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Abstract:

Six mature 15-16 days postpartum cows were selected for calving date, breed and weight and paired for
experimental purposes. One individual of each pair served as a treated cow and the other as a control.
All cows were nursing calves throughout the entire experiment. Three treated cows received a
subcutaneous silastic progesterone implant at either 15 or 16 days postpartum. Six days later they were
treated for 37 treatments with 50 ug synthetic gonadotrophinreleasing hormone (GnRH) in one ml of
acidified saline at 2-hr intervals over a period of 72 hr via indwelling jugular catheters. Two hr after
treatment 37, the progesterone implant was removed and thirty hr posttreatment 37 the treated cows
received 500 ug of GnRH (treatment 38). The three control cows were infused with 1 ml of acidified
saline at the same time interval. Rectal palpation of the ovaries was conducted periodically to assess
changes in ovarian size and follicular growth. Blood samples were collected via jugular catheters, at
times (30, 60, 90 and 120 min) following treatments 1, 2, 3, 4, 5, 13, 25, 37 and 38. Serum LH and
progesterone levels were measured by radioimmunoassay.

Data were analyzed by the method of least squares. Serum LH concentrations were observed to peak
between 30 and 60 min following treatments 1, 2, 3, 4, 13, 37 and 38 and dropped at 90 and 120 min
posttreatment. Following treatments 5 and 25, serum LH concentration peaked at 90 min and dropped
at 120 min. The time for maximum LH response during the experiment was found to be 150 min. The
mean peak LH concentration of treated cows was 8.40+1.57 ng/ml compared with the mean basal level
of 3.18+0.10 ng/ml for control cows (P<0.05).

The LH responses were significantly greater (P<0.01) following treatments 2 and 3 (18.88 and 12.70
ng/ml) than the mean serum LH concentration of the control cows. LH release appeared (P<0.10) to be
cubical in response to GnRH infusions. Least squares progesterone mean in treated cows was
0.85+0.052 ng/ml compared with the mean of 0.25+0.017 ng/ml for control cows (P>0.05). LH and
progesterone were not correlated significantly (P<0.05) during the 37 treatments (r=0.064), nor were
they correlated significantly (P>0.05) during treatments I through 5 (r=0.18). Ovarian activity as
determined by rectal palpation was increased in two of the three treated cows. The mean LH peak in
response to the 500 ug GnRH infusion (treatment 38) was 7.72+0.60 ng/ml, however, none of the cows
ovulated.
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ABSTRACT

Six mature 15-16 days postpartum cows were selected for ca1v1ng
date, breed and weight and paired for experimental purposes. One .
individual of each pair served as a treated cow and the other as a
control. All cows were nursing calves throughout the entire experi-
ment. Three treated cows received a subcutaneous silastic progester-
one implant at either 15 or 16 days postpartum. Six days later they
were treated for 37 treatments with 50 ug synthetic gonadotrophin-
releasing hormone (GnRH) in one ml of acidified saline at 2-hr intervals
over a period of 72 hr via indwelling jugular catheters. Two hr after
treatment 37, the progesterone implant was removed and thirty hr post-
treatment- 37 the "treated cows received 500 ug of GnRH (treatment 38).
The three control cows were infused with 1l ml of acidified saline at
‘the same time interval. . Rectal palpation of the ovaries was conducted
periodically to assess changes in ovarian size and follicular growth.
Blood samples were collected via jugular catheters, at times (30, 60,
90 and 120 min) following treatments 1, 2, 3, 4, 5, 13, 25, 37 and 38.
Serum LH and progesterone levels were measured by radioimmunoassay.
Data were analyzed by the method of least squares. Serum LH concen-
trations were observed to peak between 30 and 60 min following treat-
ments 1, 2, 3, 4, 13, 37 and 38 and dropped at 90 and 120 min post-
treatment,  Following treatments 5 and 25, serum LH concentration
peaked at 90 min and dropped at 120 min. The time for maximum LH
response during the experiment was found to be 150 min. The mean peak
LH concentration of treated cows was 8.40%1.57 ng/ml compared with
 the mean basal level of 3.18%0.10 ng/ml for-control cows (P<0.05).

' The LH responses were significantly greater (P<0.0l) following treat-
ments 2 and 3 (18.88 and 12.70 ng/ml) than the mean serum LH concen-
tration of the control cows. LH release appeared (P<0.10) to be
cubical in response to GnRH infusions. Least squares progesterone

mean in treated cows was 0.85+0.052 ng/ml compared with the mean of

: 0.2540.017 ng/ml for control cows (P>0.05). LH and progesterone were

. not correlated significantly (P<0.05) during the 37 treatments (r=0.064),
nor were they correlated significantly (P30.05) during treatments 1
through 5 (¥r=0.18). Ovarian activity as determined by rectal palpation
was increased in two of the three treated cows. The mean LH peak in
response to the 500 ug GnRH infusion (treatment 38) was 7.72+0.60 ng/ml,
however, none of the cows ovulated.




INTRODUCTION

Many facto;s influence the ihtérval from parturition to first
ovulétion. Fof good reproductive perfﬁrmance the intérval to a highly’
fertile ovulation must be 80 days or less, however, numerous studies
with beef cattle have reported that about 25% of the cattle are not
reproductively active by 80 days postpartum. The occurrence of ovula-
tion without estrus is one form of early postpartum ovarian activity
in somelof the cows. The frequent absence of behavioral estrus in
connection with early'ovulations suggest'that eitﬁer the steroid
hormone levels or the hypothalamic centers §n which they act are

abnormal, however, little is known about the endocgine physiology in

.postpartum cows. Treatments which would initiate estrous cycles early

in the bostparﬁum period would enhance reproductive performance., One
of the hormones which may have some potential in stimulatiﬁg postpartum
ovarian activity is éonadotrophin-reléasing hormdné (GnRH) .

The amino acid sequence of GnRH isolated from porcine hypothalamic
tissue was determined'in 1971 as’(pyro) Glu-His-Trp-Ser-Tyr-Gly-Leu- |
Arg-Pro~Gly (NHZ)’ and this decapeptide was fhen artificially éyntheh
sized. Treatment'ﬁith synthetic GnRH has resulted in.ah incréased
release of FSH and LH in various species of animals. The half-life
of GhRH has been found to be between 4 to 7 min. It seems reasonable
to assume. that if GnRH could be releasedA'to stimulate Fhe'release
of gonadotrophins over a longer period of time more changes in ovarian

morphology would result and ovulation would be induced.




e
The objectives of this study were to 1) evaluate the effect q'fi
re'peatéd' infusioﬁ of GnRH over an exténded period of-time on’ serum LH "
concentration and ovarian changes and 2) determine the effect of
prolonged exposure to progesterone implant on pituitary responsiveness

to GnRH.




LITERATURE REVIEW

Postpartum Endocrine Physiology in the Cow:

Postpartum interval. Postpartum interval refers to the interval
beginning with parturiﬁion and ending with a deSiénated-event, such as-
first estrus, first ovulation, first breeding, conception or complete
involution of the uterus. First ovulation refers to thé first ovulation

‘boétpartum, whether or not it is accompanied by estrus. First estrus
refers to ‘those cases which are also accompanied by first ovulations
(Casida, 1968). There is a wide vériation‘in the reported time (32 to
78 days) from parturition to first estrus (Casida and Venzke, 1936;
Shannon et al., 1952; Olds and Seath, 1953; Menge et al., 1962). First
ovulation after calving has been reported at 14 days (Wagner and Hansel,
1969), 15 days (Morrow et al., 1966), 19 days (Menge et al., 1962) and
35 days postpartum (Cagida and Wisnicky, 1950). The first estrus did
not coincide with first ovulation. This discfépanCy: was probablj due
to the éccurrence of ovulations withéut esﬁrus (Ménge et al., 1962).
On‘the'basis'of rectél palpations and clinical observations, the time
period needed_ﬁor uterine involution to occur has been reported to be
from 25-(Morrbw'g£ al., 1966) to 56 days'(Buch et al., 1955). Studies
based on histologic ériteria suggest a parturitién to invblution inter-
val of 25 té 30 déys for most animals (Giég and Ma?iop,.1968; Wagner and
Hansel, 1969). Wilbéﬁk ana Cook (1958) reported that nursing éalves

. delays the return té postpartum cyclic aétivity and depresseé feftility;

The onset of post-parturient ovarian activity and ovulation does'not

appear to be directly related to the rate of uterine involution




~4-
(Buch et al., 1955), although some conditions of the uterus can delay
involution and the recommencement of 9stra1 cyclicity -(Morrow et al.,
1966). There are sgme factors, such as suckliﬁg (Wiltbank and Cook,
1958); nutrition (Wagner and Oxenrei&er, 1971)‘and seasﬁn (Buch et al.,

1955), reported to effect the interval from parturition to first estrus.

Exogenous hormone therapy. Numerous experiments have been per-
formed to alter postpartum physiology with exogenous steroid hormones,
A wide variety of postpartum hormone treatments, with only a few
exceptions, have been ineffective in shortening postpartum intervals.

Casida and Wispicky (1950) did not find significant effect on
postpartum intervais Ey injecting'Holstein cows with 20 mg of diethyl-
stilbestrol dipropionéte within 9 hours after c#l#iﬁg. Work by Foote
et al. (1960) indiga;gd that a sinéle injection of progesterone sus- ‘
pended in carbo%ymethyl cellulose 14 déys péstpartﬁﬁ tended to delay-
both estrus and ovulation in postbartum beef coWéL However, Foote and
Huntér (1964) treated postpartum‘beef cows with progesterone and
estrogen o¥ éstrogen alone and found that the average intervals from
calving to uterine'inﬁolution, estrus and ovulation were significantly
decreased.

Saiduddin ggiél. (1968) obfained shorter postpartum intervals to
eét:us, dvﬁlation and conceptioﬁ_in resppﬁse to gxogénogs progesterone
and estradiol at various stages postpartum iﬁ'geef cows. Brown gﬁ:gl.
(19%2) fbun&tﬁatprogestefone fééding félloWed by'eéfrogen administra-.

tion had a greater effect in reducing the interval lengths to first
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estrus, first ovulation and conceptioﬁ, especially during the early
postpartum intervals. Maher et al. (i973) ;eported that human
chorionic gonadotrophin treatment 27 to 34 hr after removai of pro-
gesterone implant in beef cows may decrease the time from éalving to
estrus and ovulation.

Pituitary'leveis'of gonadotrophin in the postpartum cows-. The

data on éituitary gonadotrophin levels in the postpértum cows in
many reports may be summarized by spating that 1utéinizing hormone (LH)
ievels generally rise after barturition while follicular stimulating
hormone (FSH) is usually at a peék level at pérturifion and aeclines
foliowing parturitiqn.

Labhsetwar et gl% (1964) found that FSH was highes£ at calving
and décreased after parturition. They also found that foilicﬁlar
development was greatest 21 days postpartum when pituitarylFSH was
lowest." . |

Saiduddin,aﬁd Foote (1964) found an increase in pituitary LH.ffoﬁ.
.day 35 to déy ﬁo-ppstpartum in suckled cows by-utilizing the ovarian
‘ascorbic ‘acid depi;tiéh (OAAD) ésséy.‘ Saiduddin et al. (1966)Istudied
the gffects'ﬁf suckliﬂg on pituitary LH acﬁivity durihg fhé first 30
days postpartum aﬂd fqundthatpitui;ary LH ;ontepf was increased at
days 10, 20 and 30 postpartum whéﬁ comparéd to levels fouhdlat\parturi-
tidn;

Quénedo‘gﬁ al. (1967) foun&iﬁhat_the pitqitary.LH,coﬁpentrafion

was 9.0 ug/mg of dry anterior pitﬁitary in beef cattle at 20 days after
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calving.,  Wagner, Saatman and Hansel (1969) reported that pituifary LH
- concentration at 7 and 30 days.postpartum in milked cows was 2.07 ug/mg
of fresh anterior pituitary and 2.62 ug/mg, respectively. No effect of
suckling on pituitary LH content was found.

