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AB ST RACT

Four adult F.innish Landrace rams were used 'in two

experiments to study the interaction between mating behav'ior

and season on circulating levels of LH, FSH, Prolactjn (PRL)

and Testosterone (T). Jugu'l ar blood was collected by ven'i -

puncture every 20 m'in. for 8-h and 36-h periods 'in Experiment

I and 2, respectively. In Experiment l, blood samples were

collected in July and 0ctober whjle indÍvidual rams were:

I ) isolated from, 2) observing, 3) mounting, and 4) matjng

estrous-induced ewes. Mating act'ivity jn July was assocjated

with elevations in mean LH and T levels, basal LH levels and

the number of LH peaks; wh'ile in 0ctober obvious changes in

on'ly basal LH levels were noticed. Circulating LH and T durìng

mounting and observatj on periods were often depressed from

control levels in both months. Mean FSH levels remained

unaffected by several ejaculations, mounting or observation

i n both months. Li kewi se, there was no obvi ous rel ati onshì p

between sexual actìvity and mean PRL levels'in July; however'

all types of sexual act'ivjty were associated with higher

c'irculat'ing PRL levels in 0ctober.

Experiment 2 studied the effect of repeated mating on

the secretion of LH, FSH, PRL and T during non-breeding

and breed'ing seaons and the cause of the decline ìn cjrcu'lating

LH and T that occurs after several hours of mating' It was

done in two parts. In Part l, conducted in July-August and
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INTRODUCTION

Traditionally animal scientists have preoccup'ied them-

selves with increasing the product'ivity of livestock species.

Methods adopted have included: improvement in animal nutrition,
genet-ic selection for desirable trajts, and proper management

technìques. These, and other approaches meant to enhance the

anima I s reproducti ve performance, have a I so been tri ed wi th

varying degrees of success, and they still offer a great deal

of hope.

l^lith regards to the ovine species, the princ'ipal problem to

year-round production is that of seasonal breeding. Great

strides have been made in the understandìng of the seasona'l ity of

reproduction in the ewe to such an extent that, it is possible to

breed her out of season. The induct'ion of estrus and ovulat'ion

by photoperiodic manipulation and hormone therapy, as wel I as

using breeds with extended breed'ing seasons are alternatives

chosen to forestall this problem of seasonal anestrus.

This possibility requ'ires that rams of high fertiì'i ty be

available at all times of the year; but seasonal infertility in

the ram 'is f a i r'ly wel I documented. Thi s probl em has been

solved in part through the use of hormone therapy. However,

complete success in this area requires a clearer understandìng

of the endocrine control of sexual function in the ram and its
i nteracti on wi th seasonal variabl es.
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Preliminary studies in this laboratory on mating behaviour

and reproductive hormone secretion in the ram, have indicated tha

multipìe ejaculations provide a stimulus adequate to trigger

increases in the release of lute'inizìng hormone (tH¡, follicle
stimuìating hormone (fSU¡ and testosterone (T) and that thjs

effect i s season dependent. Therefore, i t was of i nteres t to

i nvest'i gate further these rel ationshì ps. Secondly ' i t had been

observed that the rise in hormone levels declined to low levels

within a few hours, and thjs phenomenon t,,las speculated to be due

in part to a decrease in the responsiveness of the pituitary to

gonadotropìn releasing hormone (GnRH). Thus thìs hypothesis was

also investigated. It is hoped that these studies will provide

additional insight into the effect of sexual stjmul i on the

hypothalamic-pituitary-gonadal axjs of rams which may ìn turn

suggest wayS to improve reproductive effic'iency in rams '
particularly during the period of summer infert'i f ity.

The review of literature focuses on the roles and regulation

of secretion of gonadotropins, with emphasis on the latter.

The influence of photoperiodic and sexual stimul i in modulatìng

the basjc reguìatory mechanisms have been considered. Although

the discussion has been restricted ma'in'ly to the ovine spec jes,

information on other species have been included where pertinent.



LITERATURE REVIEI^I

LH and FSH: Function and Regulation of Secretion

In the male LH and FSH are primariìy involved in the ma'i n-

tenance of testi cul ar functi on LH stimulates the Leydíg cells
of a1. testis to produce androgens wh'ich are necessary for the

maintenance of spermatogenesis (steinberger, 1976). FSH binds

specifical ly to Sertol i cel I s to stimul ate the production of

androgen binding protein (Means et â1., 1976; Steinberger, 197G)

Androgen b'inding protein (nan¡ immobilizes T in the vicÍnity of
germ cells to faciljtate their maturation (Means et al. , 1976).

Leyd'ig cells and Sertoli cells were suspected to be the

respective target sites f or LH and FSH, but 'i t was not unti I

the recent advent of immunohistological and radioautographìc

technìques that these testicular b'indìng sites were directly
demonstrated. Castro et al. (1972) using their indjrect
fluorescent antibody technique on sections of rat testis were

able to detect FSH or LH administered in v'i vo after the hormones

had formed compl exes with thei r respecti ve rabbi t antj sera. LH

appeared in the interstial and peritubular cells, whereas FSH

was localized in Sertoli cells. De Kretser et al. (1969)

localized binding of 125I-labelled LH to receptor sites on

interstitial cells of the testis of immature rats and in the

proximaì convoluted tubule of the k'idney by radioautography.

The same group was able to localize receptor sites for LH in

the cytoplasm of interstitial cells (0e Kretser et â1., 1971).
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A recent report indicates that FSH may bind to spermatogonia as

well; probably to help reduce their rate of degeneration (0rth

and Christensen, 1978).

The secreti on of LH and FSH

the anterÍor pituitary gland is

f rom the basoph ì'l ì c cel I s of

regulated by a complex mechanism,

invol'ving the stimulatory effect of a hypothalamic releasìng

hormone(s) and the negative feedback action of gonadaì steroids

(Schal ly and Kastin, 1970; F'i nk, 1979 ) and non-steroidal

factor (Blanc et â1., 1978, 1979; Main et al. , 1979).

There is also the 'involvement of other hormones, especìaì'ly

pro'lactÍn (PRL) and its complex control system (Bartke, 1971;

Hafiez et â1., 1972; Fink, 1979). inlhjle thjs section of the

review will concentrate on the control of LH and FSH secretion,

must be emphasized that the hypothalamic releasing hormone, GnRH

is necessary for their synthesis as well (0e Koning et â1., 1977

Fraser and Baker, 1978t L'i u et al., 1976).

The first demonstration of LH release in rams in response

to GnRH injection was by Amos and GuÍllemin (1969). They

i njected puri fi ed hypothal ami c extract of GnRH i nto the carot'i d

artery and observed a significant surge'in LH release 3 min. post-

injection, and about 30 min. later, the effect was over. 0n

the contrary: puFified thyrotropin releasing hormone (TRH) was

without effect. Since then, the propensity of this hormone to

elicit pitu'i tary LH and FSH release has been w'idely documented

(Schal ly and Kastin, 1970; Pel letier, 1976). However, these

'| r



and other studies have often involved the use of smal I numbers

of rams of different ages and breeds, and varying dosages and

routes of GnRH administrat'ion, making interpretation of results
difficul t. Although, it may suffice to refer to the review by

Pelletier (1976) tfre main tenets could be outlined as follows:

( i ) LH responds to GnRH accordi ng to the dose

admi n'istered.

( j i ) After GnRH admi ni strati on LH ri ses to pea k

levels within I to 2 h.

(iii) FSH release is variable. Increases observed

are only di screte.
( i v) The ri se of LH and FSH to peak I evel s occurs

after a time lag with FSH requiring more tìme

than LH.

(v) 0ften, there is a decline from peak values

(even with continuous infusion or successive

injection) after a period of time, with the

drop bei ng more rapi d for LH than FSH.

(vi) Very frequentìy, a biphasic pattern in LH

release is observed. This is bel ieved to be

due to the presence of two rel easabl e pool s

of LH in the pituitary; one requiring more

time to be released than the other (Bremner

et al., 1976; Pelletier, 1976; De Koning et â1.,

1e77).
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(vii ) Castrate-male LH response differs from

entire male response 'i n two ways: first,
the magn i tude of the peak I evel i s much

greater i n the former; second, the time

to reach the peak I evel i s markedly shorter

in castrate males.

Similar results have been observed'in rams in more recent

studies (Stelmasiak et al. , 1977; l^Ji lson and Lapwood, 1978;

Li nco'l n, 1978, 1979) .

The differential response of LH and FSH to GnRH and other

observations (McCann, 1974; Campbel'l and Ramaley, 1978) have

been interpreted by some to indicate the existence of a

separate releasi ng hormone for FSH. 0n the contrary, the con-

current i ncreases i n the p1 asma concentrati ons of both hormones

after GnRH administration (Crighton, 1973; Pel letier, 1976;

Lincoìn,1978,1979) points to the control of their release by

a sì ng1 e rel easi ng hormone. A strong support for thi s concept

is provided by immunization studies. Fraser et al. (1974)

actively immun'ized male rats against GnRH by injecting GnRH-

conjugated to bovine serum albumin. This caused a drastic

reduction in the levels of both LH and FSH; and was accompanied

by atrophy of the testes and the secondary sex organs, and

aspermatogenesis. Also, pêssive immunization (mu'ltipìe injection

of anti-GnRH for 4 days) of intact or orchidectomjzed rats

against endogenous dramatical'ly suppressed the secretion of

LH and FSH (Hauger et ô'|., 1977). The different temporaì



patterns of circulating FSH and LH in rams (Bremner et â.|., 1976;

Lincoln, 1978, 1979) may be due to differences in secretion and

metabol ic clearance rate (tincoln, 1978, 1979).

The negative feedback effect of gonadal steroids energes as

the riext regul atory el ement of gonadotropi n secreti on. Thi s i s

evi denced by both di rect and 'i ndi rect means. hJethers gi ven

puri fìed porc'i ne GnRH showed much hi gher el evated I evel s of LH

than entire males (Reeves et al., 1970; Galloway and Pelletier,
1975) ind'icating in part, the removal of the inhibitory steroid

action at the pituitary level in castrates. Intravenous

injection of 2 or 6 mg dihydrotestosterone (OHf¡ at 4-h intervals

for 60 h to ì ong-term castrate rams suppressed LH I evel s approx-

ímately 25%; however, T treatment did not suppress LH levels

(Sanford et al., 1976b). In contrast, when Schanbacher and Ford

(1976a) administered 25 mg of T or DHT to cryptorchid rams, serum

levels of LH were not s'ignificantly affected. However, active

immunization of rams against steroid conjugates (f and estradiol-

179) resulted in elevated concentrations of both LH and FSH

(Schanbacher, 1979).

It i s i nteresti ng to noùe that estrogen has been impl ì cated

to be a more potent inhibitor of LH and FSH secretjon (Schally

and Kastjn, 1970; Schanbacher and Ford, 1976a). Estradiol-17ß

is produced by Sertoli cells (Dorrìngton et al., 1978) and in

certain areas of the brain (Re¿¿y et al., 1974t Christensen and
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Clemens, 
.|975). Sw'ift and Crighton (1979) demonstrated that

the presence of estradiol-17ß ìn hypothalamic incubation med'ium

greatly enhanced the acti vi ty of the pepti dase enzyme respons i bl e

for the degradati on of GnRH. Presumably, the steroi d removes an

i nhi bi tor from the enzyme or stimul ates enzyme acti vi ty

al los'terìca'l 'ly. These results do not exclude the probable

similar effects of DHT and T. DHT, although present in mìnute

amounts in the peripheral blood of rams (falvo and Nalbandov,1974)

has been shown to be more androgen'ic than T (Sanford et al., .l976b).

Furthermore, Selmanoff et al. (1977 ) have located heterogenous

neuronal subpopulations in specific regions of the rat brajn

which may be involved in the conversjon of T to estradiol-17ß or

DHT. Thus, the negati ve feedback effect of gonadaì s tero'i ds may

be exerted on both the hypothal amus and anteri or pi tuì tary.

Control of FSH and probably LH secretion may'in part be under

the i nfl uence of a non-steroi dal factor ( i nhi bi n) of testi cul ar

origin. Blanc et al. (1978) iniected 20 ml charcoal-treated

rete testjs fluid (RTF) into cryptorchid rams and observed a

suppression in the secret'i on of both LH and FSH. Apparently,

inhibin voided into RTF and thus into the epididymis does not

play a role in the regulation of FSH and LH (lllalton et â1., 1978;

Bl anc et âl . , 1979) . tllhen the rema'ini ng testes of adul t hemi -

castrated rams were cannulated in order to remove RTF and to

prevent reabsorption by the ep'ididym'i s, no change in perìpheral

blood levels of LH and FSH occurred, whereas orchidectomy



i nduced an i ncrease i n the same parameters. Thus regul at'i on of

FSH and LH would be under the influence of inhibin absorbed into
efferent c'irculation (ìymph and blood). In spite of the fact
that the presence of inhibin is virtuaì1y irrefutable, ìts
presumed physi ol ogi ca1 si gni fi cance as a feedback i nhi bi tor of

FSH is yet to be convincingìy demonstrated (Review by Main

et al., 1979).

Evidence accruing from several authors suggests an additional

control mechanism in which an inhibitory'impulse is prov'ided by

LH and FSH themsel ves, probably to provi de a fi ne adjustment to

their own secretion. For this feedback, the name "short",
"internal", "auto" feedback or autoregulation has been proposed.

I t was demonstrated when LH was impl anted i nto the medi an

eminence with the resultant decrease in LH levels in normal and

castrated male and female rats (see review by Scha'l ìy and

Kast'in, 1970). Similarly, implants of FSH in the median eminence

or its systemic administration, lowered pituitary FSH stores and

rel easi ng hormone concentration i n normal or castrated adul t rats.

Clearly, this indicates that at least in the rat the median

emi nence contai ns receptors for LH and FSH. hJhen these gonado-

tropins are present in plasma in high levels they may reduce

further LH and FSH secretion by inhjbition of the secretion of

the'ir releasing hormone. To date, there is no evidence to suggest

that thi s feedback system i s present in the ram.

The hypothalamic catecholamines have been shown to influence
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anterior pituitary function presumab'ly by affecting either the
release of hypothalamic-pituitary regulating hormones or bv

acti ng di rectly on the pi tui tary ( Sawyer, j975) .

Prolactin: Function and Regulation of Secretion
Prolactin has been suggested to participate in the regulation

of LH and FSH secretion but experimental resul ts are somewhat

contradÍctory. Hafiez et al. (l97z) showed that pRL acts
synergistically with LH in contro'l ling the synthesis and

secretion of T by the rat testis. In contrast,
Ravault et ê1., (i9ll) d'id not observe any change in testis
weight ori n LH and T secretion when z-Br-cx-ergocryptine (cg 154,
a p0tent dopami ne receptor agon'i st) was i njected i nto rams duri ng

pubertaì development to selectively block pRL secretion. But
they noted a signifÍcant decrease in the weight and fructose
concentration of seminal vesicles after treatment. sim.i 1ar'ly,
short-term inhibition of PRL secretion in rams with CB lb4 in the
non-breedi ng season di d not seem to i nfl uence the

secretion of LH, FSH and T or the binding of LH and FSH

testicular-gonadotropin receptors (sanford and phi 1 I ips,
However, there is evidence to indfcate that pRL is essen

the mai ntenance of LH receptors, whi ch woul d undoubtedly
maintain testicular function. Aragona et al., (1971) de

that in the immature mare rat inhibition of pRL release
admi ni stration of cB I 54 resul ted i n a decrease of testi

).
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receptors. Tipf et al., (1978) indicated that LH receptor

concentration i n adul t hypophysectomi zed rats depended on the

combined effects of PRL, growth hormone (GH) and LH, since a

combi ned admi ni strati on of these hormones prevented a I oss of

LH receptors, whereas LH al one decreased i ts receÞtor con-

centration. Interrelationships appear to exist between LH, T

and PRL secretion in the ram; this area will be dealt w'i th in

the section on seasonal variation in PRL secretion.

Excellent comprehensive reviews on the control of PRL

secretion have been published (Meites and Clemens,1972; Macleod,

1976; Ganoflg, 1977). In contrast to the other gonadotrop'ins

the secreti on of PRL i n mammal s i s general'ly thought to be under

ton'ic ìnhibjtion by a substance(s) produced by the hypothalamus.

Strong ev'i dence has been obtained wh'ich suggests that dopamine

'is at least one of these agents (Macleod, 1976). In contrast,

a prol acti n-i nhi bi ti ng factor ( PI F) other than dopami ne secreted

by the hypothalamus has been hypothesized to exist (Nalven,

1975; Macl eod , 197 6) but has not been i dent'i f i ed.

Biogenic amines (chol inerg'ic and adrenergic), and soma-

tostatin have been suggested to alter PRL secretion perhaps by

exerting a djrect effect on the pituitary or by influencing the

secreti on of PI F (Macl eod, 1976; Lamberts and Macl eod, I 978) .

In additjon estrogens and TRH (Macleod, 1976), stressful

conditions (Raud et al., l97l) and temperature (Meites and

Clemens, 1972; Sanford et al., l97Bb) influence PRL secretion.
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Similar to LH and FSH, PRL may be under the influence of an

autoreguìatory mechanism (Neites and Clemens, 1972).

Vari ati on of Reproductì ve Functi on wi th Season

It is now fairly well established that like their female

counterparts, rams exhi bì t seasonal vari at'i on i n reproducti ve

characteri sti cs. They undergo marked seasonal changes ì n

testÍcular size (Lincoln, 1976; Land and Sales, 1977; Hanrahan,

1977; Schanbacher and Ford, 1979), spermatogenesis (Johnson

et al., 1973; Schanbacher and Ford, 1979), sex drive (Pepelko and

C1egg, 1965; Schanbacher and Lunstra, 1976; Mattner,1977;

Sanford et â1., 1977) and gonadotropin and gonadaì steroid

secretion (t<atongole et al., 1974; Purvis et al., 1974; Pelletjer

and 0rtavant, 1975a, Ljncoln, 1976; Sanford et al., 1974a, 1977).

Among the various envi ronmental factors that may promote

seasonal ìty in reproductive function (vtz. temperature, photo-

period, relative hum'id'i ty, rainfall), temperature and photo-

peri od have recei ved consi derabl e attenti on ( Pepel ko and C'l egg,

1965; Howarth, 1969; Rathore, 1970; Sanford et al., 1974a; Gomes

and Joyce, I 975) . Photoperi od i s emergi ng as the most important

factor affecti ng these seasonal changes ( Pepel ko and C'l egg ' I 965;

Lincoln et al., 1977; Sanford et al., 1977, l97Ba; Barrell and

Lapwood, 1979a, 1979b). Thus it wjll be the majn subject of

further cons i derati on.

