
T}iE UNIVERSITY OF TJIANTTOBÀ

}IORMONE LEVELS IN PREPUBERTAL EIìJE LAI\ßS AND IN
II,IATURE EWES THROUGHOUT THE BREEDTNG SEASON

by

SUCHINT SII\IARAKS

A T}IESIS

SUBIYIITTED TO T}iE FACULTY OF GRADUATE STUDIES

IN PARTIAL FULFILLM,ENT OF TFíE REQUIREIIENTS FOR T}iE DEGREE

OF DOCTOR OF PHILOSOPHY

DEPARTMENT OF ANIIVIAL SCIENCE

WINNIPEG, MANITOBA

FEBRUARY, L97B



HORMONE LEVTLS IN PRTPIJBERTAL TI^.IT LAMBS ANI] IN

¡,TATUPE El^lES THF.0UGHOUT THt BREtnING StASnN

Bv

SUCIJIIIT SIMAR,AKS

A dissertation submitted to

the University of Manitobr

of the clegree of

the Faculty of Graduate Studies of

in partial fulfillment ol'the requirements

DOCTOR OF PHILOSOPHY

@ 1978

Pennission ltas becn gratrtcd to the LlBlìARY OF TllL UNIVUR-

SITY OF fvlANlTOlJA to lcrtd or setl copies of this dissertittion, to

thc NATIONAL LIBRAIì.Y Ot'(IANADA to rllicrolilnl this

dissertatiort and to lend or sell copies of the filnt, and UNIVtjRSITY

MICROFILMS to publish un abstract of this dissertation-

The author reserves other publicatiotr rights, alld ncitllcr the

dissertation nor extcnsivc cxtracts fronr it uray be printed or other-

wise reproduced without tltc author's wt'ittcrt ¡rcrtrtissiotr.

iítr uttt'"ry

iiii ';;' r"l,it¡irc'Â

\ l---"--.\Í¿ì,rnnrEs 
-



.A.BSTRACT

Hormone Levels in Prepubertal Ewe Lambs and in
Mature Ewes Throughout the Breeding Season

Suchint Simaraks

Daily serum sanrples were collected from five Dorset

x "Western White Face" ewe lambs beginning at t6316,5 days

of age and eontinuing through the first estrous cycle

following puberty" Illore frequent samples were taken duringS

the period of estrus. Serum progesterone (p), luteinizing

hormone (f,H), folLicte stimul,ating hormone (nSn) and total

estrogens (e) were determined by radioimmunoassay (RlR) '

Four of the five ewe lambs reached puberty during the

period of investigation. The remaining animal had not yet

shown estrus at an age of ZBL daysu when observations were

stopped. Average age and body weight at first estrus and

leneth of the first cycle of the four ewes which attained

puberty was 22L,2+L0.6 days, 48,2+0,7 kg and L?.2+2.L days,

respectivety. First ovulation, as indicated by P Ievels

occurred at L99+5,6 days of age. Three animals had a

"silent" ovulation before the first d.etected estrus while

the other one exhibited estrus before first ovulatiorr.

Mean concentration of P and LH before first ovulation was

0.6+0.02 and 2,L+0,2 n{nL, respective}yu and minor f}uc-

tuations in both hormones were noted in all animals ' The

mean level of P during the first inter-estrous period

was J ,5+O ,2 ng,/nL and concentrations remained above I ng/



ml- for I0,?+0,) days. LH peaks, âs determined at estrus'

varied from ?O to I03 ng/nL and }ov¡ }evels were seen

throughout the luteal phase. The mean FSH level was ll. B

+2,L ng/n\ and peaks, lvhich occurred about the same time

as the LH peak, ranged. from 100 to L9O ng,/nL. No recog-

nizable pattern tvas observed from the E determinations.

The overall mean was 6.6+0.2 pg/nL and ranged ftom <2 to

)z p{nL.
In a second experiment, ten ewes of each of the

Line Mu Suffolk or Finnish Landrace (pinn) breeds were

equally divided into either a control or a treated group'

AII ewes t¡/ere given L.) kg of hay daily until the second

estrus of the breeding season when an additional 0'9 kg of

grain (barley) was fed daily to the treated group for two

estrous cycle periods. Daily serum samples were coIlected

be¿Sinning at the third estrus, with rnore frequent co]-

lections being rnade during the period of the fourth estrus,

Serum P, E and Lll were determined by RIA. Fifty percent of

the Finn ewes exhibited their first estrus during August,

while 55,5 percent of the Line M and 70 percent of the

Suffotk ewes did not show estrus until September. Grain

feeding significantly (p<0.05) increased the body weight

in the treated group (control group lost 0.6+L,6 kg while

the treated group gained 4,2+L,5 kg)' but produced no

ef f ect on gestation length (Ll+? ' I+0,7 vs Iþ8. 2+O .6 days ) u

lambing rate (2"I+0.I vs 2.0+0,1 lambs/ewe) and mean con-



centration of hormones during the estrous cycle (P, L.3+

0.1 vs I"4+0.Ì ng/m}; E, 9,9+L,0 vs 8.9+0.8 pg/n\ and l,H,

0"9+0"I vs l.O+0.I ng/ml). However, the Finn ewes had a

significantly (p<0.05) higher lambing rate than the other

two breeds (2.5+O,2, I.?+0.1 and t.7+0.1 lambs/ewe for Finn,

Line M and Suffolk ewes, respectively). The mean LH con-

centration during the estrous cycle was L.3+0,2, I.0+0.1

and 0.6+0,2 n{mL for Finn, Line M and Suffo}k ewes,

respectively. Treatment did not appear to produce great

differences in terms of the interval from the onset of
estrus to the pre-ovulatory LH surge (5.9+I.B vs 7.1+I.4 n)'
magnitude of the pre-ovulatory LH surge (IBf 3!34.5 vs

I50.01f5.? ng/nJ_), duration of the LH surge when values

exceeded 4o n{nt (5"?+o "5 vs 5.2+0.I h) or LH secretj-on

rate (63,2!? ,3 vs 43. BÐ " 5 nc/nL/h) , However, the Finn

ewes had a sigrnificantly (pcO .o5) Ionger interval from the

onset of estrus to the LH surge than the other two breeds;

being 6 ,I+1.6 , 2,L+o,l- and I0 .4+0.5 h for Line M, Suffolk

and Finn ewes, respectively, They also had. a significantly
(P<0.05) longer duration of Lli surge (mean values were

4.9+0,5, 4,7+0.þ and 7.0+O.J h for the Line M, Suffolk and

Finn ewes, respectively.

In a third experimentu serum samples were collected

at a 20 minute interval for a period of several hours at

each estrus throughout the breeding season from five ewes

of each of the Finn and the Suffolk breeds. The Finn ewes



experienced a greater number of estrous periods throughout
the season (tl vs 5 estrous periods).

The interval from the onset of estrus to the pre-
ovuratory LH surge (when LH concentration rose to above

5 ng/nr) was sigvrificantry (p<0.05) ronger in the Finn
(tJ.8+0.6 h) than in the suffork ewes (6.4+o.6 h) whire
the duration of the pre-ovulatory LH surge was significantry
(P<0.05) longer in the Suffolk (t2.4+0,3 h) than in the
Finn ewes (II.4+0.3 h). There was no significant díffer-
ence between breeds in terms of the masnitude of the Lll

peak Gse ,?+9,5 vs Lt+5.?+Lj , J ng/nL for Finns and Suffolks,
respectively) or the LH secretion rate ()5,j+Z,Z vs 30.6.r
2,3 ng/nL/h for the Finn and suffolk ewes, respectivery).
comparisons of the intervat from the onset of estrus to
the Lli sur€ieo duration of the surger peâk magnitude and.

LH secretion rate betlveen the first and the subseouent

estrous periods throughout the breeding season did not
show any significant differences. serum p profiles in-
dicated that the ovaries remained aetive (ovulations or
l-uteinization occurred) in both breeds for as rong as ?o

days after the last estrus of the breeding season was

observed "
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I

IT..iTRODUCTION

since the d.eveÌopment of radioimmunoassay (RïA) for
steroid as well as polypeptide hormones, a large body of
]iterature on the reproductive hormones in various species
has been obtained and the patterns of these hormones
throughout the estrous cycre have been quite wert estab_
lished in farm animals. Irany hypotheses on the reguration
and modes of action of these hormones have been put forward;
some of which have been studied in detail. irowever, our
knowredge on reprod.uctive endocrinorogy in the farm specÍes
is far from complete, For instance, what brings about
puberty. An understanding of this phenomenon is incompÌete
and no one theory can crearly explain the initiation of
puberty' Thus, study of the changes in reprod.ucti-ve
hormones around puberty is an important step for a better
understanding of the contror_r_ing mechanisms. The patterns
of reprod.uctive hormones around. puberty have been studied
in detait in rats but simir-ar information in the farrn
species is limited. Therefore, in one of the experiments
conducted, an attempt was rnade to estabrish profiles of
different reproductive hormones in serum before and after
puberty in the ewe lamb,

Flushing (hieh energy feedine) ewes with grain prior
or during the breeding season is generarly recommend.ed
a practice to improve lambing rate. ovulation is known
be induced by luteinizing hormone (Lli) al_one or in

to

AS

to



2

combination with follicIe stimulatins hormone (FSH) in a

proper ratio. In ewes, increased ovulation rate as a

result of flushing may be related to an i-nerease in the

magnitude of the pre-ovulatory Llì sur€{e " Thus, âr'r experi-

ment was conducted to study the effect of grain feeding on

the pre-ovulatory LH surge in the ewe.