The results of Labhsetwar et gl; (1964), Saiduddin and Foote (1964), -
Saiduddin et al. (1966), Quenedo et a_1 (1967) and Wagner et al. (1969)
may be interpreted as a pituitary accumulation of LH preparatory: for
ovilation and a coﬁtinuél‘more gra&ual release.of FSH to-stimulate

ovarian.follicular ‘development in preparation for ovulation. -

Blood levels of LH and prolactin in the postpartum tows. Ingalls,
Hafs apd Oxender (1971) measured ;erum LH and prolactin in heifers from
30 days before parturition until first estrus postpartum. They found
that serum prolactin concentration was from 50 to 100 ng/ﬁl until 2
days before parturition, exceeded 200 ng/ml during the 2 days before
parturition, began declining at parturition and reached a level of
about 60 ng/ml at 60 hr postpartum, and ?anged from 50 to 100 ng/ml
thereafter. LH in blood serum dia not changé measurably.

Arije, Wiltbank and Hopwood (1971). observed LH and prolactin levels
in cows from 3 to 4'wééks prepartum to' the secdnd-postpartuﬁ estrus
and reported that_Lﬁ.levels were less than 1 ng/ﬁl before partufition-
.and remained Between 1 and 1.5 né/ml during postpartum interval with
periodic peaks of ﬁp'to 3 ng/ml after 2 weeks postéartuﬁ. ‘Pfolactin
levels were below 50 ng/ml during late gestation, and inéreaéed to aboéef

300 ng/ml from 2 days before parturition to 20 days postpartum. In
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the remainder of the postpartum period, prolactin levels remained
between 100 to 200 ng/ml.

Hypothalamic Control of Gonadotrophins

Hypophysiotropic hormones. The hypothalamus is known to contain

releasing hormones. It controls theﬂsecretion éf LH and FSH from the
anterior pituitary glaﬁd (Guillemin,.1964j. ' This control is‘mediated
by neurohumoral substénce(s) designated LH-releasing hormone (LHrRH)
and FSH-releasing hormone (FSH-RH) '(Schally et al., 1968) iﬁstead

of LH-releasing factor (LRF) and FSH-releasing factor (FRF). LH- and
FSH-releasing activity can be extracted from the hypothalamus.

Campbell, Feuer and Harris (1964) reported that-intrapituitéry
infusién of crude extracts of median eminence induced a high percentage
of ovulatory'respoﬁse in rabbits. Nikifovitch-Winer (1962) demonstrated
ovulation in the rat by intrapituitary injection of érude bovine median
eminence eﬁtract. McCann (1962) observea an ovarian éscorbic aéid
depletion on intravenous injection of crude acidic extracts qf-rat
stalk mediap eminénce tissue.into immature rats pretreaﬁed with gonado-
trophins. Although'thése experiménts indiéated that the extracts of
median eminence frdm various species contained a mediator for release
of ovulation hormone, little was known about the chemicai nature- of
.this.mediator.

Fawcett, Reed, Charlton and Héfris (1967) reported that paftialiy
pufified LRF obtained from beef hypothalémi induced ovdiaéioﬁ when

injecfed into the pituitaries of estrus rabbits. Schally and Bowers
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(1964) obtéined_highiy purified LRF from bovine hypothalamus. These
preparations were highly active in depleting ovarian ascorbic acid in
immature female rats; in inducing é.rise of plasma LH in ovériectbmized
 estrogen-progesterone treated raté and in stimulating the ;élease éf TH
into the incubation ﬁedium.from isoiated'rat pituitary in vitro. .

| An FSH-releaSing:action of hypothalamic éxtfacts'weré:demonstrated
shortly'after the @iscdvery of LRF."TheSé extracts were’found.to
.e}evéte piaéma FSH in‘spayed female rats,inIWhich the release‘of FSH
had been inhibited eigher by the ipjéétiqn of estrogen énd progesteroﬁe
or byllesioﬁs in tﬁe.median eminence, aﬁd a dose-response relafionship‘
. was obtained (Dhariwal et al., 1965; Igarasﬁf and ﬁcCann,-1964; Igarashi,
’Nailar and McCann, 1964). Several laboratories repbrted a depletionAof E
pituitary FSH after administration of hypothalamic extracts in éastrété@,
- steroids-blocked rats (Kuroshiman et gl.; 1966; Saito et al., 19675.
FRF ‘also increééed;FSH release iﬁfotincubated medium from pitﬁitary ,
in vitro (kuroshiman‘gg al., 1965;'Mi;tier‘énd Meités;.1964; Watahabe:
and McCann, 1968) | o | |

LH~- RH has been 1solated from porcine hypothalaml and phy51olog1ca1 "

studies 1nd1cated that it causes release of both FSH and LE (Schally
et al., 1971). The isolated porc1ne LH-RH showed FSH-RH act1V1ty in ng
doses. 1In Qar;ous chromatographlc systems no FSH-RH act1v1ty could be
deteéted in hypothalamic fractions exéept those correspoﬁding to LH-RH
:(Schallly et al., 1971). Schally,é:_j_a_L. (1971) then suggested that one.

'siﬁgle hypothalamic'hbrmone, designated FSH-RH/LH-RH may control the
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release of both FSH and LH. Gonadotrophip4re1easing hormone (GnRH)
will be used for conveﬁience in 1a£er section of this review to
describe the action of this hormone.

Recently, the structure of GnRH has beén detenniﬁed'as a &ecapep—
tide (Matsuo et al.; 1971a; Baba et al., 1971) and the decapeptide .
hés been artificiallf synthesized (Matsuo et al., 1971b). The
synthetic decapeptide was found té possess the same biological proper-
fies as the natural pure LH-RH. |

Anatomical organization of the regulatory system of anterior

pituitary secretion. The hypothalamic hormones are secreted by neurons

in the basal hypothalamus and pass to the pituitary via the hypothal-
amic-hypophyseal véssels to exert their efféctsnén specific cell types
(Gay, 1972). Long.aﬁd short portal vessels serve as the method of
commﬁnication between hypothalamic neufons and hormone‘secrEFing cells
of the anterior pituitary glapd.' Réleasiﬁg'factoré méy be secreted
on or near the capillary network of the portal vessels and be rapidly
transported to fhe‘cells of the anterior pituitary gland (Gay, 1972).

Neural mechanisms controlling-gonadtrophin secretion, The pitui-~

tary gonadotrophin secretion may have dual neural control wﬁich_appears.
to be different between the rhesus monkey and the rat., Little is known
about the neural mechanisms controlliﬁg gonadotrophin secretidﬁ in

most species, Howéver, in the rhesus monkey, the controilsysfehs which

govern basic and surge secretion of gonadotrophins are resident within
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the medigl basal hypothalamus (Knobil, 1974). While in the rat, the
first level of control is the tonic secretion of goﬁadotrophin,
situated in hypophysiotropic area of the hypothalamus (Halasz et al.,
1962), which stimuiateé the production of FSH and LH is able to main-
tain ovarian follicular growth and estrogen secretion (as reviewed by °
Flerko, 1966). The hypophysiotrophic area includes the whole of the
arcuate nucleus, the ventral part of the anterior éeriventricular
nucleus ﬁnd the parvecellular region in the retro-chiasmatic area
(Halasz et al., 1962),. |

The other is the "release regulating mechanismf, located in tﬁe
preoptié-suprachiasmatic area of thé H&pothélamus. This neural
mechanism triggers the burst of LH secretion responsible for ovulation.
In the absence of this mechanism, the hypbphysiotropic.structd¥eé still'
function normally and gonadotropﬁins‘ére secreted at a basal rate which
evokes the constant vaginal estrus syndfome (és‘reviewed by Flerkb,

- 1966) .

This concept is further demonstrated by Halasz (i968)_and by
Schneider et al. (1969). Surgical transection of the anterior hypo-
thalamus’aboliéhes tﬁe cyclic release of LH in the female but not the
basal secretion éf LH in either sex (Halasz,'1968). It has been pro-
posed'that the preovulatory surgé of tH-is controlled by qne‘éroqp of
ﬂeurons, ﬁhiie the bésal secretion in both éexeé is regulated by other
neurons (Gay,,1972),. Schneider, Crightoﬁ and McCann (1969) studiea |

the effect of electrical lesions in the suprachiasmatic region on the .
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content of LRF stored in the stalk-median eminence and reported that
the LRF concentration in the stalk-median eminence of rats with supra-
chiasmatic 1e$ions induced constant vaginal estrus, Hypothalamic LRF
concentratibns were significanfly lower thap in spayed rats without
lesions. They concluded that LRF-secreting neurons may be located in
thesuprachiasmatiéarea and be ;espohéible for the discharge of
ovulatory'aﬁounts of Lﬁ.

"Pituitary séc;etions of gonaddtrophins aré confrolled difectiy
by hypothalamic secretion of GnRH. The hypothalamﬁg is stimulafed by
estrogens to release GﬁRH (Gay, 1972). It has been known that increas-
ing leveis of serum estrogen are associated with the preévulatory
release of LH in diestrous ewes (Goding et al., 1969) and cycling cows
(Christensen et al., 1971). Kato .and Villee (1967) studied the ﬁattern
of distribution of labeled estradiol in ovariectomizedrats and found
that radioactive estradiol was incorporated into the anterior hypo-
thalamus, Their findings suggest that the aﬁterior hypbthalamus is
a direct target tissue of estradibl.' The autorédiographic results'of
Pfaff (1968) thét‘the-anterior portion of the hypothalé@us concentra£es

estradiollsupbort the conclusion of Kato and Villee.

Antagoﬁism Befween'frolactin and Gonadotrophin Producfion

The high levels of prolactin in ear1§ lactation were thought to
be related to postpartum anestrus (Haﬁ, 1973). Releasé of FSH and LH
is inhibited by the milking stimulus, and the ovaries ére.relatively

inactive except in the rat and mouse (as reviewed by McCamm and Porter,
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1969); Considerableievidence exists for a reciprocal relationship of
lhypothalamié control of gonadotrophin énd prolactin secretion. Thé
evidencé is, 1) when endogenous prblactin éecretion 1s suppressed by
median eminence'implants of prolactin through autofeedback mechanism,
the pitﬁitary.response by increasing goﬁadotrophin secretion, 2) the
intensify of the suckling stimulus from the nursing young responsible

. for gonadotrophin suppression is also respomnsible for increased pro-
lactin secretion, 3) when the pituitary responds to a prolactin stimu-
lator (perphenazine) and éonadotrophin suppressor (methallibure);

seruﬁ prolactin is increased, 4) histological changes exist for a re-'
duction in size and number of seéretb;y.granules in pituitary secreting
cells and an incfeaée.in size of gonadotrophs in response to prolactin -
producing pituitary tumors (MtT-WID pifﬁitary‘tumors) and 5) vafious
neurotransmitteré whenlinjected into the third ventricle of thg brain
produce inverse_effécts on the seé;etion of gonadofrophins.and prolactiﬁ
(as reviewed by Han, 1973). |

Gonadotrophin-Releasing Hormone (GnRH)

Recently tﬁelamino acid sequence of GnRH has been established.
Thisvmoleculé has been synthesized and the syntﬁetic hormone is_
available for investigation in fafm animals. The following review
will be_confinedfto the chemistry and phfsiological fupcfion of |
synthetic GnRH..

Chemiéfrz. Tﬁo 1éboratories independently reported isolatign '
of porcine (Schally et al., 1971) and ovine (Amoss et -al., 1971) GnRH.