Libido - Sex drive or libido of the ram is markedly altered
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throughout the year under conditions of varying photoperiod.

Pepeìko and C'legg (1965) individually exposed eight rams to

an estrual ewe for I h twice monthly for I yr., and observed

frequent ejaculations durÍng late fall and early wjnter. The

highest monthly average (5.9 per ram) occurred in November,

and the lowest (4.1 per ram) in March. The average number of

mounts per ejaculation significantly increased at a time of

the year when breeding activity was low. The greatest number

of mounts was observed i n Apri 1 (4.7 mounts per ram) . Schanbacher

and Lunstra (1976) noticed that mating activity was highest for

both Fi nni sh Landrace and Suffol k rams durì ng the peak breedi ng

season (0ctober) and declined 50% by late spring and summer

before'i ncreasing again the next 0ctober. Us'i ng two breed types;

i. e., Finni sh Landrace and Managra Synthetic or L'i ne-M, Sanford

et al.,(1974b) noticed seasonal changes in mat'ing activity. Rams

averaged 21 .5 1 1.5 matings in 8 h in November compared to 7.6

1 1.6 mat'i ngs in August. Mating act'i vity remained high in

December.

Apparently, there i s a marked posi ti ve rel ati onshi p between

the seasonal variation in mat'ing behavjour and androgen status.

Schanbacher and Lunstra (1976) determ'ined that T levels in
peripheral serum for Finni sh Landrace ( finn) and Suffol k rams

alike, were high (t 6 nglml) in 0ctober when mat'i ng activ'i ty

was the highest. During the winter, T levels gradua'l1y decreased

reaching theír lowest value in March (2.06 ng/nl for Finns and
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l.0l n9/ml for Suffolks). Similar'ly, Sanford et al. , (1977)

noticed the hìghest number of matings per B h in November when

the level of serum T was maximal. Thus it seems that gonadal

hormone levels are maintajned below a threshold level necessary

to mai ntai n peak mati ng performance r duri ng those months when

I i bi do i s rel ati vely I ow. As the breedi ng season advances,

gonada ì hormone I evel s ri se above the threshol d to enabl e more

frequent matings to occur.

Alterations in the androgen status per se may not be the

on'ly determining factor of sex drive. There is a related

variation'in the sensitivity of brain mechanisms to androgen

feedback, wh'ich is believed to be due to the influence of

environmental stimuli (e.g., photoperiod). Presumabìy, environ-

mental stimuli may act on the brain; either directly on the cells

of the anterior hypothalamic-preoptic compìex whjch are sensitive

to androgen or on extrahypothalamic systems whjch jnfluence the

androgen sensìt'i ve cells. It'is possible that environmental

stimuli could act indirectly by promoting changes in the

hypothalamo-pituitary-gonada'l axis; this'in turn would alter
gonada'l sterojd secretion and subsequent'ly the sensitiv'i ty of

androgen respons'ive cells 'in the hypothalamus (Hutchison, 1978).

ru
Lll t FSH and T Secretion - Using citric acid and fructose con-

centrations as indìces of androgenicity, Amjr and Volcani (1965)

reported that mi nimum concentrati ons of ci tri c aci d and fructose

jn the ejaculates of Awass'i rams occurred in March through June.
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Citric acid levels later rose to a peak in September through

November, while peak fructose concentrations occurred in

0ctober through November i n these rams. Johnson et âl . , ( I 973)

observed maximal testicular spermatogenìc and androgenìc actìvity
in Suffolk and Hampsh'i re rams in 0ctober; and a gradua'l decline

i n subsequent months as ambi ent temperature and photoperi od

increased.

In corroboration

have been presented

commensurate wi th el

wi th this i ndi rect approach, endocri ne data

to i ndi cate that decreasi ng photoperi od i s

evated circulating T levels, although con-

trad'ictory reports exìst. Purvis et al. , (1974) demonstrated that

rams bled at 1/2 to l-h 'intervals in November and January exhìbited

4 to 8 peaks of T with magnitudes ranging from B to 14 ng/ml in

serum during a 24-h period. In comparison, T elevations in rams

sampled during March and Apri I were comparatively small (. 5

nglml) and less frequent. Sanford et al., (1974a) observed a

graduaì but four-fold increase jn mean serum T levels from mid-

August through September; serum T rema'i ned el evated durì ng

0ctober and November but subsequently dropped sharply duri ng

December and January. Similarly, Katongole et al. , (1974)

reported T concentrations for rams of .5 to l0 ng/ml p'lasma from

January to September, whereas from 0ctober to December it ranged

from 3 to 28 nglml. In contrast, Gomes and Joyce (1975) reported

that lowest T values occurred jn December; then a gradua'l

increase was observed through Apri I with peak levels beìng



l6

achi eved i n July after a transi ent decrease i n June. Con-

centrations decreased agai n i n August and September. Barrel I

and Lapwood ( I 979a) performi ng thej r study i n New Zeal and

not'iced highest T concentrations to occur in January through

March whi I e m'i nimum I evel s occurred between May and November.

Associated with seasona'l 'i ty in T secretion are changes 'i n

the I evel s of LH, which i s not surpri si ng ow'i ng to the abì'l i ty

of LH to stimulate T production in Leydig cells (Steinberger'

1976). In the short-term, each'i ndjvidual LH djscharge can

result in a transient stimulation of the testes with a con-

sequent 'i ncrease in

1974; Sanford et al.

observations, it is

c'irculating T level s (Katongole et al.,

, 1974c; Li ncol n , 1976). In spi te of these

not compì etely understood which components

of the fluctuatinq levels of LH are involved in determining the

stimulus to the target organ, and which may be responsjble for

the seasonal i ncreases j n T. Sanford et al . (1977) noti ced

progressi ve changes j n the profj I es of serum LH and T as the

breedi ng season advanced. Peaks j n LH became more frequent; and

the number and hei ght of the T peaks i ncreased. Another report

by the same group revealed that perìods of elevated T, brought

about by artificia'l ly decreasing the photoperìod, were

characterized by 'i ncreases 'i n LH and T peak frequencies

peak height, whÍle LH peak height decreased (sanford et

Schanbacher and Ford (1976b) bleeding five mature rams

and

al.

in

T

, I 9 78a )

September and May fai I ed to observe any seasonal di fference i n
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mean LH concentrations, or the number and amplÍtude of LH peaks

however, basal levels of LH were higheli n September than in
May. Seasonal djfferences in T levels were dramatjc with mean,

baseline and peak concentrations elevated during September. The

number of T peaks did not vary with season. lllhen Lincoln (lgz6)

subiected soay rams to contrasting photoperiodic regimes, he

observed substant'ial increases in testicular size during short
days i n compari son to I ong days. Accompany'i ng thi s were more

frequent el evati ons i n T of h'i gher amp'l i tudes and I onger durati on,

and higher baseline and mean concentrations of serum T. LH

profi I es were characteri zed by more frequent rel eases wi th I ower

ampl itudes, but higher basel ine values. Indeed, the frequency,

ampì i tude and duratjon of LH peaks al I tended to determi ne the

basal LH level. Thus Lincoln rationalized that basal LH levels
may be the most sìgnificant'in initiating seasonal changes in

circulating T. More recent'ly, work by ponzilius and sanford

seems to reaffirm the claim that the frequency of spontaneous LH

rel ease i s one of the ma jor f actors promotì ng T secret'i on i n

rams (Ponzilius and Sanford, 1980). They attempted to mimic the

pattern of serum LH-peak release normally found in the breeding

season in June (non-breeding season), by injecting (i.v.) l0

ug LH at 80 min. intervals for 55 h 40 min. By the thjrd day

foìlowing the start of injectjon, circulat'i ng T level had

increased to 50% of the level determined in 0ctober.

Two poi nts of si gni ficance are concei vabl e: fi rst, duri ng
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periods of decreasi ng photoperiod the decrease i n the ampl i tude

of LH peaks and the associated increase in the ampìitude of T

peaks, suggest an increase in the sensitivity of the testes at

thi s time (Li nco1n, 1976 i L'i ncol n and Peet , 1977) . Secondìy,

the continued increase in the frequency of LH release, even though

the ampl i tude of LH i s depressed, suggests that hypothal ami c

neuronal act'i v'i ty may remain raised 'i n spite of the hìgh T

levels. In fact it has been speculated that during short days

the frequency of GnRH releases is increased, this perhaps being

faci I i tated at least i n part by a lessened negative feedback

effect of T ( Pel I etier and 0rtavant, I 975b; Li ncol n, 1976, I 978) .

B iol ogical ly relevant vari ations that occur i n FSH secreti on

appear to be changes i n mean concentrati on and not any aspect

of a secretory profile, since it is not certajn if it Ís secreted

episodicalìy (Sanford et a1.,1976a; L'i ncoln, 1976, l97B).

Sanford et al . ('l 976a) reported that FSH I evel s i n rams were

signjficantìy lower in January than in August. L'i ncoln and

Peet (1977) observed that both LH and FSH began to increase 6

to 12 days after abrupt exposure to decl j nì ng photoperi od, and

rose progressi ve'ly unt'i I days 33 to 54 bef ore decl i ni ng. Davi es

et al. (1977 ) found an eight-to ten-fold rise in plasma FSH at

about the summer solst'ice; raised levels were majntained until

after the autumnal equinox with the lowest leve'l beíng seen'i n

January and June. 0stensibly, the high plasma levels of FSH

i n the ram duri ng the i ni ti al peri od of decl i ni ng photoperì od

enhance testicular growth, fiêdiating its effect on the Sertoli
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cells and hence spermatogenesis (Courot et ô1., 1979). 0nce

testi cul ar devel opment becomes maximal , p'l asma FSH val ues decl i ne

rapìd'ly to a re'lat'i vely low level (Lincoln and Peet, 1977).

Since the negative influence of T on FSH secretion is thought to

be minimal or non-existent (see review by Main et al. , 1979), it
has rèasonably been suggested that the putati ve " i nhi b'i n" coul d,

for the most part, account for this decline (Lincoln and Peet,

1e77).

Prol acti n - I t may be general 'i zed that the vari ati ons i n PRL

secretion seem to be in phase with changing photoperìod (Pelletier,

1973i Ravault, 1976; Ravault and 0rtavant, 1977; Barrell and

Lapwood, 1979a; Sanford and Dickson, 1980). However, the marked

effect of ambient temperature on PRL I evel s deserves menti on.

I,lletteman and Tucker (1974) have shown that a rise or fall in

temperature i ncreases or decreases respect'i vêly, the secretj on of

PRL i n hei fers. Sanford et al . ( I 97Ba ) found that whereas serum

levels of LH and FSH were unaffected, levels of PRL increased

roughly two-, three-and four-fold for rams following exposure to

elevated temperature for l, 3 and 6 days, respectively, thus

jmplicating temperature in the modulation of the yearìy PRL cycle

in the ram. However, experiments in which photoperiod have been

altered and temperature held fa'i rly constant (Pelletier, 1973;

Al beri o and Ravaul t as ci ted by Ravaul t and 0rtavant ' 1977;

Schanbacher and Ford, 1978) indicate that variations in photo-
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period might be the major factor regulating the seasonal

changes in PRL levels in the ram.

The s'ignificance of variations in PRL secretjon are difficult
to assess owing to the contradictory views that exist. It
appears that in the rat PRL synerg'i zes with LH in maintaining

spermatogenes'i s (Bartke, l97l ) and test'icular androgen secretion

(Haf iez et â.ì., 1972). By contrast, 'in humans ít is general'ly

bel ieved that hyperprolact'i nemia is associated w jth impa'ired

gonadal function because of either altered hypothalamjc-p'i tu'i tary

i nteractions or a detrimental effect at the gonadal level

(Beumont et ä1.,1974; Child et al.,1975). Nevertheless a short-

term hyperprolactinemic condition induced in rams in the summer,

on'ly temporari ly retarded testi cul ar growth and di d not appear

to adversely affect T secretion (Sanford and Duffy, 1980).

Actual'ly, the spri ngtime i ncrease i n ci rcul atì ng PRL i n rams seems

to provide the proper milieu for normal testicular deveìopment.

In its absence, the subsequent seasonal increases in testicular
growth and circu'l ating T levels are delayed and the daì1y sperm

output reduced (Sanford and Dickson, l9B0).

Sexual Act'ivity and Reproductive Hormone Secretion

Thj s area has recej ved much attenti on i n recent times;

however, differences in response between species, the influences

of non-specific st'imuli or the regimen of blood collection have

undoubtedly contri buted to the somewhat confus i ng state of the
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knowledge at present.

In the mal e hamster, i t appears that the mere exposure to

vaginaì odour evokes a rapid increase in plasma T levels whjch

compares w'ith i nc reases that occur af ter pa i ri ng wi th the

female (Macrjdes et dl., 1974). Similarly, ma'l e house mice

which'have been paired with females for I wk show elevations in
p'lasma T concentration 30 to 60 min. after the resident female

is replaced by another female (Macrides et al., 1975). Thjs

elevation appears to be a specific response to a strange female

as it does not occur if the resident female is rep'l aced by a

male. The plasma T elevations foi lowing exposure to estrous

females seem to be quìte marked when basal T levels are low;

furthermore, the T levels are maximal at the init'iation of

mountìng and declines during copulation (Batty, l97B). Recently,

Coquel i n and Bronson (1979 ) have attempted to i sol ate and

identìfy cues that modulate hormone secretion by expos'ing males

to estrous females, diestrous females, or pooled female urine.

Resul ts obtaì ned therefrom, suggested that two types of cues

actively stimulate the release of, at least, LH in mice: ( I )

urinary pheromone common to both receptive and non-receptive

females; and, (2) a cue, probably tacti le, that is spec'i f icalìy
associated with intromission or ejaculation; and that both cues

yi el d rapi d " al I or none" surges i nter-spaced by a refractory

period. Consistent with these observations are reports with

guinea pigs which indicate that changes in T levels do not
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depend on copulation per se but may be induced by exposure to

sight, smel I or sound of an estrous female.

In the male rat, it has been inferred that sexual activ'ity
has a stimulatory effect on T secretion, since cohabitation
appears to be essentia I for the mai ntenance of the reproducti ve

tract. Thomas and Neiman ( I 968) observed that mal e rats ì i vì ng

together wi th femal es had heavi er reproducti ve systems as

opposed to those living in isolation ori n male groups. In

addition, either three intromissions or ejaculations every 4

days were sufficient to mainta'i n accessory sex organ weights.

However, atrophy of the organs occurred when males were al lowed

to only mount wi thout i ntromi ss j on or come i nto contact wi th

estrual odors. similarly, Folman and Drori (1966) noticed that
the reproductive tract of male rats raised in social isolation
was not enhanced by exposure to female odors. 0ther workers

have observed that rats al I owed frequent mati ng exhi bi t 1 arger

sem'i nal vesicles and coagulating glands (Hunt, l96g), have

i ncreased f ructose I evel s 'i n the coagul atì ng gl ands (Drori et

â.| . , l96B) and have i ncreased wei ght of the pen'i s and peri nea'l

muscle (Herz et ê1., 1969) in comparison with sexuaìly inactive
males.

Di rect evi dence have al so been reported. Herz et al . ( I 969)

observed a significant'ly higher level of T in the testes when

male rats were housed from 40 to ì62 days of age with females as

opposed to those housed wi th other mal es. Peri pheral pl asma
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T I evel s were not'iced to ri se marked'ly wi thi n 5 mi n. af ter the

first intromission (Purvis and Haynes,1974); levels remained

high for at least 30 min. As wjth mice, close proximity of

male rats to female rats is adequate to elicit a rise in plasma

T (Bliss et â1.,1972; Purvis and Haynes,1974). Even the mere

"anticipation of a mating encounter" is enough to stimulate a

rise; Kamel et al. (.|975) observed a rise in both LH and T

secretion in male rats when they were placed alone in an arena

used for testi nq sexual behavi our or wi th anestrous femal es.

Although contradictory ev'idence exísts,'indications are

that the elevations in T levels are accompanied by elevat'ions

in the levels of gonadotropins. Taleisnik et al. (1966)

reported that copulation by the male rat triggered a release of

LH withjn 5 to l0 mins., since pitu'itary LH levels were observed

to drop whìle plasma levels increased; FSH levels rose 4 h post-

coi tum. Kamel et al . (1975) noti ced that both sexual'ly

experienced and naive male rats had increased plasma levels of

LH, PRL and T f o'l I owì ng mati ng; but the i ncreases shown by the

experienced rats were more pronounced. In a subsequent study,

Kamel et al. (1977 ) reported that the levels of LH and PRL, but

not FSH were i ncreased duri ng mati ng and suggested that the

increase in T levels may be due to the prior increase in LH and

PRL I evel s.

In rabbits, the levels of T are seen to increase about 30

to 90 mins. following copulation (Saginor and Horton, l96B;
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Haltemeyer and Eik-Nes, 1969; Hilliard et â1., 197S; Agmo,1976)

but it is not defin'i te 'i f th'i s rise is preceded by rises of

gonadotropins. Hilliard et al. (1975) found that basal serum

LH levels remained unaltered after coitus. However, Young'lai

et al. (1976) observed sìight nonsignificant increases in T

soon 'after coi tus or exposure to femal es. Increases i n T were

usually preceded by rises in LH, but these LH peaks were inter-
preted to be the occurrence of normal epi sodes. Furthermore,

Agmo (1976) díd not f i nd an i ncrease 'i n LH concentration when

male rabbits were allowed to ejaculate once or mount once without

intromission. Thus they speculated that T may be released from

the testes in response to mating without a prior release of LH.