Lastly, it is believed that the ovulation rate in-

creases to a plateau and thendecreases as the breeding

season progresses in sheep. However, at the present time

there is no information on whether or not the pre-ovulatory

LH surge changes as the breeding season prosresses.

Therefore, a third experJ-ment was carried out to study the

charaeteristics of the pre-ovulatory Llí surge throughout

the breeding season in two breeds of sheep (Suffolk and

Finnish Landrace) which are known to differ somewhat in
ovulation and subsequent lambing rate.



)

LITERATURE REVTEW

An extensive review of the relationships between the

various reproductive hormones (progesterone, estrogen and

LH) and the concomitant physiorogicaÌ changes that occur

during the estrous cycle of the ewe has previously be'en

done by Yuthasastrakosol (L9?5a), Therefore, only a brief
and. general review of these hormones (including FSH) is
presented here. A specific review i-s given separately for
eaeh experiment.

Radioimmunoassay (RIA) and competitive protein
binding (CPB) procedures permit accurate and. precise

measurement of brood hormones and the results from the

literature being discussed in this review are derj.ved

mainly from the above procedures.

Progesterone

Progesterone concentration d.uring the estrous cycre

has been reported by many investigators (Thorburn et 3f, o 1969t

Stabenfeldt et â1., L969; Obst and Seamark, l97Oi Bind.on, I9?Ii
Pant et al., L972; McNatty et 4I", L97J; Yuthasastrakosol

et a]. , L975b), Their observations generally agree that at
estrus and for a few days after (during the follicular and.

early l-utear phases) progesterone concentration remains

below L ng/nL then gradually rises to reach a plateau
(during the luteal phase) around day ? or 9 (day 0 =

day of estrus) of the estrous cycl-e. Concentration re-
mains high (2-5 ng/nl-) with some minor fluctua'tion until
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one or two days before the next estrus and then drops to

begin the next cycle (fig. I). Plasma progesterone leve1s

during the estrous cycle reflects corpus luteum (CL)

function, A positive correlation between these two para-

meters has been reported by Smith and Robinson (1969),

Stormshak et al-. (Lgfi), Plotka et aI. (1970) and Thorburn

and lllattner (f971).

Estroflen

There appears to be great variation in estrogen con-

centration in blood as reported by different investigators
(Scaramuzzi et Bf ., L97O; Cox et aI. u l-97l,a; Cox et.aI.,
L97Lb; Obst qt aI., L97L; Bjersing et âI., 1972; Pant et al-.,
Lg?z; Van Der Walt et aL, Lg?Z; Yuthasastrakosol et â1.,

J-97 5b) , Variations were reported regardless of the pro-

cedure used (nfe or CPB) or source of sample (peripheral or

ovarian venous blood). Scaramuzzi et al. (lgZ0) reported. a

peak of 9? 5 pg/nl on the day before estrus in ovarian bl-ood

samples while Bjersing et aI. (19?Z), using the same pro-

cedure (nf¡.), reported a peak of IB07 pg/nL. Cox _et aI. (L9?La

and b )u using the CPB method, obtained a peak of only L?"l+

pg/nJ, Daily fluctuation was also reported by Scaramuzzi

et al. (L9?O), Cox et aI" (f97fU), and Van Der WaIt e! aI.
(L972), The peak of estrogens appeared to occur on the day

before estrus when samples were collected from the ovarÍan

vein (Scaramuzzi et al., L9?0; Cox et al., L97La; Cox et aI.u
Lg?Lb; Smith and Robinsonu L970a Bjersing et a}., 1972)
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while in peripheral bl-ood sampres the peak occurred. on the
day of estrus (Van Der r¡/alt et al-. , Ig?Z; yuthasastrakosol_

eJ ar. , L97 5b) . second.ary rises of estrogen were observed
on days J and þ (Cox et al. u L9?Iao t9?Ib¡ liolst gt al.,
1972), days 6 and 9 and days rl to L5 (Mattner and Braden,

L972) and days 2, B and Iþ (Scaramuzzi et â1., Ig?O),
These investigators berieved. that the origin of the sec-
ondary rises was from follicres. A generar profile. of the
estrogen revels during the estrous cycre compiled. from

different reports is given in Figure 1,

LH

A pre-ovulatory surge of LH occurring on the day of
estrus has been reported by many investigators and its
magnitude ranges from Jo ng/nL to more than zoo ng/nr
(pettetier et al, , I96Bi Geschwind and Dewey, L96Bi

Niswender e:Þ_ aI., 1969; Wheatley and. Rad.ford, Lg6g; Goding

et aI., L969; Scaramuzzi e! aI., I9?O¡ Reeves et al., L9?Oa¡

Howland et aI, , L97L; Nett et aI, , Lg?l+; Cumming et 41.,
Lg?z; Yuthasastrakosol g! aI., Lg?sb). The wide range in
magnitude is due in part to the frequency of sampre col-
lection. During the luteal phaseu whire progesterone revers
are high, LH remains at low concentrations (Figure t).
However' evidence of some minor rises during the Ìuteal
phase were reported by scaramuzzi et aI. (Lg?L) , vlheatrey

and Radford (t969) , Cicmanec and Niswend.er (Ig?3 ) and

Cumming et a!" (t9ZI),
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The interval- from estrogen rise to I,H peak was 2l+ h,

as observed by Scaramvzzi et a!. (f9?o). This was later
confirmed by Bjersing et aI. (I9?2), Cox et aI. (f97fa) and

Obst et al. (L97L) with the interval ranging from 12 to 24 h.

Niswender e! aI. (1968), V/heatley and. Radford ¡gíg ) and.

Goding et al. (L969) reported that the interval from the

onset of estrus to the LH peak ransed from 0 to 12 h.

FSH

Information on the FSH concentrati-on during the

estrous cycle in ewes is limited. Foster et aI. (L975)

reported that the FSlt level on day f of the estrous cycle

was l4 ndnl- and was JZ ng/nL on d.ay lJ, A. more complete

FSH profile was reported by Salamonsen et al. (197J) .

According to these investigators, the FSH peak was observed

on the day of estrus, ranged. from 80-150 ng/nL and coin-

cided with the LH peak. There were great fluctuations
within day as weII as between daily samples (ranging from

Iess than 15 to 110 ng/ml). This FSH fluctuation appeared

to be independent of the basal variation in plasma LH

(Fie. l ) "

Control oI Gonadotrophin Release

An injection of estrogen causes an initial depression

in LH levels in both anestrous and ovariectomized ewes

(CoOing e:b al., L969¡ Scaramuzzi e¡t al,, L97L¡ liowJ.and and

Palmer, L973; Radford and Wallaceo L97Lþ; Yuthasastrakosol

e! al. , L9?4). Horvever, about 12-21+ h after the injectiono
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blooci LH peaks are observed in ovariectomized ewes (Radford

et al. u L9692 Pelletier and Signoret, L969i Scaramuzzi et al.u

Lg?L¡ ]iowland and Pal-mer, L973), anestrous er4¡es (Coding

et al,, L969 ¡ Beck and Reeves, L972) and in cyclic erves

(gott et al., L9?L; Howland et aI., L97I),

As reviewed earlier, many investigators have ob-

served high estrogen levels on the day before or on the day

of estrus and estrogen appears to modulate the LH release

in normal cycling er¡/es. How estrogen acts upon the hypo-

thalamo-hypophyseal system in bringing about the LH

release is not clear (Hauger et aI. , L977 ) .

According to hormone levels during the estrous cycle

as discussed earlier, progesterone appears 'bo inhibit LH

release even in the presence of estrogen" The endogenous

progesterone u during the mid and late luteal phase of the

estrous cycle, is apparently able to account for the ob-

served. absence of LH peaks although endogenous estrogen

Ievels are suggested to rise in mid cycle according to some

wc¡rkers, (This is not obvious in Figure I because the

data were pooled from different reports). Smith and

Robinson (L969) suggested that inhibition of ovulation by

progesterone was probably due to a suppression of LH re-

Ieaseu but Scaramuzzi e! aI. (L97L) failed to depress

plasma LH by the infusion of progesterone, DiaI et aI,
(L977 ) reported that progesterone implants in ovariecto-

mized ewes augmented the tonic release of LH and that the

implants did not raise progesterone in plasma to physio-
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logical leve1s except for a few days ín one of the experi-

ments, However, Diekman and lVialven (L97J) using a pro-

gesterone implant¡ wer€ able to significantly decrease

mean levels and rhythmicity of LH in two out of five

ovarj-ectomized ewes by 40 h after administering the pro-

gesterone imptant. In one ewe the mean level of LH rose

again at 12O h after implantation and it was supçgested

that progesterone has a short term inhibitory effect. With

a pharmalogical dosage of progesterone, Davis and Borger

(L9?4) could suppress both the magpitude and the frequency

of LH pulses in ovariectomized ewes. The negative feed-

back action of progesterone on tonic LFI release has been

confirmed by l{arsch et al, (L9?7 ) when physiological }evels

of progesterone in serum were established in long-term

ovariectomizedo immedÍ-ateIy ovariectomized or long-term

ovariectomi-zed ewes pre-treated. with estradiol. The in-

consistency of earlier works might have been related to a

failure to achi-eve an effective level of progesterone over

a suffieiently long period of time. Similar to estrogen,

how progesterone acts on the hypothalamo-hJæophyseal system

in ewes (or other mammals) is not well understood.

