRODUCTION 

Gonado t rop in releasing hormone ( G n R H ) is a hypothalamic neuronal secretory 

decapeptide that p lays a p ivo ta l role i n reproduction. O n the pi tui tqry gonadotrope cel ls , 

G n R H binds to a s ingle class o f G protein coupled receptors ( G P C R ) , and initiates a cascade 

o f b i o c h e m i c a l and molecu la r events that leads to synthesis and the release o f gonadotropins, 

l u t e in i z ing hormone ( L H ) , and fo l l ic le -s t imula t ing hormone ( F S H ) , into general c i rcu la t ion . 

B o t h the L H and F S H , i n turn control the processes o f gamate produc t ion and ovar ian 

steroidogenesis ( C o n n and C r o w l e y , 1994; S to j i l kov ic and Catt, 1995). In addi t ion, it has 

been suggested that G n R H m a y have a role as a modulator o f the ac t iv i ty o f the diverse 

systems i n the bra in , and m a n y peripheral organs (Jones et a l . , 1980; H s u e h and Jones, 1981; 

E m o n s and Scha l ly , 1994). A l t h o u g h it is an indisputable fact that the hypothalamus and 

pi tui tary are the p r inc ipa l source and target site for G n R H , respect ively, several reports have 

suggested an extra-hypothalamic source o f G n R H , as w e l l as an extra-pituitary presence o f 

G n R H receptors ( G n R H - R ) across different types o f tissues i n the body. W i t h respect to the 

reproduct ive system, it is becoming increas ingly evident that there is a functional G n R H -

G n R H - R system that exist i n different laboratory species (rats, p igs , and monkeys ) and i n 

humans. ( C H A P T E R 1; 1.2.5 and 1.2.6). Further, there are several reports suggesting that the 

direct effects o f G n R H , i n an autocrine or paracrine manner, e l ic i t a var ie ty o f responses 

depending o n the type o f target tissue and phys io log i ca l condi t ions . Therefore, the 

experiments present i n this chapter were undertaken to further ve r i fy our previous f indings o f 

the presence o f G n R H receptor m R N A expression i n bov ine granulosa cel ls and i n C L tissue 

( C H A P T E R 2). W e tested the hypothesis that the direct effects o f G n R H - a at ovar ian ce l lu lar 

levels are exhib i ted through the altered in vitro steroid hormone produc t ion i n fo l l i cu la r and 
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luteal cel ls , or C L tissue dur ing in vitro culture. Exper iments were performed i n different 

steps w i t h the f o l l o w i n g specific objectives; (i) to examine the direct effect o f buserel in o n in 

vitro p roduc t ion o f estradiol-17p (E2) and progesterone (P4) i n bov ine granulosa ce l l s , and 

(i i) to examine the direct effect o f buserel in o n in vitro P 4 p roduct ion i n bov ine luteal cel ls , 

and m i n c e d C L tissue, i n the presence or absence o f lu te in iz ing hormone ( L H ) and luteolyt ic 

hormone [prostaglandin F 2 alpha (PGF2oc)] and the G n R H antagonist, antide ( A N T ) . 

3.3. MATERIALS AND METHODS 

3.3.1. Cell culture reagents and related materials 

D u l b e c c o ' s M o d i f i e d Eagles m e d i u m ( D - M E M ) , and H a m ' s F -12 (1:1) conta in ing 15 

m M H E P E S buffer (15 m M ) , L-g lu tamine , and pyr idox ine H C 1 were purchased f rom G I B C O 

(Bur l ing ton , Ontar io , Canada). F a l c o n P r i m a r i a ™ m u l t i - w e l l (6 and 24-we l l ) tissue culture 

plates were purchased f rom B e c t o n D i c k i n s o n and C o m p a n y , C A . P e r c o l l ™ , density-gradient 

m e d i u m was purchased f rom Pharmac ia B io t ech , M o r g a n , Canada. B o v i n e L H was obtained 

as a gift f rom N H P P ( U S D A - L H - B 5 ; B e l t s v i l l e , M D , U S A ) . P G F 2 a ( L u t a l y s e ® ; Pha rmac ia 

& U p j o h n , Orangev i l l e , O N , Canada) . R I A kits were purchased f rom Diagnos t i c Products 

Corpora t ion ( C o a t - A - C o u n t , Diagnos t ic Products Corp . , L o s Ange le s , C A , U S A ) . Un le s s 

specif ied, a l l other c e l l culture reagents and materials u t i l i zed dur ing these studies were 

purchased f rom S i g m a - A l d r i c h Canada L t d . ( O a k v i l l e , O N , Canada). 
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3.3.2. Direct effect of GnRH-a on in vitro E2 and P4 synthesis of bovine granulosa cells 

T h i s part o f the study was performed to determine the direct effect o f G n R H - a 

(buserelin) on in vitro cultured bov ine granulosa cel ls , i n terms o f their steroidogenic 

potentials. 

3.3.2.1. Collection of bovine ovaries and laboratory processing 

B o v i n e ovaries were obtained from a l oca l slaughterhouse w i t h i n 20 to 30 m i n after 

exsanguinations. Ovar ies were he ld i n the thermos flask conta ining w a r m ( 3 0 ° C to 3 5 ° C ) 

n o r m a l saline supplemented w i t h s t reptomycin (100,000 p g / L ) and p e n i c i l l i n (100,000 IJJ /L) . 

Sa l ine was replaced 2 to 3 t imes dur ing wa i t ing per iod at the slaughterhouse, and ovaries 

were transported to the laboratory w i t h i n 3 to 4 hrs after co l lec t ion . In the laboratory, ovaries 

were washed i n saline, and he ld i n w a r m saline solut ion, w h i l e aspirating fo l l ic les from 

i n d i v i d u a l ovaries for granulosa ce l l co l lec t ion . 

. 3.3.2.2. Isolation of granulosa cells and in vitro culture conditions 

F o l l i c l e s were classif ied into three different categories based o n their diameter and 

morpho log i ca l appearance ( K r u i p and D i e l e m a n , 1982; Y a n g and Rajamahendran, 1998); 

m e d i u m (5-8 m m ) and large fo l l ic les (>8 m m diameter). Care was taken to a v o i d aspirat ion 

o f atretic and hemorrhagic fo l l ic les . F o l l i c u l a r f l u id was aspirated us ing a 10 C C plast ic 

sy r inge 'w i th an 18 guage needle. F o l l i c u l a r f lu id from each category o f fo l l i c les was poo led 

separately i n heparin-dusted 15 m L F a l c o n tubes. W h i l e aspirating fo l l i c les , fo l l i cu la r f lu id 

was gent ly aspirated and expel led into fo l l i c l e several t imes i n order to m a x i m i z e granulosa 

c e l l recovery. D u r i n g the per iod o f aspiration (20 -30 min ) , tubes conta in ing fo l l i cu la r f l u id 
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were h e l d at 3 7 ° C i n a water bath. F o l l i c u l a r aspirates were centrifuged at 300 x G for 10 

m i n , and the supernatant was discarded. In order to el iminate the red b l o o d cel ls ( R B C ) , the 

ce l lu la r pellets were re-suspended i n c a l c i u m and magnesium-free H a n k ' s B a l a n c e d Salt 

So lu t i on ( H B S S ) . T h e y were then gently over- layered o n a continuous pe rco l l gradient (40%) 

m e d i u m , and centrifuged at 600 x G for 20 m i n at r o o m temperature. T h e interphase, ce l lu lar 

layer was careful ly aspirated us ing a 1 m L pipette, and transferred to sterile 1 5 - m L F a l c o n 

tubes. C e l l s were m i x e d i n 5 to 6 m L o f H B S S , and centrifuged i n order to remove the 

contaminated P e r c o l l solut ion. C e l l pellets were re-suspended i n a p r imary g rowth m e d i u m , 

plated i n 35 m m 6 w e l l c e l l culture plates, and incubated for 48 h . T h e p r ima ry g rowth 

m e d i u m consis ted o f 1:1 (v/v) D M E M / F - 1 2 w i t h L-g lu tamine , py r idox ine H C L , s o d i u m 

bicarbonate, and H E P E S . G r o w t h m e d i u m was supplemented w i t h 1 0 % heat-inactivated fetal 

bov ine serum ( F B S ) , human transferrin (5 u.g/mL), sod ium selenite (4 n g / m L ) and an 

antibacterial and ant imycot ic mixture (pen ic i l l in 100 I U / m L ; s t reptomycin 100 ixg /mL and 

amphoterocin B 2.5 n g / m L ) . 

3.3.2.3. Examination of granulosa cell viability and cell counting 

Afte r 48 h o f incubat ion i n the p r imary growth m e d i u m , cel ls were washed 2 to 3 

t imes to free the dead or unattached cel ls , and c e l l debris, us ing w a r m H B S S . The attached 

c e l l layer was over layered w i t h 0.7 m L o f non-enzymat ic c e l l d issocia t ion solut ion. Cul tures 

were incubated for 10 to 15 m i n , or un t i l the cel ls were comple te ly detached from the plate 

surface. S o m e cultures required more than 15 m i n incubat ion, depending the c e l l densi ty and 

degree o f attachment. Detached cel ls were di luted w i t h 4 to 5 m L o f H B S S , poo led i n 15 m L 

F a l c o n tubes, and centrifuged at 300 x G for 8 m i n . Based o n the size o f the c e l l pellet , cel ls 
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were re-suspended i n 0.5 to 2 m l o f culture m e d i u m , and c e l l v i a b i l i t y was examined b y the 

t rypan b lue (0.2%) exc lus ion method (S immons et a l . , 1976). A l i q u o t o f ce l l s w i t h required 

d i l u t i on was m i x e d w i t h t rypan blue , and incubated 2 to 3 m i n at r o o m temperature. To ta l 

c e l l count and percentage c e l l v i a b i l i t y were determined b y f o l l o w i n g Hemocy tomete r c e l l 

count ing method. The c e l l v i a b i l i t y o f >85% was observed dur ing different trials o f 

experiments. 

3.3.2.4. GnRH-a treatment of granulosa cells during in vitro culture 

Serum-free, experimental c e l l cultures were prepared i n 24 w e l l tissue culture plates 

(Fa l con P r i m a r i a ™ ) , and granulosa cel ls were seeded at the densi ty o f 5 x 10 5 c e l l s / m L / w e l l . 

E a c h treatment w e l l contained a f inal v o l u m e o f 1 m L o f culture m e d i u m , i n c l u d i n g 

exper imental treatments. The c e l l culture m e d i u m inc luded supplements (v /v) : 

androstenedione (10" 7 M ) , human transferrin (5 p g / m L ) , sod ium selenite (4 n g / m L ) and 

gentamic in (50 p g / m L ) . The buserel in treatment compr i s ing o f different doses (0, 10, 50, 

200 , 500 or 1000 n g / m L ) was appl ied to duplicate or triplicate we l l s , depending o n total c e l l 

y i e l d . A d d i t i o n a l c e l l cultures were also treated w i t h buserel in i n the presence o f an antide, a 

G n R H antagonist (500 n g / m L ) , w h e n sufficient cel ls were avai lable . Cul tures were incubated 

at 3 7 ° C i n a humid i f i ed atmosphere o f 5% CO2, and 9 5 % air, for 24 h . Af te r 24 h incubat ion, 

700 p i o f spent m e d i u m was harvested from each treatment w e l l , and immedia te ly stored at -

2 0 ° C . Care was taken not to disturb the ce l lu lar layer w h i l e co l l ec t ing the spent m e d i u m from 

culture we l l s . E a c h experiment compr i s ing o f duplicate or tr iplicate w e l l s for each l eve l o f 

treatments, was performed us ing a different p o o l o f granulosa cel ls prepared from the groups 

o f ovaries co l lec ted at different days. Exper iments were repeated at least 5 t imes. 
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3.3.3. Direct effect of GnRH-a on in vitro P4 synthesis of bovine C L 

In this part o f the study, the direct effects o f buserel in o n in vitro P 4 product ion i n 

dispersed luteal ce l l s , and m i n c e d luteal tissue was examined. Exper iments were conducted 

i n two different steps. In the first step, a dispersed luteal c e l l culture system was u t i l i z ed to 

determine the dose effect o f buserel in on in vitro P 4 output. In the second step, m i n c e d luteal 

tissues were u t i l i z ed to examine the possible direct effects o f busere l in o n P 4 secretion i n the 

presence or absence o f L H , and P G F 2 a . 

3.3.3.1. Isolation of luteal cells and in vitro culture conditions 

B o v i n e C L (Stage III; Ireland et a l . , 1980) were obtained at a l oca l abattoir and 

transported i n i c e - c o l d D M E M - F 1 2 m e d i u m supplemented w i t h antibacterial ( pen i c i l l i n 

100,000 I U / L , s t reptomycin 100,000 u.g/L) and ant imycot ic (amphoterocin B 2.5 n g / m L ) 

agents. In the laboratory, C L were washed i n c o l d saline, subjected to a qu ick d ip i n 7 0 % 

ethanol, and immedia te ly washed w i t h c o l d saline. Dispersed luteal cel ls f rom i n d i v i d u a l C L 

were prepared b y f o l l o w i n g the procedures out l ined reports i n the literature ( S i m m o n s et a l . , 

1976; O k u d a et a l . , 1992; Pet roff et a l . , 2001 ; K a m a d a and Dcumo, 1997), w i t h necessary 

modif ica t ions . B r i e f l y , each C L was separated from its capsule, and about 1.5-2 g o f tissue 

was asept ical ly dissected into a 50 m L F a l c o n centrifuge tube conta in ing 15-20 m L o f ice 

c o l d D M E M - F 1 2 culture m e d i u m . Tissues were m i n c e d into smaller pieces us ing a sterile 

scalpel , and was washed 2 t imes w i t h ice c o l d D M E M - F 1 2 culture m e d i u m . Further, the 

tissue samples were incubated ( 3 7 ° C for 30 min) i n D M E M - F 1 2 , w i t h gentle agitat ion i n 

order to free the red b l o o d cel ls and cel lu lar debris. The m e d i u m was careful ly decanted and 
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incubat ion was cont inued w i t h D M E M - F 1 2 , containing 0 .5% B S A , and collagenase (400 I U / 

m L ) . Af t e r 4 5 - 60 m i n o f incubat ion, dissociated cel ls were removed, fresh m e d i a conta in ing 

collagenase was added, and incubat ion was cont inued for further 45 - 60 m i n . Tissue c lumps 

were dispersed b y repeated up and d o w n pipet t ing us ing a glass Pasteur pipette. T h e resultant 

c e l l suspension was filtered through a mul t i - layered cheesecloth to remove the remain ing 

tissue c lumps . Further, the cel ls were washed i n 10 m L o f fresh m e d i u m b y centrifugation at 

300 G , for 5 m i n i n 3 cycles . The supernatant was discarded, and the cel ls were resuspended 

i n 2-3 m L o f fresh m e d i u m , and subjected to P e r c o l l discontinuous gradient centrifugation to 

remove remain ing c e l l debris, R B C , and excessive l i p i d content. The discont inuous P e r c o l l 

gradients composed o f 3 m L each o f 50, 25, and 12 .5% P e r c o l l c o l u m n were layered i n the 

same tubes ( K a m a d a and Dcumo, 1997). A b o u t 3 m L o f enriched c e l l suspension was 

careful ly layered o n the top P e r c o l l c o l u m n , and centrifuged at 400 G for 20 m i n at 4 ° C . 

Af t e r centrifugation, the pur i f ied luteal cel ls i n the 2 5 % P e r c o l l layer were careful ly 

aspirated, and washed 2 t imes w i t h fresh culture m e d i u m . Immediate ly , the cel ls were 

sparsely plated i n a 6 - w e l l culture plates and incubated i n p r imary growth m e d i u m conta in ing 

heat inact ivated 1 0 % F B S , for the first 24 h . 

3.3.3.2. Examination of luteal cell viability and cell counting 

Af te r 24 h o f culture i n the p r imary growth m e d i u m , cel ls were washed w i t h w a r m 

H B S S , 2 to 3 t imes, to free the dead or unattached cel ls and c e l l debris. The attached c e l l 

layer was over layered w i t h 0.7 m L o f a non-enzymat ic ce l l -d issoc ia t ion solu t ion , and 

incubated for 10 to 15 m i n (or un t i l the cel ls were comple te ly detached from the plate 

surface). S o m e cultures required more than 15 m i n incubat ion, depending o n the c e l l densi ty 
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and degree o f attachment. Cul tures were di lu ted w i t h 4 to 5 m L o f H B S S , p o o l e d into sterile 

15 m L F a l c o n tubes, and centrifuged at 300 x G for 8 m i n . Depend ing the size o f c e l l pellet , 

ce l l s were re-suspended i n 0.5 to 2 m L o f culture m e d i u m , and c e l l v i ab i l i ty , were examined 

b y the t rypan blue (0.2%) exc lus ion method. B r i e f l y , an al iquot o f ce l ls , w i t h required 

d i lu t ions , were m i x e d w i t h trypan blue, and incubated 2 to 3 m i n at r o o m temperature. To ta l 

c e l l count, and percentage c e l l v i ab i l i ty , were determined b y f o l l o w i n g the Hemocy tomete r 

c e l l count method. C e l l v i a b i l i t y was observed i n the range o f 80 to 9 0 % dur ing different 

days o f luteal c e l l preparation for the experimental treatments. 

3.3.3.3. GnRH-a treatment of dispersed luteal cells 

Dispe r sed luteal c e l l cultures prepared as per the procedure out l ined i n the above 

paragraphs. Lu tea l cel ls were plated at the density o f 5 x 10 5 c e l l s / m L / w e l l , i n 24 w e l l tissue 

culture plates. E a c h treatment w e l l contained a f inal v o l u m e o f 1 m L o f culture m e d i u m , 

i n c l u d i n g exper imental treatments, and culture m e d i u m supplements (v/v) : 25 -

hydroxycho les t ro l (20 ixg/mL) , human transferrin (5 n g / m L ) , se len ium (4 n g / m L ) and 

gentamic in (50 u g / m L ) . Different doses o f buserel in (0, 10, 50, 200, 500 or 1000 n g / m L ) , 

was appl ied i n duplicate or triplicate culture we l l s . Treatment cultures were incubated at 

3 7 ° C i n a humid i f i ed atmosphere, saturated w i t h 95 % air and 5 % C 0 2 for the next 24 h . 

Af t e r 24 h , the incubat ion was terminated, and a sample (0.5 m L ) o f spent culture m e d i u m 

was harvested from each treatment w e l l , and stored at - 2 0 ° C for P 4 measurement. M o r e than 

a dozen C L were u t i l i z ed i n this study, and o n each day o f experiment, 1 to 3 C L were 

processed, depending o n the number o f C L obtained dur ing each v is i t to the slaughterhouse. 
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3.3.3.4. Preparation of minced luteal tissue and in vitro culture conditions 

B o v i n e ovaries were obtained at a loca l abattoir, and transported i n i c e - c o l d D M E M -

F 1 2 , supplemented w i t h antibacterial (pen ic i l l i n 100,000 JJJ /L, s t reptomycin 100,000 p g / L ) , 

and ant imycot ic (amphoterocin B 2.5 n g / m L ) agents. In the laboratory, C L were washed i n 

c o l d saline, subjected to a qu ick dip i n 7 0 % ethanol, and immedia te ly washed w i t h a sterile 

c o l d saline. T issue samples were harvested from 2-3 C L , pooled together and m i n c e d into 

smal ler pieces i n a large petri d i sh containing ice c o l d H B S S . M i n c e d C L tissue was washed 

2-3 t imes w i t h 10 m L o f ice c o l d H B S S . D u r i n g wash ing steps, the petri d i sh contents were 

subjected to gentle s w i r l i n g , and H B S S solut ion, i nc lud ing f loat ing tissue debris, was 

aspirated us ing Pasture pipette. The excess amount o f l i q u i d from m i n c e d tissue was r emoved 

b y b r i e f ly p l a c i n g the tissue o n mul t i - layered sterile K i m wipes . Immediately, about 100 m g 

o f tissue was weighed , and r andomly distributed into i nd iv idua l we l l s (24 -we l l tissue culture 

plates, F a l c o n P r i m a r i a T M ) conta ining 1 m L o f c o l d H B S S solut ion. The tissue samples i n 

i n d i v i d u a l culture we l l s were g iven an addi t ional was h b y gentle agitation, and r emova l o f 

H B S S . Care was taken to avo id the remova l o f tissue w h i l e aspirating H B S S dur ing wash ing 

steps. Immediate ly , the tissue samples i n each w e l l were suppl ied w i t h the w a r m D M E M - F 1 2 

m e d i u m , w h i c h was supplemented w i t h 25-hydroxycholes t ro l (20 u.g/mL), human transferrin 

(5 n g / m L ) , se lenium (4 n g / m L ) and gentamicin (50 p g / m L ) . T h e f inal v o l u m e o f culture 

m e d i u m , i n c l u d i n g respective treatments i n each treatment w e l l was adjusted to 1 m L . 

3.3.3.5. Effect of LH on in vitro P 4 synthesis in luteal tissue 

The m i n c e d luteal tissue cultures were prepared as out l ined i n the previous paragraph. 

T h e different doses o f L H (0, 50, 100, or 500 ng/ m L ) were appl ied i n tr iplicate culture we l l s , 
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and the treatment cultures were incubated at 3 8 ° C i n a humid i f i ed atmosphere, saturated w i t h 

95 % air, and 5 % C 0 2 for the next 6 h . A t the end o f 6 h , treatment cultures were 

terminated, and a sample (0.5 m L ) o f spent culture m e d i u m was col lec ted f rom each w e l l and 

stored at - 2 0 ° C for P 4 measurement. A t least 4 i nd iv idua l C L col lec ted o n different days 

were u t i l i z e d i n this part o f the experiment. 