¢




-13-
Matsuo et al. (1971a) identified the peptide strqcture”of porcine GnRﬁ,'
as_(pyro) GluéHis-Trp-Ser-Try-Gly-ieu-Arg-PrOjély(NHZ), by the use of
the combined Edman-dans&l procedure couoledawith_the selective tri-
tiation method of C-terminal analysds} ' The N-terminal groups were
identified by dansylation. The decapeptide was then sfnthesizedlnrthe
solid phase method (Matsuo gt_al.; 1971b) and shown to possess the same
biologicai properties as the natural pure porcine (Schally gt'al.,‘197é)
GnRH when tested 1n 1aboratory animals.

ths1ologz GnRH causes release of IH in sheep; cattle and plgs.
bomanski and Kochman,(1968) demonstrated that intra-anterior pituitary
infusron of-eight to ten hypotnalamic eqnivalents were effective.inj
'inducing ovuiation_in ewes during 1ate anestrus but not durdng mid"
anestrus. |

Gay, Niswender and Midgley (1970) found an.increase in serum LH
in the anestrous ewes Wlth repeated 1nJect10ns of two. hypothalanlc
'equlvalents, but no oynlatlon occurred. When a total dose of 400 ug
synthetic GnRH nas'adninistered intramuscnlarly in two equal injections
to late anestrous ewes, serum ﬁH 1eve1swere inoreased to 39.1f6.8.ng/m1
(Reeves et al., 1972) This LH level could be comparable to the pre-il
ovulatory surge (25 to 30 ng/ml) (as reV1ewed by Convey, 1973)
‘Apparently, the sensitiV1ty of the pltultary to GnRH is 1ncreased in
late anestrous ewes.' In contrast, Reeves,'Tarnavsky and Chakraborty

(1974) treated ewes with synthetic GnRH at three periods of anestrus.,
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They found no differenée éf pituitary responsivenéss to GnRH at tﬁe‘,
three stages 6£ anestqu (early, mid and late).

Ree#es, Arimura and Schally (1970) studied the effects of differ-
ent doses (1, 3, é and 27 ug) of purified porcine GnRH administered
intracarotidly to diestrous éwes, wethers and a ram; They found a
Isignificant increase in serum LH in eéch animal after administration -
of GnRH»at'all dosages. The maximum’LH reSpoﬁse in‘thé_ewes and ram
was 3 ug Af GnRH; éreater doses (9 and'27 ug).df GnRﬂ cpuld not
induce higher levels of serum LH in the ewe orvthe ram, Howevér,
wethers ¥espdnded'to increasing doées of pufified énRHrwith a peak
of 160 ng/ml after 27 ug administratiénfwith a 1inear'incfeaée. It
'appeared that the pi;uitary is moretreéponéive to GnRH in the castfate'
than in the intacé sheep.

Golter et al, (19%3) studied the dose response relationsﬁip.of
changes in serum LH in response Eo synthetic GnRH in bulls and the
effeéts of yarioué carrying media on this response. The results were

_summarized in tables 1 and 2, respectively.

The resuits obtained seemed £§ éhbw.a dosé related.increaSehin

“serum LH:énd a signifiqant influence on'£hé.LH fespdnée to the synthé-

tic decépeptide.depending on theicarfying media uégd.
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TABLE 1. SERUM LH RESPONSE TO SYNTHETIC LH-RH/FSH~RH IN BULLS *¥%*

LH-RH/FSH-RH2 Peak Time Length of LH
ug/kg body : serum LH to peak serum response
weight (ng/m1)P - _serum LH (min) (min)
0.0 1.940.4¢ - : --
0.03 2.7+0.4 30+6 55+15
0.3 14.8+2,1% . 40+0 220212
.3.0 46,247 .0%*% 137115 366+33
a8 Pure synthetic LH-RH/FSH-RH (Hoechst).
b NIH-LH-B7 standard.
c

Mean ¥ SE. ,

% Different from control P <«05.
%% Different from control P<.0L.
%*%% From Golter et al. (1973).

TABLE 2. BOVINE SERUM LH RESPONSES TO SYNTHETIC LH-RH/FSH-RH? IN
VARIOUS CARRYING MEDIA*%

Peak Time Lehgth of LH
Injection serum LH to peak ' serum response
media (ng/ml)P serum LH (min) (min)
Acidified saline  41#10C 13013 285240 .
2% CMC 55410 180423 600292+
Silastic 732 RIV  4uh% 1504121 -

a Containing 1.3 ug LH-RH/FSH-RH (Hoechst)/kg body weight.
D NIH-LH-B7 standard.

€ Mean =* SE.

* Different from acidified saline P< 05.

%% From Golter et al. (1973).
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Zolman et al; (1973) demonstrated a linear increase in LH response
with increasing levels of GnRH in hulls and'a qﬁadratlc increase in
luteal phase heifers. They reported that the nature of the bov1ne LH
response to GnRH dlffers between sex. The male bovine pltultary 1sl'
more responsive to GnRH than that of females. Zolman et al. (1973) also ;
observed a dose related increase in LH release in vitro when bovine
pituitary tissue‘was exposed to llor 4 ng purified porcine GnRH;
-suggesting that-GnRH acts directly on the pituitary to cause Lﬁ
release.

Cla551cal physrochemlcal methods of LH-RH purlflcatlon have
'falled to separate LH-RH and FSH- RH activities. Schally gl' (1972)
thus suggested that the isolated FSH and LH-relea31ng hormone controls
‘the secretion of both FSH and LH from pituitary. Redding et al, (1972)~
have reported.that synthetic GnRH in the rat stimulates not only the’
release of LH.but also FSH in vitro. 'heeves et al. (1972) described
~ changes of serum FSH after GnRH treatment in'sheep. Results of
Arimura et.;l. (1972) indicate that synthetic LH-RH can stimulate.a
con51derable release of FSH as well as LH in v1vo durlng prolonged
infusions. ThlS report supports the concept that LH-RH decapeptlde
also has FSH-RH act1v1ty. Arlmura et al (1973) also observed an FSH

response to GnRH in humans Kaltenbach et al. (1974) showed,the'effect

of synthetlc GnRH .on FSH release in helfers.‘
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In contrast, several researchers suggest that separate
hypothalamic hormones release FSH and LH (Johansson et al., 1972;
Bowers et al., 1973). Johansson et al. (1972) incubafed the hqﬁo-
genates of porcine hypothalamic tigsue in the presence of
14C-glut;amic acid aqd ¥4C-g1utamipe Wh;ch allow the biqsynthesis of
hypothalamic hormones and fractiona?ed this material from above
biosynthesis. They ob£ained two different groups of fractions each of
which sﬁowed activities for the release of both FSH and LH. dn the
basis  of the ratio of the levels of FSH and LH which were released;
one group indiéated the presence of the known decapeptide, pGlu-His-
Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2 and the other group revealed the
ekceptionally high release of FSH. if this latter fraction wa;
further fractionated ﬁy partition chromatography using Sephadex G-25
and thé resulting.samples assayed'ig giggé by. using female rat
pituitary, fhe ratio for FSH/LH rélegse was greater than that observed
with synthetic LH-RH.. This observation indicates that the decapeptide
reported by Matsuo et al. (197la) is only LH-RH. A pgrtially purified
fraction of FSH-RH having low LH-RH activityifrom porcing hfpothél-
Aamus released a greater amount of FSH‘than-the LH-RH decapeptide
(Bowers et al., 1973). Because the relative FSH/LH reléasing ratio
is greater than that of the LH;RH decapeptide, Bowers et al. Fhen
~concluded that the LH-RH decapepfide is only the physiological regﬁlaﬁ

tor of LH, and FSHfRH“is a separate hypothalamic releasing hormone.
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Apparently, more biological and chemical evidences afe needed to
determine whether one or two hypothalamic hormones are responsible for
the release of FSH and LH.

Most of the experimental studies with GnRH performed in vivo are
based only on acute éxperiments. An injection of GnRH induced a
considerable rise of serum LH associated with é very slighﬁ-iﬁcrease
in serum FSH (Arimura et al., 1972; Rennels et al., 1971). HOWeVer,
GnRH can "stimulate a considerable release of FSH as well as of LH
in vivo if given by prolonged infusion" (Arimura et al., 1972).

EQans and Nikitovitch-Winer (1969) demonstrated that chronic
administration of crude sheep hypdthalamic extracts could reactivate
the pituitary graft. The trophic action of such extracts could be due
ﬁo a complex of the treétment, since crude hypothalamic extracts
seemed to contain'various hypophysiotroﬁic hormones and other substance.

Arimura et al. (1973) observed a signifiéant stimulation of FSH
cells of the pituitary grafts and a lesser chaﬁge_in LH cells in hypo-
physectomized female rats bearing pituitary grafts. They also found
V1arge Graafian follicles in GnRH treéted animals and higher levels of
circulating estrégens. This estrogen level waé not great enough to
induce vaginal cornification. Thus, prolonged exposure might.be
essential for full stimulation of FSH release by the GnRH decapéptide.

_The.bituitary glénd in the immaturé pig also responds torepeatéd
.stimulation with exégenous synthetic GnRH by releasing LH into‘

circulation (Chakraborty et al., 1973).
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During the normal estrous cycle, regression of the corpus luteum .
and fall in progesterone is followed by an increase in serum estrogen
coﬁcentration‘in the cow (Henricks et al., 1972; Wettemann et al.,
1972) and ewe (Moore et al., 1968; Obst et al., 1971). Soon after the
peak or at the peak of serum estrogen, serum LH increased in the cow
(Wettemann et al., 1972) and ewe (McCracken et al., 1971; Scaramuzzi
et al., 1971). It has been known that 1jﬁ-estradiél causes the pre-
ovulétory surge of LH secretion in the sheep (Goding et al., 1969;
Beck and Reeves, 1973). Jonas et al. (1973) noted an increase in both
FSH and LH after infusion of 17p-estradiol into anestrous ewes. Ying,
Fang andGreep (1971) also noted an increase in both serum FSH and LH
levels in the intact immature female rats when a single injectién of
estradiol benzoate was given. The peak serum FSH and LH concentra-
tions of individual estradiol treéted ewes were similéf to preovulatory
surges of FSH and LH concentrations reported by Goding et al. (1969)
and Reeves et al. (1971). The isolated GnRH was reported to induce'
an increase in both serum FSH and LH in the ewe (Reeves et al., 1972;
Jonas et al., 1973). Since estradiol also induces an increase in
both serum FSH and LH in the anestrous ewe (Reeves, Beck and Nett,
1974), this sfudy supports the suggestion by Jonas et al. (1973)
that estradiol acts via the hypothalamic decapeptide. |

The estrogen-induced LH surge can be blocked by prior administra-
tion of progesterone (Cumming et al., 1971; Scaramuzzi é; gl;, 1971)

or by endogenous progesterone (Bolt et al., 1971; Cumming-et al., 1971).
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Hilliard et al. (1971) reported that intrapituitary infusion of LH-RH
in rabbits could cause LH release from thepituitary and this release

could be blocked by pretreatment with progesterone. However this

blocking effect of progesterone was not observed by Cumming et al.

(1972), when the dose of progesterone .was in the higher range of normal

secretion for the luteal phase in the ewe, and tne dose of GnRH was
submaximal; It appeared that physiological amount ot progesterone
could be unable to prevent GnRH induced pitditaryiLH release. But
the suppression of ovulation by progesterone could be overcome.by
raising the dose of GnRH (Hilliard et al., 1971). Debeljuk et al.
(1972) found that 5 mg of progesterone was not able to suppress ‘the
effect of 1 ug purified GnRH on the rat pituitary gland, but it was
effeotive in suppressing the response to lower doses of GnRH. Thus, -
the dose of GnRH is a very important factor in evaluating the suppres;
sive activity of'progeéterone. |

The first report to demonstrate that synthetic GnRH induces LH
release in postpartum lactating cows was Britt, Kittock and Harrison
(1974). They treated'lactating Holstein cows with subcutaneous-implants
-contalnlng 100 ug of GnRH on day 14 postpartum Serum LH 1ncreased from

1.9%0.4 ng/ml at GnRH treatment to 15. O+1 9 ng/ml at 4 hr -and decllned

“to 4.7%0.6 ng/ml at 6 hr. All treated cows ovulated on day 15 without

estrous behavior, but progesterone response after GnRH seemed to be

similar to that observed during normal estrous cycle.- The interval to
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first ovulation in GnRH treated coﬁs was'éhorter than for saline
Ifreated control cows based on palpationfégg rectum, bﬁt Ehe interval .
to first estrus was siﬁilar for both groups. This pfoBably meaﬁs that
GnRH treétment can shorten the interval to firét ovulation,_but not
tﬁe interval to fi;st éstrus. Therefore, GnRH may be a useful agent

in stimulating ovarian cycles in the postpartum cows.