Some workers (eiper and Foote, 1968¡ Cumming et al.u

I9?I¡ Scaramvzzi et aI' ' L97L) have indicated that pro-

gesterone inhibits estrogen-induced Lli release in ewes.

liowever, large doses of estrogen could induce an LH release

on days 3, I0 and. l-I of the estrous cycle (gott et a1. u

Lg?L; lÌow1and. et alo ¡ L97L). Differences in dosage of
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estrogen required to cause an LH release as compared to

anestrous or ovariectomized er,ves suggested that proges-

terone levels might determine the effectiveness of estrogen

in bringing about an LH discharge from the pituitary. This

hypothesis is difficult to prove since Yuthasastrakosol

el al. (L9?4) found that an injection of progesterone

either at 4, B or 24 h before or simultaneously with a high

dose of estrogen did not consistently block the LH release

in ovariectomized erves.

In L9?I, SchaIIy et al. isolated porcine gonado-

trophin releasing hormone (CU-nH) which appeared to be

structurally identicat to a releasing factor obtained from

the ovine hypothalamus (Burgus et al-. , L969), Since tha-b

time many investigators have reported that either cru.de,

purified or s¡rnthetic cl'l-Rli (tiatsuo et aI., I97l) can

induce LH release in ovariectomized (ninAlay e! al-., L97ji

Rippel .et al, , L97Llb¡ Radford et ?1, , L9?l+) anestrus (Cay

et a , l9?0; Reeves et al., L9?l,ai L97Lb¡ L972; Cumrning

et a]., L9?2¡ Crighton et eL., Lg?+; Rippel et al., L9?t+a¡

l97t+b) ana in cycling ewes (Reeves et al, u 1970b ¡ L97Iai

Foster and Crighton, L97); Rippet et al, , L9?4a) " Since

LH and FSH peaks resulting from estradiol-f/B treatment in
a¡restrus ewes are similar to those following GN-RH treatmentu

Jonas e:! aI, (1973 ) a¡d Reeves et a} (lgZf ¡) concluded

that the action of estradiol-I?B is mediated via GN-RH.

An increased time lag in Lll response to estradiol-f|g as
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compared to GN-RH (9.5 vs 2,5 n) probably represents the

time taken for uptake of estradiol-I7B and subsequent

release of GN-RI{ by the hypotha}amus. It is possible that

estroqen may either infl-uence the sensitivity of the

pituitary gland to pre-existing }eve1s of GN-RH or stimu-

late GN-RH release at the hypothalamic level. Evidence for

action of estrogen at both levels has been reported by

Cumming et a}. (L9?2), Finlay et al. (1973), Rippel et aI.
(lgZ+v) and Reeves et aI. (tg?la and. L97Ib)"

It has been shown by Debeljuk e't aI. (Lg?Z) and.

Przekop et a!. (L972) that progesterone alone or in com-

bination with estradiol-I|B produced a suppressive effect

on GN-RH-induced ovulation in sheep, Thusn LH release may

be controlled by changes in the ra'r;io of estraciiol to

progesterone.

Crighton e! al. (Lg?3) reported. high hypotnalamic

GN-RH activity on day 16 of the estrous cycle which declined

by the onset of estrus. Decline in pituitary LH content

occurred at six h before the onset of estrus which was

shortly followed by a peripheral plasma LH peak. This

evidence suggests that GI\-RH is released from the hypo-

thalamus which in turn stimulates LH release from the

pituitary. Results obtained by Roche et aI. (L9?O) and

Chakraborty et al. (lgZ4) also support the above theory,

Nett et al, (L9?4) did not find any changes in peri-

pheral GN-RH levels in estrous, castrated or anestrous

ewes in which an LH peak rvas induced by estradiol,-}7B.



t¿

They concluded that peripheral GN-Rli may not reflect the
revel-s present in the hypotharamus. Administration of
estradiol-r7¡ augmented the LH rerease el_icited by exo-
genous Gll-Rli (Reeves et aI ,, Ig?Lb) anO the response to
GN-Rli treatment differed d.uring various stages of the
estrous cycle; being greatest at the time of normal l,H

peak and least during the luteal phase (Reeves e! ê!,,
r97La). These investigators concluded that changes in
responsrveness may be caused by estrogen sensitizing the
pituitary gland. C1early, more study is required. to re_
solve the exact rerationship between the ovarian steroÍds
and/or the hypothalamus and pituitary.
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GENERAL MATERIALS AIVD I'TETHODS

Experimental animals were maintained. in a barn

according to each experimental plan of which details will
be given. Estrus was detected by using either a vasecto-

mized or aproned ram and the frequency of observation

varied in each experiment. Jugular blood was collected
by venepuncture using vacutainer tubes. Serum was sepa-

rated by centrifugation after being kept over night at
5oC, Serum samples were frozen at -ZO}C until further
analysis, Concentrations of progesteroneu estrogen, LH

and FSH were determined by radioimmunoassay (RlR). Detail-s

of the proeedures for progesterone and estrosen have been

described by Yuthasastrakosol et al, (L975a), for LH by

Iiowland (L972) and for FSH by Chens (L9?6). Briefly, the

methodology was as follows ¡

Progesterone

A highly specific prosesterone antiserum (#869¡

was generously provided by Dr. Gordon Niswender, Colorado

State University. Among various steroids tested

5 -pregnane 3, 2O-dione is the only one which had signi-
ficant cross reactivity (<)%) niswender (Lg?J). Mean

percentage recovery of 3n- progesterone ad.d.ed to serum

samples was 77 ,4+0,4 (n = 26) " Four pooled serurn samples

from anestrous ewes determined in one assay gave a mean

value of 0.IB+0,01 ng/nl and on four other separate

occasions gave a nean value of 0.18+0,0L ng/nl, The
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overalr avera€le coefficient of variation when known amounts

of progesterone (ranging from r0o to 800 pg) were added

to anestrous-ewe serum was B,I+I.B percent.

Estrogens

cross reactivity of the estrogen antiserum used

(#OZg-t+) was reported by Wu and Lundy (fg?L). Only

three steroids showed high cross reactivity; percent cross

reactivity was 6l"Z for estrone, 18.7 for estriol and S,I
for estradior-L?q. The mean percentage recovery of 6,

?
7-'Í|-estradior-r?¡ v¡hen added to serum samples was 62,o+
I,3 (n = 28), Pooled serum from ovariectomized ewes

determined at one time gave a mean of Z? "B+O "4 pg/n\
(n = 4) and on five separate occasions when LZ,5 pg of
estradiol-178 was added to double distirted. water the
estimate was u-.0'f0,8 pg/nL. The inter-assay coeffic.ient
of variation when knov¡n amounts of estradiol-I?B (ranging

fron 6,J to 4oo pg) were added to ovariectomized ewe serum

in five separate assays was 6.1+0.9 percent.

LH

A doubre antibody RrA was emproyed to determine

LH concentration using anti-ovine LH serum supplied by

Dr. Gordon lr'iswender (cnn-#r5). LH varues lvere expressed.

in terms of l'{rl{-LH-sr4 standard, A detailed d.escription of
the procedure has been given by Howland. (lgZZ), Serum

sampres from each animar were assayed in a singÌe assay,
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FSH

Details of the proced.ure, which uses an antibody

d.eveloped against bovine FSHo are described by Cheng (L976) 
"

The values are expressed in terms of NIft-FSH-S( (ovine )

12<standard, ")T-ovine FSH was used as the trace.

Statistical Analyses

Analysis of variance using a nested d.esi6m and. the

Student-Newman-Keul (SNt<) test, âs described by Snedecor

and. Cochran (l9Zl) vrere used whenever the number of

observations allowed, to find significance of differences

between treatments, breeds and the characteristics of the

pre-ovulatory LH release between breeds'
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EXPERIJIIEI'{T I
rt has been assumed. that the prepuberar period in

the ewe lamb is comparable to that of anestrous period in
mature ewes and that physiologicar changes around the time
of puberty are similar to the changes that occur at the
onset of the breeding season. The hormonar patterns
before and. during the beginning of the breeding season have

been described by V/alton et al. (Lg?U) , Thorburn et aI.
(L969) and Yuthasastrakoso] et a], (Lg?5:o). Lirnited in_
formation of a simirar nature is avairabre in ewe rambs

which are approaching puberty.