3.3.3.6. Effect of GnRH-a on in vitro P4 synthesis in luteal tissue 

T h e different treatments were compr ised o f m e d i u m alone ( C O N ) , L H - 1 0 0 ng , 

busere l in ( B U S ) 200 ng , B U S 1000 ng, L H 100 n g + B U S 200 ng , L H 100 ng + B U S 1000 

ng , A n t i d e ( A N T ) 500 ng , and A N T 500 ng + B U S 200 ng . E a c h treatment culture w e l l 

contained a f inal v o l u m e o f 1 m L o f culture m e d i u m , i nc lud ing exper imental treatments, and 

culture m e d i u m supplements (v/v) : 25-hydroxycholes t ro l (20 u,g/mL), human transferrin (5 

n g / m L ) , se lenium (4 n g / m L ) and gentamicin (50 u.g/mL). Treatment cultures were incubated 

for 6 h at 3 8 ° C , w i t h humid i f i ed atmosphere saturated w i t h 95 % air and 5 % C 0 2 . Cul tures 

were terminated at the end o f the s ix th hour o f incubat ion, and spent m e d i u m was harvested 

and stored at - 2 0 ° C for P 4 measurement. A t least f ive trials that were conducted o n separate 

occasions were inc luded i n this study. 

3.3.3.7. Effect of GnRH-a on in vitro P4 synthesis in luteal tissue, in presence of LH, or 
PGF2a 

T h i s part o f the study was a replicate o f the above experiment (3.3.3.6), w i t h different 

treatment combinat ions us ing different batches o f C L . T h i s study was undertaken to examine 

the direct effect G n R H - a o n in vitro P 4 product ion i n bov ine luteal tissue, i n the presence o f 

L H , or d P G F 2 a . T h e different treatments (ng /mL) were compr i sed o f cont ro l (med ium 
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only) , L H 100 ng , busere l in ( B U S ) 200 ng, B U S 1000 ng, L H 100 n g + B U S 200 ng , L H 100 

n g + B U S 1000 ng , P G F 2 c t 500 ng , and PGF2cc 500 ng + B U S 1000 ng . Treatment cultures 

were incubated for 6 h at 3 8 ° C , i n a humid i f i ed atmosphere, saturated w i t h 95 % air and 5 % 

C 0 2 . Cul tures were terminated at the end o f s ix th hour incubat ion and spent m e d i u m was 

harvested and stored at - 2 0 ° C for P 4 measurement. In this part o f the study, at least 4 trials 

were conducted us ing C L that were harvested o n different days. 

3.3.4. Steroid hormone assay 

Steroid hormones ( E 2 and P 4 concentrations i n spent culture med ium) were measured 

b y us ing a c o m m e r c i a l l y avai lable, s o l i d phase radio immunoassay ( R I A ) ki ts . These ki ts 

were p r ev ious ly val idated for the measurement o f both E 2 , and P 4 , concentrations i n spent 

c e l l culture m e d i u m i n our laboratory ( M a n i k k a m and Rajamahendran, 1997). B r i e f l y , dur ing 

in i t i a l steps, R I A were performed o n serial d i lu ted spent culture m e d i u m samples (data not 

shown) . D u r i n g subsequent steps, the spent culture m e d i u m samples were d i lu ted i n a 

phosphate buffered saline (1:100), and the respective concentrations o f E 2 and P 4 were 

measured dur ing separate R I A steps. S a m p l i n g o f the spent culture m e d i u m (diluted), the k i t 

standards ( E 2 and P 4 calibrators) and incubat ion o f react ion components were s imi l a r to that 

o f k i t guidel ines. U p o n addi t ion o f buffered I - labeled P 4 or E 2 (1.0 m l ) , the tube contents 

were m i x e d b y gentle agitation, and then incubated at r o o m temperature for 3 h . A t the end o f 

3 h incubat ion , the tubes were decanted, and the remain ing radio-act iv i ty was counted for 1 

m i n us ing a g a m m a counter (Packard A u t o gamma 500, Packard Instruments, D o w n e r s 

G r o v e , I L , U S A ) . The assay sensit ivi ty, intra- and inter- assay coefficient o f var ia t ion for E 2 

were 5 p g / m L , 7 .6% and 12 .3% (n = 3), respectively. Whereas for P 4 , the assay sensi t ivi ty, 
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intra- and inter-assay coefficient o f var ia t ion were 0.01 n g / m L , 6 .3% and 10 .2% (n = 6), 

respect ively. 

3.3.5. Data analysis 

R I A data for steroid hormones ( E 2 and P 4 measurements), were converted to a 

percentage o f contro l , and presented as the mean ± S E M . T h i s step was necessary due to the 

var ia t ion observed i n the steroid output among different day ' s cultures, and different poo ls o f 

granulosa ce l ls , luteal ce l l s , and different batches o f m i n c e d C L tissue cultures. E a c h culture 

w e l l , i n duplicate or tr iplicate treatment, was considered as an independent exper imental unit . 

T h e data were analyzed us ing one-way analysis o f variance ( A N O V A ) , f o l l o w e d b y pair-

w i s e compar i son us ing a S tuden t -Newman-Keuls test. Resul ts were considered s ignif icant at 

P < 0.05 and w i t h an approaching signif icance at P > 0.05 to P < 0.15. The respective P 

values are indicated wherever applicable. A l l data were analyzed us ing N C S S Stat is t ical 

Software - t ra i l ve r s ion ( K a y s v i l l e , Utah) . 

3.4. R E S U L T S 

3.4.1. Effect of GnRH-a on in vitro E2 and P4 synthesis in granulosa cells 

B u s e r e l i n e l ic i ted a dose-dependent, b iphasic response o n in vitro E 2 secretion, i n 

granulosa cel ls harvested from both m e d i u m , and large, fo l l ic les ( F i g . 3.1 and 3.2). The 

m a x i m u m , significant s t imulatory response o f buserel in o n E 2 release was observed at the 

doses o f 200 n g / m L (P = 0.002), and 500 n g / m L (P = 0.07), i n granulose cel ls f rom m e d i u m 

fo l l i c les and 200 n g / m L i n large fo l l icu la r granulosa cel ls (P < 0.05). In terms o f P 4 output, 

there was an apparent tendency towards m i l d s t imulatory response, al though the results were 
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not s igni f icant ly different f rom that o f untreated control samples. H i g h e r dose levels o f 

buserel in , 1000 n g / m L appeared to be s l igh t ly inh ib i to ry o n both E 2 and P 4 output, 

irrespective o f the fo l l i c l e size ( F i g . 3.1 and 3.2). In the cultures co-treated w i t h both 

busere l in and its antagonist (antide, ANT), the antagonistic effect o f the latter was tended to 

be c lear ly evident i n terms o f the reversal o f buserel in effect o n granulosa c e l l steroid output 

(Fig . 3.3). 

3.4.2. Effect of GnRH-a on in vitro P4 synthesis in luteal cells and tissue 

3.4.2.1. Effect GnRH-a on in vitro P4 synthesis in luteal cells 

G n R H - a exhibi ted a dose-dependent, biphasic response o n P 4 product ion from bov ine 

luteal ce l l s treated dur ing in vitro culture (F ig . 3.4). The m a x i m u m st imulatory response was 

found at the dose range o f 50 n g - 200 n g / m L o f buserel in (P = 0.1), whereas higher dose o f 

busere l in (1000 n g / m L ) showed a m i l d inh ib i tory effect on P 4 levels . 

3.4.2.2. LH response on in vitro P4 synthesis in luteal tissue 

M i n c e d luteal tissues were cul tured in vitro, and treated w i t h different doses o f 

bov ine LH. T h e L H (100 - 500 n g / m L ) response o n in vitro P 4 release i n luteal tissue was 

s igni f icant ly higher (P < 0.05), compared to that o f P 4 levels from untreated cont ro l samples 

(Fig . 3.5). 

3.4.2.3. Effect of GnRH-a on in vitro P4 synthesis in luteal tissue 

In luteal tissue, buserel in treatment caused a dose-dependent, s t imulatory response o n 

P4 output ( F i g . 3.6) s imi la r to that o f from dispersed luteal cel ls ( F i g . 3.4). Buse r e l i n caused 
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s t imulatory response o n P4 output at 200 n g / m L (P = 0.19), and 1000 n g / m L (P = 0.14), 

tended to be different f rom that o f untreated control samples. Treatment o f bov ine luteal 

tissue w i t h antide alone (P = 0.07), or i n combina t ion w i t h buserel in (P = 0.004), showed the 

m a x i m a l s t imulatory response i n terms o f P4 output (F ig . 3. 6). 

3.4.2.4. Effect of GnRH-a on in vitro P4 synthesis in luteal tissue, in presence of LH, or 
PGF2a 

Treatment o f m i n c e d luteal tissue w i t h buserel in (200 or 1000 n g / m L ) resulted i n a 

non-s ingnif icant rise i n P4 levels . Whereas, busere l in treatment combinat ions either w i t h L H , 

or PGF2oc alone d i d not affect the P4 output i n luteal tissue ( F i g . 3. 7). L H (100 n g / m L ) 

response o n P4 ouput was s igni f icant ly different (P = 0.05) f rom that o f P4 levels i n 

untreated samples. 

3.5. D I S C U S S I O N 

T h e series o f experiments presented i n this chapter investigated the direct influence o f 

G n R H - a o n steroid hormone secretion i n bovine granulosa cel ls , dispersed luteal cel ls and i n 

m i n c e d luteal tissue dur ing in vitro culture. It was evident that G n R H - a exerts a dose-

dependent, b iphas ic effect o n E2 output f rom in vitro cultured granulosa cel ls . A t lower dose 

levels (10 to 200 n g / m L ) , G n R H - a caused an increased (E2) output, whereas at a h igher dose 

l eve l (1000 n g / m L ) , the accumulated E2 levels were s l igh t ly l ower i n compar i son w i t h that 

o f E2 levels f rom untreated control cultures. A l t h o u g h the effect o f busere l in o f P4 output 

was s imi l a r to that o f E2 output, none o f the buserel in doses (10 to 1000 n g / m L ) caused a 

s ingnif icant rise i n P4 output i n granulosa cel ls . T h i s is conf i rmatory evidence that under the 

present culture condi t ions granulosa cel ls were fu l ly estrogenic and d i d not undergo 
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lu te in iza t ion process. The present observations are i n agreement w i t h s imi l a r reports that 

have demonstrated that G n R H - a w o u l d induce steroidogenesis i n human granulosa cel ls in 

vitro (Ranta et a l . , 1982; Par inaud et a l , 1992; O l s s o n et a l . , 1990; Bussenot et a l . , 1993). 

Par inaud et a l . (1988) suggested that G n R H - a c o u l d modulate steroidogenesis b y a direct 

ovar ian act ion. Guerrero et a l . (1993) found an increase i n P 4 , and decrease i n E 2 product ion , 

w h i c h seemed to be related to a decrease o f L H receptor numbers and aromatase ac t iv i ty i n 

G n R H agonist-treated cel ls . The present study does not provide def ini t ive evidence for the 

presence o f functional G n R H receptors that c o u l d mediate a G n R H - a response affecting 

steroidogenic potentials o f bov ine granulosa cel ls treated in vitro. Nonetheless , based o n the 

response e l ic i ted b y G n R H antagonist, reversal o f G n R H - a effect o n E 2 output does suggest 

the poss ib le existence o f G n R H l igand specific target sites o n granulosa cel ls . 

In efforts to examine the direct effects o f G n R H - a o n in vitro P 4 product ion i n bov ine 

C L , bo th dispersed luteal c e l l cultures, and luteal tissue (organ) culture systems, were 

u t i l i zed . B o t h dispersed c e l l culture systems and organ/tissue culture systems possess their 

o w n merits and demerits. Dispersed c e l l culture condi t ions a l l o w examinat ion o f the specif ic 

type, or a specif ic o f c e l l popula t ion i n question, whereas an organ or tissue culture system 

a l lows examina t ion o f the organ, w h i c h represents, more or less, the intact system i n the 

body . F r o m the literature, it is evident that the m i n c e d luteal tissues, or organ culture system, 

w o u l d preserve the cel lu lar interaction, and retain h i s to logica l and b i o c h e m i c a l 

differentiation o f the C L tissue (Harr i son et a l . , 1987; D e l V e c c h i o et a l . , 1995a,b). 

Therefore, w e u t i l i zed both dispersed luteal c e l l culture, and tissue/organ culture systems, to 

examine the possible direct influence o f G n R H - a o n C L function i n bov ine species. D u r i n g 
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the in i t i a l steps, the functional v i a b i l i t y o f m i n c e d luteal tissue and the culture condi t ions 

were ascertained b y examin ing the L H responsive P 4 secretion ( F i g . 3.5); There was a dose-

dependent L H st imulatory response on P 4 secretion. Therefore the present culture condi t ions 

were considered appropriate for the purpose o f examin ing G n R H - a effect o n C L P 4 output 

dur ing in vitro culture. 

G n R H - a exhib i ted a dose-dependent, s t imulatory response o n P 4 output f rom both 

dispersed luteal cel ls and luteal tissue. H o w e v e r , the higher dose levels o f busere l in (1000 

n g / m L ) showed a m i l d inh ib i to ry effect o n P 4 levels i n luteal ce l ls . It is not clear whether the 

suppressed P 4 l eve l at higher dosage levels is i n fact due to inh ib i to ry roles o f G n R H - a , or 

autoregulatory mechanisms such as receptor desensit ization, or down-regula t ion o f its o w n 

receptors, as reported i n other studies (Olofsson et a l . , 1995; V o l k e r et a l . , 2002) . Treatment 

o f luteal tissues w i t h antide alone, or i n combina t ion o f buserel in, e l ic i ted a m a x i m a l 

s t imulatory response i n terms o f P 4 output. U n l i k e other reports, as w e l l as i n the present 

study (antide alone or the combined effect o f buserel in and antide o n granulosa c e l l steroid 

output; 3.3.6), a m a x i m a l s t imulatory response was e l ic i td i n terms o f P 4 output i n C L tissue, 

w h e n treated as antide alone, or i n combina t ion w i t h buserel in . T h e reason for this a typical 

response is not k n o w n . H o w e v e r , evidence suggests that the G n R H antagonist (antide) c o u l d 

e l ic i t a agonist- l ike ac t iv i ty i n certain type o f ovar ian cancer cel ls (Grundker and E m o n s , 

2003) . In addi t ion, there m a y be other u n k n o w n factors w i t h i n C L tissue, i n conjunct ion w i t h 

antide that might have been responsible for this a typical response. It is also interesting to note 

that granulosa cel ls f rom w o m e n that were treated w i t h G n R H antagonist (cetrorelix) 

responded earlier to the in vitro hormone s t imulat ion, i n terms o f P 4 accumula t ion , than 
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w o m e n treated w i t h the G n R H agonist (buserelin) as reported b y L i n et a l . (1999). T h e i r 

results indicate that luteal function is less impai red i n G n R H antagonist treatment, than i n 

G n R H agonist, treatment. Further, evidence f rom porcine granulosa c e l l cultures suggests 

that G n R H antagonist, combined w i t h fo l l icu la r f lu id , c o u l d enhance L H - s t i m u l a t e d P 4 

secretion ( L e d w i t z - R i g b y , 1989). In addit ion, the biphasic effects o f G n R H antagonist o n rat 

granulosa c e l l in vitro steroidogenesis that varies w i t h exposure t ime, showed the in i t i a l 

response be ing st imulatory, and the latter inhibi tory . The i r studies show that 20 a l p h a - O H P 

secretion i n the same cultures was potentiated b y the combined presence o f F S H , and G n R H -

a (Sheela R a n i et a l . , 1983). These authors suggest that these types o f responses c o u l d have 

been due, to some extent, the maturational stage o f the granulosa cel ls . F r o m this evidence, it 

is tempt ing to suggest that G n R H antagonist m a y mediate their effects independent o f G n R H 

target sites and they m a y also interact w i t h some u n k n o w n factors i n ovar ian c e l l types. T h i s 

br ings attention to several o f previous reports, w h i c h suggest the presence o f G n R H - l i k e 

molecu les i n gonadal structures ( Y i n g et a l . , 1981; A t e n et a l . , 1987a, b ; Ireland et a l . , 1988; 

I z u m i et a l . , 1985). H o w e v e r , there is no concrete evidence that suggests any funct ional role 

for such molecules i n the ovary or any other reproductive tissues. 

Resul ts f rom the present study differ f rom those o f M i l v a e et a l . (1984), w h o reported 

a dose-dependent suppression o f P 4 secretion f rom in vitro cultured, bov ine luteal ce l l s . In 

that study, the authors suggest that it is ve ry u n l i k e l y that G n R H mediated its effects through 

the mechan i sm o f l igand-specif ic receptor interaction o n bov ine luteal ce l ls . The reason for 

entirely different types o f responses observed between these studies, c o u l d have been due to 

the variat ions i n experimental condit ions. A s it seems to be there are o n l y two such studies 
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that were carr ied out i n bov ine species, w i t h two different observations, it is di f f icul t to draw 

a def ini t ive conc lus ion w i t h respect to the direct effects o f G n R H or its analogues o n bov ine 

ovar ian function. H o w e v e r , it is noteworthy that i n the bovine species, in vivo adminis t ra t ion 

o f G n R H - a dur ing la te-mid luteal phase has resulted i n increased P 4 output (Thatcher et a l . , 

1993; D ' O c c h i o and A s p d e n , 1999; D ' O c c h i o et a l . , 2000; Rajamahendran et a l . , 1998, 

2001) . 

In the ovary , G n R H has been shown to el ic i t a mixedtype o f response that m a y affect 

ovar ian funct ion ( review by; Sharpe, 1982; Janssens et a l . , 2000; L e u n g et a l . , 2003) . Severa l 

reports, from different experimental models , have suggested the funct ional modula tor roles 

for G n R H , or its analogues, at the gonadal l eve l . Guerrero et a l . (1993) obsereved an 

increase i n P 4 and decrease i n E 2 product ion, w h i c h seemed to be related to a decrease i n L H 

receptor numbers and aromatase act iv i ty i n G n R H agonist-treated cel ls . It is also reported 

that the G n R H agonist, buserel in, causes a biphasic effect, such as increased basal P 4 

secretion, or decreased L H - i n d u c e d P 4 secretion, in vitro. G n R H is be l i eved to exert its direct 

effects o n its o w n , or i n conjunct ion w i t h other factors such as P G F 2 a , a n g i o t e n s i n II or 

lu te in iz ing hormone ( R e v i e w e d b y Steele and L e u n g , 1993). H o w e v e r , i n this study buserel in 

treatment i n combinat ions o f L H or P G F 2 a , had no influence o n P 4 output from luteal tissue. 

S t imula t ion o f one or more s ignal ing pathway, such as phosphol ipase C ( P L C ) , 

phosphol ipase A 2 ( P L A 2 ) and phospholipase D ( P L D ) , and/or act ivat ion o f prote in kinase C 

( P K C ) have been hypothes ized to cause either inhib i tory , or s t imulatory effects o n ovar ian 

ce l lu la r s teroid output. These dual effects have been demonstrated dur ing in vivo experiments 

i n adult ma le and female hypophysec tomized rats, where exogenous G n R H or G n R H - a c o u l d 
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both stimulate or inhib i t gonadal functions i n terms o f steroidogenesis (Hsueh and Jones, 

1981, 1982). In adult male rats, a lower dose o f G n R H - a administrat ion for a short duration, 

was s h o w n to stimulate testosterone secretion (Sharpe et a l . , 1982). H o w e v e r , the effect was 

opposite w h e n the agonist was administered at a higher dose, or for a longer durations 

( A r i m u r a et a l . , 1979, H s u e h and E r i c k s o n , 1979). Other reports have demonstrated that 

G n R H modulates both basal and gonadotropin-st imulated steroidogenesis (Olofsson et a l . , 

1995) i n the ovary . T h e inh ib i to ry act ion o f G n R H , or its agonists, o n gonadal 

steroidogenesis invo lves suppression o f the gonadotropin receptors, or intermediary 

enzymes, i n v o l v e d i n the steroidogenic pathway. Reports suggesting G n R H - a - i n d u c e d 

suppression o f F S H and L H receptors ( T i l l y et a l . , 1992; Piquette et a l . , 1991; Guerrero et a l . , 

1993), gonadotropin- induced c A M P levels (Richards , 1994; K n e c h t et a l . , 1985) or 

steroidogenic enzyme ac t iv i ty such as S t A R protein, P450scc enzyme, and 3P-HSD (Sridaran 

et a l . , 1999a; Sr idaran et a l . , 1999b), or no effect (Casper et a l . , 1984) o f G n R H o n P 4 

produc t ion i n human granulosa-lutein cel ls ( h G L C s ) , have been documented. Researchers 

have also reported that G n R H and its potent agonists c o u l d stimulate meios i s in vitro, i n 

fo l l ic le -enc losed oocytes, i n a dose-dependent manner (Hi l lens jo and L e M a i r e , 1980). 

S i m i l a r l y , i n the bov ine species, oocytes that were pre-exposed to the G n R H - a (buserelin) 

had increased cleavage potentials dur ing in vitro fer t i l izat ion (Funston and Se ide l , 1995). The 

reasons for these complex , and var ied responses o f reproductive tissues across different 

species (to the G n R H , or its analogues) are not understood. Therefore, i n attempts to ver i fy 

our present observations, further studies were focused o n examin ing the G n R H - a inf luence 

o n molecu la r mechanisms o f steroidogenic machinery i n the bov ine C L ( C H A P T E R 4). 