The questi on to ask then, 'i s what tri ggers T i ncreases i n thi s

species. It may well be that the rapidìty with which th'is spec'ies

copul ates makes i t di ff i cul t to detect early LH peaks.

t,.Jith regards to the bu'l 1, Katongole et al. (.l971) were able

to show with a limited number of bulls that the sight of a cow,

mounting without intromission or ejaculation caused an immediate

release of LH wh'ich was often followed by an elevation in T

when basal T levels were low. Smith et al. (.l9i3) noticed that

al though LH had not i ncreased appreciabìy 5 mi n. fol ì owì ng

ejaculatjon, T levels had increased in both mature and young

bulls. LH levels were determined in four bulls prior to and

fol'lowing teasing (faìse mounts) and ejaculation by Gombe et al.
(.|9i3). In three of the four bulls, a slight decrease in pìasma
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LH levels was observed 30 min. following ejaculation; but a

s'l ight nonsignif icant increase occurred in one bull. Similar

to these results was the findíng by Bindon et al. (1976) who

exposed (single ejaculation or teasing for 4 mìns. ) bulls of

normal libido and low libido to estrous cows. LH levels did

not rise af ter sexual stimul at'ion and T level s actual ly dropped

in both groups.

tl lendorf et al. (1975) determined the pattern of plasma

LH and T concentration before and after a single copulation by

the male miniature pig by collecting bìood samples at l0 min.

intervals. Plasma LH was elevated 30 min. after copuìation

but p'lasma T levels were not altered. But it is important to
mention that in this experiment a sow'i n estrus, although not

vi si ble to the boars, was pl aced i n an adjacent room. Data

presented by l,rlannamaker et al . (1979 ) suggested that boars i n

close proxim'i ty to or in physical contact with estruai sows

exhibited T peaks in serum which may well be normal elevations

in response to spontaneous LH pulses. 0n the other hano,

copul ati on produced more frequent peaks of T. Determi nati on of

the levels of 5cr-androstenone and T in peripheral p'l asma of

boars before and after copul ation, reveal ed that the response

was variable and seemed to depend on the extent to which animals

had been sexuaì ly stimul ated pri or to copul ati on. 0n the

average (n = 7 ) androstenone and T levels 60 to 90 min. post-

copulation were elevated 50 and 90%, respectìvely. Between 24
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and 48 h foliowing copulation, levels of both steroids had

dropped in most animals. This was speculated to have been

due to the stress of handl'ing. Paradoxical ly, Liptrap and

Raeside ( l97B) noticed that increases in the concentration

of p'lasma T during copu'lation or periods of aggressive behaviour

in.the boar were highly correlated wjth increases in the con-

centrati on of corti costeroi ds . They specul ated that the

influence of increased corticosteroid secretion on p'lasma T

levels may be biphasic in nature: I ) an initial positive

effect of a trans'ient nature due to conversion of cortìcosteroids

to T; and, 2) an'i nh'i b'i tory influence associated with proìonged

stressful conditions due to corticosteroids exerting a detrìmental

effect on T secreti on.

Reports on the ram appear to be as conf 'l i ctí ng as those on

other species. lllhi I e Some researchers have not detected an

influence of mating activity on T levels in young rams (I11ius

et al., 1976a, 1976b) and mature rams (Purvis et al., 1974;

D'0cchio and Brooks, 1976), others have been able to cìearly

demonstrate that under certain condjtions mating actìvìty does

elevate T levels jn rams (I1ìius et al., .l976b; Sanford et al.,
1974b; Sanford et al., 1977). It was not'i ced by Illius et al.

(1976b) that rams kept near ewes for 6 mo. had 'larger testes,

hi gher pl asma T I evel s and greater sexual and aggressi ve

activity. Furthermore, they noticed that when rams were allowed

to have physÍcal contact (30-min. ) wi th estrual ewes, there

occurred trans'ient increases in the levels of T. Data by



27

Sanford et al. (1974b) which appears to be consistent with

that of Moore et al. (1978) revealed that, when rams were

al lowed to observe (5 m'i n. ), mount without 'intromission (2 m'in. )

or mate once, with an estrual ewe in JanuâFY, LH pulses were

not trìggered. However, when rams were allowed to mate

repeatedly during a ?4-h peri od in January, higher baseline

and mean serum levels of both LH and T, and a greater number of

LH and T peaks were observed during the first 12 h. The serum

levels of both hormones then decreased sharply at l3 to l4 h,

and rema'i ned I ow f or the next B to l0 h. Subsequently, a

further serum peak of LH and T was observed before the con-

cl us i on of the 24-h peri od. in a subsequent study, rams were

allowed to mate during B-h test periods'in August, September,

November and December; during the first two mating periods when

the frequency of LH peaks was reìatìvely low, addjtional LH and

T peaks were observed (Sanford et al., 1977). Thus the short-

term effect of mating on LH release in rams appears to be

season dependent. Mating activity has also been shown to

signjficant'ly increase mean FSH levels especially during the

first 12 h (Sanford et â1., .l976a).

In an interesting study by Amann et al. (1978) it was

demonstrated that there was an increase in testìcular blood

flow when rams were allowed to mount, introm'i t or ejaculate.

Apparentìy, this 'increase in blood flow could result in a local

increase in flow through the jntertubular capi'l laries and there-

by facjlitate stero'i dogenesis'in the Leyd'i g cells which comprise

only a smal I portion of the testi s.



MATERIALS AND METHODS

Experimental Animals

Four Finnish Landrace (F'inn)

study on the basis of mat'ing caPab

because they exhibit remarkable se

most tjmes of the year in comparis

The experimental animal s ranged i n

wei ghed between 57.3 and 80.9 kg.

heal th throughout the course of th

#3) wh'i ch devel oped an abscess on

stages of Experiment 2. Prior to

periods of the study, the rams were penned together w'ith other

rams of the University flock in a three-s'ided, open-front barn

and had no direct contact wjth ewes in nearby pens.

Fi ve ovariectomi zed ewes were used to prov'ide the mati ng

stimul us to the rams. The eweS were brought i nto estrus by

admin'istering'intramuscularly, a s'ingìe progesterone (20 mg

in corn oil) injection on days l, 3, 5 followed by a l7ß-estradiol

(EZ, I mg jn corn oì'l ) iniection on day 8. Ewes were usuaì 1y in

estrus l8 h after E? iniection. In Experiment 2, estrus was

maintained by half-dosage jniections of EZ (.5 mg) every B h.

The animals were fed a legume hay and graìn ration and

had access to water ad lib'i tum.

rams were selected for this

i'l ity. Finns were used

xual aggressiveness during

on with other breeds of sheeP.

age from 2 to 4 years and

The animal s ma'intained good

e study, except for one (Ram

the neck during the latter
and in between experjmental
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Collection and Handling of Blood

Ai though the rams had not been accustomed to bl ood

collection, they quickly adapted to the bleeding routine. How-

ever, they showed some signs of physical stress during the

first collection period and on the first few samplings of each

subsequent col lection period. in addition one animaì (Ram #3)

seemed to abhor being bled over a very long period.

At the tíme of bleeding about 6 ml of blood were obtained

from the juguìar vein by venipuncture using Z0 gauge, 1 j/2,,

1 ong needl es and 7 ml vacutai ner tubes. Bl ood sampl es were kept

cool on ice and later refrigerated at 4 to 5oc. sampìes were

centrifuged within 24 to 4B h of collection and the sera decanted

into I dram vials and stored at -20"c until thawed and assayed

for the various hormones.

Hormone As say Procedures

In order to determine characteristics of LH secretory

profiles, a'l 'i quots (.2 ml) of all serum samples collected durìng

the bl eedi ng periods i n Experiment I were assayed for LH. Al I

samp'les f or each ram were i ncl uded i n the same assay. i n

add'i ti on, sera pooì ed from col I ecti ons duri ng the 8-h peri ods

in Experiment I were assayed for LH, FSH, PRL and T.

Aliquots of .2" .2, .025 or .1, and .05 or .l ml were used for
LH, FSH, PRL and T, respecti veìy.

In Experiment 2, sera poo'led for each consecut'ive 2 h of
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36-h periods were assayed for the respective hormones.

Aliquots (.025, .l or .2 ml) of pooìed sera obtained from all
rams were measured for LH in a sìng1e assay. The determ'i nation

of FSH and PRL concentration 'in al iquots (.1 or .2 ml for FSH;

.025 or .l ml for PRL) of pooled sera were done for two rams at

a time. Aliquots (.05 or.l ml) of pooled sera obtained for

each ram were measured f or T concentrati on 'i n two assays.

LH Assay - An establ i s hed doubl e anti body radi oi mmunoas say was

used to determine LH concentrations. Deta'i I s of the procedure

have been previously described by Niswender et al. (1969) and

modified by Howland (1972). Anti-ovine LH serum (GDN #.l5)

supplied by Dr. G. Niswender (Colorado State University) was

used'i n the assay. Labelling of purified ov'i ne LH (LtR-1056-CZ)
1rtr.

with tL¿T (Cambridge Nuclear Corporation) was by a modification

of the method of Greenwood et al . ( I 963) . Thi s modi fi ed

procedure has been descri bed by Sanford (197 4) . ruLt¡

values were expressed as ng/ml of NIH-LH-SI4 standard. The

anti-ovine LH serum was used at an initial djlution of l:100,000

in .5% rabbit serum phosphate-disodium-ethylene dinitrolotetracetate

(nS-phosphate-EDTA) buffer. (See Appendix II, Table 23).

The inter-assay and intra-assay (no¿bard, l97l ) coefficients

of vari at'ion f or f i ve rep'l i cate sampì es f rom a pool ed

standard wi th a mean concentrati on of I .31 ng/ml were

serum

13.4% and

defi ned as10.0%, respectively. The lowest detectable LH level
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95% 'i n j tíal bi ndi ng (B/Bo) , ranged f rom .09 to .13 nglml .

For statistical purposes, samples yield'i ng values lower than

the m'inimum detectabl e I evel i n thi s and other hormone assays

were ass'i gned the correspondi ng mi nimum detectabl e val ue.

Prolactin Assay - Serum PRL levels were determined by a slight
modjfication of the method described by Sanford et al. (1978a),

and was very similar to that described for ovine LH. An anti-
ovine PRL serum developed in rabbits (friesen's #73) was used.

The assay employed 1251-lubelled ovine PRL (LER-860-2) and

NIH-PRL-Sl2 standard. The standard was serial'ly diluted to obtain

concentrations i n the range of I to 80 ngltube. The anti -ovíne

PRL serum was ìntìa'l 'ly diluted 1:12,000 in .5% RS-phosphate-

tDTA buffer. Anti-rabbi t gamma gì obul i n serum was used to

separate bound from free hormone.

The inter-assay and intra-assay coefficients of variation

for two repl icate samp'les of pooled serum standard were 12.1%

and 6.6%, fêspectively. The mean concentration of the serum

standard ulas 57 .5 nglml . The sensì ti vi ty of the assays ranged

from 2.2 to 2.3 ng/ml .

FSH Assay - FSH levels were measured by a procedure developed

and descrìbed by Dr. Cheng, Health Sciences Centre, Univers'ity

of Manitoba (Cheng et al._, 1980). Cheng's rabbit anti-bFSH

sera was used at an initial dilution of l:60,000 in RS-phosphate-

EDTA buffer. Purified bFSH label led with 1251 was employed in
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th j s assay system. Anti -rabbi t gamma g'l obul j n serum was used

to separate bound from free hormone. FSH val ues were expressed

as n9/ml of NIH-FSH-S12.

The inter-assay and intra-assay coefficients of variation

f or two repl í cate sampl es f rom a standard serum pool w'ith a

mean concentration of 90.5 ng/ml were 14.9% and 9.2%, respectìveìy

The sensitivity of the assay ranged from .7 to I nglml.

Testostgrone Assay - The assay procedure previously employed in

this laboratory (Sanford et al., 1974a; Sanford et al., l97Ba) has

been extensi vely mod'if i ed and i s now simi I ar to that descri bed

for progesterone and estrogen by Yuthasastrakosol ( I 975).

Antjserum - The antiserum used was raised in sheep immunized

w'ith T-3-carboxy-methyloxime conjugated to bovine serum

albumin (Sanford et â'|., l97Ba). The extent of cross reactivity

of the antiserum w'ith steroids other than T was determined from

the amount of each steroid measured when 5 ng (in ethanol) were

added to tubes processed for T determi nat'i on. The anti serum

showed some cross-react'ivity with l, 4-androstediene-17ß-ol-3-

one (14%), 4-androstene-3, 17ß-djol (.l0%)' androstan-17ß-ol-3-

one (g%) and 5cr-androstan-3cr, l7ß-di ol (5%) . However ' these

cross-reacting steroids are present in ram blood'in such minute

quanti ti es that they do not i nterfere wi th T estimati ons

(Sanford et al., 1974c). The antiserum was used at an initial

dilution of 122,400.
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Labelled Testosterone - Stock solutjon T-1, 2, 6,7-H3
purchased from New England Nuclear was ìntialìy diluted with

benzene-ethanol (9:l) at a ratio of l:10 and stored at boC.

For assay l5 to 20 ir1 of stock solution were dried under

nìtrogen gas and reconstituted with ?0 ml phosphate buffer
solution (PBS; Appendix II, Table ?3) contaìn'ing .1% gelatin to give 3H-

activity ranging from 8,000 to 12,000cpm/.1 ml. The working

trace solution was freshly prepared for each assay.

Testostero_Ie Standards - An al i quot ( . 
.l 

ml ) of stock

solution (10 mg % in distilled absolute ethanol ) was diluted
with l0 ml distilled ethanol to obtain a dilute stock solution.
Working standard solutions of 0, 10, 25, 50, 100, 200, 300, 400,

500, 600 and 1,000 pg/ml were prepared by seri a1'ly diluting the

diIute stock solutìon with PBS. llork'i ng standards r^rere usuaì1y

di scarded after a peri od of 2 weeks.

Extract'ion Procedure - S'ingl e al i quots of unknown serum

samp'les ( .05 or . I ml ) and pool ed cas tra te and i ntact ram sera

were pipetted into 20 x 150 mm disposable glass culture tubes

and brought up to I ml with PBS. Samples were vortexed gentiy

for 30 sec. with 8 ml absolute diethyl ether obtained from a

freshly opened can and then allowed to freeze while kept at

-20"C for 2 to 3 h. The ethereal layer was then decanted into

a second 20 x 150 mm tube and dried under a gentle stream of Ne

gas in a water bath at 37oC (10 - 20 min. required). The
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residue was redissol ved 'i n 1.2 ml PBS and shaken f or l0 min.

Extract (.5 ml) was pipeted into dup'licate culture tubes ('l2

75 mm) for radioimmunoassay.

Estimation of procedural losses was done by addition of
?.l ml "H-T, prior to extraction, to a set of three culture tubes

contai ni ng serum samples chosen at random. Percentage recoVery

(y" R) was calcujated based on the equation % R = r oo 
llìËRt-cpm x

from'H-uctivity present 'i n .5 ml extract (Ri-cpni) and the total

act'i vity (Rt-cpm). Percentage recovery estimations fo1'lowing

extraction averaged (t S.f .) 83.1 I 1.6% (n = B).

Assay Procedure - A .5 ml volume of each standard solution

was added to duplicate culture tubes (12 x 75 mm). Two sets of

three culture tubes meant for monitoring total 3H-uctìvity,

herei nafter denoted as 'Tota1 s' , were al so incl uded i n each

assay; to these tubes were added l.l ml of PBS. Except for

'Total s' , . I ml anti serum was added to al I assay tubes. Fol I ow-

ing this, . I ml of label led-hormone was added to al I tubes

i ncl udi ng 'Total s' . Then, the tubes were gently vortexed for

5 Sec., covered with aluminum foil or parafilm and incubated

overni ght for approximately I 6 h at 4oC.

tlJhi le maintajning the temperature of constantly stirred

dextran-coated charcoal suspensi on ( 250 mg acti vated Nori t A

charcoal; 25 mg Dextran T-70; 100 ml PBS) at about 4oC, .5 ml

of this solution was added to all tubes except 'Totals'; and

tubes immedi atel v vortexed for 5 sec. Tubes were then i ncubated
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for l0 min.

Each supernatant fraction was decanted and sent for
scintillation counting (ttuclear Chìcago Un'i lux II) after addition

of 4 ml of scintillation fluid. Vials were shaken vigorously for
about l0 sec. and equilibrated in the dark at 4oC for 4 to l6 h

bef ore counti ng.

Calculations - Using the standard curve and relating per-

centage binding to mass of T, the T content of each unknown

samp'le was determined. Recovery estimates were used to correct

for extraction losses. Values were expressed as ng/ml after sub-

traction of the estimate for the pooled castrate ram serum.

tstimates for pool ed castrate ram serum were subtracted from

calculated values in order to minìmize serum effect. The

calculation procedure'is represented by the equations below:

! = X - BV

p x cf., x cf,,
Y=" 1,000

where Y = corrected concentration of T (ng/ml) in serum sample

X - unknown concentration of T (nglml ) in serum samp'le

BV = unknown concentration of T (nglml ) in blank

(castrate serum)

p = picogram T determined from standard curve using %

binding

cf " = correct'ion f actor due to extracti on I osses f J=l
I 

tvvrv¡r ¡uvevr ,% 
R,

,f ? = dilution factor (e.g.,l+ x l0).
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D x cf, x cf
N.B. BV = '"-":l=" "'2

I ,000

Estimated values for castrate ram serum pool ranged from 1.87

to 3.3.l nglml. From the eight duplicate determ'inat'ions on the

intact ram serum pool, the inter- and intra-assay coefficients

of variation were calculated to be 13.7% and 4.3%, respective'ly.

T concentratjon averaged 8.43 nglml. The sensìt'ivity of the

assay ranged from .42 to .60 nglml.

Definitions of the LH-Profile Characteristics

MtAN BASELINE. The mean of the lowest s'ing1e value(s) between

peaks; i.e., usually those which immediateìy preceded an

elevation (Sanford et â1., 1977).

PEAK. A measurable rise fol lowed by a fal I

The rise was cons'idered measurable when the

consecutive low and high values were higher

errors of the overal I sampl i ng peri od mean (

in

di

th

BI

concentrat'i on.

fference between

an three standard

anc et â1., 1978)

PEAK HE I GHT The highest value associated w'i th the peak.

DTLTA (¡) VALUE

I'ine va I ue.

The di fference between peak height and base-

Statistical Procedures

As mentioned previous'ly, the intra-aSsay coefficient of

variation was calculated accordjng to the method of Rodbard

(1971 ) . Estimat'i on of i nter-assay coef f i cient of vari ati on was

by standard statistical procedure (Snedecor and Cochran, 1976).
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In txperiment I , data obtai ned for vari ous treatments were

subjected to ana'lysis of variance, and differences between

means tested by the Student-Newman-Keuls (SNK) test; seasonal

di fferences i n hormone concentration were subjected to a pai red

t-test (Snedecor and Cochran, 1976) .