Radioimmunoassay of Protein Hormones

The principle of radioimmunéassay (RIA) is based on the immunological
properties of foreign proteins. It isAcharacterisfic of protein hor--
mones from a parficular'species tq étimulate antibody formation when
injected into a second species of aniﬁal. The antibddy specifically .
binds to its hormdne. RTA were first aeveloped for insulin (Berson
et gl.,.19565; This method depends upon high1§ specific :éactions
between a protein hofmbne ana its antibody. ‘ The radiplabeled‘hormoné
moleculeé'cdmpete with the nonlabeled horﬁone molecules for the binding
sites 6n the antibodies. Since only a small amount of antibody is’
present, its binding capacity for the hormone is 1imited aﬁd canstant.
Therefore, when increasing amounté of unlabeled hormone are added to
the assay;.tﬁe aptibp&y binding sités are progressively saturated’
agd‘théﬁantibody can bind less of'thelrédiolabéled hofmone. In general,
the mo;e'uﬁlabeled.ﬁqrmone preseﬁt'in the serum sample, the less
labe}ea hormone:willibe bound to thé éhtibody and vicé véésa. iThe
hormépé Qéund:to antibody is then sépar?ted froﬁ the ﬁnbound or free

" hormone by utilizing either electrophoresis, salt'precipitation,'gel
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filtraﬁioh, charcoal and silica, ion exchange resins, solid phase
antibody methods and double antibody precipitation. Aftef separating
the boﬁnd hormone from the unbound hérmone, the quéntity of labeled
hormone bound to tﬁé antibody can be measured. Quantitation of the
unknowns is. accomplished by comparing the radioactivity of the
unkﬁown samples With-standard hormoné preparations reacted under
identical.conditions (Wright and Iaylor, 1967). The potential advan;
tages of RIA over bioassay methods are their high seﬁsitivity,
specificity, simplicity and applicability to assa& 1arée numbers of
samples at one time, However, it should be clear that what is being
measured is immunological and not biological activity of the hormone,
because immunological and biological-speéificities may reside at
compleéely differen£ sites on the hormoneé molecuie. Iif the‘hormonev
.reﬁaiﬁs_intact, immunological.and biological measurement may give
‘identicaiiresults; if ﬁetabolic &eéradatién of the hormone occurs, a
given immunoassay may detect substances that are not biologicqlly
active (Berson and Yélow, 1964) . . |
Midgley (1955) usiné human chorionic gonadotfbphin (HCG) demon~-
strated a RIA'for'mgééuring human LH. Anti-HCG antiseruﬁ was obtained
by_repeated'subcutaneous injection of_rabbits with pértiélly purifiédv
HCG emuis;fied in complete Freund's adjuvént. HCG was iodinated with
131y by the method éf Greenwood, ﬂﬁnter and Glover (1963). - This method
'.utilized”chloramine-I.to oxidize iodide to.iodine; which then reacts

with tyrosine fésidues in HCG. Sodium metabisulfite was used to stop
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the reaction‘by:reducing the excess iodine to lodide. lAnti-raobit
gamma globnlinlfanti:RGG) was used as a’secondtantibody to bindlanti-'.
'HCG-bound complex. The precipitate was tnen separated from nnBound
hormonelnrcentrlfugatibn and counted in‘a gamma counter,

Radioimmunoassay of Steroid Hormones

The princinle;an& development of RIA was discussed in the abone
revlem section. Louis, Hafs and Seguln (1973) déscribed afsimple and
rapid RIA for proéesterone utilizing a'3H-§rogesterone label. 1In this
method, 100 ul of serum samples were'extracted Wirh bengene-hexane
'(l:Z'V:V5, then'stored'at -20C for ome hoﬁr to freeae rhe’aqueOUS
'portlon. The‘organlc solvent was poured off into sc1nt111at10n vials
and then assayed by RIA The organlc solvent was evaporated and 200 ul
-antiprogesterone were added., After 30 min of incubation at room .

temperature; 24;000 cpm 3H-progesteronewas added t0'eacn tube.,:The
tubes'were incubated'at 4C for 4-26 hr. Five hundree ul of dextran;

" coated charcoal were.used to separate free and antibody-oound,proges-
terone. Antibody bound 3H-progesterone in 0.5 ml of the supernatant.
were measured in a liquid scintillation soectromerer; ‘The sensitivlty-‘A
of thlS assay was less than 25 pg progesterone.'

Mldgley, lewender and Ram (1969) proposed a hapten-RIA to
quantltate low molecular weight estrogenlc steroids. In th1s method,
any small molecular weight steroids can. act as a hapten and become

immunogenic when conJugated to a proteln, When*ster01d hormone was: -
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conjugated to bovine serum albumin (BSA), antibodies against the

steroid hormone could be obtained by immunization with steroid-BSA

conjugates. The BSA portion of the conjugate was radioiodinéted~

and used in combination with antibodies specific for the hapten.

_ Abraham (1969) develéped the first hapten RIA for estrédiol—l7ﬁ.

The solid phase method (Catt, 1967) was used to. separate free and
bound steroid. The sensitivity of this assay was 30 pg/ml plasma
and recovery ranged from 30 to 60lpercent.

Midgley et al. (1971) demonstrated the preparation Qf'radio-

.iodinated steroids. Steroid derivatives were conjugated to the methyl

ester of tyrosine. The phenolic tyrosine ring was available for
iodination. - Iodine -125 was used as a label rather than 3H because
of the gredtérlspecific activity of 1251 and easier and less

expensive sample preparation.




MATERIALS AND METHODS

Hormdnes. The synthetic GnRH was donated by Abbott Laboratéries,>
Agriculture and Veterinary Products Division (North Chicago, Illinois).
This substance was diséolved in physiological saline containing 0.01M
acetic acid an& stored at 4C between treatment periods. Silastic
‘tubber implanés_(1.27 cm diameter'by 14 cmlleﬁgth) impregnated with
progesterone (Sigma Chemical Compény, St. Louis, Miésoufi) were made
_by‘mixing the'p;ogestérone, silastic .xrubber and hardeﬁing agent to-
gether and pumping this mixture into a élastic hose. On the day of
insertion, a 14 cm 1§ngth was removed from thé‘hose. Each progesterone
implént was weigﬁed ét insertion and at rgmovai to obtain the rate oi
release of progesterone from the implaﬁt.

Experimental animals. Hereford, Angus and Hereford x Holstein

crossbred mature cows were selected from the Montana State University
beef herd and paired as shown in table 3 for experimental purposes.

TABLE 3. COMPOSITION OF EXPERIMENTAL TRIALS

Trial No. T 1 o 2 - 3
Treated - . Cow 33 . Cow 125 ~ “Cow 623
Control - .. . Cow 929 " .Cow 018 Cow 609
Breed . Angus -Hereford x Holstein = Hereford

‘All pairs were selected for calving date, breed and weight. One
individual in each trial served as a treated cow and the other as a

control. All cows were nursing calves throughout the entire experiment.
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Treated cows were surgically implanted with a removable subcutan-
eous silastic progesterone implant at either 15-or 16 days postpartum.
Six days after the insértion of progesterone implant,'the three cows

were treated with synthetic GnRH by 37 consecutiﬁe infusions of 50 ug

at 2 hr intervals over a period of 72 hr through the indwelling

jugular catheters. Each infusion was considered as one treatment.

Twélhours after treatment 37, progesterone implant was removed."The

treated cows then‘received 500 ug éf GnRH 30 hr post-treatment 37

(treatment 38). Three control cows were similarly infused 1 ml of

acidified saline at the same time inferval and received no proéesterone

implant. '
Prior to infusion of GnRH or acidified saline all cows were

cannulated, Cannulation of the jugular vein was carried out by using

a 12-guage thin-walled, hypodermic needle to puncture the vein.

Silastic tuﬁing (0.D. 0.085 cm, I.D. 0.040 cm) was then inserted into
the juguiar vein via the 12-gauge hypodermic needle. Female adapters
were inserted info'thensilastic'tubing and taped to thg skin. All
cannulas were hepa:inized and capped fbr later infusion and blood
collection. The cannulated cows were confined at the Mbntana St;te

University Beef Center in small lots.

Collection of blood samples. Blood samples were collected via
jugular catheters. Pre-treatmenf blood samples were collected at -30

and -1 min before the first 50 ug/ml of GnRH treatmernt. Posf;treatment
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blood samples were collected at 30, 60, 90 and 120 min aftér treatments
1, 2, 3, 4, 5, 13, 25, 37 and 38. Blood samples were kept at 4C over-
night, and the serum Qas separated by centrifugation and stored frézen
until assayed for LH and progesterone.

Ovarian examination. Rectal palpation of the ovaries was conduct-

ed periodically to assess changes in ovarian size and follicular growth.

The ovarian diameter and its related size is listed in table 4, Cows

TABLE 4, OVARIAN DIAMETER AND RELATED SIZE.

Diameter (mm) 7 - 8-12 13-17 18-22 23-17 - 28-32 33
Size Very Small Medium. Medium Medium -Large Very
small small ‘ large large

in both treated and control groups underwent a surgical observation of
the ovaries conducted between 35 and 40 days postparﬁuﬁ to determine if’
"ovulation had occurred.

‘LH asgaz, All serum samples were assayed'by a doqblé antibody
radioimmunoassay (RIA) as described by Niswender et al. (1969) with
sliéhf modifications.' The theory behipd the RIA is the immunolqgicél'-
résponse of the éﬁimal‘to induce antibody (the primary anﬁibod&) féfma- .
tion against Fhe_injected antigen (LH). The 1abe1ed LH.molecules
compete with the unlabeled LH molecules (either standards or unknowns)
for binding siteé on the antibodies., When increasiﬁg aﬁounts ofA
unlabeled LH are added to the assay, the limited binding sites of the .

antibody are progressively saturated and the antibody can bind less




-28-
of the labeled LH. A second antibody is used to separate the bound
- LH from the free LH so that the radioactivity of bound LH can be
measured. |

"The anti-bovien LH serum (primary}éptibody, Rabbit antiseruﬁ, Lot
No. 225) was kindly donated by Dr. Gordon D. Niswender, Department of
Physiology and Biophysics, Coloradq Stéte Univeréity, Fort Collins,.
Colorado. Ten ml df double distilled water were added to the lypholiz-
ed anti-bovine LH serum. This solution was distributed into 10 serum
bottles to avoid répeated freezing-thawing. The 1 ml aliquots of ant;-
bovine LH serum were snap frozen in dry ice and pentane, sealed w:i.th'=
parafilm and stored at -10C. This antiserum against LH was diluted
1:400 in 0,05M EDTA-phosphate buffered NaCl (PBS, 0.01M) at pH 7.0
containing 1:10,000 merthiolate and frozen ét this concentration.
Prior to assay the.anti-bovine LH serum was diluted with non-immune
normallraﬁbit serum (NRS, Colorado Serum Co., Denver, Colo.) previously
diluted 1:400 in O;OEM EDTA-PBS (at pH 7.0 with 1:10,000 merthiolate)
to give the final working solution. .The anti-bovine LH serum was used-'
at a concéntration of 1:12,500. Small aliquots for running one assay
were frozen and stored as described above. The anti-bdvine Lﬁ serum
was thawed rapidly one day before assay and stored overnight at 4C.
The diluted antiserum was stored in an ice bath during addition to
tubes. All reagents for LH assay were kept at 0-4C by piacing'in

containers of ice.
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Sheep-anti-fabﬁit gamma globﬁlin (anti-RGG) was used as second
antibody and prepared by repeated subcutaneous injection of RGG
(fraction II, Péntex, Inc., Kankakee, Illinois) -emulsified in complete
Freqnd's ad juvant, Anti-RGG'was diluted with PBS'to a working concen-
tration of 1:5 and stored at -10C:

Purified bovine Lﬁ (NIH-LH-B7) was used fof.the preparation of
assay standards. Standards were prépared in PBS-l%_égg white (EW)
with concentrati;ns equal to 0, .1, .2, .4, .8; 1.6,'3.2,‘6.4, 12.8
and 25.6 ng/ml PBS-17% EW. Standard solutions in 2 ml aliquots corres-
ponding to each poiﬁt were preparéd, snap frozen and stored at =-10C.