110 



3.6. C O N C L U S I O N S 

B a s e d o n the results presented i n this chapter, G n R H - a caused a dose-dependent 

s t imulatory response o n steroid hormone output from bovine granulosa ce l ls , dispersed luteal 

ce l l s , and from luteal tissue treated in vitro. Howeve r , these f indings do not p rov ide the 

def ini t ive evidence for a direct interaction o f G n R H - a w i t h its receptor o n the above c e l l 

types. Nevertheless , the evidence gained through these studies, not o n l y fo rm the basis for 

further studies, but also refines the research strategies i n ga in ing further knowledge w i t h 

regard to the direct effects o f G n R H i n m a m m a l i a n reproductive tissues. 
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F I G U R E 3.1. Effect o f G n R H - a on in vitro synthesis of estradiol-17p (E2) and progesterone (P4) in 
bovine granulosa cells from medium follicles. Cells were cultured in primary growth medium for 48 h 
and then treated with different doses o f G n R H - a (0 ng to 1000 ng/mL) for the next 24 h in serum-free 
cultures supplemented with 10"7 M androstenedione as the precursor for E2 synthesis. E2 and P4 
values were expressed as a percentage o f control. Each data point represents the mean ± S E M from at 
least 5 individual trials. * different (P < 0.05) from untreated control samples. 

\ 
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FIGURE 3.2. Effect of G n R H - a on in vitro synthesis o f estradiol-170 (E2) and progesterone (P4) in 
bovine granulosa cells from large follicles. Ceils were cultured in primary growth medium for '48 h 
and then treated with different doses o f G n R H - a (0 ng to 1000 ng/mL) for the next 24 h in serum- free 
cultures supplemented with 10' 7 M androstenedione as the precursor for E2 synthesis. E2 and P4 
values were expressed as a percentage o f control. Each data point represents the mean ± S E M from at 
least 5 individual trials. * different ( P < 0.05) from untreated control samples. 
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F I G U R E 3.3. Effect o f Gt iRH-a in presence or absence G n R H antagonist on in vitro estradiol-17(3 
(E2) and progesterone (P4) synthesis in bovine granulosa cells from large follicles. Cells were 
cultured in primary growth medium for 48 h and then treated with o f G n R H - a in presence o f absence 
G n R H antagonist, antide ( A N T ) for the next 24 h. Serum-free cultures supplemented with 10"7 M 
androstenedione as a precursor for E2 synthesis. Treatments were consisted o f medium alone ( C O N ) , 
Buserelin ( B U S ) 200 ng, B U S 200 ng + A N T 500 ng and A N T 500 ng/mL. Each data point 
represents the mean ± S E M from two different trials. N o statistical analysis was performed due to less 
er number o f trials. 
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FIGURE 3.4. Effect o f G n R H - a on in vitro P4 synthesis from bovine luteal cells. Dispersed luteal 
cells were cultured in primary growth medium for 24 h and then treated with different doses o f 
buserelin ( B U S ) for the next 24 h in serum free culture conditions. Treatments were comprised o f 
medium alone ( C O N ) , B U S (0, 10, 50, 200, 500, 1000 ng/mL). Data represents the mean ± S E M from 
more than a dozen o f individual C L that were processed (1-3 C L / trial) on different occasions. * 
different (P = 0.1) from control samples. 
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F I G U R E 3 . 5 . L H dose-response on in vitro progesterone (P4) synthesis in luteal tissue. Minced 
luteal tissue samples were cultured in vitro and treated with different doses o f L H (0, 50, 100, and 500 
ng/ m L ) for 6 h. Data represents the mean ± S E M of 4 individual C L (stage I I I ) . * different {P < 
0.05) from untreated control samples (LH-0 ng/mL). 
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F I G U R E 3 . 6 . Effect o f G n R H - a on progesterone (P4) synthesis in bovine luteal tissue. Minced luteal 
tissue samples were cultured in vitro and treated with different doses o f buserelin ( B U S ) for 6 h. 
Treatments consisted o f only medium (CON) , L H 1 0 0 ng, B U S 200 ng, B U S 1000 ng, Antide ( A N T ) 
500 ng, A N T + B U S 200 ng, Data represents the mean ± S E M of 5 trials. * different (P < 0. 05) from 
control samples. 
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F I G U R E 3.7. Effect o f G n R H - a in combinations o f L H and P G F 2 o c on progesterone (P4) synthesis in 
bovine luteal tissue. Minced luteal tissue was cultured in vitro and treated with buserelin ( B U S ) in 
combinations o f L H or P G F 2 a for 6 h. Treatments consisted o f medium alone ( C O N ) , L H 1 0 0 ng, 
B U S 2 0 0 ng, BUS1000 ng, BUS200 ng + LH100 , BUS1000 ng + L H 1 0 0 ng, PGF 2 c t 500 ng, BUS1000 
ng + P G F 2 a 5 0 0 ng. Data represents the mean + S E M of 4 trials. 
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C H A P T E R 4 

E F F E C T S O F GnRH-a O N StAR P R O T E I N , P450scc, 30-HSD, BcI2 A N D Bax m R N A 
E X P R E S S I O N IN B O V I N E C O R P U S L U T E U M 

4.1. A B S T R A C T 

T h i s study investigated the direct effects o f the G n R H - a (buserelin) o n m R N A 

express ion levels for the steroidogenic molecu la r machinery; S t A R protein, P450scc , 3(3-

H S D , and assessed the influence o f buserel in o n m R N A levels for the pro- and anti-apoptotic 

molecules B a x and B c l 2 i n bov ine corpus luteum ( C L ) . B o v i n e C L (stage III or matured C L ) 

were obtained f rom a l oca l abattoir and transported to the laboratory i n i c e - c o l d D M E M - F 1 2 

culture m e d i u m . M i n c e d luteal tissue samples (100 mg) were prepared (pooled tissue f rom 2 

or 3 C L ) and subjected to buserel in treatment in vitro. Treatments were compr i sed o f 

untreated cont ro l (med ium on ly) , L H - 1 0 0 ng , buserel in ( B U S ) 200 ng , B U S 1000 ng , G n R H 

antagonist (antide; A N T ) 500 ng , and A N T 500 ng + B U S 200 ng . Treatment cultures were 

incubated for 6 h at 3 8 ° C , i n a humid i f i ed atmosphere o f w i t h 95 % air, and 5 % C 0 2 . A t the 

end o f the treatment per iod , incubat ion was terminated and the culture m e d i u m was decanted 

f rom the treatment we l l s . The remain ing luteal tissue i n culture we l l s was subjected to snap 

freezing i n l i q u i d ni trogen, and then stored at - 7 5 ° C for total R N A iso la t ion at a later t ime. 

T h e m R N A levels were assessed b y the semi-quantitative R T - P C R method. Resul ts revealed 

that despite the tendency for a s t imulatory response, the effect o f buserel in o n m R N A levels 

for S t A R prote in and P450scc were not different f rom that o f cont ro l samples. H o w e v e r , 

G n R H - a caused a s t imulatory response o n 3P -HSD m R N A levels that tended to be different 

(P = 0.12) f rom untreated control samples. Buse re l i n treatment had no influence o n the 

124 



m R N A levels for pro-and anti-apoptotic molecules ( B a x and B c l 2 ) i n luteal tissue. In 

conc lus ion , G n R H - a treatment exhibi ted an apparent tendency towards a s t imulatory 

response o n steroidogenic machinery molecules i n bovine C L . The present study revealed no 

evidence o f any adverse effects o f G n R H - a treatment i n terms o f i nduc ing apoptotic or 

lu te lyt ic process i n bov ine luteal tissue. 

4 .2 . I N T R O D U C T I O N 

The hypotha lamic gonadotropin releasing hormone ( G n R H ) is released into the portal 

c i rcu la t ion , and binds to its receptors o n pituitary gonadotropes and causes synthesis and 

release o f F S H and L H into systemic c i rcula t ion . B o t h the F S H and L H , i n turn, act o n the 

gonads govern ing the process o f gametogenesis and steroidogenesis ( C o n n and C r o w l e y , 

1994; S to j i l kov i c and Catt , 1995). In addit ion, it has been suggested that G n R H m a y have a 

role as a modula tor o f the ac t iv i ty i n diverse systems i n the bra in , and m a n y per ipheral 

organs (Jones et a l . , 1980; H s u e h and Jones, 1981; E m o n s and Scha l ly , 1994). Severa l 

reports have suggested an extra-hypothalamic o r ig in o f G n R H , as w e l l as the extra-pituitary 

presence o f G n R H receptors ( G n R H - R ) i n different types o f tissues i n the body . W i t h respect 

to the reproduct ive system, it is becoming increas ingly evident that there is a functional 

G n R H - G n R H - R system that exists i n different laboratory species (rats, p igs , and monkeys ) 

and i n humans ( C H A P T E R 1; 1.2.5 and 1.2.6). Further, there are numerous reports that 

suggest there are direct effects o f G n R H that m a y act i n an autocrine or paracrine manner, 

e l i c i t i ng a var ie ty o f responses i n reproductive tissues. Several studies have demonstrated 

that G n R H modulates, bo th basal and gonadotropin, st imulated steroidogenesis i n the ova ry 

(Olo f s son et a l . , 1995). It has been shown that G n R H - a administrat ion causes suppression o f 
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F S H and L H receptors ( T i l l y et a l . , 1992; Piquette et a l . , 1991; Guerrero et a l , 1993) or 

gonadotropin- induced c A M P levels i n rats (Richards, 1994; K n e c h t et a l . , 1985). Fur ther ,m 

vivo adminis t ra t ion o f G n R H - a (buserelin) i n rats has resulted i n suppression o f steroidogenic 

enzyme act ivi ty , such as steroidogenic acute regulatory protein ( S t A R ) , cy tochrome P 4 5 0 

side cha in cleavage enzyme (P450scc) , and 3p -hyd roxy steroid dehydrogenase ( 3 P - H S D ) , i n 

the C L o f rats (Sr idaran et a l . , 1999a; Sr idaran et a l . , 1999b). Cont ra r i ly , no effect o f G n R H 

was found o n P 4 product ion i n human granulosa-lutein cel ls (Casper et a l . , 1984). 

C o l l e c t i v e l y , it is evident that G n R H , or its analogues, e l ic i t w i d e l y v a r y i n g responses, 

depending o n the type o f tissue or phys io log ica l status o f the body . 

It is a w i d e l y accepted fact that apoptosis, or p rogrammed c e l l death, is o f central 

importance for development and morpho log ica l homeostasis i n the b o d y (Steller, 1995). 

Hence , apoptosis has been considered as one o f the k e y mechanisms that occur dur ing the 

process o f luteal demise i n different species, i nc lud ing the bov ine species (Juengal et a l . , 

1993; C h u n et a l . , 1994; Q u i r k et a l . , 1995; R u e d a et a l . , 1995 and 1997). In the ovary , there 

are several specif ic regulators o f apoptosis, i nc lud ing hormones, g rowth factors and 

cytokines ( C h u n and Hsueh , 1998). L a c k o f exposure, or overexposure, to some o f the 

hormones m a y induce apoptosis b y causing changes i n the intracel lular environment . F o r 

example , gonadotropins are k n o w n as fo l l i c l e su rv iva l factors. G n R H , o n the other hand, is 

suggested to p l a y a phys io log i ca l role associated w i t h fo l l icu la r atresia and C L demise i n the 

vertebrate ovary , poss ib ly v i a s t imulat ion o f apoptosis ( B i l l i g et a l . , 1994; K o g o et a l . , 1995; 

Sr idaran et a l . , 1998; Z h a o et a l . , 2000). Further, reports have indicated that G n R H - I and 

G n R H - I I can d i rec t ly induce apoptosis i n the ovar ian c e l l types i n both m a m m a l i a n , and non-
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m a m m a l i a n , vertebrates (Imai et a l . , Y a n o et a l . , 1997; A n d r e u - V i e y r a and H a b i b i , 2000) . 

H o w e v e r , no such informat ion has been reported i n the bov ine species. In the w a k e o f this 

interesting evidence f rom other species, it is o f great interest to examine i f s imi la r 

mechanisms take part i n the bov ine ovary cel lu lar l eve l , where G n R H , or its agonists, are 

emp loyed o n a routine basis i n reproductive management practices. 

Therefore, the experiments presented i n this chapter were carr ied out to further 

examine the results f rom our previous study where the tendency for a G n R H - a s t imulatory 

response o n in vitro s teroid output was observed i n bovine C L . In addi t ion, w e examined the 

poss ible direct influence o f G n R H - a o n the apoptotic process i n bov ine C L . T h e specif ic 

objectives o f these studies were as fo l lows : (i) T o determine the G n R H - a induced alterations 

i n m R N A expression levels for k e y regulatory molecules i n steroidogenic machinery : S t A R 

protein, 3P -HSD, and P450scc enzyme, ( i i ) T o examine the direct influence o f G n R H - a o n 

m R N A expression levels for pro (Bax) and anti ( B c l 2 ) apoptotic molecules i n the bov ine C L . 

4.3. M A T E R I A L S A N D M E T H O D S 

4.3.1. Preparation of minced C L tissue and in vitro culture conditions 

B o v i n e ovaries were obtained at a l oca l abattoir, and transported i n i c e - c o l d D M E M -

F 1 2 supplemented w i t h antibacterial (pen ic i l l in 100,000 I U / L , s t reptomycin 100,000 u,g/L) 

and ant imycot ic (amphoterocin B 2.5 n g / m L ) agents. In the laboratory, ovaries were washed 

w i t h c o l d saline, subjected to a qu ick dip i n 7 0 % ethanol, and then immedia te ly washed once 

again w i t h c o l d saline i n order to remove the ethanol residue. T h e i n d i v i d u a l C L were 

inspected careful ly, and Stage III C L (mature C L ) were selected as per the procedure 
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out l ined b y Ireland et a l . (1980). Tissue samples were harvested from 2 or 3 C L , poo led 

together, and m i n c e d into smaller pieces i n a large petri d i sh conta in ing ice c o l d H B S S . 

M i n c e d tissue was washed 2 to 3 times i n c o l d H B S S . D u r i n g each wash ing cyc l e , the 

excessive H B S S and f loat ing tissue fragments were aspirated us ing a Pasture pipette. Further, 

any r ema in ing l i q u i d content from m i n c e d tissue was removed b y br ie f ly p l ac ing the tissue 

o n m u l t i layered sterile K i m wipes . Immediately, about 100 m g o f tissue was we ighed and 

r andomly distr ibuted into i n d i v i d u a l we l l s (24 -we l l tissue culture plates, F a l c o n P r i m a r i a T M ) 

conta in ing 1 m L o f c o l d H B S S solut ion. The tissue samples i n i nd iv idua l culture w e l l s were 

g iven an addi t ional wa sh i n c o l d H B S S w i t h gentle agitation, and excess H B S S was 

removed. Care was taken to avo id the remova l o f tissue w h i l e aspirating H B S S dur ing each 

wash ing step. Immediate ly , the tissue sample i n each w e l l was suppl ied w i t h w a r m D M E M -

F 1 2 culture m e d i u m . D M E M - F 1 2 m e d i u m was supplemented w i t h 25-hydroxycholes t ra l (20 

p g / m L ) , human transferrin (5 n g / m L ) , se lenium (4 n g / m L ) and gentamicin (50 p g / m L ) . E a c h 

treatment w e l l contained a f inal v o l u m e o f 1 m L D M E M - F 1 2 i n c l u d i n g the treatments (v/v) . 

D u r i n g the in i t i a l steps, the v i a b i l i t y o f the m i n c e d luteal tissue culture condi t ions was 

ascertained b y examin ing the L H dose response o n P 4 accumulat ions i n spent culture 

m e d i u m samples ( C H A P T E R 3; 3.3.3.5. and 3.4.2.2). 

4 .3 .2 . G n R H - a t r e a tmen t o f l u t ea l t issue 

T h e different treatments were compr ised o f untreated control ( m e d i u m on ly , C O N ) , 

L H - 1 0 0 ng , busere l in ( B U S ) 200 ng , B U S 1000 ng, A n t i d e ( A N T ) 500 ng , and A N T 500 ng 

+ B U S 200 ng . Treatment cultures were incubated for 6 h at 3 8 ° C , i n a h u m i d i f i e d 

atmosphere o f 95 % air, and 5 % C 0 2 . A t the end o f treatment (6 h), incubations were 
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terminated, and the spent culture m e d i u m was decanted from culture w e l l s . T h e remain ing 

tissue samples i n culture we l l s were immedia te ly subjected to "snap" freezing i n l i q u i d 

ni t rogen, and stored at - 7 5 ° C for total R N A isola t ion at a later t ime. A t least f ive trials that 

were conducted o n separate occasions were inc luded i n this study. E a c h treatment levels 

were compr i sed o f tr iplicate samples. 

4.3.3. Total R N A isolation from GnRH-a treated luteal tissue 

F r o m post-treatment luteal tissues, total R N A was isolated b y f o l l o w i n g a single step 

R N A i so la t ion method ( C h o m c z y n s k i and Sacch i , 1987), us ing a c o m m e r c i a l l y avai lable 

total R N A iso la t ion solut ion, T r i Reagent. B r i e f l y , about 100-150 m g o f luteal tissue was 

poo led from replicate treatment we l l s . U s i n g mortar and pestle, the tissue sample was 

pu lve r i zed i n l i q u i d nitrogen, and immedia te ly transferred into sterile 1.5 m L m i c r o ­

centrifuge tubes conta in ing 1 m L o f T r i Reagent solut ion. The tube contents were m i x e d 

thoroughly, and a l l owe d to stand for 5 m i n at r o o m temperature i n order to facilitate 

complete d i sso lu t ion o f nuclear proteins, and cytoskeletal components. F o r each m L ( in i t ia l 

vo lume) o f T r i Reagent solut ion, 200 p i o f ch loroform was added to each tube, and samples 

were agitated v i g o r o u s l y for 30 s. Samples were a l l owed to stand at r o o m temperature for 10 

to 15 m i n , and then centrifuged at 12000 x G for 15 m i n at 4 ° C . The top layer w i t h clear and 

transparent so lu t ion conta ining total R N A molecules was careful ly transferred into a new set 

o f sterile micro-centr ifuge tubes. E a c h tube was suppl ied w i t h a 0.5 m L o f i sopropanol , 

m i x e d , and samples were a l l owed to stand for 15 m i n at r o o m temperature. T h e samples were 

centrifuged at 12000 x G for 10 m i n at 4 ° C , and supernatant was discarded careful ly. T h e 

resultant pellet conta ing total R N A at the bot tom o f the tube was washed twice i n i ce -co ld 
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7 5 % ethanol b y centr ifuging at 12000 x G for 5 m i n . The resultant total R N A pellets were 

a i r -dr ied for 10-15 m i n , and f ina l ly d isso lved i n sterile D E P C - t r e a t e d water. T h e quanti ty and 

qual i ty o f total R N A were assessed b y both spectrophotometry, and b y observ ing clear bands 

for 28S , and 18S, r ibosomal R N A species o n e th id ium bromide stained agarose ge l (0.8%). 

To ta l R N A was either used immedia te ly for c D N A preparation, or stored at - 7 5 ° C for 

subsequent use. 

4.3.4. Semi-quantitative Reverse Transcription-Polymerase Chain Reaction 

Reverse Transcr ip t ion-Polymerase C h a i n Reac t ion ( R T - P C R ) used i n this study was 

accompl i shed b y u t i l i z i n g the c o m m e r c i a l l y avai lable first strand c D N A Synthesis ki ts (The 

C e l l s - t o - c D N A II K i t , A m b i o n , Inc. The R N A C o m p a n y , A u s t i n , Texas , U S A ) , and P C R ki ts 

(JumpStart R E D T a q R e a d y m i x ki t , S i g m a - A l d r i c h Canada L t d . O a k v i l l e , O N , Canada) . 

R T - P C R reactions were carried out as per the k i t manufacturer's p ro toco l , w i t h necessary 

modif ica t ions . D u r i n g in i t i a l attempts, the amount o f template R N A , magnes ium 

concentrat ion, and compat ib i l i ty o f pr imer pairs was tested to determine op t ima l condi t ions 

for R T - P C R (data not shown). U s i n g K i t suppl ied random decamer pr imers , 2 u.g o f the total 

R N A sample was reverse-transcribed i n 20 u l react ion volumes . T h e f o l l o w i n g components 

were inc luded i n the R T reaction: 1 0 X R T buffer p H 7.4 (2 u l ) , d N T P (0.5 m M each) 1 u l , 

M - M L V reverse transcriptase l u i (10 U ) , R N a s e inhib i tor 1 u l (10 U ) , R a n d o m decamers 5 

u M , and total R N A 2 u,g. The f inal v o l u m e was adjusted to 20 u l us ing nuclease-free water. 

T h e R T step was performed at 4 2 ° C for 60 m i n , and then incubated at 95 ° C for 10 m i n to 

inactivate the reverse transcriptase enzyme. R T samples were stored at - 2 0 ° C for future use 

i n P C R ampl i f ica t ion . 
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D u r i n g P C R ampl i f ica t ion , 2 p.1 o f R T sample (first strand c D N A ) were used to co-

ampl i fy the housekeeping gene, G 3 P D H (as an internal standard), i n the f o l l o w i n g 

combinat ions o f different gene transcripts: G 3 P D H , S t A R and P45oscc ; G 3 P D H and 30-

H S D ; G 3 P D H , J3cl2 and B a x . The P C R m i x (JumpStart R E D T a q R e a d y M i x ) was compr i sed 

o f 20 m M T r i s - H C I , p H 8.3, 100 m M K C I , 4 n M M g C l 2 , 0 .002% gelatin, 0.4 m M each d N T P 

( d A T P , d C T P , d G T P , d T T P ) , inert dye, stabilizers, 0.06 U / u l T a q D N A Polymerase , 

JumpStart T a q antibody, 400 n M o f each p r imer (forward and reverse), and the required 

amount o f nuclease-free water to make up the f inal v o l u m e o f 25 u X react ion m i x . The 

p r imer sequence and their respective expected s ized P C R ampl icons are presented i n Tab le 

4 .1 . T h e P C R condi t ions were as fo l lows : in i t i a l denaturation for 3 m i n at 9 4 ° C , ( G 3 P D H , 

S t A R , P450scc , 3 p - H S D , B c l 2 , and B a x ) , f o l l owed b y subsequent cycles w i t h denaturation at 

9 3 ° C for 40 sec, anneal ing at 5 8 ° C for 50 sec ( G 3 P D H , S t A R , P450scc , 3P -HSD) , at 6 2 ° C 

for 50 sec ( B c l 2 , B a x , G 3 P D H ) and extension for 1 m i n at 7 2 ° C , and an addi t ional extension 

for 10 m i n at 7 2 ° C . The annealing temperature for G 3 P D H was found to be i n the range o f 

5 5 ° C to 6 5 ° C (data not shown). F o r each gene o f interest, P C R ampl i f i ca t ion was cal ibrated 

to determine the op t ima l number o f cycles that w o u l d a l l o w detection o f the appropriate 

m R N A transcripts, w h i l e s t i l l keeping the ampl i f ica t ion o f these genes i n the l o g phase. The 

different gene transcript, P C R combinat ions i nc lud ing S t A R , P450scc , G 3 P D H ; 3 p - H S D , 

G 3 P D H ; and B c l 2 , B a x , G 3 P D H were a l l owed a total o f 23 , 22, and 27 cycles , respect ively. 