Progesterone levers in anestrous ewes remained. low
with ]ittte variation except for a smarl rise ivhich

occurred several days before the first ovulation. The first
ovulatory rise of progesterone was not usually accompanied.

by estrus (Thorburn et aI., f969; VJalton et al., l-9?Ut

Yuthasastrakosol et â1. ¡ L9?5b) " Fl_uctuations of the LH

level in serum v/ere obvious during anestrus but an LH peak

which could be associated with the first ovul_ation rvas

observed only in few animats (Walton et aI. , L9?Ui

Yuthasastrakosol et âI., L9T5b). Fluctuating levels of
estrogen during anestrus could not be rerated. to chan€çes in lH
and progesterone except that a minor rise occurred. around

the first estrus (yuthasastrakosol e! â1", 19?5b),

rn ewe lambs, pulsatile LH secretion first appeared.

around Ir weeks after birth and remained z to 5 ford
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(2.8+0 "E ng/nl-) frigfrer than the levels observed in adults

dr,rring the anestrous period. LH concentration then

decreased. to ad.ult levels and ad.opted a cyclic pattern

aeeording to the ovarian cycJ-e after puberty, FSH secre-

tion was more or less constant at around ll weeks of age

and its level was comparable to that of the adult (Foster

et aI. , l-975),

I[ansour et a]. (L959) reported higher amounts of
pituitary gonadotrophins before puberty with a deel-ine

occurri-ng at puberty. Whether or not this reflected LH

and FSH release at puberty is not known, In cycling ewes,

pituitary LH increased gradually from day I to L5 and

dropped to a low fevel at estrus whil-e LH in serum did
not change much except at estrus (Roche et At.,1970),
This su¿çgested the release of Lll from the pituitary into
the sirculatory system around estrus. Thi.s relationship
between pituitary and serum LH was supported by using

GH-Rli to induce LH release into blood, thus lowering

pituitary LH (Chakra¡orty et a!, , L974). The influence

of GH-RH on FSH at the pituitary level appeared to be the

same as the influence on LH (Jonas et aI, , I9?3) 
"
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I{ATERIAIS AN]] I\IETJ{ODS

Five Dorset x "western vlhite Face" ewe l-ambsu born

between February and March L9?+, were maintained in the

barn under natural lighting conditions. lwice daily

observations for es'brus began on August 2, by using a

raddled vasectomized ramo The ewe lambs were weighed on

the day of first estrus. Daily blood collection began at

an average age of ir6376,5 days (ranging from 141 to L??

days), collection ended at the second estrus and more

frequent samplÍ-ng was done during estrus (every 2 h for

16 h). Serum was assayed for progesterone¡ estrogen¡

LH and FSH"
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RESULTS

Four of the five ewe lambs reached. puberty at an

average age of 22L2+]..0.6 days (ta¡te I). The remainins

one was not yet observed in estrus when estrous checking

ended in November, Age, weight and date at first estrus

and first ovulation (indicated by the progesterone profile)
are given in Table t.

According to the progesterone profilesr three ewes

(Nos, lu 2 and þ) had their first ovulation unaccornpanied

by estrus, while the remaining one (No, 3) was in estrus

shortly before the first ovulation. The interval from

first to second estrus in ewe No, I was longer than

normal (ra¡te Ì) 
"

Hormonal Patterns

The hormonal patterns of the individual ewes and

their relationship are given in Figures 2, ), 4 and 5

for ewe Nos. I, 2, 3 and þ, respectively. The composite

pattern for four of the ewes (Nos,I,2,) and 4) is given

in Figure 6, with the day of estrus prior to the seeond

ovulation being normalized as day 0.

Mean progesterone concentration before the first
ovulation for ewe Nos, 11 2e 3 and 4 were 0.60+O,O4u

0"?4+0"05, 0.49+0"02 and. 0.5þ+0,02 ng/mt-u respectively,

with an overall average of 0"59+0,02 ng/mL, Fluctuations

were observed in aII ewes during this period, which ran¿red

from 0.01 to 2"09 ng/nJ., Following ovulation, progesterone
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Date of
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Sept, 24
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Age at
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( days )

?43
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23?

22I.Z+LO ,6lsn

first estrus and. age at first ovulation
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lst estrus

(ks)

¿rR )

¿to 2, /.É

tt /+o.¿

49,+

48,?+0 "?

Age at Ist
ovulation

(days )

200

20+

]83
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Lggls,6

fnterval from
lst to 2nd estrus

( days )

ôrt(.1+

1J¡f

l+

a/t¿l

L7 .2!2,L

t\)o
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gradually rose to a mean peak value of 3"5+0.2 ng/nL and

remained higher than I ng/n\ for an avera€:e of Ì0,?+0.3
days (Figure 6), Ewe No. I had. an unusualry long interval
between the first and the second ovulation (55 days).
During this period a greater progesterone fl-uctuation was

observed. (ranging from 0.5 to Z.? ndnl-).
Daily variations in LH were observed in a1I ewes

before their first ovul-ation. A mean of I. B+O . B, Z ,L+

0,2, ?,4+O,5 and. l-,9+O,j ng/nL was observed for ewe Nos. lo
2e 3 and 4, respectively, with the overall mean beÍng Z"L+

O,2'ndnL, The maximum LH values obtained d.uring the

frequent sampling done on the day of estrus are presented.

for all ewes in Fi¿çures 2e 31 4 and 5, An LH peak of
2)+,2 ng/nL was detected in only one ewe at the time of
the first ovuration (lrto, i) . This animar v¿as detected
in estrus before the first ovulation. However, LH peaks

assoeiated with the second ovulation were observed in alr
ewes except No. r. During the lutear phase LH eoncen-

trations remained rorv with little variation while Dro-
gesterone concentrations were elevated.

Average FSH concentration was 2),Ofi.9, 40,Z+

3.9 and 30,?+2,J ng/n\ for ewe Nos. 2, j and 4, respec-

tively" FSli peaks at estrus coincid.ed with the LH

peak in all three ev¡es" rn contrast to LH which remained,

Iow during the l-uteal phase, FSH fluctuated. throughout the
pre- and post-puberaì- period. FSH was not determined in
ewe No. r due to the abnormal length of her estrous cycle,
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The estrogen pattern, although fluctuating through-

out the experimental period, did not show any clear cut

relationship to the other hormones. The overall mean was

6,6!0,2 pg/nL and ranged from <2 to 32 pg/mL.

The composite profile (F'igure 6 ) shows relation-
ships between l,lio FSH and pro€{esterone after the first
ovulation which are similar to that of a cycling mature

eweo There was progesterone fluctuation before the first
ovulation which was followed by a characteristic rise
during the luteal phase. During this phase LH remained

Iow and rather constant" LH and FSH peaks occurred a few

days after progesterone besan to decline (nigure 6) "
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DISCUSSION

The first ovul-ation in three ewes occurred unaccom-

panied by estrus. This result is in agreement with a

report by Foote et aI. (1970) who studied this problem by

using a laporatomy technique. Similar results were ob-

served in mature ewes approaching the breeding season

(Thorburn et a!., L969i tvalton et aI., Lg?t+; yuthasastra-

kosol et a}", I975b). Age at first estrus in this study
(ZZL,2+L0,6 days) is in agreement v¡ith that for the

Hampshire breed reported by McKenzie and phillips (1930) 
"

Foote e! at. (1970) found the age of first estrus in the

Hampshire, columbia and Rambouirl-et breeds to be longer;
ranging fron 249 to ]47 days. However, weight at first
estrus was comparable to that seen in this study. This
emphasizes the importance of body weight as related to
puberty, rather than age.

The first estrus observed in ewe No. 1 was probably

a false one since after estrus no progesterone rise
indicating ovulation occurred. until 12 days rater. This

may be the reason why the first cycle in this ewe vsas

longer (24 days), False detectj-on is possible since the

vaseetomized ram was left in the pen with the ewes.

During feeding the ram may have jumped over the ewes in
order to gain access to the feeder'.

The interval between the first and the second

ovulatj-on in ewe No. I was also unusually 1ong. It is
possible that after the first ovulation there vras a hormonal-
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imbalance which caused delay of the second ovulationu or

at this time the hypothalamic-pituitary-ovarian axis was

not yet coordinated v¡ell enough to allow normal cyclie
changes, Progesterone fluctuation was observed in all ewes

before the first ovulation. In contrast, during the anestrous

period in mature ewes progesterone remained lov¡ and constant

except for a small rise which occurred several days before

the first ovulation of the breeding season (Yuthasastrakosol

et al, , I975bt lValton et aI., I9?4; Thorburn et â1,,r L969)

Results from this study suggest that more priming of pro-

gesterone is needed in ewe lambs to initiate the charac-

teristic hormonal patterns of the estrous cycle. Perhaps

once the cyclic pattern is initiated in the life of the

mature ewe only a brief priming may be needed to trigger
reinitiation of the cycle each successive breeding season.

The mechanism of how progesterone priming initiates
ovulation is not knorrn. ft is possible that a change in
the progesterone to estrogen ratio brings about gonado-

trophin release as suggested by Debeljuk et al. (L972)

and Przekop e! al" (1972) to occur in cycling ewes.

The LH results of this study were similar to those

reported by Yuthasastrakosol et al. (L975b) in mature ewes.

During the luteal phase, with high progesterone levelso LH

Ievels were depressed indicating a negative feed-back

effect of progesterone on the hypothalamo-pituitary system.

A suppressive effect of pro¿5esterone on GN-RH-induced LH

release or on serum LH levels has been demonstrated by
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-A.rimura and. Schally (lgZO ) in rats, ltill-iard et aI, (Lg?L)

in rabbits and Przekop et al. (L972) and Karsh et aI , (t9??)

in sheep.