Data for Experiment 2 were ana'lyzed as a ? x 4 x 6 factorial
(i.e., mating and control periods for four rams with six time

intervals). The BMDP Biomedical Computer Program (P-series 2U)

developed by R. Jennrich and P. Sampson (1977) for the analysis

of varjance and covariance was used. This program takes into

account the fact that data were collected from the same rams on

many occas i ons.



Experiment l.

and Breeding

Seasonal changes in peripheral blood levels of LH, FSH

and T (Sanford et al., 1976a; Lincoln et al., 1977; Sanford

et al. , 1977; Sanford et dl., 1978a) and in libido (Pepelko and

C'legg, .|965; Sanford et al., 1974b; Schanbacher and Lunstra,

1976) and semen production (Cupps et ô1., 1960; Jackson and

1¡j I I i ams, I 973) have been demonstrated to occur i n the ram; the

changes being more pronounced in the fall breedìng season.

The di recti on of these seasonal -endocri ne changes remaj ned

unaffected in rams allowed to copulate (Katongole et al. ' 1974;

Purvis et â1. o 1974; Sanford et â1., 1977), although close prox-

'imity of rams to estrual ewes has been found to jncrease mating

activity and T levels during the breed'i ng season (Illius et al.,

1976b). By contrast, short periods of exposure to estrous-

induced ewes could not be assoc'iated with alterations in LH and

T secret'i on in the ram (Sanford et al., 1974b). However,

extended mating periods (B-12 h) evoked transient increases in

the levels of LH, FSH and T secretion which appeared to be

season dependent; 'i t was evi dent only i n the early and I atter

(Sanford et al., 1974b; Sanford

, 1977).

EXPERIMENTAL

Vari ati on i n Serum Leve I s

and Tes tos terone i n Rams

of Sexual Activity During

of LH, FSH, Prolactìn
Engaged in Various Types

the 0vine Non-Breeding

Seasons

parts of the breeding

et al., 1976a; Sanford

season

et al.
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it is important to determine the type of sexual activìty
or specific stímuli that initiates the changes in the levels of
LH, FSH and T, and the significance of these changes. pre-
'liminary investigation (sanford et al., - unpublished) índicated
that elevations in hormone secretion in the nonbreeding season

may be i ni ti ated by the act of ejacul ati on. Thus a major

obiective of this experiment was to investigate this possibil.i ty,
as well as the influence of various sexual activities on hormone

secretion during the breeding season. prolactin was included
due to i ts importance i n the regul ati on of sexual functi on ( see

Review).

Experimental plan

The study was designed as a 4 x 4 Latin Square. Four

mature Fi nní sh Landrace rams were bl ed at 20-mi n. i nterval s for
I h when al I owed to: serve as control s, observe, mount wi th-
out intromission, or mate ovariectomized estrous-ìnduced ewes.

Rams were prevented from i ntromi tti ng by coveri ng thei r under-

sides complete'ly with burlap aprons. when a ram was serving
as a control he was bled while penned away from the auditory,
visual and olfactory influences of the other rams and ewes

involved in sexual activity. Each of the three remainíng rams

exposed to ewes were p'laced individuaì ly in three adjacent
pens (1.8 x 2.8 m) in an enclosed area of the barn. The animals
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that mated or mounted were pì aced i n the end pens.

Pl acement of rams i n thei r respecti ve pens was done at

approximately 0800 h on the day of blood collection, and rams

were left undisturbed for I h to become accustomed to the

di fferent surroundi ngs. A si ng1 e bl ood sampl e was taken from

each ram at approximate'ly 0900 h bef ore the 'i ntroduct'ion of

the estrual ewes. Just prior to the second bleedìng, an

estrual ewe was pl aced w'i th the rams desi gnated to mount or

mate. The er,¡es were changed after 4 h to provide additional

i ncenti ve to rams to conti nue matì ng and mountì ng.

The sexual behavi or of al I rams was cl oseìy observed

duri ng the speci fied time periods. The number of mounts and

mounts culminating in ejaculat'ion during each 20-m'i n. interval
were recorded for each ram when mating. Ejaculation was con-

sidered to have occurred when a mount was succeeded by a marked

pelvic thrust, followed by a period of complete sexual inactivity.
Simi larìy, the number of mounts were recorded for aproned rams.

0n1y minimal physical contact was allowed between the

observi ng ram and estrual ewes 'i n ad jacent pens.

This experiment was performed in July (nonbreeding season)

and repeated in 0ctober (breeding season). Blood collection
periods in Ju'ly occurred on day 5, 7, l8 and 21 of the month.

In 0ctober blood was collected on day ll, 15, 20 and 25.
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Results

Rams quickly exh'ibi ted the desired sexual behavior upon

i ntroduction of estrous-i nduced ewes 'i nto thei r pens. I^lhen

allowed to mate, they mated more frequently during the first
40-min. and their frequency of mating became less in subsequent

20-min. intervals. Nevertheless, overall mating was consider-

able (Tab1e I ) with no s'i gnif icant (P t .05) difference between

the seasons. Rams al I owed to mount only, mounted often and

fairìy consistentìy during the B-h period (taOle 2); and again

there was no si gni ficant di fference between the seasons. Rams

wh'ich observed, were obviously excited judg'i ng from the'i r

attempted contacts with estrous-i nduced ewes in adjacent pens.

This activity was maintained throughout the 8-h period.

Mean hormone level s and the characteri sti cs of LH profi I es

determi ned for rams performi ng di fferent sexual acti vi ties

during the non-breeding season are shown in Tables 3 and 4,

respecti vely. In addj ti on the LH profi I es for control and

sexual ly acti ve peri ods of each ram i n the non-breedi ng season

are depi cted i n Fi gure I . Matj ng tri ggered si gni fi cant

(P . .05) increases in mean LH levels which were associated with

nonsi gni fi cant i ncreases i n basal LH and the number of LH

peaks. LH peaks during the mating perìods seemed to occur at

I ess regu'lar i nterval s and exhi b'ited substant'i a I vari ati on ì n

thei r magni tudes. The other two forms of sexua I acti vi ty



Mean (+ S.E.)
Rams

4?

TABLE

Number of Mates

During the B-h

l
I

and Mounts Recorded For
Mating Periods

Season Acti vi ty v+Qtr
J.L

Non-breeding
(July)

Breeding
(0ctober)

Mounts

Mates

Mounts/Mate

Mounts

Mates

Mounts/14ate

30.0 + 3.6
24.5 + 4.7
1 .28 + 0..l0

26 .3
23.0
l.l5

.t.u

lh

0 .07

+

1
T

Each value represents the mean of four rams

TABLE

Mean (+ S.E.) Number

During the
of 14ounts Recorded for Rams

8-h Mounting Periods

vJ-qtr
^ 

| J. L.Season

Non-breedì ng

(,luty¡

Breeding
(october)

I 87.3 + 26

177.5 + 6.7

Each value represents the mean of four rams
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TAB LI 3

Mean (+ S.E.) levels (ng/ml) of LH, FSH, Prolactin
(PRL) and Testosterone (T) in Peripheral Blood Serum

of Rams Bled at 20-minute Intervals During B-h Control

or Sexual ly Active Periods jn the Non-Breeding Season

(July)

TREATMENT

I n te ra c ti o n Wi th Estrual Ewe s

t.r-r.. Cttrttl 0b

LH .64 .54 .44 ].zb .15

FSH 42 .3a 48. 4a 45. 6a s2.44 3. 9

pRL 251 .za I zs.gb zg4 .4a I s0.7b 26.7

T z.sa 3.la z.4a 4.34 .5

Each value represents the mean of four rams. Horizontal means

fol lowed by the same superscript are not significantìy
(P > .05) different



Characteri st'ics of Serum LH Prof i I es

I nterval s Duri ng B-h Control and

in the Non-breeding Season

Baseline level
(ng/ml )

Peak frequency
(per th)

Peak height
( nglml )

A val ue

(nglml )

TABLE 4

Control

TREATMINT

for Rams Bled
Sexua 1 ly-acti ve

(.luty¡

?c)

1.0

7.3

6.9

Interaction Ìnlith Estruql Ewes

Va I ues represent the mean

No sìgnificant (P t .05)

0bserved

at 20-mi nute
Peri ods

.24

1.5

6n

4.8

Mounted

.24

1.4

q7

5.5

of four rams

differences between horizontal means

Ma ted

.68

3.0

6.3

5.6

Pool ed S. F

.15

Þè

2.0

2.0
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682

Th4E IN HOURS

Profile of LH fluctuations in peripheral
bl ood serum of rams bl ed at 20-mi n. 'interval s

during B-h control and sexually-active
perioðs in the non-breeding (July) season.
Bl eedi ng started at approx. 0900 h.
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resul ted i n only minor depressions of mean and basal level s

of LH. Although, sexual activities other than mating general ly

did not seem to affect LH-peak frequency, in one ram (Ram #2)

both observati on and mounti ng of ewes evoked an i ncrease i n

the number of LH peaks but not to the same extent as mati ng d'id

(figure l). None of the sexual activities affected mean FSH

levels. Mat'ing estrual ewes resulted in a substantial but

nonsìgnìficant elevation in mean T levels. Mean PRL levels

were rel ati veìy I ow and comparabl e when rams were eí ther

observi ng or mat'ing, and were sì gni f i cantly (P . .05 ) hi gher

when they were ei ther mounti ng or servi ng as control s. However,

this pattern was not consistent among rams (Appendjx I, Tabl e 4)

The breedì ng season hormonal responses are presented 'i n

Tables 5 and 6. The LH profiles of control and sexuaiìy-

actjve perìods for each ram during the same season are displayed

in Figure 2. Mating activity resulted in a significant (P ..05)

i ncrease i n basal LH, but only a sl i ght 'i ncrease 'in mean LH and

i n the frequency of LH peaks. Serum LH-profi I e changes were

not associated wjth a significant increase in mean T. The mean

levels of LH and particuiarìy mean T (P <.05) !vere depressed

from control levels during mounting periods. Mounting also

resulted in a slight decrease in LH-peak frequency and a

sign'i ficant (P < .05) decrease in LH-peak height and 
^ 

values.

Similarly, observation resulted in a decrease in the frequency

of LH-peaks, basal and mean LH level s, and espec'ia11y mean T

level (P < .05). FSH did not vary among treatments. Mean PRL
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TAB LE 5

Mean (+ S.E. ) Levels (nglml ) of LH, FSH, prolactin
(PRL) and Testosterone (T) jn Peripheral Blood Serum

of Rams Bled at 20-ninute Intervals Durjng B-h Control or
Sexua'l ly Active Periods 'in The Breeding Season (0ctober)

TREATMENT

Interaction l^Jith Estrual Ewes

Hormone Control 0bserved Mounted Mated Pooled S. E.

LH I .Oab .74 .7a 1.zb

FSH 107.6ô I I 4.5* I 48. 6' 124.8"

3z.ou 148.6o ss.ra zs.3
r. -atJ.t r 3. Bu r B. Bb .8

.l

10 .7

PRL

T

+.1
h

tt.J

Each va I ue represents the mean of four rams

Hori zontal means fol I owed by the same superscri pt
are not significantly (P t.05) different



TABLE 6

Characteri sti cs of Serum LH Profi I es for
at 20-mi nute Interval s During B-h Control

Active Periods in the Breedìng Season

Baseline leve
(ng/ml )

Peak frequency
(per Bh )

Peak height
(nglml )

A val ue

(ng/ml )

Control

.6la

3.6ab

h
3 .2"

TREATMENT

Interacti on l¡li th Estrual Ewes

Horj zontal means fol I owed by the same superscrì pt are not s'i gni fi cantly
(P > .05) d'i fferent
Val ues represent the mean of four rams

0bserved

Rams B I ed

and Sexual ìy-
(0ctober)

.40"

^ -â¿.J

2 .6b

l{ounted

.434

2 .6"

I . ga3.tb

Mated

h
¿.o

.83b

4.3b

Poo I ed

I .44

3.lb

ç

.06

.2

.?

r

2.2b

Þ
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682

TIME IN HOURS

Profile of LH fluctuatíons in peripheral
blood serum of rams bled at 20-min. intervals
during B-h control and sexually-active periods
i n the breedi ng (¡tovember) season.
Bleeding started at approx.0900 h.
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levels for the B-h control periods averaged 4.7 1 1.6 nglml.

The incidence of sexual activjties triggered substantial

el evati ons i n PRL concentrati on above control I evel s , wi th

levels for mounting being remarkab'ly higher (148.6 + 4.l.9

nglml, P < .05).

In July there t,lere not substantial variations in mean

hormone I evel s or LH-profi le characteri sti cs from one bl eedi ng

period to the next; an exception was the very high PRL level

noti ced for the fi rs t bl eedi ng peri od: 396 + 83.9 ng/n

(P < .01). PRL values for the second, th'i rd and f ourth bleed-

jng periods were llB.B + 27.8, 154.7 + 33.8 and 142.7 + 27.5

ng/ml, respectìvely. Simi larly, in 0ctober, hormone levels

of the rams general ìy remai ned unchanged from one peri od to

the next except for s'i gnificant (P < .01) differences 'in

basal LH level and the number of LH peaks.

The normal and expected seasonal -endocrine changes were

seen in the rams (Tables 7 and 8). The frequency of LH

rel ease, and mean LH, FSH and T I evel s were h'igher i n 0ctober

compared to Ju'ly. In contrast, LH peak hei ght and mean PRL

levels were low in 0ctober but h'i gh in July.

Discussion

I t has been reported that the mati ng performance of a

subordinate ram may decl ine when viewed by a dominant ram

(Lindsay et al. , 1976). Also, mat'i ng performance of rams is

known to decrease after a single mate or a period of several

copulations (Thiery and S'ignoret, 1978). These detrimental
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TABLE 7

Mean (+ S.E. ) Levels (nglml ) of LH, FSH, Prolactin
(PRL) and Testosterone (T) 'in Peripheral Blood Serum of

Rams Bled at 20-n'i nute Intervals During an 8-h control perjod

in the 'Non-breeding (July) and Breed'i ng (0ctober) Seasons

Hormone Non-Breeding Season Breed.ing Season

LH .6 1.2 1.0+.?x
FSH 42.3 + 4.5 107.8 + 26.3*

PRL 251.2 +90.1 4.7 11.4x
T 2.51 + .3 17.9 + 3.5**

Season d'i f ferences signif icant at P < .l0* or
P < .05**

Each val ue represents the mean (+ S. E. ) of four
rams
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TABL E B

Characteri sti cs of Serum LH Profi I es for Rams

Bled at 20-minute Intervals During an B-h Control
' Period in the Non-Breeding (July) and Breed-

ing (0ctober) Seasons

Characteri sti c Non-Breeding Season Breeding Season

Baseline level
(nglm1)

Peak frequency
(per 8-h)

Peak height
(nglml )

^ 
value

(ng/ml )

.4 I .l

1.0 + 0.0

7.3 1 3.4

6.9 + 3.3

.6 1 .l

3.6 I .7**

3.2 + .4

2.6 + .4

Season di fference si gni fi cant at P < .05**

Values represent the mean (+ S.E. ) of four
rams



i nfl uences to mati ng behavi or may have been corrected i n part
by changing the teaser ewes. However, it is d.i fficult to

assess if the change after 4 h was adequate to compensate for
the presumpt'i ve dec I í ne i n mati ng behavi or. i n any case,

stimulation could be regarded to be substantial since rams

performed their various activities promptly and fa'i r'ly consjstentiy

over the 8-h test periods.

Results of the present study indicated no significant
differences between seasons in the various types of sexual

activity. However, several investigators (pepe'l ko and Clegg,

I 965; Schanbacher and Lunstra, 1976; Sanford et al . , jgTl)
have noticed an increase in mating activ.ity durìng

the breedÍng season. Probably the wide variat'ion that existed
between rams i n terms of thei r mati ng performance, coupl ed wi th

the fact that onìy four rams were used precludes valìd statistìcal
inference. But, it may be possible to expla.i n the absence of a

seasonal increase in mating behavior in the presence of an

increase in mean serum T based on results obtained by Schanbacher

and Lunstra (1976) and sanford et al. (1977). They found a high

and posítive correlation between seasonal changes in T levels
and mating activ'i ty of rams. Thereforeo jt is probable that,
although levels of mean T in rams in the present study durìng

the non-breeding season were low in comparison to those of the

breeding season, the levels for these rams at this time were

above or close to threshold levels required to maintain maximal
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behav'ioral responses. Also, the fact that Finnish Landrace

rams are extremely sexua'l 1y active, in comparison to other

breed types, may preclude extens'i ve seasonal variations in

matÍnq behavÍor.

The hour-to-hour changes that occur i n the I evel s of LH

and T in peripheral blood are not reguìar1y ìnfluenced by

brief involvement in various kinds of sexual activìty. Neither

the observation nor mounting of estrual ewes for 2 to 5 mjn.

is consistently followed by elevations in the levels of these

hormones (Sanford et al., 1974b). Furthermore, rams allowed

to ejacul ate once or several times duri ng a peri od of I h

generally do not exhìbit increases in blood LH and T (Purvis

et al., 1974; Sanford et al.,1974b). Nevertheless, when rams

are allowed to mate for proìonged periods of time (8-12 h) during

the latter part of the breedìng season, the levels of FSH

(Sanford et al., 1976a), LH and T (Sanford et al, 1974b; Sanford

et al., 1977 ) are temporarily elevated. Similar'ly, mating

activity early in the breeding season (August and September)

is associated with an increase in the frequency of LH puìses

and mean T levels, but no change in mean FSH levels (Sanford

et al., 1977). Clearly, these results together, jndicate that

repeated ejacul ati on exerts a posi ti ve short-term i nfl uence on

the secret'ion of LH and T and perhaps FSH, 'in rams duri ng

peri ods of the year when I evel s are rel ati ve'ly I ow. The

resul ts of the present study support these observati ons. Duri ng



the non-breedíng season when control values of LH and T were

low, mating triggered increases jn mean and basal LH levels,

the number of LH peaks and mean T levels in the rams. Although

mating activ'i ty during the breeding season was associated with

sign'i ficant (P..05) 'increases in basal LH levels and a s'l ight

increase in LH-peak frequency, these changes i n the pattern of

release could not stjmulate substantial elevations in c'i rcu'lating

T levels. The reason for the lack of a significant T response

may have been due i n part to the h'i gh I evel s of T al ready present

at that time of the year. It is reported that during all

seasons the epi sodi c rel eases of LH i nduce a maxjmum response

from the testes in terms of T secretjon, which varjes according

to the synthetic state of the gonad, and that supra-physiological

I evel s of LH do not j nduce short-term ri ses i n c j rcul at'i ng T

outside the norma'l range (Katongole et al., 1971; Lincoln, .l976).