Highly purified bovine LH (LER-1072-2) was obtained from Dr. L. . o
Reichert (Department. of Biochemistry, Emory University, Atlanta,
éeorgia) and radioiodinated at room temperature by a ﬁodifiéation of
the method of Greenwood et al. (1963). Twehty-five ul of 0.5M sodium
phosphate buffer (pH 7.5) was added t§ i mei 1251 (Na 1231 in.0.1 N
NaOH; New England Nuclear, Bostpﬁ, Mass.) iﬁ the V vial and transferred
to éhe iodination vial containing 2.5 ug of the purified LH in distilled
water (1 ug/ul). Thirty ug of Chloramine-T (2 ug.Ch-T/ul 0.0SM soaium |
phosphate buffer, pH 7.5) were added and the mixtupe was agitated for |
2 min by fingeritépﬁing the viali The'reaction was stopped by addiﬁg
60 ug of sodium metahisulfite (2 ug Ng28205/u1 0.05M NaPO4, pH 7'5)i
One hundred ﬁl'of.thnsfer solution containing 16% sucrose, 1 mg KI

and 10 ug bromophenol blue yere added and the mixture was layered
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beneath the buffer on, the surface of the BIO-Gel P- 60 column (50-100
mesh BlO Rad Labs, Richmond, Calif), prev1ous1y coated W1th 1.5 ml
of PBS-5% Ew to reduce non-specific blndlng of protein. Seventy ul
rinse solution containing 8% sucrose and 1 mg KI”wereused‘twice to
'rinse the vial and*transfer to the‘colunn to increase the recovery of
the LH-lZSI. Tnenty'l m]l aliquots ef-the cdlumn.eluate were_eollected
in tubes containing 1 ml of PBS-5% EW. Each tube was mixed carefully.
One tenth ml was taken from each eeliectién tube and counted for 0.1

.min on an automatlc gamma counter (Automatlc Ganima Count System,

Model 4233 Manufactured by Nuclear Ch1cago Co. ) to find the peak tube
suitable for use in the assay (figure 1). The contents of the peak

'ftube‘were diluted with.PBS-0.1% EW so that 100 ul gave 40-50,000 cpm

f(IX-working.soiutionjl The IX working sqution was distributed intd
small plastic botties_with the amount:fqr each assay and stored at eiOC.;

' In the assay,‘diSPOSable culture tubes (12 x 75 mm) Were used.
Standard curves uere'run in triplicate{ Samples from‘any given cow
were assayed within.a single assay in -duplicate to reduce_betneenéc
assay rariation. Prior to assay, the\tubes were placed.in.stainless

'steel test tube raeks and stored atAd-4C Two-hundred ul of standards
or unknowns were added to tubes contalnlng 450 ul of PBS~-1% EW.
.Control tubes containing 1:400 NRS instead of antibody'and 100 ul of

125,

IH-"“’1 yere used,to'determine nonesbecifie-binding in standards or

unknowns. Fifty ul ef diluted anti-bovine LH serum were added to each .
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tube, and the contents were mixed and incubated at 4C for 24 hr before

addition of 100 ul of LH-122

I. After another 24 hr period at 4C, 200
ul of anti-RGG were added to each tube to precipitate the antibody
complex, After 72 hr of incubatioﬁ at 4C, all tubes~recéived'3 ml of
cold PBS, excépt the total count ;ubeé, and were cgntrifuged at 2000
rpm for 30 min (Model PR-Z Centrifuge;'international Equipment Co.,
Bos?on, Mass.). The radioactivity.remaining in the precipitate after

decanting was measured in an automatic gamma counter for 1 minute.

The standard curve (figure 2) was blotted on a three-éycle'semi-log

(cpm standard point conc.)-

paper. Percent bound -
‘ (cpm zero point conc.)

was plotted in the

linear Y-axis and nanograms of LH were plotted in the logarithemic
X-axis. The sensitivity of the assay was 0.1 ng of 1LH or 0.5 ng/ml
when 200 ul of sérum wés assayed. The amounts of the unknowﬁs presenf
in the assay tubes were calculated from the standard curve. These.
values were corrécted by a factor of the dilﬁtion of serum (200 ul)

in the tubes containing the unknowns. The correction factor was 5.

Progesté;éné asééy. Serum progesterone was measﬁred‘b§ RiA. The
antisera to progestérdﬁe-ll&-boviﬁe serum albumin and progesterone 6p-
Bovine serum albumin were supplied by Dr. Gordon D. Niswender and used
‘v'at the final‘dilufion of 1:3,000. IAntisefum was diluted to 1:50.With ‘

1:400 stripped NES and stored at -10¢. Further dilution of énti— o
.pfogesterone.serum was made with stripped 1:400 NRS. Stripped 1:400

NRS was prepared by adding 1 ml of NRS to 399 ml of buffer A, a O,IM
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sodium phosphate buffer (pH 7.0) containing 5.38 gm NaHZPO 16.35 gm

42
Na,HPO,, 9 gm NaCl, 1 gm Na Azide and 1 gm Knox -gelatin in 1 liter
double distilled water to make a 1:400 NRS. Eight gm of ethanol
washed Florisil for every 100 ml of 1:400 NRS were added, and_thé
resulting mixture was placed on é mégnetic stirrer forzabout 2 hours.
Following the stirring; the supernatant was.placed in 50 ﬁl centrifuge .
tubes and céntrifugéé at 2000 rpm for 30 min, after which the éuperna--
tgnt was carefully aecanted into Bopt;es'and stored at 4C until used.
Progesterone -1, 2, 6, 7-31 (SA 105 Ci/ml) was_ob;ainéd frqm Néw
England Nuclear, Béston, Mass. Fifty ul of this substance werepurified
on a 3-inch Sephadei LH-20 (Pharmacia Find Chemicals, Inc., Piscataway,
N.J.) column to remove free tritium. The eluting solvent was benzene:
methanol (90:10 V:V). Approximately 0.5 ml were collected in each qf
80 tubes. Ten ul frpm'each tube weretfansferred to a scintillation
vial. Fifteen ml of counting flﬁid (Bray's solﬁtioﬁ) were added fél
e#ch vial. fhé vials were counted and the results plotted'with'cpﬁ
versus tube number. The content in the Peak tube andlthe first
dgscéndiﬁg tube we?e transferred to a 125 ml Nalgene bottle and dried
‘dowﬁ under a stream of nitrégen. Fifty ml of buffer A were added to
the bottle ééntaining the 3H—§rogestefone and 100 ul was counted. Thié
was the stock solution. From the stock solution, dilutioﬁs wete pre-
paréd for the aséay (12,000 cpm/206 ul) and the recqvéfy 2,400 cpm/}OO
ul) solutions. All 3H-progesterone solﬁtions were stored at 4C until

used.
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Progesterone obtained from Sigma Chemical Company, St. Louis, MO,
was used as standards without further purification. A stock solution
was prepared and concentrations of 2560? 1280, 640, 160, 80, 40, 20, 10
Pg per 100 ul were prepared by seriai dilution with double distilled‘
ethanol, and étorea é£ 4C until ﬁeeded,

- Buffer A, buffer'ﬁ and buffér A+ charcoal were used as working
buffers in'this_assay system. Buffer A was prepared as described
earlier. Buffer B was the same as buffer A, except it contained 5%
Knox gelétin. Buffer A+ charcoal (dextran-coated charcoal) was pre-
pared with 500 ml buffer A, 2.5 gm Dextran T-80 (No. 24751, Sigma
Chemical Co., St. Louis, MO) and 1.25 gmn charcoal "Novit a"'tMathésonf
Coleman and Bell, Lbs Angeles, CA) with fines removed. The fines were
removed by washing several times with'dqﬁble distilled.water and
aspirating after the charcoal settled for about 2 hours. The washed .
charcoéllWaé dried in an oven at 100C.

The scintillation fluid was Bray's solution and pfépared with 21
gm of 2,5-diphenyloxaza1e, 0.9 gm phenyldxézolylphenyl and 300 gm
'naptﬁalene,‘Which was dissolved in 3 liters of p-dioxane.

The first step in.performing the RIA was the pre-extraction. One-
half ml samples of either serum, lab standard or water blank (double .-
distilled water)'ﬁeré,added to 16 x 125 mm disposable culture tubes,
One-hundred ul of 3H-progesterone (app. 2,400 cpm) for recpver& were

added t6 each tube. :The tubes were mixed and placed at 4C overnight.
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In order to determine a value for total count (recovery), 100 ul of
3H-progesterone for recovery were added to each of 4 scintillation
vials which were capped until the end of assay when Bray's solution
was added. Extraction tubes containing either serum, lab standard or
water blank were removed from the refrigerator and 3 ml of benzene:
hexane (L:2 V:V) were added to each tube; The tubes were mixed for
30 sec at #5 speed on a vortex mixer, and placed in the freezer for
36—60 minutes, After this time, the tubes were removed from the
freezer and the solvent layer was poured into the corresponding tube
containing 1 ml of double distilled water. These tubes were then
mixed at #4 speed for a few seconds and placed in the freezer until
the water layer was frozen. The solvent layer was poured off into a
cofresponding scintiilation vial and all the steps above were repeated
for the second extraction.

After the solvent from the seéond extraction was in the scintilla-
tion vials, the vials were completely dried under a stream of nitrogen;
and 1 ml of double distilled ethanol (room temperature) was addéd to
each vial, The vials were quickly capped to prevent evaporation and
the inner walls were carefully rinsed with the 1 ml of ethanol.

Two 300 ul aliquots were taken from each scintillation vial by
means of an Eppendorf pipette (Brickman Instruments, Inc., Westbury,
N.Y.) and added to duplicate dispoéable tubes (12 x 75 mm). The contents
in the tubes were dried under a stream of nitrogen, and the scintilla-

tion vials were air dried for recovery. These recovery vials were used
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to determine the procedural losses. The amount of 3H-progesterone for
recovery.extracfed from the serum samples was determined as follows:.

- Recovery = cpm of recovery vials
(cpm of total count vials) x 0.4

This value was used to later correct the amount of progesterone
obtained'from the unknowns in each extraction.

Duplicété stgndar& curves were prepared By using a-Micrémedic
Automatic Pipetor-(Model 25004, Micromedic Systems,IInc., Horsham, PA)
to aliquot 100 ul of each standard éoncentration to corresponding
tqbgs; Each.iOO.ul aliquot was fluéhed from the pipétor Withhzod ul
of doﬁble distilled ethanol. Each standard‘curQe was arfanged before
énd afﬁer Sample assay tubes. The'uqknowh samples, lab 'standards,

- water blank, and sténdaré curves were évapbraégd under ﬁitrogén‘in a
45C sand bath. | |

Two-hundred ul of anti-progesterone anti-serum were added-té each
tube and incubated at room temperature for 30 minutes. 'Aftgr incuba-
tion, 200 ul of'3H-brogesterone for aésay Wefe added to each.tﬁbe;

The fﬁbes were gently mixed, and incubated at 4C for 14 to 16 hours.
-Folloﬁing,the incub#tién period 100 ul of cold buffer B, 1 mi of cold
buffer A+.charcoa1 Qere added to éllltubes to remove the unbound
3H-proéeste;‘oné. The.samples were then quickly mixed by shéking the‘
racks; and inCﬁbatéd.ét 4C for 10 min, then céntrifﬁged at 2500 rpm for
1b min in é fefrigergted centrifuge. Thrée-hundred ul 6f the super-

natant were transferred into counting vials, Fifteen ml of Bray's
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solution were added to all counting-ﬁials which included thé four total
count vials for recovery, the recovery vials, the standard curve vials,
the serum sample viéls and the four empty vials (background). .éounts
per minute were determined during a 5-min counting interval in a
Beckman liquid scintillation LS-100 system (Beckman Instruments, Inc.,
Salt Lake City, Utah). Total count samples were included to-determihé
the amount of 3H-—progesterone added to each tube., These samples con-
tained ethanol, anti-progesterone, tritiated progesterone for assay,
and buffer A which was used instead of the buffer A+ charqoal'
suspension.