A n al iquot (equal vo lume) f rom each react ion mixture ( P C R ) was electrophoresed o n 

a 2 % agarose gel conta in ing e th id ium bromide , and photographed under ul t raviolet 
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i l l umina t i on . The opt ica l density o f i nd iv idua l bands (inverse image) was ana lyzed b y us ing 

S c i o n Image computer ized densitometry software ( S c i o n Image, h t tp : / /www.sc ioncorp .com) . 

4 .3.5. Data analysis 

E a c h experiment was repeated at least five t imes. The data represent the mean ± 

S E M , and is presented as relative fo ld change to the control values. Dens i tomet ry values 

were no rma l i zed against corresponding, internal control G 3 P D H values, ana lyzed b y one­

w a y A N O V A , and f o l l o w e d w i t h a pai r -wise compar i son us ing a T u k e y - K a r m e r test. A n y 

difference i n treatment effects are indicated w i t h respective P values. A l l data were analyzed 

us ing N C S S Statist ical Software-trail vers ion ( K a y s v i l l e , Utah) . 

4.4. R E S U L T S 

4.4.1. Validation of semi-quantitative R T - P C R 

Semi-quanti tat ive R T - P C R method was used to determine the m R N A levels for S t A R 

protein, P450scc , 3 p - H S D , B c l 2 and B a x i n luteal tissue. A l inear relat ionship ( log phase), 

P C R ampl i f i ca t ion for different gene transcripts and the internal contro l , G 3 P D H was found 

between 19 to 32 cycles ( F i g . 4 .1 , 4.2, 4.3 for S t A R and P450scc , 3 p - H S D , B c l 2 and B a x , 

respect ively) . T h e expected s ized P C R ampl icons for different gene transcripts S t A R , 

P450scc , 3 p - H S D , B c l 2 , B a x , and G 3 P D H were 590 bp, 362 bp, 360 bp, 154 bp, 362 bp, and 

850 bp , respect ively. T h i s method o f semi-quantitative m R N A measurement us ing G 3 P D H 

as an internal control has been p rev ious ly described ( M a m l u k et a l . , 1998; 1999). The 

poss ib i l i t y o f P C R cross-contamination, or genomic D N A ampl i f ica t ion , was ru led out 
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because no P C R products were observed i n negative controls (without template and wi thout 

reverse transcriptase enzyme dur ing R T step). 

4.4.2. Effects of GnRH-a on StAR protein, P450scc, 3p-HSD, Bcl2 and Bax m R N A 
levels in the bovine C L 

T h e semi-quantitative R T - P C R results o f luteal tissue m R N A levels for S t A R protein, 

P450scc , 3 p - H S D , and B a x and B c l 2 are shown i n figures 4.4, 4 .5, 4.6, and 4.7 respect ively. 

Despi te the tendency for a m i l d s t imulatory response, G n R H - a (buserelin) treatment d i d not 

affect m R N A levels for S t A R protein and P450scc , whereas buserel in effect o n m R N A levels 

for 3P -HSD tended to be different (P = 0.12) from that o f untreated cont ro l samples ( F i g . 

4.6). Treatment o f luteal tissue w i t h G n R H - a (Busere l in , 200 ng , 1000 ng), i n combina t ion o f 

antide, or antide alone (500 n g / m L ) , d i d not affect the m R N A levels for pro- and anti-

apoptotic gene transcripts, B a x and B c l 2 ( F i g . 4.7), respect ively 

4.5. DISCUSSION 

The present studies investigated the direct effects o f G n R H - a o n molecu la r 

steroidogenic machinery , as w e l l as G n R H - a influence o n m R N A express ion for pro- and 

anti-apoptotic molecules i n bov ine C L . D u r i n g in vitro culture, G n R H - a treatment o f C L 

tissues caused a m i l d s t imulatory response o n m R N A levels o f S t A R , P450scc and 3 p - H S D 

al though an approaching signif icance levels c o u l d be seen o n l y i n case o f 3P -HSD. O n the 

other hand, G n R H - a treatment o f bov ine luteal tissues dur ing in vitro culture d i d not affect 

the m R N A levels for either anti- or pro-apoptotic molecules , B c l 2 and B a x , respect ively. 

O v e r a l l , G n R H - a caused an apparent m i l d st imulatory response o n m R N A transcripts for the 
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above-specif ied k e y regulatory molecules o f C L steroidogenic machinery . T h i s was a t yp ica l 

o f the response observed i n terms o f P 4 output f rom luteal cel ls and C L tissues, f o l l o w i n g 

G n R H - a treatment in vitro ( C H A P T E R 3). 

The present f indings are i n agreement w i t h earlier reports where the C L i n heifers 

adminis tered des lore l in ( G n R H - a ) had a greater content o f S t A R protein, and the 

steroidogenic enzyme, P450scc (Pitcher et a l . , 1997 ci ted b y D ' O c c h i o and A s p d e n , 1999). 

T h e same group o f researchers also reported a significant increase i n testosterone levels and 

m R N A expression leve l for S t A R , P450scc , 3(3-HSD, and P45017<x, i n testicular tissues o f 

bu l l s that were administered des lore l in ( A s p d e n et a l . , 1998). F r o m recent studies, it is 

evident that the G n R H - a ( leuprolide acetate) i n combina t ion o f e C G adminis t ra t ion i n m i c e 

caused a s ignif icant increase i n not o n l y S t A R m R N A , but also S t A R protein and P 4 l eve l i n 

ovar ian fo l l ic les (Irusta et a l . , 2003). O v e r a l l , the present f indings are i n agreement w i t h 

s imi l a r observations where increased p lasma P 4 levels were a characteristic feature i n many 

o f the studies w i t h G n R H administrat ion dur ing the luteal phase i n cattle (Thatcher et a l 

1993, D ' O c c h i o and A s p d e n , 1999; D ' O c c h i o et a l . , 2000; Rajamahendran et a l . , 1998, 

2001) . Further, these studies conf i rm the important fact that G n R H - a adminis t ra t ion dur ing 

luteal phase does not adversely affect the C L function i n bov ine species, as it has been 

reported as an opposite phenomenon i n the majori ty o f the studies i n other species o f animals 

i n c l u d i n g humans ( R e v i e w e d b y Janssens et a l . , 2000). The present f indings differ f rom the 

s imi l a r studies where the G n R H - a , buserel in (Sridaran et a l . , 1999a; Sr idaran et a l . , 1999b) or 

leuprol ide acetate ( A n d r e u et a l , 1998), treatment caused a significant suppressive effect o f 

S t A R , 3 p - H S D and P450scc i n rat ovaries. 
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T h e steroidogenic machinery molecules , S t A R protein, cy tochrome P450scc , and 30-

H S D , are k e y and rate l i m i t i n g factors that govern P 4 synthesis i n the C L . In luteal cel ls , 

S t A R prote in facilitates the transfer o f free-form cholesterol into the inner mi tochondr i a l 

membrane. T h i s prote in can induce acute changes i n the rate o f steroidogenesis b y 

m o b i l i z i n g cholesterol , and subjecting it to the enzymes that are already present. These acute 

changes can happen w i t h i n a matter o f minutes. In the mi tochondr ia , the specia l type o f 

enzyme (P450scc) that is present w i t h i n the inner mi tochondr ia l membrane converts the free-

fo rm cholesterol into pregnenolone through cleavage o f cholesterol side cha in ( M i l v a e et a l . , 

1996). Further, pregnenolone is released into the cy top lasm where another k e y enzyme, 3 0 -

H S D , that exists i n smooth endoplasmic re t icu lum, converts pregnenolone into P 4 . The 

resultant P 4 is then processed i n the G o l g i apparatus, and released into general c i rcu la t ion 

( R e v i e w e d b y N i s w e n d e r et a l . , 2000). 

In the present studies, the exact mechanisms that affected a m i l d s t imulatory response 

o n m R N A expression levels S t A R , P450scc and 30 -HSD are not k n o w n . In addi t ion, these 

f indings do not conf i rm whether the G n R H - a effect was, indeed, due to its direct interact ion 

w i t h the G n R H specif ic receptor o n luteal c e l l types i n bov ine C L . M o r e studies are needed 

to further explore such a poss ib i l i ty , and conf i rmat ion o f any functional forms o f G n R H 

receptor molecules and their mode o f interaction w i t h its l igand is needed. H o w e v e r , it has 

been suggested that G n R H c o u l d mediate its direct effects i n conjunct ion w i t h other 

ho rmona l agents such as P G F 2 a , or L H , that are w e l l k n o w n to regulate ovar ian funct ion 

( R e v i e w e d b y Steele and L e u n g , 1993). S t imula t ion o f one or more s igna l ing pathways such 

as phosphol ipase C ( P L C ) , phospholipase A 2 ( P L A 2 ) and phosphol ipase D ( P L D ) , and 
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act ivat ion o f prote in kinase C ( P K C ) has been hypothesized as causing either inh ib i tory , or 

s t imulatory effects o n ovar ian cel lu lar steroid output. These dua l effects have been c lea r ly 

demonstrated dur ing in vivo experiments i n adult male and female hypophysec tomized rats, 

where exogenous G n R H or G n R H - a c o u l d either stimulate or inhib i t gonadal functions i n 

terms o f steroidogenesis (Hsueh and Jones, 1981, 1982). G n R H has been s h o w n to el ic i t 

m i x e d responses affecting ovar ian function ( reviewed b y Sharpe, 1982; Janssens et a l . , 2000; 

L e u n g et a l . , 2003). The inhib i tory act ion o f G n R H , or its agonists, o n gonadal 

steroidogenesis invo lves suppression o f the gonadotropin receptors, or intermediary 

enzymes, i n v o l v e d i n the steroidogenic pathway. G n R H - a induced suppression o f F S H and 

L H receptors ( T i l l y et a l . , 1992; Piquette et a l . , 1991; Guerrero et a l . , 1993), and G n R H - a 

caused suppression o f gonadotropin-induced c A M P levels , has been reported (Richards , 

1994; K n e c h t e t a l . , 1985). 

F r o m the present studies, in vitro treatment o f luteal tissue w i t h G n R H - a d i d not 

affect the m R N A levels for pro- and anti-apoptotic molecules , B a x and B c l 2 . These f indings 

differ f rom several other studies o f different species where G n R H - a was s h o w n to induce 

apoptotic process i n ovar ian c e l l types. D u r i n g in vitro culture, G n R H inh ib i ted D N A 

synthesis (Saragueta et a l . , 1997), or induced apoptosis i n rat granulosa cel ls ( B i l l i g et a l . , 

1994). Studies have shown evidence for G n R H - i n d u c e d remode l ing o f the extra-cellular 

mat r ix . Where G n R H induced structural luteolysis i n superovulated rats through s t imula t ion 

o f mat r ix metalloproteinase ( M M P - 2 ) , and membrane type 1 - M M P expression ( in a 

developed C L ) , w h i c h degraded collagens type I V , type III, and type I, respect ively (Goto et 

a l . , 1999). D u r i n g ear ly pregnancy i n the rat, G n R H - a has been s h o w n to suppress serum P 4 
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levels , w h i c h is associated w i t h an increased degree o f D N A fragmentation i n the C L 

(Sr idaran et a l . , 1998). S i m i l a r effects o f G n R H - a - i n d u c i n g increased number o f apoptotic 

bodies i n human granulosa cel ls (obtained dur ing oocyte retr ieval for in vitro fert i l ization) 

was demonstrated b y Z h a o et a l . (2000). 

In the ovary, there are several specific regulators o f apoptosis, i n c l u d i n g hormones, 

g rowth factors and cytokines ( C h u n et a l . , 1994; C h u n and Hsueh , 1998; Y a n g and 

Rajamahendran, 2000). Transforming growth factor P ( T G F p ) (Mar t imbeau and T i l l y 1997), 

as w e l l as some l o c a l l y produced cytokines , are be l ieved p lay a role i n regulat ing apoptosis i n 

the ova ry (Richards , 1994). F o r example, i n cultured rat fo l l ic les , I L - i p suppressed fo l l i c l e 

apoptosis i n a dose dependent manner ( C h u n et a l . , 1995). In contrast, I L - 6 was s h o w n to 

induce apoptosis i n cul tured rat granulose cel ls (Grospe and Spangelo, 1993). A l t h o u g h the 

exact mechan i sm o f apoptotic c e l l death is not clear, some o f the processes i n v o l v e d appear 

to be h i g h l y conserved. Different s ignal ing pathways, that are c e l l specif ic , u l t imate ly 

converge to activate a c o m m o n or s imi la r apoptotic death program ( H s u and Hsueh , 1998). 

T w o important famil ies o f regulators o f the apoptotic process are the molecules o f 

B c l - 2 famil ies and caspases (Hengartner, 2000). The B c l - 2 f a m i l y o f genes includes both 

apoptosis p romot ing (e.g. B a x , B o k , and B a d ) , and apoptosis inh ib i t ing (e.g. B c l - 2 and B c l -

X L , M c l - 1 ) members (Antonsson and M a r t i n o u , 2000). The B c l - 2 f a m i l y members are 

located i n the outer membranes o f the mi tochondr ia , and can b i n d to each other i n different 

pa i r -wise condi t ions . In most cases, the ratio o f pro-apoptotic to anti-apoptotic B c l - 2 

homologues w i t h i n a c e l l determines whether the c e l l undergoes apoptosis or not (Ga jewsk i 
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and T h o m p s o n , 1996; An tons son et a l . , 1997). The m a i n function o f the B c l - 2 f a m i l y seems 

to be regulat ing the release o f pro-apoptotic factors, par t icular ly cy tochrome C , f rom the 

mi tochondr i a into the cy toso l (Antonsson and M a r t i n o u , 2000) . M a n y members o f the B c l - 2 

f a m i l y have been isolated i n the ovary, i nc lud ing B a d , M c l - 1 , B c l - X L and B o k ( H s u and 

H s u e h , 2000) . Caspases are cy tosol ic proteases, and are synthesized as inact ive precursors 

that are c leaved b y other caspases, or autocatalyt ical ly i n order to become activated. A n 

important funct ion o f caspases is to activate caspase-activated D N a s e ( C A D ) , the 

endonuclease responsible for inter-nucleosomal D N A fragmentation, one o f the most 

frequently used ha l lmarks o f apoptosis ( Y u a n g , 1997; Nagata , 1997). C A D and its inh ib i to ry 

subunit, inh ib i to r o f caspase-activated D N a s e ( I C A D ) , are constantly expressed i n the cel ls . 

Caspase-mediated cleavage o f the inh ib i tory subunit results i n release and act ivat ion o f the 

endonuclease ( Y u a n g , 1997; Nagata , 1997). 

T h e present study reveals no evidence o f any adverse effects o f G n R H - a i n terms o f 

i nduc ing p rogrammed c e l l death i n bov ine luteal tissue, as reported i n other species. Bes ides 

species difference, the reason for this differential response o f G n R H - a o n luteal tissue or c e l l 

types is not k n o w n . H o w e v e r , f indings from these studies do not reveal any conc lus ive 

evidence w i t h respect to the lack o f a G n R H - a effect causing p rogrammed c e l l death, 

contrary to the f indings from other species. M o r e studies i n v o l v i n g , i nd iv idua l c e l l types, 

rather than w h o l e organ/tissue culture systems and different dose levels o f G n R H - a , m a y 

p rov ide more concrete and rel iable evidence. It is also important to undertake comprehensive 

investigations u t i l i z i n g different approaches such as assessing the h a l l mark o f apoptosis, 
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in ter-nucleosomal D N A fragmentation, or examin ing the ear ly responder o f apoptotic 

process, F A S and F A S l igand system. 

4.6. C O N C L U S I O N 

F r o m the present studies, results revealed a m i l d s t imulatory response o f G n R H - a , 

busere l in o n m R N A expression levels for S t A R , P450scc , and 3(3-HSD, w h i c h , are k e y 

regulatory molecules o f steroidogenic machinery mechan i sm i n bov ine C L . H o w e v e r , 

statistical s ignif icance c o u l d not be achieved. Secondly , un l ike results f rom other species, 

G n R H - a treatment d i d not cause any adverse effect o n C L funct ion b y i n d u c i n g or 

augment ing the apoptotic process and luteolysis . 
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L D 19 22 25 28 31 34 37 40 

Cycle Number 

F I G U R E 4 .1 . Character izat ion o f semiquantitative R T - P C R for G 3 P D H , S t A R protein, and 
P450scc m R N A transcripts f rom bovine luteal tissue. To ta l R N A was extracted f rom 
exper imental samples, reverse transcribed, and ampl i f ied us ing a thermal cyc le r as described 
under Mater ia l s and Methods . P C R products were electrophorosed o n 2 % agarose gel , 
stained w i t h e th id ium bromide and photographed. Inverse images (upper panel) were 
ana lyzed by densitometry and the l inear relationship between P C R products and 
ampl i f i ca t ion cycles is shown i n the lower panel . L D , molecular weight base pair (ladder). 
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F I G U R E 4.2. Characterization of semiquantitative RT-PCR for G 3 P D H and 3P-HSD mRNA 
transcripts from bovine luteal tissue. Total RNA was extracted from experimental samples, reverse 
transcribed, and amplified using a thermal cycler as described in Materials and Methods. PCR 
products were electrophorosed on 2% agarose gel, stained with ethidium bromide and photographed. 
Inverse images (upper panel) were analyzed by densitometry and the linear relationship between PCR 
products and amplification cycles is shown in the lower panel. LD, molecular weight base pair 
(ladder). 
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F I G U R E 4.3. Characterization o f semiquantitative R T - P C R for G3PDH, Bcl2, and Bax m R N A 
transcripts from bovine luteal tissue. Total R N A was extracted from experimental luteal tissue, 
reverse transcribed, and amplified using a thermal cycler as described in Materials and Methods. P C R 
products were electrophorosed on 2% agarose gel, stained with ethidium bromide and photographed. 
Inverse images (upper panel) were analyzed by densitometry and the linear relationship between P C R 
products and amplification cycles is shown in the lower panel. L D , molecular weight base pair 
(ladder). 
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LD CON LH100 BUS200 BUS1000 ANT500 ANTBUS200 -R -T 

9MtF ^NMP ^fffff 

S t A R 

• C O N 

SLH100 ng 

HBTJS200 ng 

0 BUS 1000 ng 

CD ANT500 ng 

0 ANT500 ng+BUS200 ng 

Treatments ng/mL 

F I G U R E 4.4. Effect o f G n R H - a on S t A R protein m R N A levels in bovine luteal tissues. Minced 
luteal tissue samples were cultured in vitro and treated with different doses o f buserelin medium only 
( C O N ) , L H 100 ng, buserelin ( B U S ) 200 ng, and B U S 1000 ng, Antide ( A N T ) 500 ng, A N T 500 ng + 
B U S 200 ng. B U S dose response on S t A R protein m R N A levels (fold change from C O N ) is shown in 
the histogram. L D , molecular weight base pair (ladder); -R, minus RTase; -T, minus template. 
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F I G U R E 4.5. Effect o f G n R H - a on P450scc m R N A levels in luteal tissues. Minced luteal tissue 
samples were cultured in vitro and treated with different doses o f buserelin. Untreated control ( C O N ) , 
L H 100 ng, buserelin (BUS) 200 ng, B U S 1000 ng, Antide ( A N T ) 500 ng, A N T 500 ng + B U S 200 
ng. B U S dose response on P450scc m R N A levels (fold change from C O N ) is shown in the histogram. 
L D , molecular weight base pair (ladder); - R minus RTase; -T, minus template. 
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F I G U R E 4.6. Effect o f G n R H - a on 30 -HSD m R N A levels in luteal tissue. Minced luteal tissue 
samples were cultured in vitro and treated with different doses o f buserelin. Untreated control ( C O N ) , 
L H 1 0 0 ng, buserelin (BUS) 200 ng, B U D S 1000 ng, Antide ( A N T ) 500 ng, A N T 500 ng + B U S 200 
ng. B U S dose response on 3(3-HSD m R N A levels (fold change from C O N ) is shown in the histogram. 
* different (P = 0.12) from that o f control samples.LD, molecular weight base pair (ladder); -R, minus 
RTase; -T, minus template. 
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LD CON LH100 BUS200 BUS1000 ANT500 ANTBUS200 -R -T 
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F I G U R E 4.7. Effect o f G n R H - a on Bcl2 and Bax m R N A levels in bovine luteal tissue. Minced luteal 
tissue samples were cultured in vitro and treated with different doses of buserelin ( B U S ) . Medium 
only ( C O N ) , L H 100 ng, B U S 200 ng, B U S 1000 ng, Antide ( A N T ) 500 ng, A N T 500 ng + B U S 200 
ng. B U S dose response on Bc l2 and Bax m R N A levels (fold change from C O N ) is shown in the 
histogram. L D , molecular weight base pair (ladder); -R, minus RTase; -T, minus template. 
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T a b l e 4 .1 . Ol igonuc le t ide pr imer pai r and their respective P C R ampl icons for S t A R protein, 
P450scc , 3 P - H S D , B a x , B c l 2 and G 3 P D H m R N A transcripts f rom bov ine luteal tissue. 