A LH peak on the day of estrus or before ovulation
was detected in three ewes (f,los. 2, 3 and. 4) confirming the

resurts reported by others. si¡nilar results in cycring ewes

were reported by Scaramuzzi et al " (L97I), tVheatley and

Radford (L969), Cicmanec and Niswend.er (I9?3 ) and Cumming

et al, (i-gZl)in r,¡hichapre-ovulatory LH peak occurred

during estrus. A Lli peak prior to the first ovulation was

detected in only one ewe (ivo. j). In this particular ewe

the first estrus occurred before the first ovulationu thus

allowing frequent sampling at this stage, The peak of FSH

coincided v¡ith the LH peak in this studys âs also reported^

by Salamonsen et aI, (I9?3), This supports the view that
the release of LH and FSH is controlled by the same re-
leasing factor (Jonas et aL., Lg?3; Reeves et ?f. , L9?4b),

High levers of Lli and FSH during the prepuberal period were

not observed in this study as compared to that of Foster

et aI , (L97 5) ,

The estrogen data reported here is similar to that
reported by Yuthasastrakosol et al. (L975b) in mature ewes,

No obvious relationship of estrogen to other hormones is
recognized.
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CONCLUSION

The averaÉle age and weight at first estrusu and age

at first ovulation in four Dorset x "western white Face,,

ewe l-ambs was 22L,2+l-0,6 days, 48,Z!0,? kg and Lgg+5,6

days' respectivery. As indicated by progesterone bl_ood.

patterns' first ovuration was not accompanied by overt
estrus in three of the four l-ambs observed. The pattern
of reproductive hormones (progesteroner estpogen and LH)
prior to and after puberty in the ewe l_ambs was simirar
to that of the mature ewe prior to and after the onset of
the breeding season. The progesterone fructuations seen
prior to puberty in the ewe lambs was not previously
observed in the mature ewes prior to the onset of the
breeding season (except for the brief rise lvhich occurred
several days prior to the first estrus).
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EXPERIIVIENT II
Grain feeding during the beginning of the breeding

season increased the percentage of multiple ovulations in
ewes (Foote et al. , L959), Energy l-evel and d.uration of
exposure to feeding regime was also shown by Bellows.et al.
(f963¡) to affect ovulation rate, The ovulation rate was

affected not only by feeding level but also by the time

of the breeding season; being highest at the middle of the

season, The effect of feed leveÌ on ovulation rate oceurred

only when ovulation rate had declined towards the end of
the season, and to some extent during the early part of the

breedÍng season (uutet et aI, , L9?4). Recently, Dufour

and lVolynetze (I97? ) have demonstrated that the multiple
ovulation response depended more on the feeding regime in
effect at that estrus than on the time at which the regime

was initiated. Higher ovulation rates were observed in ewes

under high energ'y feeding at the third and fourth estrous

periods of the breeding season, but significant differences
in ovulation rate between high and low energy feeding groups

were observed only at the fourth estrus (after treatment had

been initiated three days after the second. estrus). Grain

feeding in addition to hay for 6 to B months before the

breed.ing season produced. a greater pereentage of multiple
ovulations (Foote et aI " , Lgsg) , but a similar type of
feeding during anestrous season did not stimulate ovarian

activity or advance the onset of the breeding season

according to Gerring (L954) 
"
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Energy sources such as glucose and. lard in the ration
also stimulate higher ovuration rate in gilts (zimmerman

et al., L96O; Brook e! al. o Lg?Z), Dailey et aL (Lg?Z)

emphasized that the time at which the higher feed lever was

initiated during the estrous cycre was criticar in prod.ucing
a higher ovuration rate, rncreased feed intake for one

day after mating did not affect ovulation rate, pituitary
weight and residual LH potencyo whire increased intake on

the day of matin€g significantry inereased. ovulation rate
but did not affect pituitary weight or residual LH potency
(Brook et al, , Lg?Z) 

"

unrestricted feeding for 12 h immediately before
expected ovuration increased ovulation rate in underfed
female rats (Cooper et aI. , Lg?O), Glucose supplement in
rats maintained on a restricted feed.in6ç regime increased
prasma LH concentration while LH concentration in the pitui_
tary gland remained unchanged (Howland., Lg?Z). pituitary
FSH and LH in starved ovarieetomized. rats were higher than
in furl fed rats and the concentrations of these hormones

in serum were lower (How1and i Lg?L) "

Assay of totar gonadotrophin in pituitary grands of
underfed rats showed elevated hormone concentration
(RinalAinio L9+9; Srebnik and Nelson, Lg63), Howeveru

Piacsek and. þteites (196?), employing a bioassay specifie .

for FSH and LH, found no difference in FSH but a red.uced

LH coneentration in pituitary glands in restricted-fed rats,
The resul-ts obtained by piacsek and Nleites (Lg6?) on the
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effect of restricted feeding suggested that a reduction in
ovarian weight may have been due to impairment of gonado-

trophin release,

In ewesr grâin feeding increased follicular fluid
weight and increased pituitary weight and FSH (92L vs J-082

mg) and LH (1J0 vs 165 mg) potency (Bellows et at. , Lg6þ),
It is therefore possible that high energy intake may have

something to do with an increased gonadotrophin release

which brings about a higher ovulation rate. However, the

literature is limited on the effect of energy intake on

serum gonadotrophin levels.
In cows, high energy feeding for a period of 68 d.ays

did not significantly change LH peak levels (Jones et aI.,
L976), Lishman et al, (I9?? ) also found that neither energy

levef in the feedo rror FSH primi.g, influenced the maximum

LH lever or the area und.er the release curve in postpartum

corvs,

Therefore, at the time that this study was initiated
the exact mechanisT bV rvhich feed intake or energy level
in feed affected ovulation rate was not known. Thusr ân

atternpt was made to find out whether graín feeding for a

period of approximately one estrous cycle in ewes would

have any effect on the status of the pre-ovulatory LH surge

during the fourth estrus of the breeding season.



MATERTALS ÂND METHODS

Ten ewes of each of the Line Mu Suffolk and Finnish
Landrace (r'inn) breeds were used in this experiment. They

were kept in an open-front barn and group fed hay at an

average of I.l kg per day, beginning on June ZB, L9?4,

At their second estrus they were divided into two groups

within each breed. One group was individually fed 0,9 kg

of grain (barley) ¿aify until their fourth estrus. The

amount of grain was gradually increased from O,Z kg to
0"9 kg within the first four days. The other group

(control) was maintained on hay throughout the experiment.

Estrus detection was done by aproned rams; paínt
was appried on the apron around the chest area. Trvo rams

were used arternatery. one of them was alrowed to mix with
ewes arr the time, Observation of estrus rvas made twice
daily beginning on August l. At the expected fourth estrus
the frequency of observation was increased to every þ or
6 hours

Dairy blood samples were obtained between the third
and fourth estrus. when the fourth estrus was observecl,

blood was colrected every 20 minutes for a 16-hour period,

Arr ewes were weighed at the third and fourth estrus
and were bred at the fourth estrus. serum progesterone,

estrogen and LH were determined by RIA"
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RESULTS

Onset of Breed!4g Season

AII ewes shovred their first estrus of the breeding

season during å,ugust or September, ',Vhen these two months

urere divided into four equal periods, slightly more of the Finn

ewes started cycling earlier than the other two breeds

(faUle 2), Fifty percent of the Finn ewes came into estrus
during August, whereas 55.J percent of the Line M and

/0 percent of the Suffolk ewes did not exhibit their first
estrus until September,

t¡Ieight Changes

A conrparison of the weight ehanges recordedu accord-

ing to treatment group, is given in Table 3" Control ewes

lost an average of 0.6 kg, while grain fed ewes gained an

average of 4.2 kg during the experimental period (faUte j),
An analysis of variance (fa¡fe I ) indicated that there was

a significant difference (P<0.05) in body vreight change

between treatments and breeds of ewes. But a further SNK

test of the means indicated no significant difference be-

tween breeds. When the effect of treatment on individual
breeds were subjected to an F testo grâin feeding produced

significantly (P<,05) higher body vieight gain in only two

breeds (l,ine I/l and Finn). Animals whieh received no pçrain

in these two breeds actually lost weightu while under the

same treatment¡ ewes of the Suffolk breed gained weight.

This resulted in a significant (pcO,O5) interaction between
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Tabre 2. Percentage of ewes showing first estrus during a
certain time of the breedins season

Period

Breed First Second Third Fourth

Line M +Lt, ,L+ T .3 zz , z

suffolk J0 - 6o to
Finn 40 Io 30 zo

First period = ]-I5 August

Second period = 16úI August

Third period = l--15 September

Fourth period = L6-30 September



Breed

lLne 1!1

Suffo Ik

I'1nn

Total

Treatment

Table 3 " Effect of Treatment

Control

.L,B!2,?

2,6+Ll

-2.0+1.l_

-o ,6!L,6

+Si gr"rificantly different
usignificantly diff erent

T\TN

,
It

14

Treated

6,0+z.ra

3,7y),L

3 . O+1.14

4,z+r,5a

and Breeds on Body Weight Changes (LS)

Analysis of Variance . (Anoval

No"

(pco. 05 ) .

from the control

)

t5

Total

Treatment (T)

Breed (B)

TXB
Error

DFMSF
28

animals (pcO.05).

I
2

(.

23

3Bo.B

?a ')

<??

1r. ]

)t+ ð*
? <+É

4"9lT

u)
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breed and treatment.

Cycle l,ength

.A.n accurate record of cycle length was obtained from

seven Finn, eight Line M and seven Suffolk ewes. OveraII

cycle length was L7.2+0.5 days (n = 66). The average length
of the firstu second and third cycles is given in Table ll.
There was no significant difference in cycle length (p>O "O5)
between the first, second or third estrous cycle or between

breeds, Howevero the first cycle in the Suffolks and the

Finns appeared to be a few days longer than their second

or third cycle (taUfe 4¡.