Thus one should expect T levels to rise with the occurrence of

repeated mating, only during those months of the year when both

LH-peak frequency and T I evel s are rel ati vely I ow'

I t 'i s of interest to know what component of the rams

sexual behavior is actually responsible for the transitory

increases in hormone levels, but as Yêt, pub'l 'i shed data in

thjs area is lack'ing. Prelimj nary investigation in this

laboratory suggested that it is the stimuli assocjated with

the act of repeated ejaculation which triggers'increases in

hormonelevels,sincetheactofrepeatedmountingorobserving
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an estrual ewe was associated with gradual depressions in LH

and T levels (Sanford et al. - unpubl ished data). Data

obtained in this study are in agreement wìth the earlier find-

ìngs. Simi lar'ly, the act of repeated mounting and observation

produced declines in LH and T levels except that, 1n one ram

these acts led to an increase in the number of LH ep'isodes during

the non-breedi ng season. A1 though the occurrence of these

epi sodes was poSSi bly normal ( i . e. , spontaneous and unrel ated

to the presence of ewes), it is still likely that in this

particular ram, and may be in other rams, the act of observation

or mountìng during the non-breeding Season provides adequate

stimulation for the secretion of additional LH. In rats, jt

has been observed that, even though copulat'ion elicits an

'increase i n the I evel s of LH and T, thei r mere anti ci pati on of

a mating encounter is enough to trigger a rise in the levels

of these hormones (Kamel et â1., 1975). Simjlarly, boars kept

in close proximity to or alloled physical contact wjth estrual

sows exh'ib'i ted j ncreased numbers of T peaks j n serum but not

to the same extent as that produced by copul ati on (l4lannamaker

et al., 197g). Some bulls have been shown to respond to the

sight of a cow, false mounting or eiaculation by exhibjting an

immed'iate and pronounced release of LH and T in blood (Katongole

et al., l97l). 0ther studies have shown however, that false

mounting and ejaculation may or may not be followed by sìight

nonsignificant jncreases in LH (Convey et al., 1971;' Gombe et

â1., 1973) and moderate elevations in T (Smith et al., 1973).
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This effect of observation or mounting on additional LH

secretion may be espec'ial ly true f ol lowing 'l ong-term exposure

si nce i t has been observed that keepi ng rams adiacent to ewes

brought into estrus periodically, increased rams' circulating

T levels and testis sizes (Illius et al. , 19753 Illius et ô1.,

1976b; Sanford and Yarney, l9B0).

I n the present study, the I evel s of FSH were unaffected

by mati ng i n both the non-breedi ng and breedi ng seasons.

Similar'ly, Sanford et al. (1977 ) could not detect increases in

mean FSH when rams were allowed to mate for B-h periods in

August through December. In contrast, when two rams were

al lowed to mate estrual ewes during a period of 24-h 'i n JanuâfY,

mean FSH levels were found to have ìncreased during the first

12 h. Mounti ng or observation duri ng the non-breeding or

breedì ng season coul d not be associ ated wi th i ncreases i n FSH

levels and thjs conforms to the results of a Subsequent study

performed jn January (Sanford et al. - unpub'l ished data).

The pattern of response of PRL levels during the rlon-

breed'i ng season does not indjcate any apparent relationship

with sexual activity. Nevertheless, during the breedìng

season, all types of sexual activity appeared to have stimulated

substantial elevations in PRL concentrat'ions. Yet, it may be

argued that PRL I evel s were el evated i n sexual ìy-acti ve rams

because they were penned in the enclosed area of the barn

where the ambient temperature was higher than the outside
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temperatures. During this time of the year the outside

temperatures ranged from a daily average of 3.8 to f2"C,

whereas the temperature in the enclosed area of the barn was

approximately 23oC. Sanford et al . ( I 97Bb) reported that when

rams were moved from an outsi de envi ronment ( temperature

rangíng from -10 to -25oC) to an inside environment (temperature

ranging from 24 to 30"C), PRL levels were raised about two-fold

wi thi n one day. Therefore, there j s ampl e reason to bel i eve

that the elevated PRL levels encountered in this experiment

were due in part to the elevated temperatures. Alternat'ive1y,

the stress effect associated with sexual act'ivity (mount'ing in

part'i cul ar) was probably a ma jor cause of the el evated PRL

levels.

Alteratjons in hypothalamic-hypophyseal functjon brought

about primarily by changes in photoperiod are thought to account

for seasonal variation jn the pattern of LH release. Although'

dj rect measurement of GnRH secreti on durj ng changes i n photo-

period has not been made in the ram, it has been demonstrated

that the hypothal ami c content of GnRH is i nfl uenced by photo-

period, and that rams exposed to natural day'length have

i ncreased GnRH act'i vi ty i n thei r hypothal ami before the autumn

mat'i ng season at the time when the testes are i ncreas i ng i n

size and f unct'i on (Pel letier, 197 I ). Presumably, the increased

GnRH acti v'i ty i s due to a decrease i n the negati ve-feedback

effect of gonadal steroids (T) at the level of the hypothalamus
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(Pelletier and 0rtavant, .|975b). Since, it ìs probable that

the episodes of LH release which produce trans'itory peaks in

serum LH concentrati on are the resul t of epi sodes of GnRH

( Li ncol n, 197 6 I LÍ ncol n, I 978 ) , LH profi I es may be used as an

indjrect'indicator of some aspects of hypothalamic activity.
Additiona'l 1y, the pituitary g'l and does not appear to possess

an intrinsic capacity to cause episodic gonadotropin release

(Bremneret al., 1976). In thjs regard, a change from long to

short days would stimulate epìsodic GnRH release and consequently

episodic LH release, as was the case 'i n this study. Li kewise,

the additìonal LH peaks that were observed in some rams during

the period(s) of sexual activity may have been due to an

increase in the frequency of pulsatile releases of GnRH.

It is also purported that the responsiveness of the

pituitary to a standard dose of GnRH increases as the breeding

season advances ( lincol n, 1976) . Thi s i ncrease i n responsi ve-

ness coul d account for the ri se i n LH I evel s. These changes

coul d be brought about by a decrease i n the negati ve-feedback

effect of gonada'l steriods directly on the pituitary, although

it is curious that the greatest pituitary response to exogenous

GnRH i s seen durj ng months of ri si ng T I evel s. Mean T

concentrations in rams used in this study had increased about

seven-fold by 0ctober. This seasonal increase is in genera'ì

agreement with previous reports (Katongole et al., 1974;

Sanford et al; 1974b; Schanbacher and Lunstra, 1976) and js
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undoubtedly due in part to the'increase in the number of

spontaneous LH rel eases. An i ncrease in the responsi veness

of the testes to LH stimulat'ion (tincoln, 1976; Sanford et

1977) is likely another factor that accounts for higher

cj rcul ati ng I evel s of T duri ng the breedi ng season.

It is not clear which component of the fluctuating levels

of LH are involved in determining the maior st'imulus to the

target organ (i . e. , Leydi g cel I s ) and wh'ich may promote the

seasonal elevation in T level. Some studies (Sanford et ô1.,

1977; Ponz'i lius and Sanford, 1980) seem to suggest that LH-

peak frequency is an important factor. This is indicated by

the fact that the maqni tude of LH-peaks decreases i n the

breedìng season, while the smaller pulses, although greater in

number, st'imulate increas'i ng'ly larger T elevations. In other

stud'i es basal LH I evel s have been observed to i ncrease c0n-

siderably either alone (Schanbacher and Ford, 1976b) or in

association with increases in LH-peak frequency (lincoln,

1976); perhaps changes jn basal LH levels is an important

factor as well. In the present study, in spite of the fact

that each LH-prof ile characteristic increased or decreased in

the normal and expected di recti on, the changes were genera'l ly

slight and nonsignificant. 0niy LH-peak frequency increased

significant'ly (P <.05) and therefore could be considered of

prime importance i n el evati ng T secreti on.

o¡.t



6l

The significant seasonal increases in mean FSH are in

agreement with other reports (Lincoln et al., 1977; Sanford

et a1.,1977,1978a). Likewise, the seasonal decrease'in PRL

level agrees with the results of other investigators (Pelletjer,

1973; Ravault and 0rtavant,1977; Sanford et â1., 1978a;

Sanford and Di ckson, I 980 ) .
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Experiment 2. Effect of Repeated Mating on Reproducti ve

Hormone Secreti on and Pi tu ì tary Responsive-

ness to Gonadotropin Rel easi ng Hormone

t¡lhereas single ejaculations are not consistently associated

with varìations 'in LH and T secretion in the ram (sanford et al.,

1974b), it is apparent that during certain months of the year

several matings will induce increases in the cjrculating

levels of LH, FSH, and T (Sanford et al. , 197 4b; Sanford et al.,

1976at Sanford et al., 1977). During the non-breed'i ng season

serum concentrations of LH and T in particular are elevated for

about 12 h; thjs is followed by a decline and inh'i bjtion of

pulses for about t h (Sanford et al., 1974b; Sanford et al.,

unpubl j shed) . Thus i t was hypothesi zed that the temporary di s-

conti nuance of LH rel eases may have been due to: ( i ) re-

fractoriness of the pituitary to hypothalam'ic inputs of GnRH;

and/or ( i i ) suppressjon of GnRH release; and that both

phenomena may be influenced by elevated T levels as suggested

by Pelletier (1976). The obiect of this experiment was to

investigate the first possibjlity. Addjtjonally, the effect of

repeated mati ng on ci rcu'lati ng I evel s of LH, FSH, PRL and T

duri ng both the ovi ne non-breedi ng and breedi ng Seasons Was

exami ned.

Experimental Plan

This experiment was carried out in two parts and used the

same four rams of Experiment l. In Part l, the four rams were
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Treatment

Mean (+ S. E. ) Number

For Rams Durjng The

Non-breeding

Mati ng

Acti vi ty

Mating +

GnRH

Mounts (No¡

Mates (Ma)

Mo/Ma i ndex

Mounts (Mo)

Mates (Ma)

Mo/Ma index

TABLE 9

of Mounts and Mates Recorded

36-h Mati ng Peri ods i n The

(¿uly-August) Season

l-6

22.3 + 4.8 15.8 + 5.2

17.8 + 3.4 .l0.5 + 3.3
.l.26 + .05 1.46 + ..l6

15.0 + 4.1 lB.0 + 4.3

ll.5 + 4..| '|0.8 + .l.9
'|.59 + .35 '¡ .65 + .39

Time Interval (h)

7-12

Each val ue represents mean of four rams

t3 - lB

28.B + 9 .7 13.3 + 2. 5

12.3+3.0 8.5+2.3
2.77+ 1.07 1.65+.15

19-24

1g.g + 2.2 B. B

6.3+.|.5 6.5

1.75+.39 1.32

25-30

12.3 + 2.7

5.8 + l.B
2.42 + .54

5.5 + l.B
3.0 1.7
2.10 + .97

3l-36

+1.7
+q
i.ro

14.0+5.4

9.9+2.4
1 .72 + .35

8.3 +1.4

4.5 +1.8

2.13 + .96

Tota I

108.0 + 24.1

65.3 + 14. 2

1.72 + .28

65.5+14.4
42.5 + 10.2

I .57 + .'l5

Or
Ctl



Mean (+ S.E.)
Rams Durì ng

Treatment

Mati ng

number of Mounts and

the 36-h Mat'ing Peri od

(November) Season

Acti vi ty

TABLE I O

Mounts (Mo)

Mates (Ma)

Mo/Ma ì ndex

l-6
Time Interval (h)

7 - 12 13 - l8

34.0 + 7.2

16. 3 + 4.4

2.?1 + .17

14ates Recorded For
in the Breedinq

Each val ue represents mean

23.5 + ll.9
7.5 + 2.1

3.79 + 2.04

26.5+8.5

ll.5+2.5

2.10 + .45

19-24

17.5 + 2.5

B.B+ .6

2.02 + .27

25-30

of fou r rams

16.015.8 13.0+3.8

8.0 + 2.7 8.0 + 2. I

3.03+.|.06 1.63+.34

3l-36 Total

135.5 + 33.0

60.0+10.5

2.20 + .24

Ol



S'i x-hour
B I ood Se rum

Con tro I and

Non-breedi nga

Non-breedi ngb

Breed i ngc

Season

Mean (f
of Rams

Mating
and

S.E.) Levels (nglml) of LH

Bled at 20-minute Intervals
Periods'in the Non-breed'ing
Breedi ng ( November) Seasons

Treatment

TABLE I I

Control
Mating

Control
Mating

Control
Mat'i ng

Each va I ue represents the mean of four rams
*Three l0 ug GnRH injections were g'iven intravenously at 20-minute intervals
beginning at hour l9

uT..atment, time, tjme x treatment, significant (P <.05 or P <.0.|)
h"Treatment, time, time x treatment, s'ignif icant (P . .01)
tTr.atment, time, significant (P . .01)

Time Interval

+ GNRH*
+ GnRH*

l-6

.4+.2
1.2T .3

.6+.2
1.5 + .2

i n Peri pheral
for 36-h During
(July-August)

7 -12

.6+.2 .4+.2 .3+.1 .7 +.2
l.tT.3 .Bf.z .5I.1 .B+.3

(h)

1.0 + .2
.BT.I

.6+.2
t.¿+.¿

1.2+ .2
tT r

l3 - l8 19-24

.8+.3 45.9+12.8 1.2+ .3
l.l I .2 29.91 7.6 1.1+ .2

.7+.1 .5+.1 .6+..| .8+.1.5r.1 .3+.1 .4t.1 .5I.1

25-30 3l -36

.7+.2

.8 I .3

.6 + .l

.6 + .l Oì\



Six-hour
Se rum of

TABLE

I'lean (+ S.t.) Levels
Rams Bled at 20-ninute
and Mati ng Peri ods i n

August) and Breeding

Season

Non-breedi nga

Non-breedi ngb

B reed i ng

Trea tmen t

Control
Mati ng

Control
Mati ng

Control
Ma ti ng

Each val ue represents the mean of four rams
*Three l0 ug GnRH iniections lvere given intravenously at zo-ninute intervalsbeginning at hour l9
uT..atment, significant (p . .01)
bTr.atment, time, significant (p < .01 )

12

(nglml ) of FSH in perìpheral Btood
Intervals for 36-h During Control

the Non-breeding (,luly-
(November) Seasons

Time Interval
l-6

+ GnRH* 
.|19.4 +1?.2 128.9+13.5 124.7 +il.1

+ GnRH* 171.1 122.0 163.3+ 14.s 173.0!17'.à

175.2 + 26.7 l58.Z+ 14.5 156.8 + 24.4
166.4 i 17.s 164.5+ 16.0 lz5.l rãl-.2

66.5 + 8.6 72.1 + 8.s
82.9 T g.O 89.8 F g.¡

7 - 12

(h)

l3 - lB

66.7 + 7 .7
88.4 F 10. I

l9 - 24

ql.q17.5 65.2+g.q, 6l.s+7.989.0F9.4 86.8T9.0 BB.S1-9:B

189. 2+ 17 .2 102. B+ 9. 0 I I 3. 7+ 8. 3zn.qz4.7 tze.s+l 5.e r so. s¡ ii. o

147.3+14.7 148.8+t3.0 I 77 .7+22.1
155.6F12 .5 v7 .B!zz. s l se .z¡11-.e

25-30 3l - 36

Ol



Six-hour Mean (1
Blood Serum of Rams

and Mating Periods in the

Season

Non-breedi nga Control
Mat'ing

Non-breedingb

Breedi ngc

Treatment

S.t.) levels (nglml ) of Prolactin in Peripheral
Bled at 20-m'i nute Interval s f or 36-h Duri ng Control
Non-breedi ng (¡uly-August) and Breedi ng (November) Seasons

TABLE I 3

Each va I ue represents the mean of four rams
*Three l0 ug GnRH injections were given intravenousìy at 20-minute intervals
beginning at hour l9

uTr.atment, tjme, sìgnificant (P < .0.| )

bT".atment, time, tjme x treatment, sign'i f icant (P a .ol )

tTr.utment, time, time x treatment, sìgnificant (P <.05 or P <.0.|)

Control
Mati ng

Control
Mati ng

63.7 + B.B
144.0T 25.7

+ GnRH* 68.3 + 15.5
+ GnRH* I 34.6 T 16.2

34.0+10.5
51.4+17.1

Time Interval
7 - 12

Bl.5+1.|.9 130.5+lB.B
l5l .5 +21.7 160.9 +16.2

(h)

I lB.3 + 20.5
180.5T31.5

22.5 + 4.8
10.5T3.3

l3 - l8

87 .9 + 10.2
I 65.0 T 12.1

21 .5 + 4.7
14.1 + 2.2

l9

106.3 +12.3.l00.9+ 
15.3

8l .B+11.3
l0l.0i 12.4

12.4 + 3.3
l4.rFr.4

24 25

158.2+8.4 123.8+15.0
154.8 +16.2 134.2+ lB.4

?n

149.0+20.3 223.8+24.4
197.2+25.1 150.3T19.6

l5.B+5.3 31.3+7.2
il.6T4.5 5.6T1.3

3t 36



Six-hour Mean (+ S.E. ) Levels (ng/ml ) of Testosterone in Peripheral
Blood Serum of Rams Bled at 20-minute Intervals for 36-h During Control

and Mating Periods jn the Non-Breed'ing (July-August) and Breeding (November) Seasons

Season

Non-breeding

Non-breedi nga

B reed i ngb

Treatment

Control 2.3 + .8
Mati ng 4.9 T .9

Control+GnRH* 2.8+l.l
Mati ng + GnRH* 5. I T .5

TABLE

Each val ue represents the mean of four
*Three I 0 ug GnRH injections were gi ven

beg'i nn'i ng at hour I 9

uTirn., time x treatment, signifjcant (P

l4

Control I 8.6 + 2.6 20.6 + 2.8
Mati ng 20 .9T 2.9 23.8 14. 1

Time Interval

bTi*., sign'i ficant (P. .0.l)

7 - 12

4.6 + I .l
4.4!.8
2.6 + .9
4.5 + .5

(h)

t3

2.6+1.0
3.3T .9

2.8+1.2
3.7! .7

17 .B + 2.5
i7.9T3.b

IB 19-24

3.4+1.?
?.6t .6

14.? + 1 .9
12.7 T 1 .7

l6.l+2.6
14.3+3.1

25 - 30

rams

intravenously at 20-m'i nute intervals

3.5 + 1.0 5.3 + 1.9
3.0 T 1.0 4.r T 1.0

< .05 or P <

.B+ .3 .3+ .l
l.l T .2 .5T .2

3l

l5.B + 2.3 17.9 + 2.0
14.4T 2.9 15.0 I 2.3

36

.01 )

\¡
O



the total number of mates. However, the number of mounts

were sign'ificantly (P < . l0) greater in the breeding season

(135 + 33.0) than the non-breeding season (108.0 + 24.l).
Thus, 'i t is not surprising that the number of mounts per mate

were s'ignificantly (P..05) greater in the breed'ing season

(2.2 1 .2) than the non-breedi ng season (1 .7 I .3 ) .