G e n e sequence P r i m e r sequence F r a g m e n t 
l eng th (bp) 

F o r w a r d 5 ' - 3 ' 
R e v e r s e 5 ' - 3 ' 

G 3 P D H 5 ' - T G T T C C A G T A T A G A T T C C A C C - 3 ' 850 
5 - T C C A C C A C C C T G T T G C T G T A - 3 ' 

S t A R 5 ' - C A T G G T G C T C C G C C C C T T G G C T - 3 ' 590 
5 ' - C A T T G C C C A C A G A C C T C T T G A - 3 ' 

P450scc 5 ' - A A C G T C C C T C C A G A A C T G T A C C - 3 ' 362 
5 ' - C T T G C T T A T T G C T C C C T C T G C C - 3 ' 

3P -HSD 5 ' - T G T T G G T G G A G G A G A A G G - 3 ' 360 
5 ' - G G C C G T C T T G G A T G A T C T - 3 ' 

B a x 5 ' - C C T T T T G C T T C A G G G T T T C A T C C A G - 3 ' 362 
5 ' - C G A A G G A A G T C C A A T G T C C A G C - 3 ' 

B c l 2 5 ' - T T C G C C G A G A T G T C C A G T C A G C - 3 ' 154 
5 ' - T T G A C G C T C T C C A C A C A C A T G A C - 3 ' 
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C H A P T E R 5 

I N F L U E N C E O F P O S T - B R E E D I N G G n R H A D M I N I S T R A T I O N O N C O R P U S 
L U T E U M F U N C T I O N A N D P R E G N A N C Y IN D A I R Y C A T T L E 

5.5. A B S T R A C T 

T h e objectives o f the present study were to examine the influence o f post-breeding 

G n R H adminis t ra t ion o n in vivo C L function i n terms o f progesterone (P4) secretion, and 

pregnancy outcome, i n dai ry cattle. One hundred and four H o l s t e i n cattle (cows = 74; heifers 

= 30) were inc luded i n this study. Lac ta t ing cows (completed at least 90 days postpartum 

period) , and heifers, that were observed i n standing natural estrus were inseminated and 

subjected to one o f the three treatments randomly. Treatments were compr i sed o f control 

(untreated, cows n=25; heifers n= 10), G n R H 100 p g (cows n=25; heifers n= 10), or h C G 

2500 JJJ (cows n=24; heifers n= 10). A l l treatments were administered(intramuscular) o n day 

7 post-breeding. Start ing f rom the day o f breeding ( D a y 0), m i l k (cows) and b l o o d (heifers) 

samples were col lec ted at w e e k l y intervals un t i l the 5th week post-breeding for P 4 

measurements. Pregnancy diagnosis was determined b y ultrasound scanning o n D a y 35 after 

breeding. P 4 concentrat ion from m i l k and p lasma samples was determined b y f o l l o w i n g a 

R I A procedure. B a s e d o n P 4 concentrations and pregnancy outcome, no significant 

differences were observed between sham treated control and G n R H , or G n R H and h C G , 

treatment groups. H o w e v e r , h C G treatment group had s igni f icant ly (P < 0.05) h igher levels 

o f P 4 (f rom D a y 14 un t i l 35 post-breeding), but pregnancy rates were not different from 
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cont ro l or G n R H groups. In summary, post-breeding G n R H administrat ion, d i d not result i n 

i m p r o v e d pregnancy rates i n dai ry cattle. 

5.2. I N T R O D U C T I O N 

Gonado t rop in releasing hormone ( G n R H ) is a v i t a l requirement for the maintenance 

o f reproductive homeostasis. The versatile functional properties o f G n R H have been 

extens ive ly studied, and are a continued topic o f interest i n reproduct ive p h y s i o l o g y and 

medic ine . F o r instance, the acute effects o f G n R H causing endogenous release o f fo l l i c l e 

s t imula t ing hormone ( F S H ) , and lu te in iz ing hormone ( L H ) is an invaluable feature that aids 

i n manipu la t ing ovar ian act ivi ty i n a predictable manner ( C o n n and C r o w l e y , 1994; 

S t o j i l k o v i c and Catt , 1995). G n R H - i n d u c e d gonadotropin release exert numerous 

p h y s i o l o g i c a l effects such as wave emergence and development o f n e w fo l l i c les , ovu la t ion 

or lu te in iza t ion o f ovar ian fo l l ic les , and an altered corpus lu teum ( C L ) function. N u m e r o u s 

studies have examined whether G n R H treatments g iven at the t ime o f ar t i f ic ia l inseminat ion 

( A I ) are able to improve pregnancy rates i n cattle (Rev i ewed b y Thatcher et a l . , 1993; 

D ' O c c h i o and A s p d e n , 1999; Rajamahendran et a l . , 2002). In most experiments, G n R H 

treatments were administered around the t ime o f A I (Schmit t et a l . , 1996a) or dur ing the m i d -

luteal phase ( reviewed b y Thatcher et a l . , 1993; D ' O c c h i o and A s p d e n et a l . , 1999; 

Rajamahendran et a l . , 2002) i n attempts to establish enhanced C L function. The major i ty o f 

exper imental results show a numer i ca l ly increased P 4 concentration, and i n some instances, 

increased pregnancy rate after G n R H treatment. H o w e v e r , the difference is often stat ist ically 

non-signif icant i n compar i son w i t h untreated control animals. A d m i n i s t r a t i o n o f G n R H 

agonist analogues ( G n R H - a ) dur ing mid - fo l l i cu l a r phase ( M u r d o c h and V a n K i r k , 1998, 
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M o m c i l o v i c et a l . , 1998), or early estrus ( M a c m i l l a n and Thatcher et a l . , 1991) per iod , has 

been reported to result i n an enhanced C L function f o l l o w i n g ovu la t ion i n some studies. O n 

the other hand, no change has been not iced i n other studies and studies have reported that 

G n R H , or G n R H - a , administered i n the early fo l l icu la r phase has resulted i n an inadequate or 

defective C L f o l l o w i n g ovu la t ion ( L u c y and Stevenson, 1992; M u r d o c h and V a n K i r k , 1998; 

Taponen et a l . , 1999, 2000). Theore t ica l ly , it is be l ieved that consequent to G n R H - a 

administrat ion, L H concentration reaches beyond its threshold leve l caus ing a d o w n -

regula t ion o f LH-recep tors i n preovulatory fo l l i c l e cel ls ; and thus, ensuing luteal defect. 

S i m i l a r postulations suggest the lack o f F S H p r i m i n g granulosa cel ls w o u l d fa i l to acquire 

a romat iz ing capabil i t ies; thereby, the decreased estradiol- 17p (E2) levels c o u l d lead to 

decreased granulosa c e l l prol iferat ion, and consequently the luteal insuff ic iency. In contrary 

to these experiments, i n rodent species, experiments have p roved that ovar ian super-

s t imula t ion dur ing fo l l i cu la r phase has resulted i n suppression o f E 2 augmented pi tui tary L H 

response, prevent ing ovula t ion . Further, it has been shown that the L H surge inhibi ts E 2 

secretion b y the preovulatory fo l l i c l e (D ie l eman and Blankens te in 1984). 

A significant propor t ion o f pregnancy failures (30 - 40%) and infer t i l i ty problems i n 

cattle have been attributed to inadequate functioning o f the C L ( R e v i e w e d b y Rajamahendran 

et a l . , 2002) . M o s t o f the concept ion failures, or early pregnancy losses, are associated w i t h 

the defective C L , due to lack o f adequate luteotropic support f o l l o w i n g ovula t ion . Several 

correct ive measures have been developed to combat inadequate C L funct ion i n cattle. E i the r 

direct L H administrat ion, or administrat ion o f human chor ionic gonadotropin ( h C G ) that 

exerts an L H - l i k e luteotropic effect leading to enhanced C L funct ion ( R e v i e w e d b y 
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N i s w e n d e r et a l . , 2000) . H o w e v e r , repeated use o f h C G i n cattle can induce ant ibody 

format ion; thus, it cannot be used as the best alternative treatment reg imen o n a routine basis, 

i n contrast to G n R H - b a s e d protocols (Rev i ewed b y Rajamahendran et a l . , 2002) . In addi t ion, 

efforts have been made to compensate for luteal insuff ic iency through exogenous P 4 

adminis t ra t ion, but it has often y ie lded poor results (Rhodes et a l . , 1999). In spite o f 

cont inued efforts f rom several researchers, li t t le improvement has been achieved towards the 

successful treatment o f luteal insuff ic iency i n bovine species. Therefore, based o n the 

support ive evidence f rom present G n R H protocols , administrat ion o f G n R H at var ious t ime 

points before and after ovula t ion and induct ion o f an accessory C L leading to increased 

p l a sma P 4 concentrations is s t i l l be ing considered as a p r o m i s i n g method to achieve 

enhanced pregnancy outcome i n cattle. In this direct ion, i nc lud ing the present laboratory, 

there have been numerous studies that have reported a va ry ing degree o f success i n 

pregnancy rates ( P R ) f o l l o w i n g different t ime-point G n R H adminis t ra t ion dur ing the estrous 

cyc le i n cattle. Therefore, it is a clear ind ica t ion that more studies are needed to ga in further 

knowledge wr th respect to the G n R H response o n in vivo C L function, and, i n , turn, the 

eventual P R i n cattle. Further, most o f the studies c i ted above were conducted i n combina t ion 

w i t h estrous synchroniza t ion protocols. O n l y l imi t ed informat ion is avai lable o n post-

breeding G n R H administrat ion i n animals that were bred at the t ime o f natural estrus w i t h 

spontaneous ovulat ions. Therefore, the present study was undertaken to assess C L function, 

and pregnancy outcome f o l l o w i n g post-breeding G n R H administrat ion i n dai ry cattle that 

were inseminated at natural estrus. In order to establish the effects o f post-breeding G n R H 

treatment o n in vivo C L function, h C G treatment was inc luded as pos i t ive a cont ro l group 

dur ing the present experiment. Bes ides the numerous reports from the literature, previous 
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studies f rom this laboratory have suggested that h C G treatment at 7 days after inseminat ion 

c o u l d be used to induce an accessory C L , raise p lasma P 4 and reduce the inc idence o f early 

embryon ic mor ta l i ty i n cattle ( reviewed b y Rajamahendran et a l . , 2002) . 

5.3. MATERIALS AND METHODS 

5.3.1. Animals and treatments 

T h i s study was conducted at the U n i v e r s i t y o f B r i t i s h C o l u m b i a D a i r y E d u c a t i o n and 

Research Center, A g a s s i z , B r i t i s h C o l u m b i a , Canada, dur ing the months o f January to M a y 

2003. H a n d l i n g and management o f animals were i n accordance w i t h the guidel ines o f the 

Canad ian C o u n c i l o n A n i m a l Care (1993). 

A n i m a l s were housed i n a free-stall system that a l l owed a considerable amount o f 

interact ion among herd mates. A total o f one hundred and four H o l s t e i n dai ry cattle (lactating 

cows , n = 74; heifers, n = 30) were inc luded i n this study (Table 5.1). Lac ta t ing c o w s were i n 

the stage o f first to s ix th lactation, and completed at least a 90-days post-partum per iod . 

A n i m a l s w i t h a his tory o f injury or reproductive problems, were exc luded f rom the 

experiment. B o t h cows and heifers were ar t i f ic ia l ly inseminated at the t ime o f natural estrus, 

and then r andomly al located to one o f the three treatment groups: cont ro l (no treatment; 

cows , n = 25 ; heifer, n = 10), G n R H 100 u,g (cows, n = 25; heifers, n = 10), and h C G (cows, 

n = 24; heifers, n = 10). G n R H ( F a c t r e l ® ) and h C G (Chorulon) were purchased from the 

For t D o d g e Laboratories , For t D o d g e , I A and Intervet, Canada, respect ively. A l l treatments 

were administered (intra-muscular route, I M ) o n the 7th D a y post-breeding ( F i g . 5.1). 
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5.3.2. Milk and blood sample collection for P4 measurement 

W h o l e m i l k samples (cows) and b l o o d samples (heifers) were col lec ted o n D a y 0 

(day o f breeding), and D a y s 7, 14, 21 , 28, and 35, post-breeding, for P 4 determination. B l o o d 

samples (10 m L ] were col lected f rom each an imal (heifers) v i a the coccygea l vessels i n 

hepar in ized vacutainer tubes (Bec ton D i c k i n s o n , Ru th f i e ld N e w Jersey, U S A ) . Samples were 

centrifuged (1000 x G , 30 min ) w i t h i n 1 h o f co l lec t ion , and the p lasma separated. B o t h m i l k 

and p l a sma samples were stored at - 2 0 ° C un t i l assayed for P 4 . 

5 .3.3. Radioimmunoassy for P4 measurement 

Concentra t ion o f P 4 i n m i l k and p lasma samples was measured us ing a c o m m e r c i a l l y 

avai lable , s o l i d phase, radioimmunoassay ( R I A ) ki ts ( C o a t - A - C o u n t , Diagnos t i c Products 

C o r p . , L o s Ange l e s , C A ) . These ki ts were p rev ious ly val idated for the measurement P 4 

concentrat ion i n m i l k and p lasma samples (Tay lo r and Rajamahendran, 1991; S ianangama 

and Rajamahendran, 1992) i n this laboratory. B r i e f l y , at the t ime o f assay preparation, an 

al iquot o f 100 p i o f the P 4 standards was transferred into duplicate set o f tubes (antibody-

coated) that were labeled as A A , B B , C C , D D , E D , F F , and G G , corresponding to the P 4 

concentrations o f 0.0, 0.1, 0.5, 2.0", 10.0, 20.0, and 40.0 n g / m L . S i m i l a r l y , the required 

number o f addi t ional tubes (antibody-coated) was suppl ied w i t h an al iquot o f 100 u l o f 

exper imental samples ( m i l k and plasma), and each tube was assigned an unique ident i f icat ion 

number to match their respective samples ( m i l k or plasma). Then , a l l tubes were arranged i n 

serial order (Tube A to Tube N i n numbers), and each tube was suppl ied w i t h P4-buffered 

I 1 2 5 - l a b e l e d P 4 (1.0 ml ) . The tube contents were m i x e d b y gentle agitation, and incubated at 

r o o m temperature for 3 h to achieve the equ i l ib r ium o f antibody-antigen reaction. A t the end 
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o f the 3 h incubat ion, the l i q u i d por t ion o f the assay mixture was decanted f rom the tubes and 

any remain ing l i q u i d residue was removed b y ho ld ing the tubes i n an inverted pos i t ion o n a 

b lo t t ing surface (paper) for an addi t ional 10 m i n . The s o l i d por t ion o f assay mix ture ( in 

tubes) that contained radioact iv i ty was counted for 1 m i n us ing a g a m m a counter (Packard 

A u t o g a m m a 500, Packa rd Instruments, D o w n e r s G r o v e , I L , U S A ) . T h e assay sensi t ivi ty, 

that is the intra- and inter- assay coefficienst o f variations for P 4 , were 8.6% and 10.8%, 

respect ively. 

5.3.4. Reproductive status of the animals based on P4 concentration 

N u m b e r o f animals inc luded i n P 4 analysis, number o f animals that were i n estrus 

based P 4 <1 n g / m L o n the day o f A l and ovula t ion rates based o n P 4 >1 n g / m L o n D a y 7 

post-breeding, i n each treatment group are presented i n Table 5.2. Ind iv idua l animals were 

considered as pregnant p rov id ing P 4 levels were <1 n g / m L o n D a y 0 and mainta ined >1 

n g / m L o n D a y 7 through 21 pos t -AI . The presumptive P R was calculated based o n the 

percentage o f animals that became pregnant i n relat ion to the total number that were i n estrus 

o n D a y 0 (day o f breeding), and had a successful ovula t ion (based o n P 4 levels < 1 n g / m L o n 

D a y 0, and >1 n g / m L o n D a y 7 post-breeding). 

5.3.5. Pregnancy diagnosis 

O n D a y 35 after breeding, pregnancy diagnosis was carr ied out us ing a per-rectal 

ul t rasound-scanning device , as described b y Rajamahendran and T a y l o r (1990). A real- t ime 

ul t rasound-scanning device ( A l o k a 500 V , A l o k a C o . L t d . , T o k y o , Japan), equipped w i t h a 

7.5 M H z trans-rectal transducer was used. D u r i n g scanning, the uterine horns and b o d y o f the 
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uterus were scanned i n several planes i n order to examine uterine contents, and to ident ify 

embryon ic vesicles and the embryo proper, i f pregnant. The overa l l P R i n each treatment 

group was calculated based on the total number o f animals that were al located per treatment 

group (control n = 35; G n R H n = 35; h C G n = 34), o n the day o f breeding ( F i g 5.4). 

5.3.6. Data ana lys i s 

P R was defined as the percentage o f animals that became pregnant i n re la t ion to the 

total number treated. The post-breeding G n R H effect o n the in vivo C L funct ion was 

determined based o n the comparat ive P 4 levels f rom that o f the contro l , and h C G treatment 

groups. T h e G n R H treatment effect o n presumptive P R was assessed based o n P 4 levels at 

different t ime points dur ing the p o s t - G n R H treatment per iod ( D a y 2 1 , 28 , and 35). F i n a l l y , 

the G n R H treatment effect o n overa l l P R was calculated based o n ul trasound scanning data 

from D a y 35, pos t -AI . The percentage o f estimated embryonic mor ta l i ty was calculated 

based o n animals w i t h P 4 levels < 1 n g / m L o n D a y 0, and > 1 n g / m L at D a y s 7, 14, 21 and 

any drop i n P 4 levels < l n g / m L o n 28, and 35, pos t -AI . R I A data for P 4 concentrations was 

ana lyzed us ing one-way analysis o f variance ( A N O V A ) , f o l l owed b y pa i r -wise compar i son 

us ing a F i she r ' s L S D method. In vivo C L function (presumptive P R based o n P 4 

concentrations), and overa l l P R data f rom ultrasound scanning results, were ana lyzed us ing 

Ch i -Squa re method. The leve l o f s ignif icance was set at a = 0.05. 
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5.4. R E S U L S T S 

5.4.1. C L function and presumptive pregnancy rates based on P4 concentration 

O v u l a t i o n occurred i n 69 out o f the 74 (93.24%) animals that were i n estrus o n the 

day o f breeding (based o n P 4 < 1 n g / m L ; Table 5.2). The mean ± S E M o f combined (cows 

and heifers) P 4 profi les dur ing post-breeding per iod ( D a y 7 through 35) indicated no 

difference (P > 0.05) i n C L function between sham control , and G n R H treatment groups 

(data not shown) . H o w e v e r , when P 4 data was analyzed for o n l y those animals that were i n 

estrus (P4 <1 n g / m L ) o n day o f A I and had a successful ovu la t ion (based o n P 4 levels >1 

n g / m L o n D a y 7 post-breeding), the tendency for a non-signif icant (P > 0.05) increase i n P 4 

levels was evident i n the G n R H treatment group (F ig . 5 . 2 A ) . T h e h C G treatment group 

mainta ined a s ignif icant ly higher levels P 4 concentrations w h e n analyzed either as combined 

data both cows and heifers ( F i g . 5 . 2 A ) , or based o n the type or par i ty o f the animals , heifers 

( F i g . 5 .2B) and cows (F ig . 5 .2C) . 

F o r the purpose presumptive P R calculat ion, o n l y those animals that were i n estrus o n 

the day o f breeding (P4 <1 n g / m L ) , and had a successful ovu la t ion (P4 >1 n g / m L o n D a y 7 

post-breeding), were inc luded (Table 5.3). Presumpt ive P R was calculated based o n P 4 

levels >1 n g / m L o n D a y 21 , 28, and 35 post-breeding. The combined ( F i g . 5 . 3 A ) , percentage 

o f presumptive P R i n different treatment groups was as fo l lows : D a y 21 (control 6 8 % , G n R H 

8 0 % , h C G 91.67%), D a y 28 (control 52%, G n R H 6 5 % , h C G 66.67%), and D a y 35 (control 

2 5 % , G n R H 6 0 % , h C G 62.5%). The percentage o f presumptive P R i n heifers and c o w s are 

presented i n F i g . 5 .3B and F i g . 5 .3C, respectively. W h e n P 4 levels were considered, 
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i rrespective o f treatment groups, the cumulat ive presumptive P R (overal l P R ) were 79 .71%, 

60 .87%, and 57 .59% o n D a y 21 , 28, and 35 post-breeding, respect ively ( F i g . 5 . 3 A ) 

5.4.2. Overall pregnancy rates on Day 35 post-AI 

B a s e d o n ul trasound scanning data ( D a y 35 post-breeding), the c o m b i n e d (cows and 

heifers) P R was calculated based o n the number o f animals pregnant i n re la t ion to the total 

numbers o f animals that were i n i t i a l l y al located to each treatment group o n the day o f 

breeding (control , n = 35; G n R H , n = 35; h C G , n = 24). The combined P R s i n the different 

treatment groups were 42 .86%, 42 .86% and 4 0 . 0 0 % for contro l , G n R H , and h C G groups, 

respect ively ( F i g . 5.4) In terms o f pregnancy outcome, no difference was observed among 

cont ro l , G n R H , and h C G (P > 0.05) treatment groups. W h e n P R was ana lyzed based o n 

par i ty or type o f the animals (cows and heifers), P R i n heifer groups was s igni f icant ly higher 

(P < 0.05) f rom that o f P R i n cows (F ig . 5.4). 