G€station LengJh

Two ewes died before lambing and two were not pregnant.

lVhen gestation length was calculated back from the lambing

date to the day of the fourth estrus, it was apparent that
two ewes did not conceive at this time, since their ges-

tation lengths were L?) and LBZ days. They obviously did
not conceive until mating at their next (or fifth) estrus.
The rernainder of the ewes had a gestation length ranpçing

from 1þ0 to 158 d.ays with an overall mean of l&8 ,2+0,?

days. Âlthough Finn ewes appeared to have a one or two

day shorter gestation length than the other two breeds

(r+9,Z+L.+u I48"4+0.5 and L4?,0+1"3 days for Line Me

Suffolk and Finn, respectively), there was no significant
difference between breeds (ta¡te 5). Treatment also did

not appear to effect gestation len6ith.



Bre eda

Line M (7 )

Table 4.

Suffolk (B)

Firsto Second and Third Estrous

Finn (7 )

Tota} 22

-F'].rst

16 . o+I. z

aNumber of animals

18.1t.+þ. o

Second

L7 ,0+0.?

L9 "7+2,0
L? "g!L " 5

16 , ?10, B L6 .3+o ,3

Cycle Length (Days j S"E. )

lhird
L7 "4+o "?

observed is indicated in parenthesesn

16.3+0. B

L6,7+0,4

Total

Breed (s)

Cycle (C)

BXC
ErrorL7 "L+O,7

16 ,g!o ,3

df
Á<

2

2

l+

57

MS

4.8

9,9

12,7

L9,7

F

0,2

nq

0.6

t



Breed

L1ne lv!

SuffoLk

Finn

Total

Table 5,

Controla

I+9.2!2,9 (t+)

L49,3!0,7 (l )

L46 .4+z.L (5)

I47 ,2+1. o (tz¡

Treatment

âNumber of observations are given in parentheses.

Gestation Length (Oays + S.E. )

Treateda

L49,2!0.6 (4)

L47 .7+0.6 (4)

I4?,?+L,? (i|)

148. 2+O ,6 (rZ ¡

Total

Treatment (T)

Breed (B)

TXB
Error

df
23

I
2

2

1B

MS

0,2
'll ô

4 .1-

13.þ

F

ô 
^1

0.8

0.3

H
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Lambins Rate

Lambing rate was not significantly different be-
tween treatments but there was a significant (p<0.05) breed
difference (raure 6 ). Ewes of the Finn breed had a sig-
nificantly greater rambing rate than ewes of the other two
breeds (1,?+O.l , I.?+0.2 and 2,5+O .Z for Line lu,

Suffolk and Finn, respectively).

Hormona] Profiles
The hormonal profires durine the estrous cycre

(from the third to the fourth estrous period of the breed.-
ing season) for each breed are given in Figures ?, B and g,

Proqesterone

The mean progesterone concentration for the complete
estrous cycle obtained from ten Line Mo eight Suffolk and

nine Finn eu¿es was f . i++6.1, 1,310,I and. 1. j+0 ,B ng/
mI, respectively" Þiean concentrations for the treated and.

the untreated groups were t.4 +0. t and. l.J .+0.1 ne/mL,
respectivery. No significant d.ifferences were observed.

between either breeds or treatment (ta¡te ? ) . .A.Ìl breeds
showed a simitar progesterone profile (nigures z o B and

9), varues obtained. on the day of estrus were rower than
L ng/nL. concentrations grad.uarly rose to more than
r ne/nL within a few days after estrus, remained hieh (at
approximatery 2 ng/nl) ror 10 to Lz days and tlren dropped

to baserine ]evel-s shortry prior to the next estrus.

ff tltttue,¡ç
@*%

8¡: Å4ÄfdiïösÂ
ee*.:

{.i¿¡p.B1c-S



Breed

Iine t4

Suffolk

Finn

Total

rTrr oatment

Table 6, Lambing Rate (lambs/ewe + S,E,)

Controla

2.0+0.0

!,7+0,2

2,4+o ,z

2 " 1+0,1

aNumber of observations are shown in parentheses"
#(P<o ,oS) ,

Treated.â

(4) r,6+0.2
(4) L.?+o.z
(5) z,?+o,z
(11 ) z,o+o,z

Total

(5) Treatment (r)
(4) Breed (B)

(4) rxB
(13 ) Error

25

T

2

2

21

o.¿l

'ìR

0,3

0,2

o,?

o rìJf

I,5



Table 7.

Breed

l]-ne ù1

Suffolk

f'1nn

Tota1

Effect of Treatment and
(ng/nL + S,E, )

Controla Treateda

1"4+0.1 (5) I.4+0.3 (5)

1.3+o.r (4) 1.4+0.2 (4)

1.3+0.1 (5) 1"þ+0,1 (4)

l-,310.r (r+¡ 1"410.1 (13)

Treatment

aNumber of ewes are indicated in parentheses.

Breed on Progesterone Coneentration
during the Estrous Cycle

Total

Treatment (T)

Breed (B)

TXB
Error

Anova

df

26

I
2

2

2T

t4s

0,07

0.01

0.01

0,11

-F-

0,63

.90

0.90

F
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The hormone profile during the estrous
eycle in the Line M breed (day 0 =
day of estrus ) .
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Estroge4s

Baseline values for estrosens varied from <2 to
2J pg/nI with an overall- average of 9.Ifl .4 pg/mL.

The estrogen peak around estrus ranged from ? to 29 pg/nL

with an overall mean of Ió.1+] ,2 pdnL. Pooled values of
each breed showed }itt1e day to day variation and a mean

peak value which was not rnuch higher than the baseline

Ievel (Figures 7, B and 9). There was no significant
consistent difference in mean estrogen concentration

throughout the estrous cycle due to breed or treatment

(taUte B). However, there was a sisnificant interaction
between breed and treatment. Twenty percent of the ewes

(regardless of breed) showed the estrogen peak on the day

before estrus while in the rest the estrosen peak was seen

on the day of estrus.

LH

During the lutea1 phase (when progesterone levels

are high) daily LH concentrations remained low and showed

little variation. liov¡ever, for a few days prior to and

after estrus slightly higher LH levels were noticed
(Figures ?, B and 9), There was no sienificant difference

between treatments in mean LH levels throughout the estrous

cycle (taUte 9). Hov¡ever, Finn ewes had a significantly
lower mean LH concentration than the other two breeds

according to the SI\K test. I\lean LH levels were I.3+0.1'
l.O+0.1 and. 0.6+O,L ng/nl for the Line M, Suffotk and Finno

respectively.



Tab1e B.

Breed

I,ine M

Suffolk

J''1nn

TotaI

Effect of Treatment and Breed on lllean

bg/nL I S"E, ) of Estrogens during the

Controla

7.7+O,g (5)

9,0+1,0 (4 )

L3 ,6+2.? (5)

9 "9!L,o (14)

Treatnent

aNumber of ewes observed is shown in parentheses 
"

*(Pco"05)"

Treatmenta

]0,2+0,9 (5)

9'012"1 (¿+)

? ,6+L,2 (4)

8,9+0.8 (11 )

Concentration
Estrous Cyele

Total

Treatment (T)

Breed (¡)

TXB
Error

Anova

df
26

't
L

2

2L

MS

A

<l

*), é

F

o,?

0.6

5,r*

t
\o



Table 9,

Breed

lrne Nl

Suf fol-k

¡'1nn

Total

Effect of Breed and Treatment on
(ndnI + S,E. ) during the Estrous
the Pre-ovulatory Surge)

Treatment

Controla

L.)+0.2 (5)

I. oio.2 (4 )

0,6+0,z (5)

L o+o. r (lþ)

aNumber of ewes observed. Ís shown in parentheses"

*(P<0,Q5) 
"

Treateda

1.310.3 (5)

]. t+0.1 (4 )

0.7+0.3 (4)

1.0+0,I (13 )

l{ean LH

CycIe
Coneentration

(not including

Total

Treatment (f)
Breed (B)

TXB
Error

ÐF

26

I
2

2

2L

MS

0,02

0,95

0.03

0.21

F

o,28

4 .52+

^ 
'tA

\Jl
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Ovulatory Lli $uree

Due to the blood. collection regime the complete pre-
ovulatory surge of LH was obtained from only t'¡¡o ewes from

each breed in the control group and from five Line M,

three Suffol-k and two Finn ewes in the treated group.

Therefore statistical analysis was done by comparing breeds

only and only treatment means are given. The mean interval
from the onset of estrus, magnitude, duration and secreti.on

rate of the LH surges are given in Table 10. The interval
from the onset of estrus to when LH concentration rose to
above 5 ne/n\ is expressed in hoursu the masnitude in
ng/nL¡ the duration of secretion in hours and the secretion
rate as ng/nL/h (which was derived from computing the area

under the curve/h as described by Land. e! al. u Qg?j).
Due to incomplete curves obtained in this experiment it
was necessary to measure duration and secretion rate from

LH concentrations above 40 ng/nl-,

Treatment âppeared to have litt1e influence on the

above parameters, as indicated by the means in Table lO.