In Part l, mating act'ivity during the non-breeding season

resulted in a proìonged elevat'ion of mean LH (approx'imately 12

h) which I ater decl i ned to normal I evel s ( treatment x time,

71

significant, P .01). Mean T level rose by about two-fold

but this increase was maintained for onìy 6 h. Mean FSH levels

were consistently and significantly (P . .0.l ) elevated above

control levels during the entire 36-h period. Similarly, the

l evel s of PRL were s'ign j f icantìy (P < .01 ) rai sed but thi s was

especially prevalent during the initial 1B h.

During the breeding season (Part I ) mating apparently

caused a sÍgnificant (P . .01 ) depressjon in mean LH levels,

which was cons'istent across all time intervals. But this did

not seem to affect mean T levels since thev were consistentlv

comparabl e to control val ues. Variati ons i n mean FSH I evel s

coul d not be detected i n response to mati ng. PRL I evel s for

rams when mat'i ng were f ound to be above thei r control va I ues

onìy during the first 6 h. In later time intervals the level

decreased to bel ow control val ues, wí th the extent of the

decrease d'i f feri ng among

significant, P < .01).

time intervals (treatment x time,
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Endocrine changes due to mating activity observed in

the non-breeding season of Part I were confirmed in part z of
the study. Mating act'i vÍty triggered increases in mean

levels of LH, PRL and T in the l8 h prior to GnRH injection.
Treatment wjth GnRH during the control and mating periods

produced marked el evati ons above prei njecti on I evel s ( h I 3- I B)

in mean LH (45.1 + 10.9 vs 28.8 + 7.6 nglml, P < .05), FSH

(64.4 + 12.6 vs 50.8 + 21 .2 nglml) and T (1.l.4 + 2.0 vs 9.0 +

.6 nglml) during the subsequent 6-h period (h j9-24).

In order to determ'ine the response to GnRH i n more detai I ,

concentratì ons of the hormones i n the 2-h poo'l s were exami ned.

It was not'iced that, although elevations in LH and T levels

were evident during the first ? h (rr 19-20) follow'i ng the onset

of GnRH injections, peak levels were generally reached during

h 3 and 4 (h 21-22) 'in all rams except Ram #z which exhjbited
peak LH levels during the first 2 h. Mean FSH levels djd not

consjstently peak in either h I and ? or h 3 and 4. However,

levels of FSH as well as LH and T had declined to relat'i veìy

low levels with'i n 4 h following peak levels. pre-injection

I evel s determi ned f rom 2-h poo'l s f or control and mati ng peri ods

were .? I .04 vs 1.4 + .2 n9/nl (P . .01) for LH, 116.4 + 12.z

vs 168.4 + 25.6 n9lml for FSH and .6 I .l vs b.4 + .4 ng/mì

(P < .01 ) for T, respectìvely. The GnRH injections produced

marked elevations (¡ value) in mean LH (83.1 + 23.8 vs 45.3

1 11.7 ng/n1, P <.01), FSH (125.1 + 23.0 vs 105.1 + 39.8 nglml)
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and T (20.0 + 2.3 vs 12.5 + 1.03 nglml , P < .05) during either

the fi rst or second 2-h i nterva I fol I owi ng onset of i njecti on.

In Part 2, PRL levels during almost the entire mating

perì od were cl early wel I above control I evel s ( P . .01 )

'indi cat'ing a mati ng ef f ect. Duri ng the control peri od, l eveì s

chang'ed considerably between 6-h intervals prior to GnRH

i niecti on. Level s were not i nfl uenced by the i nject'i on of GnRH

but did eventuaììy increase, and th'is occurred in all rams.

However, there was a marked drop in PRL during the 6 h following

GnRH treatment precedi ng thì s i ncrease.

Compari son between hormone I evel s obtai ned from rams when

they were bled during control periods in either the non-breed'ing

or breeding season (Part I ), revealed normal seasonal changes.

Mean LH, FSH and T I evel s were sì gni f icant'ly (P . .01) hi gher

in the breeding season than the non-breedìng season. In con-

trast, PRL levels were significantiy (P..01) greater jn the

non-breeding season than in the breeding season.

Discussion

As in Experiment l, rams mated consistently over the 36-h

test period and this elicited the characteristic changes in

reproducti ve hormone secreti on. I t i s obvi ous from the data

accrued for the non-breedi ng season that the mati ng performance

of rams had decl i ned consi derably duri ng the mati ng peri od wi th

GnRH 'i nject'ion. Since these two mating periods were separated

by a period of about 2 weeks (August 3 to August l6) it ìs



doubtful that the decl ine in performance wouJd have been duesolely to the previous exposure to ev,/es. i t cannot beattributed to the effect of GnRH injection because matingactivity had decreased considerabìy prior to GnRH injection,
when compared to the Ídentícal time period of the first matingsession' It is also doubtful that the higher ambient temperatureduring the second mating period could have resurted in thedecrease in matÍng activity. During the first mating periodtemperature ranged between 5.6 to 27.B"c; the temperature rangefor the second mating period was 

'. 
7 to 28.3.c. Mating per_formance may have decl ined because of strains imposed by previousexperimental manipuìations since the rams had arso been used forExperiment I at various times, from July 5 through July Zl.

comparison between the sexual activities exhibited durìngthe two mating periods of part I of the study: Ì^êVealed noseasonal difference in the total number of mates. However, thenumber of mounts were significantìy (p < .10) greater in thebreeding season than the non_breeding season, and consequent.lythe number of mounts per mate (p <.05). Thís is in djsagreementwith the resurts of pepe'rko and cìegg (1g65) who observed morefrequent and effÍcient ejaculation during the fal I after
exposing rams to estruaJ ewes for r h twice monthìy for ì year;the greatest number of mounts per ejaculation was observed inApril. Schanbacher and Lunstra (1g76) also notjced Finn ramsto be more sexuaì ìy aggressi ve (iudged from a r ibido index )
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in 0ctober. Thus, as indicated in Experiment l, the

circuìating T levels needed to maintain maximum mating per-

formance i n these rams i n the non-breedi ng season may have

been cl ose to or above the requi red threshol d I evel .

Undoubtedly, i n thi s study frequent ejacul ati on i n the

non-breedìng season stimulated temporary jncreases 'i n the

Ievels of LH and T, whereas LH Ievels were decreased during

the breeding season. This is in concert w'i th the results of

Experiment I and those of other studies (Sanford et al.,l974b;
Sanford et ôl., 1977). The depressed Ievels of LH during the

breeding season were not associated with a concurrent decrease

i n T I evel s. Perhaps LH-peak frequency and hei ght were not

reduced enough to have an effect.
Itlean I evel s of LH and T decl i ned to normal af ter the

temporary 6- to 12-h i ncrease. A simi I ar ì nci dent was reported

by Sanford g!_ al.(1974b). If the increase in mean levels of LH

'i s due to an increase in GnRH release from the hypothalamus,

then the subsequent decl i ne 'i n mean I evel s duri ng the rema i nder

of the mating periods may have been the result of the pitu'i tary

becomìng refractory to GnRH. indeed, proìonged infusion of

GnRH is known to inhjbjt LH release 'in intact rams (Bremner

et al., 1976). However, in this study when mating rams were

i njected wi th GnRH ( three I 0 ug i njecti ons at 20-mi n. i ntervaì s )

at h .l9, a time when LH was known to have decreased to normal,

there were marked elevations in mean LH and T levels. This



76

suggests that the pì tui tary had not become total 1y refractory

due to previous GnRH stimulation. However, the lower response

of mating rams to GnRH (in terms of lower mean LH and T values

post-injection), does suggest a part'ial loss of responsiveness

of the pituitary to GnRH, perhaps attributed in part to the

higher mean T levels resulting from mat'i ng act'i vity preceding

the injection. In corroboration with this is the fact that

T or its metabolites have been shown to exert inhib'i tory

influences on LH release at the level of both the hypothalamus

and the pituitary (Reeves et al. , 1970; Galloway and Pelletier,

1975; Sanford et â1., 1976b; Schanbacher, 1979).

The refractory state of the pituitary may also have been

due in part to depletion of pituitary LH stores. Rippelì et al. (1974)

demonstrated a refractory state of the pituitary up to 96 h

fo1'lowìng a singìe 50 ug GnRH iniection. Chakraborty et al.

(1974) also demonstrated a four-fold decrease in pìtuitary LH

content following 24 h of GnRH infusion at 2.3 ug/h. But, the

fact that Bremner et al . (1976 ) i I I ustrated refractori ness of

the pituitary even at very low doses of GnRH (.05 u9/min.)

infusion, suggests that pituitafy LH depletion may not be a

valid expìanation. LH itself when at high levels may exert

"short-loop" inhibitory feedback effect on the p'i tu'i tary

(Motta et al., 1969). Also high levels'of GnRH may feedback

on its own receptors to result in a depression

ness. These possible alternative explanations

in LH, observed ìn the present study, remain

jn responsive-

for the dec I i ne

to be tested.
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Furthermore, 'it i s impossi bl e to i gnore the poss'i bi l i ty that
the decline in LH may have been due to a suppression of GnRH

release by the h'igh circulatìng T levels or that the hypo-

thalamus had become refractory to incoming neural stjmuli
associ ated wi th mati ng.

It is interesting to consider the benefit of these

transitory increases in LH and T with the occurrence of mating

to the rams reproductive processes. Illius et al. (1975)

penned one of two groups of rams in close prox'imìty to ewes

induced into estrus every l8 days from May through March in

the following year. They observed that the older heterosocjal

group had I arger testes as compared to the homosoci al group

suggesti ng a 1 ong-term effect on the endocri ne system of these

animals. Li kewise, when rams were al lowed to mate or were

penned adjacent to ewes brought into estrus every l0 days for
a period of l8 mo. (May l97B - 0ctober 1979) their mean T

level s and scrotal ci rcumference were found to have i ncreased

earlíer at the onset of the second breeding season (Sanford

and Yarney, 1980). Thus, it may not be far reaching to pro-

claim that testi cul ar function of rams can be enhanced early

in the breeding season or perhaps out of season, by constantly

keeping rams in close proximity to estrual ewes.

In this study, mean FSH levels were consistently

el evated above control I evel s duri ng the enti re 36-h mati ng

peri od i n the non-breedi ng season but there was no apparent

i ncrease i n the breedi ng season. 0ne shoul d exerci se caut'i on
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in attributing the increase in mean FSH to the effect of
mat'ing since jevels had progressively increased from one

bleeding period to the next, an indication of photoperiodic
effect. Initìal months of d'iminishing photoperiod (Ju'ly

through September) have been associ ated wi th j ncreases i n FSH

levels (sanford et al., 197l; Sanford e_t al., l97Ba) and in
fact i n the present study dayì ength decreased from approximate'ly
'|5.3 h to 14.3 h from the start to finish of the experiment in
the non-breeding season. Additionally, because increases in
circuìatìng FSH were not detected in Experiment l, it would

seem appropri ate not to associ ate FSH 'i ncreases i n thi s

experiment with the effect of mati ng, taki ng cogni zance of the

fact that others have been able to demonstrate a relatjonship
in rats (Taleisnik et al., lg66) and rams (sanford et al, 1976a).

During the non-breeding season pRL levels duríng the two

control periods were comparabl e; and mat'i ng i nduced el evati ons

in mean PRL levels above the respective control values. This

observation is in accordance wi th those of Kamel et al. (lgll);
they exposed male rats to estrual females and observed j ncreases

in serum LH, T and PRL levels but not FSH levels. l,lhether the

high levels of PRL were due to the direct actjon of neural

stìmuli on pituitary cells via the hypothalamus, increased LH

and T secretion, oF otherw'i se, is a question to be resolved

by further experimentation.

tes tos terone propi ona te ( I 00

Treatment of wethers wi th

mg/day f or 3 weeks ) si gni f icant'ly

i tude of PRL secretory spì kes(P <.05) increased mean ampl
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and overal I PRL concentration but not basel ine PRL concentrat'ion

(Davis e! al., 1978). Similarly, Herbert (1978) demonstrated

an increase in serum PRL, pìtuitary PRL and the number of PRL

cel I s fo1 ì ow'i ng one week of admi ni sterì ng several testosterone

propionate iniections to juvenile male rhesus monkeys. tJhile

these findings may suggest an effect of T on PRL secretion,
jt on'ly appìies to the long-term situation. Increases in PRL

secreti on resul ti ng from mati ng may be of si gni fi cance i f one

considers that PRL is believed to synergize with LH in the

maintenance of testicular LH receptors (Zipf et â1., 1978) and

spermatogenesi s (Bartke, 1971; Hafiez et al . , 1972); it al so

synergizes with T to maintain accessory sex gland functjon

(Ravault et al., 1977).

Seasonal trends i n LH, FSH, PRL on T secreti on observed

were comparabl e to that observed i n Experiment I and other

investigators (Schanbacher and Lunstra, 1976i Lincoln et al.,
1977 I Ravault and 0rtavant, 1977; Sanford et â1., 1977, 1978a)



SUMMARY AND CONCLUS IONS

Four adult Finnish Landrace rams were used in two

experiments to study the interaction between mat'ing behavior

and season on circuìating levels of LH, FSH, PRL and T.

Experiment I , was designed to determi ne the i nfl uence of

d'i f f erent components of the rams mat'i ng behavi or on secret j on

of LH, FSH, PRL and T in the ovine non-breeding and breedìng

seasons. Blood was collected by jugu'l ar venipuncture at 20

min. intervals durjng B-h periods in Juìy and 0ctober whjle

individual rams were: I ) isolated from, 2) observing, 3)

mounting and 4) mating estrous-induced ewes. Mating activity
in July was associated with elevations in mean LH (.6 + .2,

control vs 1.2 I .3 nglml, mating, P < .05) and T levels (2.5

1.3 vs 4.311.0 nglm'l ), basal LH levels (.39 1 .10 vs .68 1
.21 nglml) and the number of LH peaks (1.0 vs 3.0 ! .9 per Bh)

while in 0ctober obvious changes in basal LH levels (.0 l.l
vs .9 + .2 nglml, P < .05) were noticed. Circulatìng LH and

T durj ng mounti ng and observati on peri ods were often depressed

from control I evel s i n both months. Mean FSH I evel s remai ned

unaffected by several ejacul ati ons, mounti ng or observation

in both months. Li kewise, there was no obvious relationship

between sexual act'i vity and mean PRL levels in Juìy; however,

the sexual activities which'involved the most physical

exertion tended to be associated with much hiqher circulatinq
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PRL levels Ín 0ctober.

Experiment z was designed to investigate the effect of
repeated mating on the secretion of LH, FSH, pRL and T during
the non-breeding and breeding seasons, and the cause of the
decline in circulating LH and T that occurs after several
hours of mating. The experiment was done in two parts and

employed the same rams used in Experiment r. In part r, con-
ducted in Juìy-August and in November, the rams were bred at
20-min intervals during 36-h control and mat'ing periods. part
2, performed in August on1y, was designed as part I wjth the
inclusion of three l0 ug GnRH injections (i.v.) given at z0_

mi n i nterval s begì nni ng at h I g. Matì ng acti vi ty produced

transient (6-12 h) elevations in circulating LH, T and pRL

in August, but I^/as associated with consistentìy lower LH levels
and a short-term (0 h) increase in pRL levels, in November.

Treatment wÍ th GnRH duri ng control and mati ng peri ods ( part 2 )

produced marked elevations (¿ value) in mean LH (g3. I + 23.8
vs 45.3 + 11.7 nglm1, p < .01), FSH (l25.l + 23.0 vs 105.1 1
39.8 ng/ml) and T (20.0 + 2.3 vs 12.S + 1.0 ng/n1 , p < .05)
duri ng ei ther the fi rst or second z-h i nterval fol I owi nq the
onset of injectÍon (h 19-23).

Seasonal variations in the secretion of hormones occurred
i n both experi ments. LH secreti on ( especi a 1 ly the number of
LH-peaks)' mean FSH and T levers were higher in the breeding
season as opposed to the non-breeding season. In contrast,
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PRL I evel s were greater i n the non-breedi ng season than the

breeding season.

These results indicate that during the non-breeding

season when I evel s of LH and T are rel ati ve'ly I ow oniy mul ti pì e

ejaculations by rams induce short-term increases in the

secreti on of these hormones , and that a I I forms of sexual

activity when exhibited in the breeding season may lead to

disruptions in the secret'i on of LH and T. While circuìating

FSH levels may remain unaffected by any type of ram's mating

behavior, PRL levels may be elevated after a period of several

ejaculations, in both seasons. F'ina1'ly, the decline in LH

secreti on f o'l ì ow'ing 12 h of matÍ ng may be due i n part to
pitu'i tary refractoriness to endogenous GnRH but the effect of

other possible factors needs to be examined. It is likeiy,
that these endocrjne changes could be exploited to enhance

ram testi cul ar function early i n the ovi ne breedi ng season or

out of season, by keeping rams as sexualìy active as poss'i ble

throughout the year.
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APPENDIX I

Data for Experiment I



Non-breed'i ng Season (¿uly):

Experimental Des ign
- 4 x 4 Latin Souare

Breedi ng Season (0ctober) :

TABLE

P:

Þ.

B I eedi ng peri od

Ram

Controlt^.

P5

RI

P6

Ma

P7

R2

Mo

DQ

C

0

R3

0

C

Mo

0:

Ma

Mo:

Ma:

R4

Ma

0bservi ng

Mounting

Mating

Mo

n

C

l'

0

Mo

Ma
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TABLE 2

Mean Serum LH Level s ( ng/ml
20-ninute Intervals During 8-h

) in Rams Bled at
Control or Sexual 1y-
and 0ctoberacti ve Peri ods i n July

Mon th Period Ram I

July

Ram 2 Ram 3 Ram 4

.81

-1

. J¿

1.30

l.l5
I .05

9,L

1.70

0ctober

Control

0bserved

Mounted

Mated

Control

0bse rved

Mounted

Mated

t.t4
.61

Ão

I .50

??