5.4.3. Embryonic death or pregnancy loss 

The percentage o f estimated embryonic mortal i ty , o n D a y 28 and 35 after breeding, 

was calculated based on the animals w i t h P 4 levels < 1 n g / m l o n D a y 0, and > 1 n g / m l at 

D a y s 7, 14, 2 1 , and any drop i n P 4 levels to <1 n g / m L o n 28 or 35 p o s t - A I . In other words 

animals that were i n estrus o n D a y 0, had successful ovula t ion , mainta ined P 4 levels > 1 

n g / m L un t i l at least D a y 21 post-breeding (presumptively pregnant), and had P 4 levels 

droped to <1 n g / m L o n D a y 28 or 35 post-breeding was considered as pregnancy loss. T h e 

b reakdown o f presumptive P R and pregnancy losses, based o n an ima l type (cows and 

heifers) are presented i n Table 5.3. The estimated pregnancy loss or ear ly embryon ic 
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morta l i ty that occurred between D a y 21 and 35 post-breeding i n different treatment groups 

were 16%, 2 0 % , and 29 .17% for control , G n R H and h C G , respectively. A m o n g the three, the 

h C G treatment group had more number o f animals that lost pregnancy between D a y 21 and 

35 post-breeding. W h e n overa l l data was considered (irrespective o f the treatment groups), 

the presumptive pregnancy loss that occurred between D a y s 21 and 35 post-breeding was 

21 .74%. 

5.5. D I S C U S S I O N 

T h e present f indings are i n agreement w i t h several related studies reported i n the 

literature. G n R H , administered at var ious t ime-points dur ing the post-breeding pe r iod i n 

cattle, had a m i x e d response i n terms o f P 4 output, and P R . F o r example , no effect o n P 4 

concentrations was observed w h e n c y c l i n g cows were injected w i t h G n R H - a o n D a y 7 after 

estrus (Twag i r amungu et. a l . , 1995). S i m i l a r l y , G n R H (100 p,g, natural G n R H ) o n D a y 2 or 8 

o f the estrous cyc le d i d not affect any increase i n p lasma P 4 levels ( M a r t i n et a l . , 1990). 

G n R H , or G n R H - a , administered i n the early fo l l icu la r phase, has resulted i n an inadequate 

or defective C L f o l l o w i n g ovula t ion ( L u c y and Stevenson, 1992; Taponen et a l . , 1999, 2000). 

Treatment w i t h G n R H o n D a y 2 or 10 caused a reduct ion i n serum P 4 levels o n D a y s 12, 14 

and 16 o f the cyc le i n cattle (Rodger and Stormshak, 1986). Whereas mid - fo l l i cu l a r 

( M u r d o c h and V a n K i r k , 1998: M o m c i l o v i c et a l . , 1998; Taponen et a l . , 2003) , or early 

estrus (Twag i r amungu et a l . , 1994) G n R H - a administrat ion has been s h o w n to result i n an 

enhanced C L function f o l l o w i n g ovula t ion . It was evident that busere l in administered 

(heifers) ear ly i n the estrous cyc le , caused an increase i n the relat ive numbers o f large luteal 

cel ls i n the C L (Twag i ramungu et a l . , 1995; Schmit t et a l . , 1996b). G n R H - a adminis t ra t ion at 
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about D a y 4 to D a y 6, f o l l o w i n g breeding, cou ld ovulate first wave fo l l i c l e and develop an 

accessory corpus lu teum as a contr ibutory factor towards increased serum P 4 levels 

( D ' O c c h i o et a l . , 1999; A m b r o s e et a l . , 1999, 2000; Rajamahendran et a l . , 2001) . 

Pregnancy rates f o l l o w i n g post-breeding G n R H adminis t ra t ion have been reported 

w i t h var iable results. The present study does not indicate any increase o f P R due to G n R H 

adminis t ra t ion o n D a y 7 after breeding. Whereas from other studies ( M a c m i l l a n et a l . , 1986), 

it is evident that there was an increase i n P R f o l l o w i n g m i d - c y c l e G n R H adminis t ra t ion i n 

heifers. U l t r a sound examinations, dur ing the luteal phase o f the estrous cyc le ( H a r v e y et a l . , 

1994), revealed that treatment w i t h G n R H induced an accessory C L i n approximate ly h a l f o f 

the treated animals that subsequently had increased concept ion rates. H o w e v e r , the same 

authors also suggested that a sudden increase i n the serum concentrations o f L H f o l l o w e d b y 

a concomitant increase i n P 4 concentration, after m id -cyc l e G n R H administrat ion. Further, 

this effect caused an extended estrous cyc le length among cows returning to estrus and that 

d i d not become pregnant. In the present study, G n R H treatment d i d result i n significant 

differences i n P 4 concentrations, or P R rates, compared to that o f the cont ro l or h C G 

treatment groups. 

A l t h o u g h the hCG- t rea ted animals maintained s igni f icant ly h igher P 4 levels (P < 

0.05) i n this study, there was no significant difference observed i n terms o f P R f rom that o f 

either the contro l , or G n R H group. It is suggested that the higher P 4 levels i n the h C G -

treatment animals c o u l d have been attributed to the accessory C L format ion as w e l l as the 

direct effect o f h C G o n spontaneous C L . S i m i l a r observations have been reported f rom 
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previous studies where h C G was administered dur ing mid- lu tea l stage i n ant ic ipat ion o f 

i m p r o v e d pregnancy rate, but it was often associated w i t h inconsistent increase i n peripheral 

concentrations o f P 4 (Rajamahendran and Sianangama, 1992; Rajamahendran and 

Sianagama, 1992; Schmit t et a l . , 1996b). Some authors ( E d m o n s o n et a l . , 1989) attributed 

these var iable results to the condi t ion (parity) o f animals u t i l i zed for such experiments. It is 

reported that first par i ty cows usua l ly have higher concept ion rates than older cows ( L e a n et 

a l . , 1989; F o l m a n et a l . , 1990; E i c k e r et a l . , 1996). The present findings are i n agreement 

w i t h the above stated observations. The overa l l P R i n the heifer group was s igni f icant ly 

higher than the cows (P < 0.05). Th i s m a y be attributable to the adverse effects o f h i g h m i l k 

y ie lds ; and thus stress o n early pregnancy as observed i n mult iparous animals (Lean et a l . , 

1989). H o w e v e r , contrary to this, L u c y et a l . (1992) suggested that mul t iparous cows m a y 

have advanced ovula t ion and enhanced P R , due to one or more reasons under the free stall 

heard management system. O lde r cows (multiparous) consume more dry matter dur ing 

postpartum per iod than younger cows (heifers and pr imiparous) ( L u c y et a l . , 1992; Grant and 

A l b r i g h t , 1995), w h i c h m a y be attributable to larger sizes and soc ia l dominance , w h i c h 

mul t iparous cows usua l ly possess over pr imiparous cows w h e n housed i n a free-stall type o f 

fac i l i ty (Grant and A l b r i g h t , 1995). 

In this study, the estimated pregnancy loss or early embryonic mor ta l i ty that occurred 

between D a y s 21 and 35 post-breeding, i n different treatment groups was , 16%, 2 0 % , and 

2 9 . 1 7 % for contro l , G n R H and h C G groups, respectively. A m o n g the three treatment groups, 

the h C G group had higher number o f animals that apparently lost their pregnancy between 

D a y s 21 and 35 post-breeding. The reason for this higher pregnancy loss i n the h C G group is 
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not clear. H o w e v e r , this m a y be also attributable to an extended estrous cyc le length due to 

h C G treatment (Sianangama and Rajamahendran, 1992). T h i s might have contr ibuted to 

more animals returning to estrus between D a y s 28 and 35, w h e n compared to cont ro l or 

G n R H - t r e a t e d groups. H o w e v e r , the percentage range o f pregnancy loss observed i n this 

study is i n agreement w i t h the findings o f Vasconce los (1999), w h o reported a 2 4 % 

embryon ic loss between 25 D a y s p o s t - A I and c a l v i n g t ime i n G n R H - b a s e d synchroniza t ion 

protocols (Ovsynch) . S i m i l a r l y , M o r e i r a et a l . (2000) have reported an estimated 3 5 % loss o f 

embryos between D a y 20 and 27, and an 8% loss between D a y 27 and 45 , pos t -AI . L o s s o f 

C L funct ion around the t ime o f implanta t ion ( D a y 14 to 16) c o u l d prevent implanta t ion and 

c o u l d lead to a loss o f pregnancy. Further, it has been reported that 4 0 % o f the total 

embryon ic mor ta l i ty occurred between D a y s 8 and 17 o f pregnancy, w h i c h m a y be attributed 

to the inab i l i t y o f certain conceptuses to secrete interferon-tau ( IFN- t ) , w h i c h inhibi ts the 

uterine P G F 2 a secretion dur ing early pregnancy (Thatcher et a l . , 2001) . Inc lud ing this study, 

the reported va r i ab i l i ty i n pregnancy rates i n response to G n R H adminis t ra t ion at different 

t ime-points after breeding i n dai ry animals , m a y be, i n part, due to the type o f the herd, 

geographical loca t ion ( inc lud ing weather patterns), and overa l l management practice. 

H o w e v e r , it is an un ivoca l assumption that administrat ion o f G n R H and its agonist ic 

analogues at the t ime o f A I or dur ing post-breeding per iod w o u l d increase pregnancy rates i n 

cattle (Thatcher et a l . , 1993; U l l a h et a l . , 1996; Rajamahendran et a l . , 1998; D ' O c c h i o and 

A s p d e n , 1999; D ' O c c h i o et a l . , 2000; C a m et a l . , 2002). Therefore, i n order to fu l ly u t i l i ze 

the benefits o f G n R H i n bovine reproductive practice, further studies are needed to unravel 

any inherent, as w e l l as external, factors that m y be contr ibut ing to the present va r i ab i l i t y i n 

terms o f pregnancy outcome i n cattle. 
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5.6. CONCLUSION 

In conc lus ion , administrat ion o f G n H or h C G o n D a y 7 post-breeding i n the present 

s tudy d i d not increase the overa l l pregnancy rates i n dai ry cattle. F o r more than one decade, 

the present laboratory i n association w i t h other research collaborators has carr ied out 

extensive w o r k o n post-breeding hormona l treatments to improve embryo su rv iva l w i t h 

v a r y i n g degrees o f success. H o w e v e r , based o n first hand research experience, the previous 

f indings f rom present laboratory suggest that it is possible to induce the ovu la t ion o f a first-

wave dominant fo l l i c l e us ing G n R H preparations, or h C G at var ious t ime-points post-

breeding, thus i m p r o v i n g the poss ib i l i ty o f pregnancy outcome i n da i ry cattle. 

167 



C o n t r o l 
B r e e d i n g G n R H Scanning for P D 

h C G 

1 I = 4 = 
D a y 0 7 14 21 28 35 

T 1 1 t T T 

Time points of milk and blood sample collection for P4 determination. 

F I G U R E 5.1. Experimental protocol for post-breeding G n R H administration. One hundred and four 
Holstein dairy cattle (lactating cows, n = 74; heifers, n = 30) were included in this study. Lactating 
cows were in the stage o f 1- 6th lactation, and completed at least a 90-day post partum period. Both 
the cows and heifers were bred at the time o f natural estrus (Day 0) and randomly assigned to one o f 
the three treatment groups, untreated (Control), G n R H (100 jxg, IM, ) , and h C G (2500 I U , I M ) group. 
A l l treatments were administered on Day 7, post-breeding. M i l k (cows) and blood (heifers) samples 
were collected on Day 0, and on Day 7, 14, 21, 28 and 35 post-breeding, for P4 determination. 
Ultrasound scanning for pregnancy diagnosis (PD) was carried out on Day 35 post-breeding. 
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FIGURE 5.2. Post-breeding mean progesterone (P4) levels in different treatments groups. A. 
Combined (heifers and cows N=81: CON=29, GnRH=27, hCG=25). B. Heifers (CON=9, GnRH=10, 
hCG=10). C . Cows (CON=20, GnRH=17, hCG=15). Animals were bred on the day o f natural estrus 
(Day 0) and randomly assigned to one of the three treatment groups, untreated or control ( C O N ) , 
G n R H (100 ug, IM,) , and h C G (2500 I U , I M ) group. A l l treatments were administered on Day 7 (Day 
7), post-breeding. Whole milk and blood samples were collected on Day 0, and on Day 7, 14, 21, 28, 
and 35 post-breeding, for P4 determination. * different from other treatments (P < 0.05), within the 
same time point. 
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F I G U R E 5.3. Presumptive pregnancy rates in lactating dairy cows and heifers subjected to different 
treatments: untreated control (CON), GnRH (100 ng, IM), and hCG (2500 IU, IM) on Day 7 post-AI. 
Milk (cows) and serum (heifers) P4 profdes measured at different time points during post-AI period, 
was used as an indicator of presumptive pregnancy rates and expressed in percentage. (A) Combined 
(heifers and cows), (B) Heifers, and (C) Cows. Animals considered pregnant based on P4 < 1 ng/mL 
on Day 0, and P4 > 1 ng/mL on Days 7, 14, 21, 28 and 35 post-AI. 
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F I G U R E 5.4. Overall pregnancy rates in lactating dairy cows and dairy heifers based on the 
scanning results on Day 35 post-AI. A l l animals were inseminated at the time o f natural estrus and 
randomly allocated to one o f the three treatments: control ( C O N = 35; G n R H 100 ug, n = 35; h C G 
2500 I U , n = 34). Treatments were administered on Day 7 post-AI. On Day 35 post-AI, al l animals 
were scanned for pregnancy diagnosis. * different (P < 0.05) from P R in cows or combined (cows 
and heifers). 
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Table 5.1. Post-breeding experimental treatments and number o f animals per treatment 
group. A l l animals that were i n natural estrus were inseminated ( D a y 0) and r andomly 
al located into one o f the three treatment groups(control , G n R H or h C G ) . 

Treatments N o . o f C o w s N o . o f Hei fers 

C o n t r o l 25 10 

G n R H 25 10 

h C G 24 10 

Table 5.2. N u m b e r o f animals inc luded i n P 4 analysis, number o f animals that were i n estrus 
based o n P 4 <1 n g / m L o n the D a y o f A l , and ovu la t ion rates based o n P 4 >1 n g / m L o n D a y 7 
p o s t - A I , i n each treatment group are l isted. 

Animal T r e a t m e n t s Animals included Animals Animals 
Type in P4 analysis in Estrus Ovulated 

C o n t r o l 20 19 18 (94.74%) 

£ ° ^ 2 G n R H 1 7 1 4 1 1 ( 7 8 - 5 7 % ) 

h C G 15 14 14 (100%) 

C o n t r o l 9 8 7 (87.5%) 

G n R H 1 0 9 9 (100%) 

h C G 10 10 10 (100%) 
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Table 5.3. Presumptive pregnancy rates (PR) and embryonic losses in cows and heifers subjected to 
different treatments: untreated control, G n R H (100 ug, IM) , and h C G (2500 K J , I M ) on Day 7 post-
A I . M i l k (cows) and plasma (heifers) P4 profiles measured at different time points during post-AI, 
was used as an indicator o f percentage presumptive pregnancy rates (based on P 4 < 1 ng/ml on Day 0, 
and P 4 > 1 ng/ml on Day 7, 14, 21, 28 and 35 post-AI), and percentage estimated embryonic loss (the 
difference o f % P R on Day 21 and Day 35 post-AI). 

Pregnancy status Treatments 
Heifers (%) Cows (%) 

Est imated P R o n D a y 21 pos t -AI C o n t r o l 71.43 66.67 
G n R H 88.89 72.73 
h C G 90.00 92.86 

Es t imated P R o n D a y 35 p o s t - A I C o n t r o l 28.57 38.89 
G n R H 44.44 45.45 
h C G 50.00 57.14 

Es t imated embryonic loss (%) on D a y 
35 p o s t - A I 

C o n t r o l 
G n R H 
h C G 

42.86 
44.45 
40.00 

27.78 
27.27 
35.71 
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C H A P T E R 6 

G E N E R A L D I S C U S S I O N A N D C O N C L U S I O N S 

6.1. G E N E R A L D I S C U S S I O N 

In recent years, numerous reports have gathered evidence o n an extra-hypothalamic 

o r i g i n o f G n R H , as w e l l as the presence o f an extra-pituitary G n R H - R i n different types o f 

tissues i n the body. W i t h respect to the reproductive system, several reports reveal evidence 

for the presence o f G n R H and G n R H - R systems i n the ovary, oviduct , endometr ium, 

placenta, and testes, i n different species o f animals , i nc lud ing humans ( R e v i e w e d b y Janssens 

et a l . , 2000; Ramakr i shnappa et a l . , 2004). F r o m both in vivo and in vitro m o d e l studies i n 

rodents, primates, and i n humans, it is becoming increas ingly evident that G n R H , or its 

synthetic analogues, c o u l d exert direct effects through an autocrine or paracrine manner, i n 

target tissue ( R e v i e w e d b y Janssens et a l . , 2000; Ramakr i shnappa et a l . , 2004) . Surpr i s ing ly , 

i n the bov ine species, there were no such informat ion avai lable, nor was there any evidence 

o f systematic efforts that have been made to examine such poss ibi l i t ies . In l i eu o f these 

in t r igu ing f indings f rom other species, w e were prompted to explore i f any such mechanisms 

exist i n bov ine species. Therefore, the series o f experiments out l ined i n this thesis were 

designed to examine i f G n R H - R and G n R H m R N A are expressed i n the bov ine ovary , as 

w e l l as to examine the direct effect o f G n R H - a o n ovar ian steroidogenic machinery , 

apoptotic process i n C L , and post-breeding G n R H administrat ion o n in vivo C L funct ion and 

pregnancy outcome i n dai ry cattle. 
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In Chapter 1, us ing R T - P C R methods, w e examined the presence o f G n R H - R m R N A 

expression i n granulosa cel ls f rom different stage fo l l ic les and C L , as w e l l as G n R H m R N A 

expression i n granulosa cel ls . T o our knowledge , the present results are the first to 

successful ly demonstrate the presence o f G n R H - R m R N A expression i n fo l l i c les ( smal l , 

m e d i u m and large), and C L tissues (stage III) i n bovine species. A l t h o u g h these f indings are, 

a step forward demonstrat ion o f the functional fo rm G n R H - R protein molecules is an 

imperat ive step needed before attributing any poss ible direct effects o f G n R H , or its agonists, 

at ovar ian ce l lu lar l eve l i n the bov ine species. P r e l im ina ry evidence from R T - P C R results 

suggest for the presence o f G n R H m R N A expression i n bov ine granulosa cel ls o f different 

s ize fo l l ic les . D u e to the l imitat ions o f the materials, and the experimental approach used i n 

this part o f the study, our further confirmatory attempts such as southern b lot hybr id iza t ion , 

and nucleot ide sequencing steps, were not successful. T h i s m a y be attributed to one or more 

factors such as the l o w amount o f target D N A o n blots, the part ial compl imen ta ry probe 

sequence that was o f re la t ive ly shorter length i n the w h o l e p l a s m i d used, and the 

chemi luminescent s igna l ing method c o u l d have undermined the detection abi l i ty . In the case 

o f the sequencing step, the direct P C R product used as template D N A , and the same 3 ' end 

p r imer that was used both dur ing R T - P C R , and dur ing the sequencing step, c o u l d have been 

the poss ib le contr ibut ing factors for the absence o f the s ignal output dur ing the sequencing 

step. Further steps, such as c lon ing o f R T - P C R fragments, and sequence analysis us ing 

universa l sequencing pr imers , m a y a id i n ident i fy ing the G n R H sequence. T h e p re l imina ry 

evidence from the present study supported b y previous reports that suggested the presence o f 

G n R H - l i k e prote in molecules i n bov ine ovaries (S to j i lkov ic and Catt , 1995; Ireland et a l . , 

1988). In addi t ion, s imi la r evidence has been demonstrated i n human and rat ovaries ( A t e n et 
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a l . , 1987a). Therefore, w e do bel ieve that the R T - P C R technique, u s ing human pr imers , 

reveals evidence for G n R H m R N A expression i n bovine granulosa cel ls . 

In Chapter 3, a series o f trials were performed to investigate the direct effects o f 

G n R H - a (buserelin) o n steroid hormone secretion from bov ine granulosa ce l ls , dispersed 

luteal ce l l s , and from m i n c e d luteal tissue dur ing in vitro culture. B a s e d o n the results, it was 

evident that G n R H - a exerted a dose-dependent, b iphasic effect o n E 2 output from in vitro 

cul tured granulosa cel ls . At lower dose levels (200 - 500 n g / m L ) , G n R H - a caused an 

increased steroid output, whereas at higher dose levels (1000 n g / m L ) , the accumulated 

steroid levels were s l igh t ly lower or not different from E 2 levels i n untreated controls . 