The raw data (cpm) from the couﬁter printout tape was first
corrected for background by subtracting the average background cpm
from each valug. The average percent bound for each standard point}
was calcuiated and‘plotted against the cérresponding picogram level.
By compaflng the average standard curve to the percent bound values
obtained from each assay tube, a.value was obtalned which was expressed'
in picograms per 0[3 ml of unknown serum. This value was then correct-
ed by dividing it into the perceht recovery.for that sample to adjust
for procedural losses. This-particular vélue, corrgcted for recovery,
was then corrected again by multiplying a factor of 6.66, becauseionly
0.5 ml of serum wés éxtracted, and only 0.3 ml of supernatant from
each tube was:counté&. The final correction was'done.to express the

answer as picogram per ml of serum,
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Analysis of data. Least squares analysis of variance (Harvey,

1968) were conducted at the MSU Computing Center to analyze all data.
Comparison of the mean éeak serum LH conqentratidns were m;de:by |
Studept's t-test. Correlation coefficient was found by u%ing Corrxy
program in Ministat ‘modified by Df.,R..E. Lund, Department of

Mathematics, Montana State University.
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RESULTS

Serum LH Levels

Least squares LH ﬁeans for treated and control cows are illustrat-
ed in figure 3 and table 5. Administration of synthetic GnRH tesulted
in an increase in serum LH concentration. Serum LH concentrations
peaked between 30 and 60 min follqwiﬁg treatments 1, 2, 3, 4, 13, 37
and 38 aﬁd dropped déwn-at 90 and 120 min post-t;eatﬁeﬁt. However,
following treatments 5 and 25, serum LH concentrations peéked ét 20
min and dropped d6wn at 120 minutes. The mean peak LH concentration
" of treated animals (7;23i0,36 ng/ml) was higher (P<0.05) than the mean
serum LH level of the control animals (3.18%0.10 ng/ml, fable 5). The
time for maximum LH response was found to be 150 minutes. The LH
responses were greater (P<0.01) foilowing treatmenés 2 and 3
(18.8811.43 and 12.70+1.43 ng/ml, respectively) éompared with the
mean serum LH level of the control animals (3.18+0.10 ng/ml). Twenty-
eight hr post-progeéterone implant femoval, 500 ug of GnRH -infusion
(treatment 38) resulped in another increase in serum LH (7.72+0.60
ng/ml). The mean peak LH concentration after treétment 38 waS'hiéher
(P<0.05) than the mean serum LH level of the control animals (3.18+0.10
ng/ml). The three control cows exhibited no signifiéaht changes in.
serum LH from the acidified saline infusions.

Serum LH levels in the three treated cows increased (P<0.10) cubi-
cally in response to GnRH infusions (table 6). A highly significant
(P<0.001) difference of serum LH 1e§e1 between trials of treéted cows

was observed.
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TABLE 5. LEAST SQUARES LH AND PROGESTERONE MEANS FOR PROGESTERONE -
IMPLANTED GnRH-INFUSED AND ACIDIFIED SALINE-INFUSED 15-
16 DAYS POSTPARTUM COWS

Treatment
Serum hormone GnRH® Saline
LaP 7.2340.36" 3.1840.10
Progesterone” 0.8519.052* 0.25+0.017

a Pure synthetic GnRH (Lot# 26-307-AL, donated by Abbott Laborato-

ries).
b NIH-LH-B7.
c Chromatographic grade, Sigma Chemical Company.
% Different from control saline-infused (P<0.05.

TABLE 6. LEAST SQUARES ANALYSIS OF VARIANCE OF SERUM LH LEVELS FOR
PROGESTERONE ~IMPLANTED GnRH-INFUSED 15-16 DAYS POSTPARTUM

COWS
Degrees of
Source of variation freedom Mean squares F
Total 96
Total reduction 34 113.13 9.061
MU-Y 1 1718.06 137.383*
Tril 2 330.38 26.419
Time 31 47 .54 3.802%
Line 1 252 .68 20.205*.
Quad 1 230,47 18.430**
Cubi 1 41.31 3.304
Quar 1 3.33 267
Quin 1 12.05 964
Residual ' 26 35.92 2.873
Remainder 62 12.51
* P<0.001.

*% P<0,10,
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LH levels for individual trials are illustrated in figures 4, 5
and 6. The maximum LH response to GnRH in cows 33 and 623 was 22,2
and 30.24 ng/ml, resbectively, following treatment 2. The time for
this maximum LH response was found to be 180 and 150 min for cows 33
and 623, respectively. However, one of thé treated cows (cow 125) did
not respond to GnRﬁ infusions during tﬁe pgriod of 37 treatments
(figure 5). The mean serum LH level of cow 125 (3.70;0.63 ng/ml) wés
not significantly different (P>0.05) from the mean serum LH level of
the control cows (3.18+0.10 ng/ml). TFollowing treatment 38 (500 ug of-
GnRH), a slight LH increase was observed in all three treated cows.
The progesterone implant was removed 28 hr before treatment 38.
Periodic fluctuatioﬁs in serum LH levels of the control cows were also
observed dufing this experiment (figures 4, 5 and 6). Bloo& samples
from one of'the‘control cows (cow 609) could not be collected after
treatment 37 due.to loss of catheger.

Effect of Progesterone Treatment

The least squares LH and progesterone means for tréated and control
cows are.illustrated in figures 7 and 8, respectively, and in taﬂle 5.
Serum progesterone levels in treated cows with progesterone implant
(0.85307052 ng/ml) was higher (P<0.05) than that of control cows (0.25%
0.017 ng/ml) which received acidified éaline infusion and no progesteé;
one implant. Progesferone release from the implant remaiﬁed at a stable

level (table 7). Within treatment correlations between serum LH and

progesterone levels in treated cows were calculated. LH and progesterone
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were not correlated significantly-(P>5705) during the 37‘treatment$
(r=0.064). LH and progesterone were not correlated éignificantly
(P»0.05) during treatments 1 to 5 (r=0.18). Following'£reatment 2,
the mean peak serum LH concentration (18.88+1.43 ng/mi)-was higher
(P<0.01) than the mean peak serum LH concentration after t%eatment 38
(7.72+0.60 ng/ml). Three control cows exhibited no significant change
in serum LH or pregesgerone concentrations duringlthe entire infusion
period (figure 8);
TABLE 7. LEAST SQUARES ANALYSIS OF VARIANCE OF SERUM PROGESTERONE

LEVELS FOR PROGESTERONE-IMPLANTED GnRH-INFUSED 15-16 DAYS
POSTPARTUM COWS

Degrees of . :
Source of variation freedom Mean squares F

Total 96 .

Total reduction 34 1.05 . 3.980
MU-Y 1 .11.81 44,780
Tril 2 ' 7.14 ' 27.091%*
Time 31 .30 1.173

Remainder 62 .26

* P<0.01.

' Progesterone.énd LH levels for individual cows are illustrated ini
figufes 9 to 14. The mean serum prqgestéroné level in cow 623 (1.40?
0.091 ng/ml, figure 13) was significéntly higher (P<0.05) than the
mean serum progesterone level for all treated cows‘(O.SSi0.0SZ ng/ml).
The release rate of progesterone from the implant is 1iéted in |
table 8. The release rate of progesterone from the implant on cow

623 was greater than that on cows 33 and 125.
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TABLE 8. RELEASE RATE OF PROGESTERONE FROM THE IMPLANT

Cow No. . . Release rate (ug/hr) -
33 - 539
125 . ' ' 509

609 _ 1145

Ovulation Response

On'the Basis of rectal palpation, the ovarian éhaﬁgeé for treated
and control cows in each trial during this experimental period are
summarized in appendix tables 9 to ll. Ovarian follicular @eVelppmeﬁt'
in the three treated cows was observed. No 6vu1ation was detected in
any of the treated or control‘animéls. Cow 33 seeméd to have ovulated
after treatment 38, but no corpué luteum was found when abdominal

surgery was conducted between 35 and 40-days postpartum.
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Figure 3. Least squares LH means for 104 hr for progesterone-implanted GnRH-infused
(treated)and acidified saline-infused (control) 15-16 days postpartum cows.
Fifty ug GnRH in 1 ml of acidified saline or 1 ml of acidified saline per

treatment at 2-hr intervals over a period of 72 hr, (Hour O=Treatment 1).
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Figure 4. LH levels for 104.5 hr for progesterone-implanted GnRH-infused (treated) and
acidified saline-infused (control) 15 days postpartum cows 33 and 929. Fifty ug
GnRH in 1 ml of acidified saline or 1 ml of acidified saline per treatment at
2-hr intervals over a period of 72 hr. (Hour 0 = Treatment 1)
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Figure 8, Least squares LH and progesterone means for 104 hr for acidified saline-infused
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Figure 9. LH and progesterone levels for 104.5 hr for progesterone-implanted GnRH-infused

15 days postpartum cow 33. Fifty ug GnRH in 1 ml of acidified saline per treat-

ment at 2-hr intervals over a period of 72 hr. (Hour O=Treatment 1).
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Figure 10, 1IH and progesterone levels for 104.5 hr for acidified saline-infused 15 days
postpartum cow 929, One ml of acidified saline per treatment at 2-hr intervals
over a period of 72 hr and 10 ml at treatment 38 (Hour O = Treatment 1).
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Figure 11. LH and progesterone levels for 104.5 hr for progesterone-implanted GnRH-
infused 16 days postpartum cow 125. Fifty ug GnRH in 1 ml of acidified saline
per treatment at 2-hr intervals over a period of 72 hr. (Hour 0 = Treatment 1).
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Figure 12. LH and progesterone levels for 104.5 hr for acidified saline-infused 16 days
postpartum cow 018, One ml of acidified saline per treatment at 2-hr intervals
over a period of 72 hr and 10 ml at treatment 38 (Hour 0 = Treatment 1).
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Figure 13. LH and progesterone levels for 104.5 hr for progesterone-implanted GnRH-

infused 16 days postpartum cow 623. Fifty ug GnRH in 1 ml of acidified saline
per treatment at 2-hr intervals over a period of 72 hr. (Hour O=Treatment 1).
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Figure 14, LH and progesterone levels for 104.5 hr for acidified saline-infused 16 days
postpartum cow 609. One ml of acidified saline per treatment at 2-hr intervals
over a period of 72 hr and 10 ml at treatment 38 (Hour 0 = Treatment 1).
* Loss of catheter,




DISCUSSION

Sexrum LH Levels

The present investigations demonstrate the ability of the pituitary
gland in the postpartum cow to reépond to repeated stimulation with
, exogenous synthetic GnRH by releasing LH into the circulation. A
rapid increase froﬁ about 3 to 19 ng-LH/ml was observed in response to
the first énd fhe seéond GnRH infﬁsions. 'Thereafter, the LH response
to subseqﬁent tféatment with GnRH was decreased and then remained con-.
sistently low.. A significant rise in serum LH mean values was found
when 5QO ug of GnRﬁ was administered 28 hr post-progesterone implant
removal. Chronic GnRH infﬁsion was not able to sustain an elevated
level of serum LH over a treatment period of 72 hr. These results
suggest that the significantly lower release of LH from treatments 3
to 38 may be due td a decrease in stéred pituitary LH. Once this store .
of LH was depleted,-th;_amount of iﬁ released was relate& to the synthe-:
sis of this hormone'in a two-hour period between successive infusions.
This tﬁo—hour period may be too short for Fhe pituitary to synthesize
greater amounts of LH‘in responsé to GnRH infusion. It is possible
that 28 hr after progésterone implant removal the pituitary may have
synthesized more LH and responded more positiﬁely to GnRH infusion.