.57

.35

I .56

l.ll
.60

I .33

1 .7 2

. tY

.25

.44

l.l9
.87

.54

I .09

.44

.15

.09

.?9
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TABLE 3

Mean Serum FSH Levels (nglml ) in Rams Bled at
20-mi nute Interval s During 8-h Control or Sexual ìy-

active Periods in Juìy and 0ctober

Month Period Ram I Ram 2 Ram 3 Ram 4

Juìy

0c tobe r

Control

0bserved

Mounted

Ma ted

Control

0bserved

Mounted

Mated

55.0

84.0

6l .0

8l .0

195.0

239.0

"22 
q

248 .0

3t .0

?n Ã

29 .0

30.0

84. 0

85.0

96. 5

01 n

37 .0

30.0

4^n

40.0

+o. u

49 .0

58. 5

o7n

103. 5

94.0

90. 0

55.0

30.5

8l .5

70.0
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TABLE 4

Mean Serum PRL Levels (ng/ml) in Rams Bled at
20-ninute Intervals During 8-h Control or Sexua'l ly-

active Periods i n July and 0ctober

Month Period Ram I Ram 2 Ram 3 Ram 4

July Control

0bserved

Mounted

Ma ted

0ctober Control

0bserved

Mounted

Mated

540.0

132.8

196.8

148.8

< 2.?

16.0

255.0

5l .8

262 .0

110.0

580.0

134.0

56. 5

57 .5

56. 3

75.2

184.8
.l32.0

40.8

on

18 .7

115.0

¿5.9

127 
^

76.0

228 .8

279.2

< 2.?

36 .7

167.0

BB ,2
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TABLE 5

Mean Serum T Levels (ng/m1) in Rams Bled at
20-minute Intervals During 8-h Control or Sexually-

active Periods in July and 0ctober

Month Period Ram I Ram 2 Ram 3 Ram 4

J u'ly Control

0bserved

Mounted

Mated

0ctober Control

0bserved

Mounted

Mated

3.19

2.89

2 .23

5 .24

2 .65

4.14

3.7 5

6 .46

I . 85

3.63

2 .17

3.19

6.61

3 .57

1 .7 0

B. 48

2 .35

I.BB

1 .46

2 .23

24 .26

20 .68

16.93

20 .15

17.77

12.71

17.29

22 .23

23.01

18.01

19.37

24 .37
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TAB LE 6

Serum LH ( nglml ) Val ues for Ram I B I ed at
20-ninute Intervals During B-h Control or

Sexual'ly-active Periods in July

Control 0bserved Mounted Mated

1 .47
AA

. /u

.44

.33

.21

.14

.16

.24

.16

..l6

.17

.14
I .59

.88

.69
I 9. 00

7 18,

5 .25
2.60
1.66
I .06

.76

.57

. ¿5

.23
't1

.17

. ¿5

.14

.18

.14

.14

7 .60
4.70
2 .95
I .65
l.l6

. Bl

.67

.61

.42

.42
?o

.27

.27

.31

?o

u/

. LJ

.21
1A

.20

.24

.14

.14

.14

.17

.14
15.10
5.80
3. B0

I .91

1 .28
.77
.62

?/l

.35

.27

1 .02
7q

5.00
3.10
'l 70
't 2^

.84

.62

2 .65
3. 40

I .89
1 .21

o'l

.94
4 .65
2 .35
| . ou

2.00
4. 00

2 .25
I .55

.94

.67

x l.g¡
s.E.8l

l.l0
.36

r .39
.65

l.9l
,/h
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TABLE 7

Serum LH (nglml ) Val ues for Ram

20-n'i nute Intervals During B-h
Sexually-active Periods 'i n

I Bled at
Control or

0c tobe r

Control 0bserved Mounted Mated

3.15
I .68
1.?4

.82
2 .60
1 .57
I .09

.t¿

¿.3U

1 .64
I 'l?

2 .10
2.30
l.sl
1 .24
3.90
2 .10
1 .44
l.l5
3.50
2 .30
I .40
I .00
3.25

1.78
1.38

.99
3.10
l.B7
I .30

q4

qa.

I .69
I .41

I .01

.82

.72

.50
2 .60
I . B0

1 .21
Rq

.77
I .05
3.00
1.73
l.l9

1.50
1.17

.80

.64

.61
I 6¿

.98

.81

.40

1.77
1 .26

.68

.62
Ão

.52

.37

.46

. JJ

.36

. J+

l.l9

4.00
2 .15
I .46
I .06
¿.ou
I .50
I .09

70

2 .60
1 .87
1 .22

a7

.80
3 .25
2 .05
l.l5

RO

.64

3.00
I aÃ

1 .22

.94

x 1.89
S.E.IB

I .38
'lÃ

I .61
10

.80

.10
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TABL E 8

Serum LH ( nglml ) Val ues for Ram 2 Bl ed at
20-m'inute Intervals During 8-h Control or

Sexua'l ìy-active Periods in July

Control 0bserved Mounted Mated

. to
?.50
1.79
1 .21

. Bl

.65
AA

.45

.26

.19
2a

.23

.19

.28

.25

.26

.25

.17

.21

.16

.20

.16

.12

.7 0
EA

. JO

.34

.27
2?

.¿l

.28
I .59
I .06

.65

I .38
3.15
I .90
I .08
1 .07

.71

2.10
I .61

.94

.66
laX

.39

.12

. ¿J

I .81
'l n?

-7?

.50
2A

lq

I qÃ

.7 4

.69

/<
'lÃ

l¡a

1A

.20
't?

11

.t¿

.23
I .81

/<

I .38
4.10
2 .65
8.65
5.40
3. 50

2?n
I . Ov

1 .20
on

.60
? Ãn

2.50
I .56
1.17
3.75
2.60
I . B0

1 .25
. 88

.71

i . so

s.E.l2
.92
.14

.61

.14
2.27

?R
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TABLE 9

Serum LH (nglml ) Values for Ram 2 Bled at
20-ninute Intervals During 8-h Control or

Sexuaì 1y-acti ve Peri ods i n 0ctober

Control 0b s e rved ftlounted Mated

I .34
. B9

7ñ

. 63

3.75
2 .50
1 .64
1 .02

.7 4

.61

5.75
3. 50

t.tL

1 .02
. 66

.45

.40
?n

2'ì

3.65
2 .45
I .45

.88

2. B0

I .65
1.17

o'A.

.60

.47
<h

.26

.28

.26

.24
2A

.29

.14

.22

.21

.15
/<

.14

. ¿J

5 .25
3.40
l.8l
1 .29

l.l3
4. 00

J. UC

I . B0

1 .27
R¿

4 .20
2.80
I .65
l.l5

.84
4 .25
2 .90
l.9l
1 .26

o'l

.71

.55

.60
6?

.56
3.40
2 .45
I .55

1.89
I .53
3.70
3.00
I .95
1 .28
I .09
4 .60
¿ .3U

1.65
r.ll

.80
o.¿u
3.45
2 .40
i Âo

1 .26

4 .40

1 .7 9

1 .45
I.U¿

.78

x I . SS

s.E .28
.94
.26

I . 85

.25
2.22

.29
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TABLE I O

Serum LH ( nglml ) Va I ues for Ram

20-ninute Intervals During 8-h
Sexuaìly-active periods in

3 Bled at
Control or
July

Control 0bse rved Mounted Mated

.20

..|5

.23
2ñ

.t6

.22

.27

.20

.17

.15

.20

.24

.28

.¿5
?n

.23

.39
û. 2F,

1.95
1 .42

.82

.50

.13

. ¡J

.lJ
fa. tJ

. tJ
'l?

l?

/l 1^

L. JU

1 .52
.86

6R

.40
?'l

. ¿J

.20

.17

. tJ

.14
1?

.13

.19

.22

.24

..l8
2ñ
11

.16

.13
't ?

.18

.14
'lo

.15

.lB
2n

2.00
I . J¿

. 84
tr,4

.+L
ltl

.26

.2?

.13
f1

.22

)^
. JU

.68

AA

Á Âq

I . 85

aa.

.70

.22

2n

?n

2î
11.lJ

1ô. to

.18

i . ss

S.E.IB
.54
.21

.37

.09
.80
?n
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TABLE I I
Serum LH (nglml) Values for Ram 3 Bled at
20-ninute Intervals During B-h Control or

Sexual 1y-active Periods in 0ctober

Control 0bs erved Mounted Mated

.40
{q

3.75
1.75

.92

.75
6'l

q¿,

ll^

/ì<

2q

.22
2?

.19

.19

.51
4n

.27
41.Ll

1 .52
RO

11

< .13
.20
.24
.20
.IJ

'l 0

.27

.26

.20

.29

.19

. ¿õ

I .65
I .35

.89

.66

.54

.42
A?

.37

.44

.43

.27

.5U

.¿o

.5¿

.27
?n

. JJ

.23

.24

.¿3

.28

.¿ó
?o

/tl

??

.26

.18
2n

.16

.17

.17

.13

.20

.26

1 .29
A2

.67

.42

.34

.27
2?

.25
th

.20
2ñ

.21
1r

?n

.25

.lB

.20

.31
1 AÃ

1 .42
.81

tr,4

.43

I .oo
s.t.l6

.43

.08
.25
.01

.49

.09
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TABLE 12

Serum LH (nglml ) Val ues for Ram

20-ninute Intervals During g-h

Sexualìy-active periods jn

4 Bled at
Control or
Juìy

;r*.1 0bs erved Mounted Mated

4.15
? ln

2 .15
1.17

.82

.50

.5¿

. tJ

.17

.13

.13

.13

.13

.13

.13

.13

. tJ

3. 45

2. 65

1 .25
9.2

.56

.32

I nn

Âo

/l^

11. tt

.¿ó
l?

11

. tJ
t<

l1

t?
t<

1a

.13

5 .20
3. 30

2.05
1.17

Âo

.Jö

'lÃ

.25

.16

.14

. tJ
1â

1î

l1.lJ

t<

.16

.13
1?

.14
't?

1^. tJ

t<

'l?

3.55
2 .45
I .39

.94

.13

. tJ
1^. tJ

. tJ

l?

t<

. tJ

.13
1A QÃ

2 .95
1.75
I .06

.68

.42
/<

. tJ

.19

.13

.20
4 .90
/l 1^T.IU

2.20
1 .29

x .gq
s.E.25

.72

.24
.48
.17

1 .7 4

.66
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TABLE I3
Serum LH ( nglml ) Va I ues for Ram

20-ninute Intervals During 8-h
Sexuaì'ly-active Periods in

4 Bled at
Control or
0ctober

Control 0bserved Mounted Ma ted

2.20
1.38

qn

2.80
I .41

.9¿

.72
4.00
I .90
1 .27

qR

Ãa

.48

.44
2 .00
I .30

.70

.42
I . 95

1.74
00

.62

.41

I .89
. 89
on

.41

2 .15
1 .24

7A

.45

.+J
2.70
1.75

.90
ÁÃ

.45

.36
3.00
2 .15
1 .29

.79

.55

.40
2 .40
I .54

.94

I . 84

1.40
OR

.64
1 .29
.l.04

.46

. +¿

1 .25
. 83

.54

.47
?n

.31

.29
2.70
1 .28

.72

.57

oÂ

| . þv

.93

.95
¿. JU

1.72
4. 00

I .95
I .00
I . 95

I .90
I .08

2 7n

1.75
1 .02
2.75
1 .44
J.¿U

l.l3
2.45
1 .7 5

1.17
2 .40
1 .92
I .09

,. 1 .28
S.E.]B

1 .20
.16

o'l

.12

I R6

.16
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TABLE I 4

Number of Mates and Mounts Recorded for
Rams During The 8-h Mating Periods

S..r.r A.tirity R.

Non-breedi ng

(¡uly) t'tounts 37 22 35 26

Mates 34 15 3l l8
Mounts/Mate 1.09 1.47 l.l3 1.44

Breedi ng

(October) Mounts 33 I 5 3l 26

Mates 26 l4 31 21

Mounts/Mate 1.27 1.07 1.00 1.24

TABLE I 5

Number of Mounts Recorded for Rams Duri nq

The 8-h Mounti nq Peri ods

Season Ram I Ram 2 Ram 3 Ram 4

Non- breed ì ng

(July)

B reed i ng

(0ctober)

207 128 I 65 249

231 103 159 217
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TABLE I 6

Mean LH Levels (lrton-breedìng Season)

Analys'i s of Variance

Source

Treatment
Period
Ram

Error
Total

Ã o?*

.25
? /l ?

df

3 .522
3 .ozz
3 .302
6 .088

l5

MS F

*P < .05

TABLE 17

Mean FSH Level s (Non-breeding Season)

Analyis of Variance

Source df MS

Treatment
Period
Ram

Error
Tota I

73.52
63. I B

1267.39
61.35

1 .20
I .03

20. 66**

I

3

6

l5

**P < .01
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TABLE I8

Mean PRL Levels (Non-breeding Season)

Analysjs of Variance

Sou rce

Treatment
Period
Ram

Error
Total

df MS

23505 .2
67076.8
22629 .1

2850.0

8.23*
23 .45*x

7 .91*
J

3

6

ar

*P < .05
**P < .01

TABLE I 9

Mean T Levels (tton-breeding Season)
Analysis of Variance

Source df MS

Treatment
Period
Ram

Error
Total

2 .969
nÃÃ

3.747
1.047

f

6

l5

2 .84
.05
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TABLE 20

Mean LH Level s (Breedi ng Season)

Analysis of Variance

;, 
'* df ms

Treatment
Period
Ram

E rror
Total

J

6

l5

.251 8. I 0*

.147 4.74

.7 96 25. 6g**

. UJ I

*P < .05
**P < .01

TABLE 2I

Mean FSH Level s (Breeding Season)

Ana lys i s of Vari ance

Source df ms F

Treatment 3 ]|?g]| .64 Z.gz
Period g 1162.3l 2.56
Ram 3 29795.43 65.65**
Error 6 453. 83
Total lS

*P < .01
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TABLE 22

Mean PRL Levels (Breeding Season)

Analysis of Variance

Source df MS

Treatment
Period
Ram

Error
Total

3 I 5626.1

3

6

l5

I 638.4
1328.5
2559.2

6.ll*
.64
.52

*P < .05

TABLE 23

Mean T Level s (Breeding Season)

Anal.vs'is of Variance

Source df MS

Treatment
Period
Ram

Error
Total

a

f

6

l5

28. 5 t 0

8.545
224 .65

2. 627

10.85**
3 .25

85. 50**

**P < .01



ll6

TABLE 24

Baseline Values for LH Secretory Profiles
(Non-breeding Season)

Analysis of Variance

Source df MS

Treatment
Period
Ram

Error
Total

f

3

6

l5

.201

.356
1 A.7

nol

2.?1

I . OJ

TABLE 25

Baseline Values for LH Secretory Prof iles
(Breeding Season)

Analysis of Variance

Source df MS

Treatment
Pe ri od

Ram

Error
Total

{

I

J

6

t5

.182

.169

.aul

.013

I 3.69**
1 2 .69**
15.56**

**P < .05
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TABLE 26

Peak Frequency Values for LH Secretory Profìles
(Non-breed'ing Season)

Analysis of Variance

Source df MS

Treatment
Period
Ram

Error
Tota I

3.099
. 182

2.766
.97 46

l5

3.18
.19

2.84

TAB LE 27

Peak Frequency Values for LH Secretory Profíles
(Breeding Season)

Analvsis of Variance

Source df MS

Treatment
Period
Ram

Error
Total

2.792
4 .625

11 .667
.37 5

7 .44**
12.33**
3l.ll**

J

3

6

l5

**P < .01
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TABLE 28

Peak Height Values for LH Secretory Profiles
(Non-breeding Season)

Analysis of Variance

Source msdf

Treatment
Period
Ram

Error
Total

4.01

22 .21

57 .65
16.40

.25

3.51*
{

I

6

l5

*P < .05

TABLE 29

Peak Height Values for LH Secretory Profiles
(Breeding Season)

Al1gI_yS_:_:__9_f Va r j a n ce

Source df MS

Treatment
Period
Ram

E rror
Tota I

1.494
.17 7

7.93**
q4

?

I

6

l5

6.658 35.35**
.l 88

**P < .01
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TABLE 3O

Del ta Val ues for LH Secretory Profi I es

(Non-breeding Season)

Analvsis of Variance

Source df MS

Treatment
Period
Ram

Error
Total

1J

f

6

l5

< <tth

23 .548
57 .528
16.564

.¿u

1 .42
? 4,7

TABLE 3I

Del ta Val ues for LH Secretory Profi I es

(Breeding Season)

Analvs'i s of Variance

Source df MS

Treatment
Period
Ram

Error
loEa r

f

I

6

l5

1.229
. lvo

E n'7 A

. ¿uo

5.98**
L¿h

26 .62xx

**P < .01
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TABL E I
Mean LH Levels (nSlml) During 6-h Intervals

Season Treatment Hours Ram I Ram 2 Ram 3 Ram 4

Non-breedi ng
(July-Aug. ) Control

Mat'ing

no R6

.46 .72

.09 .77

.32 .58

.59 I .00

.31 1 .28

l-6
7 -12

l3-lB
19-24
25-30
3l -36

l-6
7 -12

l3- l8
19-24
25-30
3l -36

l-6
7 -12

l3-18
19-?4
25-30
3t-36

l-6
7 -12

l3-lB
19-24
¿Ð-JU
3l -36

l-6
7 -12

l3-18
19-24
25-30
3l-36

.17
l.l3

?Á

.ll

.62

.71

I .48.l.93

1.26
.65
.84

1 .57

.97
1.il

.84
hh

.71
I .0r

l.l0
I .01

.44

.29

.61
ar

.47

.¿5

.43

.14

.42
Aç,

I .93
QO

.76

.41
OQ

.66
lh

.09

.42

1.02
.78
.64

to
.81
.90

Control + GNRH

Mating + GnRH

Control

Mati ng

I -6 .98
7-12 .41

13-18 1.67
19-24 79.38
25-30 2.02
3l -36 .82

.79 . 30 .49

.62 .40 .78

.41 .ll .86
3l .85 20.15 52. I 3

.88 .6.l l.3l

.58 .31 .75

2.08 .96 1.59
1.32 .52 l.16
I .04 .39 1 .22

20. 53 I 4. 55 28.92
1.05 .50 l.16
.39 .35 .79

l.Bl
1 .87

.73

.58
7¿,

.94
Ã4

.41
?n

.21

.29

.44

.24

.79
1 .64

55. 57
'l ÃR

.70

Breedi ng
( November ) .24

.44
1/

.24

.16
-1

.17
?1

.16

. tu

.28

1.05
1.23

-7n.