However Finn ewes had a sigrrificantly (pcO"05) longer in-
terval to LH release than the other two breeds. Althou¿çh

the mean magnitude and secretion rate for the Finn ewes was

higher than in the other two breeds, statistically there

v/as no d.ifference. Finn ewes had a sienificantly (p<O ,05)

Ionger duration of surge than the other two breeds (faUte

J.0). The profile of the pre-ovulatory LH surge is given

in Figure 10 for each breed.



Table 10" l'lean rntervar from the onset of Estrus, Magnitudeu secretion
Rate and Duration of the Pre-ovulatory T,H Surge

Interval
(n + s,E. )

MaF.ri tude
(nUnY + S,E" )

Duration
(n + s.E. )

Secretion rate(ng/ñ/n 1 s,E. )

Line M

2 .L+0 ,2

I41. r+29,4

l+,9+o ,5

46 ,5!7 ,9

Interval = time from onset of estrus to beginning of LH discharge (when
J ng/nl-) expressed in h.

Seeretion rate = derived from area under the
ndnL/h (Land et aI. , L973) ,

Magnitude = highest concentrationo expressed

Duration = time from LH rise from and faII to
*significantly (P<0"05) d,ifferent from other

Breed

Suffolk

6 ,L+L.6

I50.6+t9 " O

4 "T+0,4

48.9+5. B

Finn

'rs10 . 5+L.5

209 
" 5ÐI, O

*7 ,0+0 .3

62 "6+7 ,2

Control Treated

5,9+L,B 7 ,L!L,4

r8l-.3Ð4 .5 r5o . 0+L5.7

5.7 +O .5 5 .2+O .O

6j .z!? ,j tÐ ,g!3 ,5

Treat¡nent

ffi, from above 40 ng/nr

as ng/ml.

4O ng/nJ., expressed as h,

two breeds.

values exceeded

is expressed as

Ln
tu
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DISCUSSION

under the naturar conditions arlowed the ewes in
this studyu there was a breed difference in the onset of
the breeding season; with more Finn erves starting to cycre
earlier than Line I!1 ewes (fa¡te Z) , Holever, Wheeler and,

Land (L9?3) reported. that the onset of the breed.ing season
in the Finn breed to be october ?, which is mueh rater than
in this study. This may be the result of eeographical
d'ifferences since their work was done in Europe at a
different l-atitude. The difference between the two studies
may arso be because of differing genetic base in the two
flockso since differences in the duration of the breed.ing
season do exist between breed.s and. strains within breeds
(Cote and Cupps, L96g),

There was no significant difference in cycÌe r-ength
between the first and subsequent estrous cycles. This
findins is in agreement with that of Foote et al, (W?O),
However, abnormar cycle lengths early in the breed.ing season
have been reported (Hafez , Lg5Z), The reason for in_
accuracy of estrous detection in eight of the ewes could
not be pinpointedu but various factors may have contributed
such as ¡

1) infrequent observation at the beginning of the
breeding season,

2) paint may have dried üÞo
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l) wetness of apron (due to urine) caused. dirtiness
on the apron itselfo therefore, mark could not
be differentiated from the wooÌ soiled due to
rainu

l+) too infrequent renewal of paint on the rarn,s

brisket o

5) ram may have had preference for one ewe.

The increase in body weight due to grain feeding appeared.

to have no infruence on estrous cycle rength. Grai-n feeding
produced. significantly higher body weight gains in the Line
M and Finn breeds. This is in agreement with reports by

Hu1et et aI, (L9?4) anA Dufour and Wolynetz (Lg??). Both
contror and treated ewes of the suffolk breed gained weight.
since suffolk ewes are heavier and more aggressive than the
other two breeds, it is possibre that these ewes courd,

have competed better for hay d.uring group feed.ing. There_
forer eoîtror ewes from the other two breed.s did. not re-
ceive their fulI arlotment and. thus rost weight.

Grain treatment in this stud.y did not prod.uce a
difference in lambing rate which is similar to the results
reported by price et aI, (Lg?j), Hulet et a}, (Lg?4) also
reported that lever of feeding had no effect on Jambine

rate except during periods of low 1ambine rateu ioeou

during the early and late portion of the season.

Finn ewes had a greater ritter size than the other
two breeds, simirar differences in l_itter size between
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Finns and other breed.s have been reported by Land

(L970) and also by Dona1d et at. (1968). Hul_et and Foote

Ogaz ) have shown a positive correlation between rambing

rate and ovulation rate. Therefore, Finn ewes probably had

a higher ovuration rate than the Line M and suffork ewes.

Mean gestation rength felr rvithin the normal range

for all breeds (Hafez, L952), Treatment and breed appeared

to have no significant effecto but the Finn ewes did, how-

ever' have a mean gestation length which was one or two

days shorter than the ewes of the other two breeds. This
may have been the resurt of the greater litter sizeo which

is suggested to shorten mean gestation length (Hafez , Lgsz).

The pattern and concentration of progesterone in
this study is in agreement with the resurts obtained by

rnany other investigators (Stabenfeldt et aI., L969;

Thorburn et al. , L969t Obst and Seamark, L9?Oi Bindon o

Lg?L; Robertson and Sarda, LITL; pant et a]., L9?Z¡

McNatty et al., L973; Yuthasastrakosol et ê!., lg?5b).
l,iean daily progesterone concentration throughout the

estrous eycle was not affected by treatment or breed.

variable resurts in the estrogen concentration in
prasma or serum have been obtained by different investi-
gators (Cox et al.u L97La and b¡ Obst e! aI,, I9?L¡

Scaramuzzi et al.o L9?O; Bjersing et aI,, Lg?Z; pant et aI.,
L9?2; Van Der Walt et aI. , L9?2¡ yuthasastrakosol et âlo ¡

L97 5b ) even when sirnilar sources of sarnples (plasma or
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serum) and rnethod.s were used. The baseline leve1 in this
study vras 9,1+I "O pg/nL which is about twice that re-
ported by YuthasastrakosoÌ et aI. (L975b). However, the

mean peak values in the two studies are comparableo but

both are lower than those reported by 0bst et aÌ. (1971),

Pant et al,. (lgZZ) anA Van Der lValt et al. (t9?Z). Samples

taken from the ovarian vein (Scaramuzzi et 4., L97O¡

Bjersing et al., L972) appeared to have higher values than

those from the jugular vein (pant et aI. , L9?2i Obst et aI. o

lg?L; Van Der Vlalt e! al-., Lg?z; Yuthasastrakosol et B!.u
Ig?5b), Occurrence of the estrogen peak appeared to be

related to the source of samples (ovarian vs peripheral
blood), Scaramuzzi et aI" (f970), Cox .et gil, Qg?ta and b)

and Bjersing et al. (L972) reported that the estrogen peak

occurred a day before estrus when samples were coll-ected

from the ovarian vein, while Pant et aI. (L972), Van Der

Walt gl aI" (L972) and Yuthasastrakosol et af. (L975b)

observed the peak to occur on the day of estrus in peri-
pheral blood samples, Eighty percent of. the ewes in this
study showed the estrogen peak on the day of estrus. Pant

et al " (L972) suggested that the difference in the time of
the estrogen peak due to the source (location) of the

sample might have been eaused by the surgery and anesthesi.a

involved in blood collec'tion from the ovarian venous blood

which might have changed the length of the estrous cycle

in the eweo
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Pooled values for each breed. red.uced day to.day
variation of estrogen concentrations. rndivid.uar ewe

profiles showed estrogen peaks between day J and f of the
estrous cycre in about 50% of the ewes. Secondary rises
of estrogen were arso observed by Mattner and Braden (Lg?z),
Cox et aI. (19?la and b), Holst et al_, (I9Tz), Scaramu.zzi

e! al. (f970) and i{auser e! al-, (L9?7),

The LH l-evel was row durine the ruteaÌ phase in atl
ewes. This supports the hypothesis that progesterone aroneu
or in combination v¡ith estradiot-l?8, produces a suppres_

sive effect on GN-RH-induced. LH rerease, (Debetjuk et â1,,
L972i Przekop et ar. o r9?z), Karsch et ê!" (Lg?? ) demon-

strated that progesterone alone courd suppress LH rever
in ovariectomized elves. sorne rise in LH was observed. a few
days prior to or after estrus¡ ârrd. this was the period
when progesterone l-evers vrere stirr low indicating a

lesser effect of progesterone on the hypothalamus and,/or
pituitary. This result is in agreement with Hauger et a!.
(L977), whether the hypothalamus or the pituitary is the
main site of progesterone negative feed.back is not known.

Labhsetwar (lgZl) concluded that in rats progesterone mieht
act at all levelsu including the ovariesc

r.mounts of LH during days of non-estrus ranged. frorn
undetectabre levers to 4.r ng/nL, The findings reeard.ing
LH levels in this study are in senerar ag:reement with the
results obtained by Reeves et al. (L9?Oa), Roche et al,
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(tg?O), Geschwind and. Dewey (f96g), Niswender et aI, (1968),
scaramuzzi et a!" (rg?o), yuthasastrakosol e!; i ry?5b)
arrd Land et aI" (L973), Howeveru the latter investigator
(Land et ar., rg?3) reported that more prorific breed.s had
hi6rher (but not statistiearly significant) mean LH level_s
on non-estrous days which is the reverse of the resutts
of this studyn .ccurrence of the pre-ovuratory LH surge
on the day of estrus has also been reported by scara muzzi
et al. (L970), Reeves gl. aÌ, (lg?oa), Bjersing e! al. (lg?Z)
cumrning et -al , ('-9?2), Nett et a] . (lg?4), Geschwind. and.
Deviey (1968), V/heatley and Radford (Lg6g), Goding el af .
(L969), Land e! af , (Lg?z), yuthasastrakosol et al-"
(L97 5]o) ano Hauger et a!. (ry?? ) .