A l t h o u g h P 4 concentrations revealed a s imi la r trend, the buserel in response o n P 4 output was 

not different from that o f i n untreated control samples. The present observations are i n 

agreement w i t h reports that have demonstrated G n R H - a - i n d u c e d steroidogenesis from in 

vitro cul tured human granulosa cel ls (Ranta et a l , 1982; Par inaud et a l . , 1992; O l s s o n et a l . , 

1990; Bussenot et a l . , 1993). P rev ious ly , it was suggested that G n R H - a c o u l d modulate 

steroidogenesis b y a direct ovar ian act ion (Parinaud et a l . , 1988). Guerrero et a l . (1993) found 

an increase i n P 4 and a decrease i n E 2 product ion, w h i c h seemed to be related to a decrease 

o f L H receptor numbers and aromatase ac t iv i ty i n GnRH-a- t rea ted cel ls . T h e present study, 

do not p rov ide def ini t ive evidence for the presence o f functional G n R H receptors that c o u l d 

mediate a G n R H - a response, affecting steroidogenic potentials o f bov ine granulosa ce l l s in 

vitro. Nonetheless , based o n the response e l ic i ted b y a G n R H antagonist, reversal o f the 

G n R H - a effect o n E 2 output does suggest the possible existence o f G n R H l igand specif ic 

target sites o n granulosa cel ls . Demonst ra t ion o f the functional fo rm o f G n R H - R prote in 
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molecu les is an imperat ive step before attributing any possible direct effects o f G n R H , or its 

agonists, at the ovar ian cel lu lar l eve l i n the bovine species. 

In efforts to examine the direct effects o f G n R H - a o n in vitro P 4 product ion i n bov ine 

C L , bo th dispersed luteal c e l l cultures, and luteal tissue or organ culture systems, were 

u t i l i zed . G n R H - a exhibi ted a dose-dependent, b iphasic response i n terms o f P 4 synthesis 

f rom in vitro-treated dispersed luteal cel ls , and from luteal tissues. H o w e v e r , i n luteal ce l l s , 

the higher dose levels o f buserel in (1000 n g / m L ) showed a s l igh t ly inh ib i to ry effect o n P 4 

levels . It is not clear whether the suppressed P 4 levels at higher dosage levels is i n fact due to 

inh ib i to ry roles o f G n R H - a , or auto-regulatory mechanisms such as receptor desensi t izat ion, 

or d o w n regulat ion o f its o w n receptors, as reported i n other studies (Olofsson et a l . , 1995; 

V o l k e r et a l . , 2002) . T h e present f indings differ from that o f M i l v a e et a l . (1984), w h o 

reported a dose-dependent suppression o f P 4 secretion from in vitro cultured bov ine luteal 

ce l ls . In that report, authors suggest that it is ve ry u n l i k e l y that G n R H mediates its effects 

through the mechan i sm o f l igand specific-receptor interaction o n bov ine luteal cel ls . 

H o w e v e r , the reason for the different types o f response observed between these two studies 

c o u l d have been due to the variations i n experimental condi t ions. A s there seems to be o n l y 

two such studies that were carried out i n the bovine species, it is d i f f icul t to draw a def ini t ive 

conc lus ion as to whether G n R H , or its analogues, c o u l d exert direct effects at ovar ian ce l lu la r 

levels i n the bov ine species. H o w e v e r , it is note-worthy that i n the bov ine species, in vivo 

adminis t ra t ion o f G n R H - a dur ing la te-mid luteal phase has resulted enhanced P 4 output 

(Thatcher et a l . , 1993; D ' O c c h i o and A s p d e n , 1999; D ' O c c h i o et a l . , 2000; Rajamahendran et 

a l . , 1998, 2001) . 
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In the present study G n R H - a treatment i n combina t ion w i t h L H or PGF2 a > had no 

influence o n P 4 output f rom luteal tissues. H o w e v e r , un l ike w i t h other reports [as w e l l as i n 

the present study (antide and G n R H - a effect o n granulosa c e l l steroid output)], antide 

treatment e l ic i ted a m a x i m a l s t imulatory response o n P 4 output i n C L tissue, w h e n treated as 

antide alone, or i n combina t ion w i t h G n R H - a . H o w e v e r , this effect was not reflected i n terms 

o f a concomitant increase i n m R N A levels o f k e y enzymes ( S t A R protein, P450scc , and 30-

HSD) that are i n v o l v e d i n the steroidogenic pathway. T h e reason for this a typical response is 

not k n o w n . Perhaps, this cou ld be due to some other u n k n o w n factors w i t h i n C L tissue, that 

in conjunct ion w i t h antide that m a y have been responsible for this a typica l response. It is also 

reported that granulosa cel ls f rom w o m e n that were administered w i t h G n R H antagonist 

(cetrorelix) responded earlier to the in vitro hormone s t imulat ion, i n terms o f P 4 

accumula t ion , than w o m e n treated w i t h the buserel in ( L i n et a l . (1999). T h e i r results indicate 

that luteal funct ion is less impai red i n G n R H antagonist treatment, than i n G n R H agonist 

treatment. Further, evidence from porcine granulosa c e l l cultures suggests that a G n R H 

antagonist, combined w i t h fo l l icu la r f lu id , c o u l d enhance L H - s t i m u l a t e d P 4 secretion 

( L e d w i t z - R i g b y , 1989). In addit ion, the biphasic effects o f G n R H antagonist o n in vitro 

steroidogenesis (rat granulosa cells) that var ied w i t h exposure t ime showed the in i t i a l 

response be ing st imulatory, and the later inh ib i tory (Sheela R a n i et a l . , 1983). T h e y also 

showed that 20 alpha-OHP secretions i n the same cultures were potentiated b y the combined 

presence o f FSH, and G n R H - a . These authors suggested that these types o f responses c o u l d 

have been due to the maturat ional stage o f the granulosa cel ls . F r o m this evidence, it is 

tempt ing to suggest that the G n R H antagonist m a y not o n l y mediate their effects independent 
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of G n R H target sites, but they m a y also interact w i t h some other u n k n o w n factors i n ovar ian 

c e l l types. T h i s br ings attention to several previous reports that suggest the presence o f 

G n R H - l i k e molecules i n gonadal structures ( Y i n g et a l . , 1981; A t e n et a l . , 1987a, b ; Ireland 

et a l . , 1988; I z u m i et a l . , 1985), w h i c h m a y have a regulatory role o n ovar ian ce l lu la r 

function, l oca l l y . H o w e v e r , to date there is no concrete evidence for a funct ional ro le for such 

molecu les i n the ovary or any other reproductive tissue. 

In Chapter 4, w e examined the direct effect o f G n R H - a o n molecu la r steroidogenic 

machinery , as w e l l as G n R H - a influence o n m R N A expression for pro- and anti-apoptotic 

molecules i n bov ine C L . D u r i n g in vitro culture, G n R H - a treatment o f C L tissue caused a 

m i l d s t imulatory response o n m R N A levels o f S t A R , P450scc and 3 P - H S D ; al though an 

approaching s ignif icance (P = 0.12) c o u l d be achieved o n l y i n the case o f 3 P - H S D . T h i s was 

typ ica l o f the response observed i n terms o f P 4 output f rom luteal cel ls and tissues, f o l l o w i n g 

G n R H - a treatment in vitro ( C H A P T E R 3). The present f indings are i n agreement w i t h earlier 

reports where the C L i n heifers that were administered w i t h long-act ing G n R H - a (deslorel in) , 

had a greater content o f S t A R protein, and the steroidogenic enzyme, P450scc (Pi tcher et a l . , 

1997 ci ted b y D ' O c c h i o and A s p d e n , 1999). T h e same group o f researchers also reported a 

s ignif icant increase i n testosterone levels , and m R N A expression leve l for S t A R , P450scc , 

3 P - H S D , and P 4 5 0 n a j i n testicular tissues o f bul l s that were administered des lore l in ( A s p d e n 

et a l . , 1998). G n R H - a ( leuprolide acetate), i n combina t ion w i t h e C G adminis t ra t ion, has 

been reported to cause a significant increase i n S t A R m R N A and also S t A R prote in and P 4 

levels , i n ovar ian fo l l ic les o f mice (frusta et a l . , 2003). O v e r a l l , the present f indings are i n 

consistent w i t h observations where increased p lasma P 4 levels were a characteristic feature 
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i n m a n y o f the studies w i t h G n R H administrat ion dur ing the luteal the phase i n cattle 

(Thatcher et a l . , 1993; D ' O c c h i o and A s p d e n , 1999; D ' O c c h i o et a l . , 2000; Rajamahendran et 

a l . , 1998, 2001) . Further, these studies indicate that G n R H - a administrat ion dur ing the luteal 

phase does not adversely affect the C L function i n the bov ine species, contrary to reports i n 

the major i ty o f the studies i n other species (Rev i ewed b y Janssens et a l . , 2000) . T h e present 

f indings differ f rom s imi la r studies where buserel in (Sridaran et a l . , 1999a,b), or leuprol ide 

acetate ( A n d r e u et a l , 1998), treatment caused a significant suppressive effect o n S t A R , 3p-

H S D and P450scc i n rat ovaries. In the present study, the exact mechanisms for a m i l d 

s t imulatory response i n m R N A expression levels for S t A R , P450scc and 3 0 - H S D are not 

k n o w n . In addi t ion, these observations do not conf i rm whether the effect o f G n R H - a 

treatment was due to its direct interaction w i t h the G n R H specific receptor o n luteal c e l l 

types i n bov ine C L . M o r e studies are needed to explore such a poss ib i l i ty , and conf i rmat ion 

o f any funct ional forms o f G n R H receptor molecules , and their mode o f interaction w i t h its 

l igand system. It has been suggested that G n R H c o u l d mediate its direct effects i n 

conjunct ion w i t h other hormona l agents such as PGF2 a , or L H , that are w e l l k n o w n to 

regulate ovar ian funct ion ( R e v i e w e d b y Steele and L e u n g , 1993). S t imula t ion o f one or more 

s igna l ing pathways, such as phospholipase C ( P L C ) , phosphol ipase A 2 ( P L A 2 ) , and 

phosphol ipase D ( P L D ) , and act ivat ion o f prote in kinase C ( P K C ) has been hypothes ized to 

cause either inh ib i tory , or st imulatory, effects o n ovar ian ce l lu lar steroid output. These dual 

effects have been c lear ly demonstrated w i t h in vivo experiments i n adult male , and female, 

hypophysec tomized rats, where exogenous G n R H or G n R H - a c o u l d either st imulate or 

inh ib i t gonadal functions i n terms o f steroidogenesis (Hsueh and Jones, 1981a, b ; H s u e h and 

Jones, 1982). G n R H has been shown to el ic i t m i x e d responses per ta ining to ovar ian funct ion 
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( rev iewed b y Sharpe, 1982; Janssens et a l . , 2000; L e u n g et a l . , 2003) . T h e inh ib i to ry act ion 

o f G n R H , or its agonists, o n gonadal steroidogenesis invo lves suppression o f the 

gonadotropin receptors, or intermediary enzymes, i n v o l v e d i n the steroidogenic pathway. 

G n R H - a induced suppression o f F S H and L H receptors ( T i l l y et a l . , 1992; Piquette et a l . , 

1991; Guerrero et a l . , 1993), and G n R H - a caused suppression o f gonadotropin- induced 

c A M P levels , has been reported (Richards, 1994; K n e c h t et a l . , 1985). 

In the present study, in vitro treatment o f luteal tissues w i t h G n R H - a d i d not affect the 

m R N A levels for pro-and anti-apoptotic molecules ( B a x and B c l 2 ) . T h i s is consistent w i t h 

the other f indings f rom present study where G n R H - a exerted a pos i t ive influence o n in vitro 

steroid output, a m i l d increase i n m R N A levels for steroidogenic enzymes. H o w e v e r , these 

f indings differ from several other studies i n different species where G n R H - a was s h o w n to 

induce apoptotic process i n ovar ian ce l l types. D u r i n g in vitro cultures, G n R H inh ib i ted DNA 

synthesis (Saragueta et a l . , 1997), and induced apoptosis i n rat granulosa cel ls ( B i l l i g et a l . , 

1994). G n R H has been shown to induce structural luteolysis i n superovulated rats through 

s t imula t ion o f matr ix metalloproteinase ( M M P - 2 ) , and membrane type 1 - M M P expression 

( in a developed CL), w h i c h degraded collagens type I V , type III, and I respect ively (Goto et 

a l . , 1999). D u r i n g ear ly pregnancy i n the rat, G n R H - a has been s h o w n to suppress serum P 4 

levels , w h i c h was associated w i t h an increased degree o f D N A fragmentation i n the C L 

(Sridaran et a l . , 1998). A s imi la r effect o f G n R H - a induc ing an increased number o f 

apoptotic bodies i n human granulosa cel ls (obtained dur ing oocyte retr ieval for in vitro 

fert i l ization) has been reported b y Zhao et a l . (2000). 
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T h e present study reveals no evidence o f any adverse effects o f G n R H - a i n terms o f 

i nduc ing p rogrammed c e l l death (apoptosis) i n bov ine luteal tissues, as has been reported i n 

other species. Bes ides species differences, the reason for this differential response o f G n R H - a 

o n luteal tissue or c e l l types is not k n o w n . O n the other hand, f indings f rom the present study 

do not suggest any conc lus ive evidence w i t h respect to the lack o f a G n R H - a effect caus ing 

p rogrammed c e l l death, contrary to the f indings f rom other species. M o r e studies i n v o l v i n g , 

i n d i v i d u a l c e l l types rather than who le organ/tissue culture systems, and different dose levels 

o f G n R H - a , m a y prov ide more concrete and rel iable evidence. It is also important to 

undertake comprehensive investigations through different approaches such as assessing inter-

nuc leosomal D N A fragmentation and examin ing the ear ly responder o f apoptotic process 

such as F A S and F A S l igand, or P 5 3 system. 

In chapter 5, w e investigated the influence o f post-breeding G n R H adminis t ra t ion on 

in vivo C L funct ion i n terms o f P 4 secretion, and pregnancy outcome, i n da i ry cattle. Resul ts 

from this study indicate no significant differences between sham-treated control and G n R H , 

or G n R H and h C G , treatment groups. H o w e v e r , i n compar i son w i t h cont ro l animals , cows i n 

the G n R H treatment group mainta ined s l igh t ly higher levels (non-significant) o f P 4 from D a y 

7 to 35 post-breeding, however , no difference was observed i n pregnancy rates. W h i l e the 

h C G treatment group had s ignif icant ly (P < 0.05) higher levels o f P 4 from D a y 14 un t i l 35 

post-breeding, the pregnancy rate was not different from both the control and G n R H groups. 

The present f indings are i n agreement w i t h several related studies reported i n the literature. 

G n R H administered at var ious t ime points dur ing the post-breeding pe r iod i n cattle had a 

m i x e d response i n terms o f P 4 output and P R . F o r example , no increase i n P 4 concentrations 
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was observed w h e n c y c l i n g cows were injected w i t h G n R H - a o n D a y 7 after estrus 

(Twag i r amungu et. a l . , 1995). S i m i l a r l y , G n R H (100 |xg) o n D a y 2 and 8 o f the estrous cyc le 

d i d not affect p la sma P 4 levels ( M a r t i n et a l . , 1990). G n R H , or G n R H - a , administered i n 

ear ly the fo l l i cu la r phase has resulted i n an inadequate or defective C L f o l l o w i n g ovu la t ion 

( L u c y and Stevenson, 1992; Taponen et a l . , 1999, 2003). Treatment w i t h G n R H o n either 

D a y 2, or D a y 10, caused a reduct ion i n serum P 4 levels than o n D a y s 12, 14 and 16 o f the 

c y c l e i n cattle (Rodger and Stormshak 1986). Whereas, mid - fo l l i cu l a r ( M u r d o c h and V a n 

K i r k , 1998, M o m c i l o v i c et a l . , 1998; Taponen et a l . , 1999), or ear ly estrus (Twag i r amungu et 

a l . , 1994), G n R H - a adminis t ra t ion has been shown to result i n an enhanced C L funct ion 

f o l l o w i n g ovula t ion . Heifers treated w i t h buserel in ear ly i n the estrous c y c l e were s h o w n to 

have an increase i n the relative numbers o f large luteal ce l l s i n their C L (Twag i r amungu et 

a l . , 1995; Schmi t t et a l . , 1996b). G n R H - a administrat ion at about D a y 4, to D a y 6, f o l l o w i n g 

breeding c o u l d induce ovula t ion o f first wave dominant fo l l i c l e and development o f an 

accessory C L as a contr ibutory factor towards increased serum P 4 levels ( D ' O c c h i o and 

A s p d e n et a l . , 1999; A m b r o s e et a l . , 1999, 2000; Rajamahendran et a l . , 2001) . 

Pregnancy rates f o l l o w i n g post-breeding G n R H adminis t ra t ion have been reported 

w i t h var iable results. The present study does not indicate any increase o f P R f rom G n R H 

adminis tered o n D a y 7 after breeding. H o w e v e r , there was an increase i n P R f o l l o w i n g m i d -

cyc le G n R H administrat ion i n heifers i n other studies ( M a c m i l l a n et a l . , 1986; Thatcher et a l . , 

1993) . U l t r a sound examinat ions dur ing the luteal phase o f the estrous cyc le ( H a r v e y et a l . , 

1994) revealed that treatment w i t h G n R H induced an accessory C L i n approximate ly h a l f o f 

the treated animals that subsequently had an increase i n P R . In addi t ion, these authors 
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suggest that there is a sudden increase i n the serum concentrations o f L H f o l l o w e d b y a 

concomitant increase i n P 4 concentration after m i d - c y c l e G n R H administrat ion. Further, this 

effect can cause an extended estrous cyc le among nonpregnant cows . H o w e v e r , the present 

study d i d not show any difference i n P 4 concentrations or P R rates f o l l o w i n g G n R H 

compared to that o f the control or h C G treatment groups. 

In this study, al though the h C G treated animals tended to main ta in s ign i f ican t ly 

higher P 4 levels (P < 0.05) there was no significant difference observed i n terms o f P R from 

that o f either the control or G n R H group. It is suggested that the higher P 4 levels i n the h C G 

treatment animals c o u l d have been attributed to the accessory C L , and the direct effects o f 

h C G o n exis t ing C L at the t ime o f administrat ion. S i m i l a r observations have been reported 

from previous studies where h C G was administered dur ing the mid- lu tea l stage i n 

ant ic ipat ion o f i m p r o v e d pregnancy rate, but it was often associated w i t h inconsistent 

per ipheral concentrations o f P 4 (de L o s Santos-Valadez et. a l . , 1982; Rajamahendran and 

Sianangama, 1992; Schmi t t et a l . , 1996b). Some authors ( E d m o n s o n et a l . , 1989) attributed 

var iable results to the type o f animals u t i l i zed for such experiments. It has been reported that 

first par i ty cows usua l ly have higher concept ion rates than older c o w s (Lean et a l . , 1989; 

F o l m a n et a l . , 1990; E i c k e r et a l . , 1996). In the present study, overa l l P R i n the heifer group 

was s igni f icant ly higher than i n cows (P < 0.05). T h i s m a y be attributable to the adverse 

effects o f h i g h m i l k y ie lds ; and thus stress o n early pregnancy, as reported b y L e a n et a l . 

(1989). 
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In this study, the estimated pregnancy loss, or ear ly embryonic morta l i ty , that 

occurred between D a y 21 and 35 post-breeding i n the different treatment groups was 16%, 

2 0 % , and 2 9 . 1 7 % for contro l , G n R H and h C G , respectively. A m o n g the three treatment 

groups, the h C G group had more animals that apparently lost pregnancy between D a y s 21 

and 35 post-breeding. The reason for this higher pregnancy loss i n the h C G group is not 

clear. H o w e v e r , this m a y be attributable to an extended estrous cyc le length due to an h C G 

caused de lay i n luteolyis (Sianangama and Rajamahendran, 1992). T h i s might have 

contr ibuted to the fact that more animals returned to heat between D a y s 28 and 35, compared 

to the cont ro l or G n R H treated groups. Howeve r , the percentage range o f pregnancy loss 

observed i n this study is i n agreement w i t h the f indings o f Vasconce los (1999), w h o reported 

a 2 4 % embryon ic loss between 25 D a y s pos t -AI , and c a l v i n g t ime, i n G n R H based 

synchroniza t ion protocols (Ovsynch) . S i m i l a r l y , M o r e i r a et a l . (2000) recent ly reported an 

estimated 3 5 % loss o f embryos between D a y 20 and 27, and an 8% loss between D a y 27 and 

45 pos t -AI . L o s s o f C L maintenance around the t ime o f implanta t ion ( D a y 14 to 16) c o u l d 

prevent implanta t ion, and c o u l d lead to loss o f the pregnancy. Further, Thatcher et a l . (2001) 

reported that 4 0 % o f the total embryonic mor ta l i ty occurred between D a y s 8 and 17 o f 

pregnancy, w h i c h m a y be attributed to the inab i l i ty o f certain conceptuses to secrete 

interferon-tau (LFN-t) that inhibi ts the uterine PGF2 t t dur ing early pregnancy (Thatcher et a l . , 

2001) . In summary, i nc lud ing this study, changes i n pregnancy rates, i n response to G n R H 

adminis t ra t ion at different t ime points after breeding i n da i ry animals m a y be i n part due to 

the type o f the herd, geographical locat ion, i nc lud ing weather patterns, and overa l l 

management practice. H o w e v e r , it was an un ivoca l assumption that adminis t ra t ion o f G n R H 

and its agonist ic analogues at the t ime o f A l , or dur ing post-breeding per iod , w o u l d increase 
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pregnancy rates i n cattle (Thatcher et a l . , 1993; U l l a h et a l . , 1996; Rajamahendran et a l . , 

1998; D ' O c c h i o and A s p d e n , 1999; D ' O c c h i o et a l . , 2000; C a m et a l . , 2002) . Therefore, i n 

order to u t i l i ze the benef ic ia l effects o f G n R H to its fullest extent, further studies are needed 

to unravel any inherent, as w e l l as external, factors that m a y be contr ibut ing to the present 

var iab i l i ty , i n terms o f pregnancy outcome i n cattle. 