.50
70
7R

1.29
1 .25

.84

.68

.77
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TABLE 2

Mean FSH Levels (nglml) During 6-h Intervals

Season Treatment Hours Ram I Ram 2 Ram 3 Ram 4

Non-breedi ng
(July-Aug. ) Control

Mati ng

Control + GnRH

Matinq + GnRH

BreedÍ ng
(November) Control

Ma tì ng

l-6
7 -12

l3-18
19-24
25- 30
3l-36

76.2
79.5
6l .3
61 .7
49.7
58.2

I -6 73.2
7 -12 94.3

l3-lB 99.3
19-24 98.2
25-30 103.8
3l -36 95.8

I -6 I 36.3
7 -12 119 .7

l3-lB 123.5
19-?4 197 .3
25-30 129.7
3l -36 I 38. 3

I -6 28?.2
7 -12 224.5

l3-lB 241 .3
19-24 322.7
25-30 209.0
3l -36 222.7

I -6 3l 0.8
7-12 228.0

I 3-l I 280. 5

19-24 216.2
25-30 203.8
3l -36 279.7

I -6 252.2
7-12 245.7

l3-18 3ll.B
19-24 221 .2
25-30 298.3
3l -36 259.2

54. 5 101 .2
78.0 101.5
72.5 100. 5
68.2 94.2
68.7 lll.7
59. B 99 .2

99. 5 117 .2
l0l .3 121 .7

94 .2 12?.5
100.5 il9.5
83.0 I 16. 3
86.0 131.0

139.5 150.3
169.2 163.7
135.7 166.0
156.7 247 .3
103.7 I17.3
104.3 127.3

I 44.0 I 63.0
187 .2 140 .7
202.3 148 .7
190.0 245.3
99.3 131 .7

139.0 129 .7

5+. ¿

29.2
32.5
30.2
30. B
29.0

41 .7
41 .7
37 .7
37 .8
44.2
41 .2
Ãl ?

63.0
73.7

155.3
60.7
ó+. /
0Ã ?

100. 7
ooÃ

I 37.0
75.0
66.7

ll5.B
IJÐ.U
100.8
l0l .7
108.3
142.8

l0B. 5

105.7
104.5
108.3
108. 5
111 .5

105.3
lll.0
99.7

l0B. 3
107.0
llB.3

68. B
60. B
46.0
63.0
75.8
70. 0

t59.8 145.2
141 .7 165.2
146.2 138.0
I 53.8 I 39.0
I 49.3 I 55.0
I 28.3 137 .7
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TABLT 3

Mean PRL Levels (nglml) Durjng 6-h Intervals

Season Trea tmen t Hours Ram I Ram 2 Ram 3 Ram 4

Non-breedi nq
| ¡ l-(July-Aug. ) Control 56.5 78.4 46.7

88. I 70.4 I 23. I
92.0 90. B 229 .7
93.9 96. 3 I 46. I

l4l .5 145.2 216.0
I 38.4 93. 3 I 46. 3

108. 5 25 .6 l48. 3
139.6 107.7 144.3
155.1 105.1 187.3
I 14. I 23 .3 129 .6
122.3 140.0 153.5
93.2 87.l 165.9

44.7 92.8 90. 9
104.1 114.4 176.9
95.7 54.3 I 2l .5
75.2 66 .7 I 02. I

127 .6 174.5 171 .9
231 . 3 211 .1 2s?.3

145.7 61 .2 175.2
236 .3 91 .7 184. 3
204.7 120.5 173.6
1.l5.5 55.9 120.8
l8l .6 149.1 ?55.9
I 19. 6 127 .1 234.0

7 4.2 I 9. 9 38.6
22.8 20 .2 44.5
26.6 14.2 42.7
14.3 6.8 26.4
16.9 7.1 33.5
48.9 l0.l 55.9

94.? 21 .5 70.6
19.5 9.2 5.8
I 6. B 11 .2 20.5
2.9 3.9 7.6

12.5 5. 5 26.0
6.8 3.1 9.9

Mati ng

Control + GnRH

Mati ng

Mating + GnRH

B reed i ng
(November) Control

l-6 73.1
7-12 44.4

l3-18 109.5
19-24 88.9
25-30 I 30.0
3l -36 117 .1

I -6 203.6
7-12 214.5

l3-18 196.0
19-24 136.7
25-30 203. 3
3l -36 190.7

I -6 44.9
7 -1? 77 .9

I 3-l B 80.0
19-24 83. I
25-30 122.0
3l -36 240.4

l-6 156.1
7-12 209.6

l3-18 161 .2
19-24 111 .7
25-30 202.3
3l -36 I 20. 0

I -6 3.2
7-12 2.4

I J- tö ¿.ö
19-24 2.2
25-30 5.9
3l -36 10.2

l-6 19.2
7-12 7.5

l3-18 8.0
19-24 2.?
25-30 2.3
3l-36 2.4
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TABLE 4

Mean T Levels (nglml) During 6-h Intervals

Season Treatment Hours Ram I Ram 2 Ram 3 Ram 4

Non-breedi nq
(,luly-Aug. )' Control l-6 .21 3.56

7-12 4.ll 5.98
l3-lB l.Bl 4.60
19-24 .41 2.47
25-30 2.62 3.67
3l -36 I .96 4.32

l-6 3.09 7.50
7-12 3.75 5.51

l3-lB 2.39 4.32
19-24 2.42 4.09
25-30 1.30 3.52
3l -36 3.7 4 3.7 0

l-6 l.l8 3.58
7-12 3.15 .88

I 3-l B 4.57 3.43
19-24 14.60 9.04
25-30 .55 .53
3l-36 .14 .16

I -6 4.37 5.76
7-12 4.31 5.52

I 3-l B 3.93 4.61
19-24 12.98 12.43
25-30 .71 I .88
3l -36 .76 . 6l

l-6 25.13
7-12 27.68

I3-t8 20.79
19-24 22.66
25-30 20.20
3l -36 I 9.91

I -6 28.35
7-1? 31.04

l2-18 21.88
19-24 I 5.75
25-30 19.67
3l-36 11.23

18. 83
24.26
20.12
17 .60
17.54
2l .50

15.73
18.05
11 .42
9.87

ll.l8
I 4.91

3.17 2.30
6.25 2.05
1.63 2.47
B. s0 2.53
6.25 I . B0

I I .85 3.03

5. 5l 3.41
6.31 2.12
4.93 I . 63
1.65 2.40
4.93 2.20
a 1^o. Jö ¿.+5

3. l9
3.68

.5¿
15.67'l ?Ã

.67

5. l4
3.72
2.26

10.39
1.07

.61

5.76
4. 33
5.01
7 .04

B. 55
5.92
6. 38
5. 39
2.10
9.03

3. 07
2.54
2.96

.40

5.12
4.49
3.88

14.78
6q

25 .14
24.80
24.47
19. 98
20.47
23.04

30. 75
40.22
JI. Uö
26.11
24.62
24.86

Breedi ng
( November)

Mati ng

Control + GnRH

Mating + GnRH

Control

Mati ng



Season

Non-breedi ng Mati ng

TABLE 5

Number of Mates Recorded for Rams During the 36-h

Mating Periods in the Non-breeding and breeding seasons

Treatment

Non-breeding Mating + GnRH

l-6

I

2

3

4

Breedi ng Mati ng

7 -12-

¿5

t3
22

lt

Time Interval

20

l0
5

I

L

3

4

20

6

l0
l3

20

I

17

6

l5
5

B

6

l5
t0

12

6

25-30

I

L

J

4

l0
3

5

ll

4

5

l6

3l -36

t3 17

Jþ

6 ll
B l3

28

14

B

5

B

5

l3
J

il
tr

Tota I

r

¿

3

¿

9

104

37

65

55

l0
?

J

¿

9

l0

l6
5

5

6

6B

26

50

¿o

B

5

14

5

79

32
'74

56

N)(tì



Season

TABLT 6

Number of Mounts Recorded for Rams During the 36-h

Mating Periods in the Non-breeding and Breeding Seasons

Non- breed i ng Ma t'i ng

Trea tment

Non-breeding Mating + GnRH

Ram l-6

1

2

I

4

Breedi ng Mati ng

Itme Intervat (n)
7-12 l3-lB 19-24

30

l5
3l

l3

23

B

21

8

3l

IB

53

34

29

9

l9
6

I

¿

?

4

26

IB

57

14

1230

l5
11tt

l0

20

l0
14

9

25-30

'l
I

2

?

4

20

12

tJ

l3

5

3l -36

l5

B

59

1?

o

I

6

l0
6

17

4tr,

f

33

23

28

5

7

l0
2
J

¿

Tota I

¿3

14

l6
l5

142

70

l58

65

12

4

l5
2

3l

ll
3l

ll

21

97

5l

8l

IB

6

33

l6B

63

210

l0t

J

l\)
Oì
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TABLE 7

S'ix-hour Mean LH Levels for Control
Periods During the Non-breeding

Analysis of Variance

and Mat'i ng

Season

Source MSdf

Treatment
Ram

Time

P xT
PxR
RxT
Error (T x

(T)
(R)

(P)

I
I

6

l5

l5

1.360
.7 44

.232

.1 21

. 127

.433

^A)

32.38**
17 .7 1**

5 .52**
3 .12x
3 .02*

ì0.31**
R x P)

*P < .05
**P < .01

TABLE 8

Six-hour Mean LH Level s for Control and 14atìng
Perj ods wi th GnRH Duri ng the Non-breeding

Season

Analysis of Variance

Source

/-\trearment (lJ
Ram (R)

Time (P)

PxT
PxR
RxT
Error(TxRxP)

df MS

69 .12
1 822 .81

r 84.1B
88.87

'|55.64

6.91
6.7 9

I

5

3

Ã

l5
I

l5

10.18**
268.59**
27.14**
13.10**
22.93**

1 .02

**P < .01



Six-hour Mean LH Level
Periods Durinq the

Anal.ysis
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TABL E 9

s for Control and Matìng
Breeding Season

of Variance

Source MSdf

Treatment
Ram

Time

PxT
PxR
RxT
Error ( |

(T)
(R)

(P)

I

I

6

5

1T

f

1Ã

.7 38

.7 8?

.402

.U¿O
n?o

.37 3

.048

I 5. 38**
18.17**
8.38**

. Bl

7.77**
x R x P)

**P < .0.l

Six-hour
Peri

TABLE I O

Mean FSH Level s for Control
ods During the Non-breedìng

Anal.ysis of Variance

and Mati ng

Season

Source

Treatment (T)

df ilt5

5657.19
11568.53

44.70
33.00
34 .07

242 . 87

91.99

Ram

Ilme
PxT
PxR
RxT

(R)

(P)

I

6

5

l5
3

l5

6l .50**
1 25 .7 6**

.49
fh

.37
2 .64

Error(TxRxP)

**P < .01
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TABLE ] I

Six-hour Mean FSH Level s for Control and Matì ng

Periods with GnRH During the Non-breedìng

Season

Analvsis of Variance

Source df MS

Treatment
Ram

Time

PxT
PxR
RxT
- 

f 
-trror (l x

(T)
(R)

(P)

I
-

3

6

l5

lr

1 6250 .9
7877.6

23863.9
2Ã.1 q

685.4
7 451 .5

295 .6

54 .97 **
26 .65* *

B0 .7 2**
.82

2 .32
25 .20**

R x P)

**P < .01

TABLE 12

S ix-hour Mean FSH Level s for Control and Mati ng

Peri ods Duri ng the Breedì ng Season

Analysis of Varjance

Source df MS

Treatment
Ram

llme
PxT
PxR
RxT
F ¡+trror ( I x

(T)
(R)

(P)

I
I

Ã

6

l5

'lÃ

393.88
52288 .62

37l.BB
604.04
551 .05

I 858.30
360.08

I .09
145. 2**

'l n?

I .68
I .53

5. l6*
R x P)

*P < .05**P < .01
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TABLE I 3

Six-hour Mean PRL Level s for Control
Periods Duríng the Non-breeding

Analysi s of Vari ance

and Mating
Season

Source df ms

Treatment (T)
Ram (R)

Time (P)

PxT
PxR
RxT
Error(TxRxP)

't
I

3

6

r

15

I

l5

8533.33
103.l9.75
4812.69
2021.98
572.17

7192.76
837.01

10.20**
12. 33**
5.75**
2 .42

.68
8. 5g**

**P < .01

TABLE I4
S ix-hour Mean PRL Level s for Control and
Period with GnRH During the Non-breeding

Analysjs of Variance

l4ating
Season

Source df ms F

treafment (l)
Ram (R)

Time (P)
PxT
PxR
RxT
Error(TxRxP)

't

a

Ã

Ã

l5
?

l5

14155.63
7426.75

I 1986. I I
6445 . 86

510.56
3829. I B

I I I I .56

12.73**
I 0. 78**
12.73**
5. B0**

.46
2 A AX

*P < .05**P < .0.|
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TABLE I 5
Six-hour Mean PRL Level s for Control and Mati nq

Periods During the Breeding Season
Analysis of Variance

Source df ms F

Treatment (T)
Ram (R)

Time (P)

PxT
PxR
RxT
Error(TxRxp)

I 5 40.02
3 2073.39
5 I 134.93
5 391 .78

6.88*
26.42**
I 4. 46**
4.gg**
J. JJX

2 .53

15

l5

261 .60
198.50
78.48

*P < .05**P < .01

TABLE I 6
Six-hour Mean T Level s for Control

Periods During the Non-breeding
Anal.ysis of Variance

and Matì ng

Season

Source df ms F

Treatment (f) I

Ram

Time

PxT
PxR
DvT

Error (T

(R) 3

/n\\r/ c

5

'lÃ
¡J

3

x R x P) l5

.07 4

3l .340
4.419
3.81B
2 .571
2 .955
2. 508

.03
I 2.50**
1.76
1 .52
1 .02
1.17

**P < .01
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TABLE 17

T Level s f or Control and Mat'ing
GnRH Duri ng the Non- breeding Season

Analysis of Variance

Source df MS

trearment (tl
Ram (R)

Time (P)

PxT
PxR
RxT
Error (T x R x P)

I 5.33
3 l.l5
5 178.56
5 3.96

4 .27
^^u/

142.g4**
< | lx

2 .27
2.75

l5

l5

2.84
3 .44
1 .25

*P < .05**P < .01

TABLE IB
Six-hour Mean T Level s for Control and Matinq

Periods During the Breeding Season

Analysis of Variance

Source

Treatment ( T )

df ms

.089
939.634

62 .1 21

11.642
I 3.388
90.159
5.523

Ram

T'ime

PxT
PxR
RxT

(R)

(P)

I

3

-

5

t5
3

l5

.02
I 70. I 4**

I I .25**
2 .11

2.42*
16. 33**

Error (T x R x P)

*P < .05**P < .01
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TABLE I9
Mean LH Level s for Control
During the Non-breeding and

Analysis of Variance

Periods l¡lith-
breedi ng Seasons

Source msdf

Treatment
Ram

Time

PxT
PxR
RxT
Error (T

(T)
(R)

(P)

x R x P)

I
a

6

1Ã

l5

.9 45

.685

.257

. 137

.054

.408
n66

I

r

5.49**
2.55**
4.72**
2 .50

on

7 .47**

**P < .01

TABLE 20

Six-hour Mean FSH Levels for Control
Wj thout GnRH Duri ng thl Non-breedi ng and

5easons

Analysis of Variance

Peri ods

B reed ì ng

Source df MS

Treatment (T)

Ram (R)

Time (P)

PxT
PxR
RxT
Error(TxRxP)

't
I

6

l5
J

l5

107806. 5

lB545.B
3?.9 .1

394.95
37 0 .17

1 27 85 .97
234 .06

460.6**
7 I .24**

I .4r
I .69
I .58

54.63**

**P < .01
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TABLE 2I

Six-hour Mean PRL Levels for Control Periods
Wi thout GnRH Duri ng the Non-breedi ng and Breedi ng Seasons

Analysi s of Variance

Source

Treatment (T)

df ¡[ J

92330.6
5230 .9
1 928 .3
307 3 .2

527 .5
972.2
422 .4

Ram

l'rme

PxT
PxR
RxT

(R)

(P)

1
I

f

Ã

l5

l5

219.60**
I 2. 3g**
4.57**
7.29*x
1 .25
¿.5U

Error (T x R x P)

**P < .01

TABLE 22

S ix-hour Mean T Level s for Control Peri ods

l^lithout GnRH During the Non-breeding and Breed'ing Seasons

Analysi s of Variance

Sou rce MSdf

Treatment
Ram

Time

PX I

PxR
RxT
Error (T

(T)
(R)

(P)

I

Ã

6

l5
J

lÃ

2405 .92
125.99
10.35
6.88
4.76

3l I .64
2 .58

g3l. g6**

48.80**
4.01*
?.67
I . 84

120.72**
x R x P)

*P < .05**P < .01
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TABLE 23

Composition of Buffer Solutìons

Gonadotropin assays
l. Phosphate-Azide buffer

NaHrP04.H20 .19 gm

NarHP0O 2.64 gm

Nacl 17.53 gm

Na-Azi de 4.00 gm

Dissolve in 2000 ml distilled water in a volumetric flask.
Final pH should range from 7.6 to 7.8.

2. Phosphate-tDTA buffer

Put lB.6 gm EDTA'i n 1000 ml volumetric flask and add 800

ml P0+-Azi de buf f er. l¡larm and mi x sol uti on. Bri ng up

volume to 1000 ml with distilled H20. Adiust pH to 7.6 with
5N Na0H.

Testosterone assay

Phosphate buffer sol utj on ( PBS )

NaHrPO4.HZO 10.76 gm

Na'HPOO (anhyd) 17.32 gn

Nacl 18.00 gm

Na-Azide 2.00 gm

Knox ge'l atin 2.00 gm

Di ssol ve f i rst f our components 'i n approx'imately 1500 ml

distilled HZ0 jn 2000 ml volumetric flask. Add 2 gn geiatìn
to buffer, warm slightly and stir until d'i ssolved. Brìng
volume up to 2000 ml wjth distilled H20. Adiust pH to 7.4

wi th 5N Na0H.