The present stﬁdy indicates that repeated infusions with GnRH were
able to maintain an elevated level of serum LH over a period of 10 hr
from treatments 1 through 5. Infusion éf 1.5 ug/hr of GnRH for 3 hr
into the carotid artery of the anestrous ewe was unable to maintain an

elevated level of serum LH concentration beyond a period of 5 hr
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(Cumming et al., 1972). Piper ég_gl.’(i973) reported that ovariecto-
~mized ewes infused with GnRH at the.rate of 10 ug/hr for a period of
20 h; reached a peak of serum LH at 1.5 hr and decreased to pre-
infusion level by 12 hr after the starf of infusion. Continuous
infusion wiﬂlsyntheficGnRH at the rate of 2.3 ug/hr into the cannu-
.lated jugﬁlar vein of'the anestrous ewes for a period of 24 hr induéed‘
a peak serum LH level at 3 hr and décreésedix)pre-treatment LH concen-
tration by 16 hr (Chakraborty et al., 1974). The findings of the
_éresent investigations support these observations. Because of a lack
of sustained serum LH response to infusion with GnRH, Cumming et al.
(1972) suggested an eihaustion of pituitary LH content as the reason
for the failure to maintain serum LH concentratioﬁ preceding the
cessation of GnRH infusion. Piper et al. (1973) have also suggested a
direct relationship between pituitary LH concentration and the.degree
of serum LH response to infusion with GnRH. Chakraborty et al. (1974)
found a fourfold reduction in both pituitary LH content (116.8+23.7 vs
366.3+88.5 ug/pit.) and concentration (.39%.1 vs 1.5%.3 ug/mg) in |
apimals.infused.with the synthetic GnRH compared to acidified saline
infused animals. In the present study, a lack of sustained serum LH
' response to chronic infusion with synthetic'GnRH was observed. This
finding strongly suggests that chronic infusion with GnRH may inducé
a change in pituitafy responsiveness. The nature of this change in -

pituitary responsiveness needs elucidating.
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A pre-ovuiatory peak serum LH'concentrations ranging from 7-50
ng/ml (Snook, Saafman and Hansel, 1971) and 19-35 ng/ml (Swanson and
Hafs, 1971) in heifers and 18-86 ng/ml (Christensen, Wiltbank and
Hopwood, 1971) in beef cows have been reported. In the present study,
synthetic GnRH elicited a serum LH response which is comparable .to
the previously reported pre-ovulatory surges of serum LH in heifefs or
in beef cows. The maximum LH response to GnRH for cows 33 and:623 was
22.2 and 30.24 ng/ml, réééectively. The time for this maximum'response
.was found to be 180 and. 150 min for cows 33 and 623, rgspectively. It
appéars that peak LH response occurred earlier and was higher than
. that reported by Britt gg‘gl. (1974) for postpartum lactating cows wﬁich
were implanted with a capsule containing 100 ug of GnRH in the ear,

. suggesting that the intravenous infusion was more.effective in causing
release of LH froﬁ the pituitary.

.The control cows exhibited fluctﬁétions in basal LH levels (3.18f
' .0.10 ng/ml) which appear to be as high as previously reported basal LH
levels (2-4 ng/ml) during the luteal phase in heifers (Snook, Sastman
and Hansel, 1971) or higher than reported serum LH levels éunmeasurable)
during the éostpartum-interval (Ingalls, Hafs and Oxender, 1971) or
those (l.4 ng/ml) for heifers (Swgnson and Hafs, 1971). An unchanged
serum LH during 6 hr after treatment of 10 cows with acidified saline

has been reported- (Britt, Kittok and Harrison, 1974) which is comparable

to the present findings,
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A highly significant difference (P<0.001) of serum LH level be-
tween trials of treated cows was observed. This difference was probably
due to the animal (cow 125) Which did not respond to GnRH infusion
during treatments 1 to 37, but responded to 500 ug of GnRH infusion
(treatment 38) with a slight increase in serum LH. Zolmaﬁ et al. (1973)
found a quadratic increase in release of LH in heifers when different
doses (5, 20 and 80 ug) of synthetic GnRH were administerd and a platéau
in the LH response at 80 ug GnRH. It.is possible that the threshold
level of pituitary respﬁnsiveness to GnRH is higher in cow 125 than
in cows 33 and 623. In cow 125, a submaximal dose (50 ug) of GnRH
per-infusion may be under threshold level during this treatment period
of 72 hours. Therefore, no LH response to treatmeﬁt with GnRH was
observed. However, a dose of 500 ug GnRH may be above the threshold
level and the pituitary responded with an increased release of LH. An-
other possible explanation may be that the biological activity of GnRH
was decreasedlwhen the dissolved GnRH was accidently frozen before the
treatment period for cow 125. If the freezing reduced the biological
activity of the GnRH, the activity remaining in the original 50 ug dose
may have been below the threshold level for cow 125. Howeﬁer, the
activity left in the 500 ug dose was sufficient to initiate some LH
release in response to treatment 38.

Effect of Progesterone Implant

Results of the progesterone implant on the serum LH concentration

in response to the synthetic GnRH are difficult to interpret. Arimura
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and Schally (1970) found that a dose of 25 mg progesferone suppressed
the LH release induced by exogenous LH-RH. In the experiments of
Hilliard et al. (1971), intrapituitary infusion of 2 mg progesterone
blocked serum LH response to GnRﬁ in the rabbit. This blocking effect
of progesterone was not observed in the present study inlpos£partum
cows undef the experimental conditions used. Serum progesterone'levels
in treated cﬁWs with progesterone implant (0.85+0.052 ng/ml) were higher
(P<0.05) than that of control cows (0.25%0.017 ng/ml) which received
acidified saline infusions and no progesterone implant. It appears
that progesterone was released from the implant. It therefore appears
that the present release . rate of the progésterone implant was not
effective in preventing GnRH-induced‘pituitary LH release. These
results aré in conflict with those of Arimura and Schally (1970) and
Hilliard et al. (1971). The difference may be a question of dosage,

In the rat, 25 mg.of'pfbgesterone suppressed the action of GnRH, but
this result indicated little about ﬁhe physiological role of progester-
one. Hilliard et al. (1971) injected progesterone directly into the - -
pituitary in the rabbit and it is difficult to relate the progesterone
concentration in the cells of the pituitary with its concentration in
the normal luteal phase in cycling rabbit. Because of a lack of block-
ing the LH release evoked ﬁy GnRH, Cumming et al. (1972) suggésted a
phaymacological'rather than a physiological action of progesterone with
data régarding pre~treatment with intravenous progesterone (500 ug/hr

for 24 hr) followed by GnRH infusion (1.5 ug/hr for 3 hr) in the




-62-

anestrous ewe. Debeljuk et al. (1972) reported the result that pre-
treatment of intact diestrous rats or amestrous ewes with progesterone
alone failed to show any inhibitory effect on LH release induced by
GnRH. It has been suggested that short~term exposure to progesterone
may not decrease the LH response to GnRﬁ, while long~term exposure to
progesterone may be inhibitory as indicated by decreasing LH response
to GnRH (1.5 ug/hr for 5 hr) with advanciﬁg stages of pfegnancy in the
ewe (Chamley et al., 1974). The data in the experiménts of Arimura and
Schally (1970) and Hilliard et gl.'(1971) suggést that the suppressive
effect of progesterone 6n the GnRH induced LH release resﬁonse depends
én a quantitative relationship between the dose éf progesterone and
the dose of GnRH administered, and the dose of GnRH is a very important
factor in evaluéting the suppressiveiactivity of progesterone (Debeljuk
'gg al., 1972). 1In the present study, samples of serum taken from éhe
cows given progesterone implant indicated a lower level of circulating'
progesterone (<1 ng/ml) than in normal luteal phase beef cows (1.2-8.2
ng/ml, Henricks et al., 1972). It seems that long-term exposure to a
low concentration of serum progesterone was not able to suépreés the
effect of chronic infusion of 50 ﬁg GnRH on the cow pituitarj gland at
2 hr intervals over a period of 72 hours. Progesterone may be capable
lof blocking the LH”rélease induced by GnRH, but the present study
suggests that the suppressive action is probably effective when a lower

dose than 50 ug of GnRH is administered, or a higher serum progesterone
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level resulting from progesterone implant could be maintained. There
was a progressive decrease in the LH response of the maternal pituitary
to GnRH as pregnancy continued, and this responsiveness has not fully
recovered by six weeks after delivery in the ewe (Chamley et al., 1974).
However, this observation was not obtained in postpartum beef cow in
the present study. A highly significant LH release response to the
synthetic'GnRH was observed at about three weeks postpartﬁm in the

beef cow. This result may mean that pituitary refractoriness due to
continuing progesterone secretion takes more time to develop in the

ewe than in the beef cow. Redding et al. (1972) found a $ignificant
incorporation of radioactivity into the LH found in the iﬁcubation
medium when rat anterior pituitary tissue was incubated with tritiated
glucosamine in the presence of synthetic GnRH. They suggested a

de novo synthesis of LH in tissue stimulated with GnRH. They also
found a significant influence of GnRH on the release of LH in rat
anterior pituitary cultures. Therefore, if progesterone has no block-
ing effect on the release of LH induced by GnRH as found in the present
sﬁudy, another alternative proposal would suggest that progesterone

may have a blocking effect on the synthesis of’LH in the anterior
pituitary gland. During the treatment period of 72 hr with GnRH, the
treated animals received progesterone implant and brogesterone was
released from the implant. If the biosynthetic mechanisms of the cell’
in the pituitary evoked by GnRH were blocked by progesterone, the amount

of LH released following successive infusions would be related to the
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amount of LH stored in the pituitary. Once repeated infusions with
GnRH contained over a period of 10 hr from treatments 1 through 5,
stored pituitary LH could be almost completely released. After Treat-.
ment 5, there would be no more stored LH which could respond to GnRH
infusion. However, a basal tonic secretion of LH:might still be main-
tained. When the progesterone implant was removed, pituitary LH bio-
synthetic mechanisms under the inflﬁence of GnRH may be enhanced;
Therefore, 500 ug of'GnRH could stimulate~both.synthesis.and release of
LH. However, the blocking effect of progesterone is not clear at the
present time.

Serum progesterone levels in saline control cows (O.25i0¥017 ng/ml)
were lower than in GnRH treated cows (0.85%0.052 ng/ml). The difference
may be due to the absence of a progesterone implant in the control cows.
The level of progesterone found in the controls is comparable to that
found in postpartum cows (from nondetectable to 5.6 ng/ml) by Henricks
et al. (1972). No progressive rise in progesterone waéjobserved,
indicéting that no silent estrus occurred.