6.2. G E N E R A L C O N C L U S I O N S 

T o the best o f our knowledge , some o f the findings that emerged from these studies 

are the first to be reported i n the literature. In particular, this study p rov ided the clear 

evidence for the presence o f G n R H - R m R N A expression i n both fo l l ic les , and C L i n the 

bov ine species. In these studies G n R H - a (buserelin) shown to cause a dose-dependent, 

b iphas ic effect on steroid hormone output from in vitro cul tured granulosa ce l ls , luteal cel ls 

and i n C L tissues. In luteal tissues, treatment w i t h a G n R H antagonist (antide) alone or i n 

combina t ion w i t h buserel in showed a h i g h l y significant s t imulatory response o n P 4 output. 

T h e reason for this a typical response is u n k n o w n , and further research us ing different G n R H 

antagonistic preparations is warranted. In terms o f luteal steroidogenic machinery , G n R H - a 

treatment o f luteal tissues showed a m i l d (nonsignificant) s t imulatory response o n m R N A 

levels for S t A R prote in and P450scc m R N A although; tendency for s ignif icance (P = 0.12) 

c o u l d be seen o n l y i n the case o f 3(3-HSD. Consistent w i t h above f indings, the present study 

revealed no evidence for any adverse effects o f G n R H - a treatment, i n terms o f i nduc ing 

apoptotic process, and luteolysis , un l ike that reported i n other species. In response to post-

breeding G n R H administrat ion, al though animals i n the G n R H treatment group mainta ined 
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s l igh t ly (non-significant) higher P 4 levels f rom D a y 7 to 35 post-breeding, no difference was 

observed i n pregnancy rates w h e n compared to the control and h C G treatment groups. 

C o l l e c t i v e l y , based o n the present observations o f G n R H - R m R N A expression, and 

G n R H - a effect o n steroid hormone output, and G n R H - a effect o n molecu la r steroidogenic 

machinery , w e be l ieve that G n R H - a cou ld cause a dose-dependent b iphas ic response o n 

steroid hormone output from bov ine granulosa cel ls , dispersed luteal ce l l s and C L tissue. 

H o w e v e r , these f indings do not provide defini t ive evidences to whether these results are, i n 

fact due to the direct interaction o f G n R H - a w i t h its receptors o n the above c e l l types. G n R H 

antagonist caused a typica l s t imulatory response o n P 4 output from C L tissues; is an 

interesting feature i n this study. Consistent w i t h above findings, and un l ike i n other species, 

G n R H - a treatment d i d not cause any adverse effects o n C L funct ion b y i n d u c i n g or 

augment ing the apoptotic process, or luteolysis . In the present study, a l though G n R H 

adminis t ra t ion o n D a y 7 post-breeding caused a slight e levat ion i n per ipheral P 4 levels 

pregnancy, outcome was not different f rom untreated control animals . T h i s s i m p l y impl i e s 

that the benef ic ia l effects o f exogenous G n R H o n the bovine reproductive system are w i d e l y 

var iable; and therefore, it is important to continue further research i n order to unravel the 

inherent benef ic ia l effects o f G n R H , and its super-agonistic analogues, o n bov ine 

reproduct ive function. 

191 



R E F E R E N C E S 

Ambrose JD, Kastelic JP, Rajamahendran R, Small J , Urton G . 2000. P regnancy rates i n 
da i ry cows after G n R H treatment at 7, 14, or 7 and 14 days after t imed inseminat ion . C a n J 
A n i m S c i . 80:755. 

Ambrose JD, Kastelic JP, Kappe Y , Small J , Mohammed H , Rajamahendran. R. 1999. 
O v u l a t i o n responses, progesterone concentrations, and pregnancy rates i n da i ry cows after 
G n R H treatment at 7, 14 or 7 and 14 days after t imed inseminat ion. J A n i m S c i . 77 (Supple 
1): 227. 

Andreu C, Parborell F, Vanzulli S, Chemes H , Tesone M . 1998. Regu la t ion o f fo l l i cu la r 
lu te in iza t ion b y a gonadotropin-releasing hormone agonist: relat ionship between 
steroidogenesis and apoptosis. M o l R e p r o d D e v . 51 : 287-94. 

Aspden W J , Rodgers R J , Stocco D M , Scott PT, Wreford N G , Trigg T E , Walsh J , 
D'Occhio M J . 1998. Changes i n testicular steroidogenic acute regulatory ( S T A R ) protein, 
s teroidogenic enzymes and testicular morpho logy associated w i t h increased testosterone 
secretion i n bu l l s r ece iv ing the lu te in iz ing hormone releasing hormone agonist des lore l in . 
D o m e s t A n i m E n d o c r i n o l . 15:227-238. 

Aten FR, Ireland J J , Weems C W , Behrman H R . 1987a. Presence o f gonadotropin-
releasing hormone- l ike proteins i n bovine and ovine ovaries. E n d o c r i n o l o g y 120:1727-1733. 

Aten R F , Polan M L , Bayless R, Barman HR. 1987b. A gonadotropin-releasing hormone 
( G n R H ) - l i k e prote in i n human ovaries: s imi la r i ty to the G n R H - l i k e ovar ian prote in o f the rat. 
J C l i n E n d o c r i n o l Me tab . 64:1288-1293. 

Bill ig H , Furuta I, Hsueh A J . 1994. Gonadotropin-releasing hormone d i rec t ly induces 
apoptotic c e l l death i n the rat ovary: b iochemica l i n situ detection o f deoxyr ibonuc le ic ac id 
fragmentation i n granulosa cel ls . E n d o c r i n o l o g y 134: 245-252. 

Bussenot I, Azoulay-Barjonet C, Parinaud J . 1993. M o d u l a t i o n o f the steroidogenesis o f 
cul tured human granulosa- lu te in cells b y gonadotropin-releasing hormone analogs. J C l i n 
E n d o c r i n o l M e t a b . 76: 1376-1379 . 

Cam M A , Kuran M , Yi ld iz S, Selcuk E . 2002. Fe ta l g rowth and reproductive performance 
i n ewes administered G n R H agonist o n day 12 post-mating. A n i m R e p r o d S c i . 72(1-2): 73-
82. 

D'Occhio M J , Aspden W J . 1999. Endocr ine and reproductive responses o f male and female 
cattle to agonists o f gonadotropin-releasing hormone. J R e p r o d Fert. (Supple 54): 101-114. 

D'Occhio M J , Fordyce G , Whyte TR, Aspden W J , Trigg T E . 2000. Reproduc t ive 
responses o f cattle to G n R H agonists. A n i m R e p r o d S c i . 6 0 - 6 1 : 4 3 3 - 4 4 2 . 

192 



Goto T, Endo T, Henmi H , Kitajima Y , Kiaya T, Nishikawa A , Manase K , Sato H , 
Kudo R. 1999. Gonadotropin-re leas ing hormone agonist has the ab i l i ty to induce increase 
mat r ix metalloproteinase ( M M P ) - 2 membrane type 1 - M M P expression i n corpora lutea, 
structural lu teolysis i n rats. J E n d o c r i n o l . 161: 393-402. 

Guerrero H E , Stein P, Asch R H , de Fried EP , Tesone M . 1993. Effect o f a gonadotropin-
releasing hormone agonist o n lu te in iz ing hormone receptors and steroidogenesis i n ovar ian 
cel ls . F e r t i l S ter i l . 59: 803-808. 

Harvey M J A , Renton JP, Salaheddine M , Robertson L . 1994. O v a r i a n and c l i n i c a l 
response o f cattle to buserel in . V e t R e c . 134:169-171. 

Hsueh A J , Jones PB. 1982. Regu la t ion o f ovar ian granulosa and luteal c e l l functions b y 
gonadotropin releasing hormone and its antagonist. A d v E x p M e d B i o l . 147:223-62. 

Hsueh A J W , Schreiber JR, Erickson GF . 1981a. Inhibi tory effect o f gonadotropin-
releasing hormone upon cultured testicular cel ls . M o l C e l l E n d o c r i n o l . 21:43-49. 

Hsueh A J , Jones, PB. 1981b. E x t r a pi tui tary actions o f gonadotropin-releasing hormone. 
Endoc r ine R e v . 2: 437-461 . 

Ireland J J , Aten F R O , Barman, HR. 1988. G n R H - l i k e proteins i n cows : concentrations 
dur ing corpora lutea development and selective loca l iza t ion i n granulosal ce l ls . B i o l Rep rod . 
38:544-550. 

Irusta G , Parborell F, Peluffo M , Manna PR, Gonzalez-Calvar SI, Calandra R, Stocco 
D M , Tesone M . 2003. Steroidogenic acute regulatory prote in i n ovar ian fo l l i c les o f 
gonadotropin-st imulated rats is regulated b y a gonadotropin-releasing hormone agonist. B i o l 
R e p r o d . 68: 1577-83. 

Izumi S, Makino T, Iizuka R. 1985. Immunoreact ive lu te in iz ing hormone-releasing 
hormone i n the seminal p lasma and human semen parameters. Fe r t i l S te r i l . 43 : 617-620. 

Janssens R M J , Brus L , Cahill DJ , Huirne J A , Schoemaker J , Lambalk C B . 2000. D i rec t 
ovar ian effects and safety aspects o f G n R H agonists and antagonists. H u m R e p r o d Update . 6: 
505-518. 

Knecht M , Ranta I, Feng P, Shonohara O, Catt K J . 1985. Gonadotropin-re leas ing 
hormone as a modula tor o f ovar ian function. J Steroid B i o c h e m . 23:771-778. 

Ledwitz-Rigby, F. 1989. A compar ison o f the actions o f s t imulatory fo l l i cu la r f l u id and 
gonadotropin-releasing hormone analogs o n progesterone secretion b y porc ine granulosa 
cel ls . B i o l . R e p r o d . 4 1 : 6 0 4 - 6 0 9 . 

193 



Leung P C , Cheng C K , Zhu X M . 2003. Mul t i - f ac to r i a l ro le o f G n R H - I and G n R H - I I i n the 
h u m a n ovary . M o l C e l l E n d o c r i n o l . 202: 145-153. 

L i u Y X , H u Z Y , Feng Q, Zou R J . 1991. Pa radox ica l effect o f a G n R H agonist o n 
steroidogenesis i n cul tured m o n k e y granulosa cel ls . S c i C h i n a 34: 1452-60 . Abs t r . 

Lucy M C , Savio JD, Badinga L , De L a Sota R L , Thatcher W W . 1992. Factors that affect 
ovar ian fo l l i cu la r dynamics i n cattle. J A n i m S c i 70: 3615-26. 

Macmillan K L , Taufa V K , Day A M . 1986. Effects o f an agonist o f gonadotrophin 
releasing hormone (Buserel in) i n cattle. III. Pregnancy rates after a post - inseminat ion 
inject ion dur ing metoestrus or dioestrus. A n i m . Reprod . S c i . 11: 1-10. 

Martin T L , Swanson L V , Appell L H , Rowe K E , Stormshak F. 1990. Response o f the 
bov ine corpus lu teum to increased secretion o f lu te in iz ing hormone induced b y exogenous 
gonadotropin releasing hormone. Domes t A n i m E n d o c r i n o l . 7:27-34. 

Milvae R A , Murphy B D , Hansel W. 1984. P ro longa t ion o f the bov ine estrous cyc le w i t h a 
gonadotropin-releasing hormone analogue. B i o l Reprod . 31:664-670. 

Momcilovic D, Archbald L F , Walters A , Tran T, Kelbert D, Risco C A and W W 
Thatcher. 1998. Reproduc t ive Performance o f Lac ta t ing D a i r y C o w s Treated w i t h 
Gonado t rop in - Re leas ing H o r m o n e ( G n R H ) and / or Pros taglandin F - 2 a lpha for 
S y n c h r o n i z i n g o f Estrus and Ovula t ion . Ther iogenology 50: 1131-1139. 

Murdoch W J , Van K i r k E A . 1998. Lu tea l dysfunct ion i n ewes induced to ovulate early i n 
the fo l l i cu la r phase. E n d o c r i n o l o g y 139:3480-4. 

Olofsson J l , Conti C C , Leung P C K . 1995. H o m o l o g o u s and heterologous regulat ion o f 
gonadotropin-releasing hormone receptor gene expression i n preovulatory rat granulosa cel ls . 
E n d o c r i n o l o g y 136: 974-980. 

Olsson J H , Akesson I, Hillensjo T. 1990. Effects o f a gonadotropin-releasing hormone 
agonist o n progesterone formation i n cul tured human granulosa cel ls . A c t a E n d o c r i n o l 
(Copenh) . 122:427-31. Abstract . 

Parinaud J , Vieitez G , Beaur A , Pontonnier G , Boureau E . 1988. Effect o f lu te in iz ing 
hormone-releas ing hormone agonist (buserelin) o n steroidogenesis o f cul tured human 
prevoula tory granlosa cel ls . Fe r t i l Ster i l . 50:597-602. 

Parinaud J , Oustry P, Bussenot I, Tourre A , Perineau M , Monrozies X , Reme J M , 
Pontonnier G . 1992. Pa radox ica l ovar ian s t imulat ion i n course o f treatment b y L H - R H 
analogs. E u r J Obstet G y n e c o l R e p r o d B i o l . 46:117-122. 

Piquette G N , LaPolt PS, Oikawa M , Hsueh A J W . 1991. Regu la t ion o f lu te in iz ing 
hormone receptor messenger r ibonucle ic ac id levels b y gonadotropins, g rowth factors, 

194 



gonadotropin-releasing hormone i n cul tured rat granulosa cel ls . E n d o c r i n o l o g y 128: 2449-
2456. 

Rajamahendran R, Sianangama PC. 1992. Effect o f human chor ion ic gonadotrophin o n 
dominant fo l l ic les i n cows : formation o f accessory corpora lutea, progesterone produc t ion 
and pregnancy rates. J R e p r o d Fe r t i l . 95: 577-84. 

Rajamahendran R, Ambrose JD, Schmitt EJ, Thatcher MJ, Thatcher WW. 1998. 
Effects o f busere l in inject ion and des lore l in (GnRH-agon i s t ) implants on p l a sma 
progesterone, L H , accessory C L formation, fo l l i c l e and corpus lu teum dynamics i n H o l s t e i n 
cows . The r iogeno logy 50:1141-55. 

Rajamahendran R, Ambrose DJ, Small JA, Dinn N. 2001. Synchron iza t ion o f estrus and 
ovu la t ion i n cattle. A r c h . A n i m a l . B r e e d i n g 44: special issue 58-67. 

Rajamahendran R, Ambrose JD, Schmitt EJ, Thatcher MJ. Thatcher WW. 1998. 
Effects o f busere l in inject ion and des lore l in (GnRH-agon i s t ) implants o n p l a sma 
progesterone, L H , accessory C L formation, fo l l i c l e and corpus lu teum dynamics i n H o l s t e i n 
cows . The r iogeno logy 50:1141-1155. 

Ramakrishnappa N, Rajamahendran R, Yung-Ming Lin, Leung PCK. 2004. G n R H i n 
N o n - H y p o t h a l a m i c Reproduc t ive Tissues. A n i m . Reprod . S c i . (a r ev iew article has been 
submitted for publ ica t ion) . 

Ranta T, Knecht M , Kody M, Catt KJ. 1982. G n R H receptors i n cul tured rat granulosa 
ce l l s : med ia t ion o f the inh ib i to ry and st imulatory actions o f G n R H . M o l C e l l E n d o c r i n o l . 27: 
233-40. 

Richards JS. 1994. H o r m o n a l control o f gene expression i n the ovary. Endocr ine R e v . 15: 
725-751. 

Rodger LD, Stormshak F. 1986. Gonadotropin-releasing hormone- induced alteration o f 
bov ine corpus lu teum function. B i o l Reprod . 35:149-56. 

Saragueta PE, Lanuza GM, and Raranao JL. 1997. Inhibi tory effect o f gonadotrophin-
releasing hormone ( G n R H ) on rat granulosa cel ls deoxyr ibonuc le ic ac id synthesis. M o l 
R e p r d D e v . 47:170-174. 

Schmitt EJ, Diaz T, Barros CM, de la Sota RL, Drost M , Fredriksson EW, Staples CR, 
Thorner R, Thatcher WW. 1996b. Dif ferent ia l response o f the luteal phase and fert i l i ty i n 
cattle f o l l o w i n g ovu la t ion o f the first-wave fo l l i c l e w i t h human chor ion ic gonadotropin or an 
agonist o f gonadotropin-releasing hormone. J A n i m Sc i .74 : 1074-1083. 

Sharpe 1982. C e l l u l a r aspects o f the inh ib i tory actions o f L H - R H o n the ova ry and testis. J 
R e p r o d Fe r t i l . 6 4 : 5 1 7 - 5 2 7 . 

195 



Sheela Rani CS, Ekholm C , Bill ig H , Magnusson C , Hillensjo T. 1983. B i p h a s i c effect o f 
gonadotropin releasing hormone on progestin secretion b y rat granulosa cel ls . B i o l Rep rod . 
28:591-7. 

Sridaran R, Hisheh S, Dharmarajan A M . 1998. Induct ion o f apoptosis b y a gonadotropin-
releasing hormone agonist dur ing ear ly pregnancy i n the rat. Apop tos i s . 3: 51-57. 

Sridaran R, Lee M A , Haynes L , Srivastava R K , Ghose M , Sridaran G , Smith C J , 
1999a. G n R H act ion o n luteal steroidogenesis dur ing pregnancy. Steroids. 64: 618-623. 

Sridaran R, Philip G H , L i H , Culty M , L i u Z , Stocco D M , Papadopoulos V . 1999b. 
G n R H agonist treatment decreases progesterone synthesis, luteal per ipheral benzodiazepine 
receptor m R N A , l igand b ind ing , steroidogenic acute regulatory prote in express ion dur ing 
pregnancy. J M o l E n d o c r i n o l . 22: 45-54. 

Steele G L , Leung P C K . 1993. S igna l transduction mechanisms i n ovar ian cel ls . In: A d a s h i , 
E . Y . and L e u n g , P . C . K . (Eds.) , The Ovary . R a v e n Press, N e w Y o r k . pp. 113-127. 

Stojilkovic SS. Catt K J . 1995. Express ion and s ignal t ransduction pathways o f 
gonadotropin-releasing hormone receptors. R e c . P rog . H o r m . Res . 50:161-205. 

Taponen J , Hjerppe P, Kopra E , Rodriguez-Martinez H , Katila T, Kindahl H . 2003. 
Premature prostaglandin F2a lpha secretion causes luteal regression i n G n R H - i n d u c e d short 
estrous cycles i n c y c l i c da i ry heifers. Ther iogenology 60:379-93. 

Taponen J , Katila T, Rodriguez-Martinez H . 1999. Induct ion o f ovu la t ion w i t h 
gonadotropin-releasing hormone dur ing proestrus i n cattle: influence o n subsequent fo l l i cu la r 
g rowth and luteal function. A n i m R e p r o d S c i . 55 :91-105 . 

Thatcher W W , Drost M , Savio J D , Macmillan K L , Entwistle K W , Schmitt R L , de L a 
Sota R L , Morris G R . 1993. N e w c l i n i c a l uses o f G n R H and its analogues i n cattle. A n i m 
R e p r o d S c i . 33:27-49. 

Thatcher W W , Guzeloglu A , Mattos R, Binelli M , Hansen TR, Pru J K . 2001. Ute r ine-
conceptus interactions and reproductive failure i n cattle. Ther iogeno logy 56:1435-1450. 

Til ly J L , Lapolt PS, Hsueh A J W . 1992. H o r m o n a l regulat ion o f fo l l i c l e - s t i m u l a t i n g 
hormone receptor messenger r ibonucle ic ac id levels i n cul tured rat granulosa cel ls . 
E n d o c r i n o l o g y 130: 1296-1302. 

Twagiramungu H , Guilbault L A , Dufour J J . 1995. Synchron iza t ion o f ovar ian fo l l i cu la r 
waves w i t h a gonadotropin-releasing hormone agonist to increase the p rec i s ion o f estrus i n 
cattle: a rev iew. J A n i m S c i . 73:3141-3151. 

Twagiramungu H , Guilbault L A , Proulx J G , Dufour J J . 1994. Influence o f corpus lu teum 
and induced ovu la t ion o n ovar ian fo l l icu la r dynamics i n postpartum c y c l i c cows treated w i t h 
busere l in and cloprostenol . J A n i m S c i . 72:1796-805. 

196 



Ullah G , Fuquay J W , Keawkhong T , Clark B L , Pogue D E , Murphey E J . 1996. Effect o f 
gonadotropin-releasing hormone at estrus o n subsequent luteal funct ion and fert i l i ty i n 
lactating Hols te ins dur ing heat stress. J D a i r y S c i . 79:1950-1953. 

Vasconcelos J L M , Silcox R W , Rosa G J M , Pursley JR, Wiltbank M C . 1999. 
Synchron iza t ion rate, s ize o f the ovula tory fo l l i c l e , and pregnancy rate after synchroniza t ion 
o f ovu la t ion beg inn ing on different days o f the estrous cyc le i n lactat ing da i ry cows . 
The r iogeno logy 52:1067-1078. 

Volker P, Grundker C, Schmidt O, Schulz K D , Emons G . 2002. E x p r e s s i o n o f receptors 
for l u t e in i z ing hormone-releasing hormone i n human ovar ian endometr ia l cancers: 
frequency, autoregulation, and correlat ion w i t h direct antiproliferative ac t iv i ty o f l u t e in i z ing 
hormone releasing hormone analogues. A m J Obstet G y n e c o l . 186:171-179. 

Ying SY, Ling N , Bohlen P, Guillemin R. 1981. Gonadocr in ins : peptides i n ovar ian 
fo l l i cu la r f l u id s t imulat ing the secretion o f pi tui tary gonadotropins. E n d o c r i n o l o g y 108: 
1206-1215. 

Zhao S, Saito H , Wang X , Saito T , KanekoT, Hiroi M . 2000. Effects o f gonadotropin-
releasing hormone agonist o n the incidence o f apoptosis i n porc ine human granulosa cel ls . 
G y n e c o l Obstet Invest. 49: 52-56. 

197 