Ovulation Response

Ovarian activity as determinéd by rectal palpation was increaéed
in two of the three treated animals, however, none of these animals
ovulated in response to the 500 ug GnRH treatment (treatment 38). It;
has been noted that the development of fdllicles to approximately mature

size occurs at 21 days postpartum in the dairy cow (Labhsetwar et al.,
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1964). The renewed ﬁpllicular development after parturition is thought
to be due to release of FSH, and the induction of ovulation by aﬁ acute
release of LH (Casida, 1968). One possibility that may'account for the
lack of ovulation in response to the'GnRﬁ treatment is that the follicle
did not develop to mature size. This slow follicular development may
be due to low amounts:of FSH released from the pituitary or 1ess-respoh-
siveness of the ovary to FSH during this period of the experiment.
Another possibility is that the follicle developed to mature size after
the LH release prior to treatment 5. Therefore, the lack of an ovula-
tion was due.to insufficient LH at the time the follicle was mature.
It is evident that synthetic GoRH can induce a release of LH comparable
to the pre-ovulatory surge of LH in the heifers (Snook et al., 1971).
These alternatives make a clear conclusion difficult. It may be con-
cluded that treatment with GnRH in a slow feleasing medium (Golter
et al., 1973) may not be any mote efﬁective than acute treatment to
induce gonadotrophin release which can change ovarién morphology and
induce ovulation. The failure to maintain a highef than basal level
of Serﬁm LH by chronic infusion of GnRH may not be cgmpatible with the
normal physiological secretory pattern of the endogenous releasing
hormone. However, this does not exclude the.possibility the prolonged
treatment with synthetic GnRH may stimulate ovarian follicular develop-

ment and induce ovulation.
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Synthetic GnRH has been shown to induce'pituitafy release of LH

" and FSH in domestic¢ animals (Reeves et al., 1972; Chakraborty et al.,

1973; Golter et al., 1973). Zolman, Convey and Britt (1974) rep&rted
thaf the LH response to GnRH was related to serum estrogen concentra-
tion. The high levels of prolactin in early lactation were thought to
be related to postpartum anestrus (Han, 1973). Considerable evidence
exists for a reciprocal relationship of .hypothalamic control of
gonadotrophin and prolactin secretion. Further work is needed to

investigate FSH, prolactin and estrogen levels in the present serum '

samples.




SUMMARY

Angus,'Hereford'and Hereford x Holstein crossbred 15-16 days_pést-
. partum cows were used to test the effect of a progesteroneiimplant and
repeated infusion of synthetic gonadotrophin-releasing hormoner(GnRH)'
on'ovarian follicular'changes and serum LH andlprogesterone‘concentra%
tions. Three cows were treated with 56 ug GnRH.in 1 ml.ot,acidified7::
saline at éfhr intervals over a period of 72 hr'for_Bl treatments ria;~
indwelling jugular catheters. ‘These three-cows were implanted With.a
removable subcutaneous silastic progesterone implant six days before'
the 1n1t1ation of GnRH 1nfu31on until 2 hr after treatment 37. Thirty
hr post—treatment 37, the three treated cows received 500 ug‘of GnRH
(treatment 38). Three‘control cows were infused 1 ml'of acidified.~
saline at the same time internal and received no progesterone implant.’
Blood samples were collected via Jugular catheters; at 30 60, 90 and
120 min follow1ng treatments 1, 2,-3, 4,5, 13, 25 37 and 38. These
:samples were centrifuged and the serum was frozen until assayed hé.'
blood samples from one cow could not be collected after,treatment 37'due;
to loss of catheter. ﬁadioimmunoassays'were used to:quantitate both {‘:
.serum,LH and progesterone concentrations. Ovarian characteristics were -
also studied. Data were analyzed by the method of least squares}

Serum ledoncentrations peaked between‘30-and.60 min tolloWing'-
'treatments‘l; 2,3, 4,\13,V§7 and 38 and dropped down:at'léo minutes}. '
Folloming,treatments.S and 25, serum LH concentrations peaked,at~9biminxtii

and.dropped down at lZQ minutes. - The mean peak.LH concentration df»_
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treated cowé was 7, 23+.36 ng/ml coﬁpared with the mean basal level 6f’
3;1810.10 ng/ml for control cows. The time for maximum LH ‘response was
found to be 150 min from the start of the experiment. The LH responses
were significantly greater (P<0.01) following treatments 2 and 3 (18.88
and 12.70 ng/ml) compared with the mean serum LH concentration (3.18
ng/ml) of the control cows. Following treatment 38 (500 ug of GnRH), a
slight LH‘incTease was oBserved in all three treated cows. One of the
treated cows did not respond to GnRH infusion during tréatments 1 to 37,.
but respondéd to 500 ug-of GnRH infusion (treatment 38). LH release
appéared (P<0.10) to be.cubically in response to GnRH infusions.

Least. squares érogesterone mean. (P<0.05) in treated cows with pro-
gesterone implant Qas'O.SSt0.0SZ ng/ml compared with the mean of 0.25%
0.017 ng/ml for control cows which received'acidified saline infusions
and no progesterone implant, LH and progesterone were not correlated
significantly (PfO)OS) during the 37 treatments (r=0.064). LH and pro-
gesterone were not correlated signifipanﬁly (P>0.05) during treatments
1 to 5 (r=0.18). Following treatment 2, the mean peak serum LH concen-
tration (18.88+1.43 ng/ml) was higher (P<0.01) than-the meén peak serum
LH concentration after treatment 38 (7.72+0.60 ng/ml); Tﬁe mean Qerum
progesterone level in one of the treated cows was 1.43%0.091 ng/ml com-
. pared with tﬁe mean serum progesterone level of 0.85%0.052 ng/ml for all
treated cows. Ovarian activity as determined by rectal palpation was

increased in two of the three treated cows. None of the three treated




-69-

cows ovulated in response to the 500 ug GnRH treatment (treatment 38);

Chronic GnRH infusion was not able to sustain an elevated. serum
LH concentration over a treatment period oﬁ 72 hr in this study. It
has been suggested that exhaustion of pituita;y LH content would
explain these results. Long-term exposure to a low.Eoncentration of
serum progesterone was not able to suppress the effect of repeatéd
infusion of 50 ug GnRH on pituitary releése of TH for the first 10 hr
of the experiment. Ovulation failure in treated cows may have been
due to an asynchronous condition between métdre follicles and LH levels.
Treated cows may have failed to ovulate early in the experiment
(treatments (1-4) because the follicles were immature when LH levels
were high where the reverse of this condition may have been the case

after treatment 38,

£
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APPENDIX TABLE é. OVARIAN CHANGES DURING EXPERIMENTAL PERIOD IN TRIAL 1.
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Date and time

of examination

Cow 33 (treated) -

Cow 929 (control)

with app. 15
mm follicle,
no mucus

1974 Right ovary Left bvary Right'ovary Left ovary
- . -
March 28, Medium (Med) Med large, Medium, in- Small, in-
4 :30pm large, in- inactive active active
active
April 2, Medium, Medium, Med small, Small, in-
12:00pm active active slightly ac- . active-
tive
April 2, Initiating treatment 1
2:00pm
April 4, Medium, Med large, Medium, in- Medium, in-
2:00pm active active active active
April 5, Medium, Med large, Med small, Med small,
2:00pm - active very active, inactive slightly
: with app. 10 active
mm follicle
April 6, Initiating treatment 37
12:00pm
See : : -
April 6,c .Med small, Medium, very Med small, ‘Med small,
2:00pm -active active, with . active slightly
app. 15 mm ' active
follicle,
good mucus
flow (clear
estrus type)
April 7, Initiating treatment 38
6:00pm
‘April 7, Med large, Med large, Med small, Med small,
8:00pm active very active, active inactive
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APPENDIX TABLE 9. (CONTINUED)

Date and time
of examination

Cow 33 (treatéd)."

Cow 929 (control)

1974 Right ovary Left ovary Right ovary Left ovéry
April 8, Med large, Largé, Vefy' Medium, Medium,
10:00am active active, with active active
app. 15-20 mm~ :
follicle
April 8; Med large, Medium, very Medium, Medium, in-
6:00pm active active, seemed active active
o to have ovu- '
lated ‘
April 9, Med large, Med small, Med small, Med small,
10:00am active very active, active- slightly
' small fol- ' active
licles, :
seemed to
have ovulated
April 10, Med large, Large, . Med émall, Med small, in-
10:00am active active active active .
April 11, Med large, Medium, Med small, Medium, in-
2:00pm active active slightly .active
: active ’
April 17, Med large,. Med large, Medium, Med small,
11:00am active active, C,L., slightly active
‘ : also inden- active
tations, lots
of mucus (es-
trus type)
April 22, - Med large, Med 1argé, Medium, Med large,
12:00pm very active, very active, very active, very active,

several small
follicles

several small
follicles, no
C.L.

small fol-

with 10-15 mm

licles, old - follicle
C.L. of preg-
nancy (white)

* Progesterone implant was inserted.
* %% Progesterone implant was removed after 2:00pm.
*%% Abdominal surgery was performed to view ovaries.
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APPENDIX TABLE 10, OVARTAN CHANGES DURING EXPERIMENTAL ﬁERIOD IN TRIAL 2

Date and time Cow 125 (treated)'

Cow 018 (control)

of examination

1974 Right ovary Left ovary Right 6vary left ovary
" . .
April 17, Medium (Med) Small, in- Small, in~ Med small,
12:00pm small, in- active active inactive
active
April 22, Med small, Small,-in- Small, in- Med small,
12:00pm inactive active active inactive
April 23, Med small, Med small, Small, - Small, slightly
9:00am inactive inactive slightly active
active o
_April 23, Initiating treatment 1
10:00am '
April 24, Med small, Medium, Smali, Small, slightly
12:00pm slightly active slightly active
: active active
April 25, Med small, Med small, Small, in- ‘Med small,-
12:00pm slightly active active slightly
active active
April 26, Initiating treatment 37
10:00am
kK
April 26, Small, Med small, Medium, Small, slightly
12:00pm slightly active active active .
active )
April 27, Med small, Medium Small, - 8Small, slightly
12:00pm active active slightly active
’ active
April 27, Initiéting treatment 38
4:00pm : A
April 28, _Med_émall, Med 1érge,_ Small, in- Med small,
7 :00pm slightly active "~ active " slightly
active active
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Date and time

Cow 018 (control)

of examination

Cow 125 (treated)

1974 Right ovary Left ovary Right ovary Left ovary

April 29, Med large, Med large, Medium, Small, in-

9:00am active, active inactive active

April 30, Medium, Med large, Med -small, Med,small,

9:30am active active inactive active

May 6,***‘ Med small, Med small, Medium Med émall,

2 :00pm very active, very active, very active, very active

with small with 3 fol- with 2 fol- with several

follicles

licles (app.

5 mm), also
small fol-
licles

licles (app.
7 mm).

follicles

* Progesterone implant was inserted.
%% Progesterone implant was removed,
#*%% Abdominal surgery was performed to view ovaries.
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APPENDIX TABLE 11. OVARTAN CHANGES DURING EXPERIMENTAL PERIOD IN TRIAﬁ 3

Date and time

follicles

of examination Cow 623 (ireated) Cow 609 (control)

1974 Right ovary Left ovary _ Right ovary Left ovary

May 7,% Medium (Med) Med small, Med small, Small

© 2:00 pm small, active imactive inactive inactive

May 9, Med small, Med small, Med small, Small,

2:00 pm active inactive inactive inactive

May 12, Med small, Medium, - Medium, Medium,

8:00 pm inactive slightly slightly slightly

active active active

May 13, Initiéting treatment 1

10:00 am

May 15, Medium, Med large, Med small, Medium,

2:00 pm inactive active active ‘active

May 16%%* Med small, Med large, Med small, Med small,

9:30 am slightly active slightly slightly
active _ active active

May 16, Initiating treatment 37

10:00 am :

May 17, Initiating treatment 38

4:00 pm

May 18, Med small, Medium, Med small, Medium,

10:00 am inactive inactive inactive inactive

May 20, Sméll,' Me& small, Med small, Med small,

1:00 pm slightly slightly inactive inactive
active active’

May 23, . Medium, Med small, Med small, Medium,

5:00 pm inactive inactive inactive inactive

May 30,%%% Med large, Med, very Med small, Med small,

2:00 pm very active, active, with very active, very active,
with 6 fol- 1 follicle with 2 small with 4 small
licles . follicles

% Progesterone implant was inserted.
*% Progesterone implant was removed,
*%% Abdominal surgery was performed to view ovaries.
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