A statistical comparison between the two treatment
groups regarding the pre-ovuratory LH status could not be
made due to insufficient d.ata. Howevero the mean values
obtained did not show great differences due to the treat-
rnent on interval frorn onset of estrus to LH surger mâg_
nitude of the surge, duration and secretion rate (rabte
10). Jones e! al, (Lg?6) an¿ Lishman et al_. (tg??) also
reported that there was no effect of energy level on the
LH peak in cows.

A breed comparison reveared that Finn ewes had a
sienifieantly (eco.o5¡ l0nser interval from estrus to the
pre-ovulatory r,H surge than the other two breeds" Raabe
and viheaton (Lg?6) obtained simir-ar results r¡hen they
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compared Finn, suffotk and. Finn x suffork ewes. Land

e! al. (L973) arso reported breed d.ifferences in ewesô

while Thimonier and. perl-etier (tgzl) atso reported. the
longer interval in double-ovurating ewes in French breeds.
since litter size is positively related. to ovuration rate
(uutet and Foote,L96?), the present results suggested
indirectly that the Finn breed. had. a greater ovuration
rater possibly due to the ronger intervar from estrus to
the pre-ovulatory rH surge. rt is possible that the ronger
intervar may allow more time for the pitui-bary to recover
from the negative feedback of progesterone or may arlow
for more estrogen to be excreted., thus causine a greater
release of LH.

significant differences in the magnitude of r,H peak
between breeds was reported by Raabe and t{heaton (Lgz6)

and Land et aI. (lg7)), ,A.Ithough the present results
were not statistically different the mean varue for the
Finn ewes was highest (raute ro). This higher value ma¡r

be physiologicatty important in terms of ovulation in-
duction, Þ'iore detailed data is needed to eonfirm this
type of comparison. Frequency of bl-ood sampling is arso
important, since LH half-rife is about 28 minutes accord.inq
to Geschwind and Dewey (rge s). The above j-nvestj-gators

only collected brood sarnpres every 2 or 6 h and. therefore,
their results may not be cl-ose to the actuar values,
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As indicated earlier the insufficient d.ata in this
study did not allow statisticat comparison of the d.uration

of LH rerease and secretion rate of LH when r,H levers
were berow 4o ng/nL. thus resurts reported. here onry in-
clude that area of the curve when values were above 40

nx/nL. Raabe and I'Jheaton (19?6) did not find any breed

difference in the duration of the LH surge, while Land

et aI, (L973 ) obtained contrary results with which the
present study woul_d agree

The data on seeretion rate from this stud.y is con-

tradictory to that of Land e! ar. (tg?j) vrho reported. sig-
nificant differences between breeds. However, the mean

value for the secreti-on rate in Finn ewes in this stud.y

had the highest varues. rt is possibre that data obtained.

here would have been comparable to that of l,and et al.
(l-9?3) if comparisons could have been made by using the

area of the curve which was }orver than 4O n*/nL, One

eonsistent finding between this stud.y and. those of Land.

et aI, (L9?3 ) and Raabe and Wheaton (L9?6 ) is the breed.

difference in the interval from the onset of estrus to
the LH surge.
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CONCLUSION

Grain treatment d.uring the third estrous cycre
appeared to produce no effect on reproductive performance
or endocrine status in mature ewes. There were breed.
differences in rambing rateo which may have been rer_ated
to ovuration rate and the pre-ovulatory LH status, Resurts
on the pre-ovul-atory LH status were not concl_usive.
Differences in the intervar from the onset of estrus to
the pre-ovuratory rH surge in different breeds of ewes

was confirmed. fndirect evidence (litter size) suggested
that Finn ewes have a greater ovulation rate tharr Line M

and suffork ewes. Further study on blood rever_s of
pituitary gonadotrophins and ovulation rate is necessary
in order to confirm the rerationship between the above
parameters and breed d.ifferences.
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EXPERII'ENT ÏÏI

The blood collection regime in the previous experiment

did not provide enough data to make firm eonclusions on

breed differences in terms of the pre-ovulatory LH surse.

However, results from experiment II showed trends

toward differences between breeds in the interval from

the onset of estrus to the pre-ovulatory LH surge and the

duration of LH surge. A difference in secretion rate of

LH at estrus was reported by Land et aI. (1973). Thimonier

and. Pe}letier (Lg?L) have shown differences in the interval
from the onset of estrus to the Lli surge between breeds

and between single and multiple ovulators in French breeds.

Raabe and Wheaton (WZe) observed differences in the in-
terval from the onset of estrus to the LH sur€{e in
Suffolk, Finn and Suffolk X Finn ewes' but not in the

duration of the Lli surge. The interval from the onset of

estrus to the LH surge has been reported by Geschwind and

Dewey (f968), Niswender et g.l. (1968)' Goding et al.
(L969), Lishman et al , (L974) and V/heatley and Radford

(Lg6g), Their results ranged from 0 to 1B hours 
"

Similarly the duration of the Lll surge ranged from 4 to
L3 hourso

Varying results obtained by the above investigators

may be due to three mai.n factors:

I) frequency of estrus observation,

2) frequency of sample collectionse and
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3) differences between breeds of ewes.

Since the half-life of LH is about J0 minutes
(Geschwind and Dewey, 196B) frequent sampling is needed.,

The present experiment was designeci not onry to
c]-arify results of the previous experiment, but arso to
determine if there are changes in the characteristics of
the pre-ovuratory Lli surge during a breeding season. The

second objective was und.ertaken since at the time that the
study was initiated there were no reports on possibl-e

changes in the pre-ovuratory Lli surge in relation to
changes in ovulation rate d,uring the breed.ing season.

severar previous investigators have suggested. that the
ovulation rate increases as the breeding season progresses
(Dermody et aI. o L966; Hulet and Footeu L96?; ltulet et aI" o

1969; Land et aI. , Ig?j and liulet et al, e Lg?U).
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MATERIALS AND I\IETHODS

Five ewes of each of the Suffolk and. Finn breeds

were maintained ind.oors under naturaÌ lighting conditions.
Estrus detection began in the middle of August 19?6,

using vasectomized rams. Rams were kept in a separate

pen next to the ewes. Detection was made by putting rams

into the ewe pen and observing for IJ to Z0 minutes.

Frequeney of checking was every 4 h or less. B1ood col_-

lection began as soon as estrus was detected and continued.

at 2o minute intervars for 20 to 24 h. Towards the end. of
the breeding season, blood sampres were corlected. every

) or l+ days for a period of a few weeks after the 1ast

estrus was observed, serum was anarysed for LH and pro-
ges-berone as ciescribed previously.
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RESULTS

Breeding Seasoq

The breeding season for Finn ewes started. earlier
and l-asted longer as compared to Suffotk ewes (fa¡te lI).
The average number of estrus periods observed d.uring the
whore breeding season was Ìr.6+I.0 for the Finn and onry
5,2+O,þ for the Suffolk (faUte 13),

Es_trous Cycle length
There was no significant d.ifference in estrous

cycle length between breeds or between first, second. and
subsequent cycles within the same breed (taute 12a and. b) 

"overall estrous cycre length for the Finn ewes was L?,o+
0.L days (ran6¡e frorn l_4 to ZL days) and for the Suffol-k
ewes IZ.I_+0.I days (range from 16 to 19 days),

Table Lj shows the record of btood corrections done
throughout the breeding season. In Finn ewes, attempts
were rnade to colr-ect brood at ¿+r- out of t',,e 6? estrous
periods observed. or tr," l+t estrous pe.iods , onLy 22
yielded comprete (c) pre-ovur-atory LH peaks. The other
lt were ineomprete (r). rn suffolk eweso b100d was col-
lected at 25 out of J0 estrous period.s and l_9 complete
pre-ovulatory Lll peaks were obtained.

Although taking of br-ood. sampres d.id not permit an
accurate record of the length of estrusn Finn ewes appeared
to have a somewhat ronger period of estrus tha:i suffor_k
ewes.



Breed

Finn

Tabre 11, Length of Breeding season in Finn and suffor-k Ewes

Breedj.ng Season

Ewe l\Io.

3 o0B

3009

)o86

)249

3001

Mean t S,E"

SuffoLk

Date of 1st Estrus
20 Sept,/?6

14 Sept,/?6

30 eug.,/?6

23 Sept,/?6

1 oet./?6

l¿lean 1 S"E.

100?

4wz

À.oe o

30 5r

1017

Date of Last Estrus
4 Rpr ,/??
4 trtay/??

L9 Mar,/??

27 \liar .,/??

3 Mar,/17

14 Sept,,/?6

L? Sept,/?6

l? Sept,,/?6

20 Sept,1?6

16 Sept ,/?6

Lensth of
Breedine Season

t97

263

202

186

I </¿_',

200,4+I? ,3

L20

^r¡f .\

ro3

87

110

101. 0!6 ,?

26 nee,/?6

l-0 Dee , fi6
28 nec,/16

15 oee , /76
L7 nee,/16

(days )

o\\)



Table 12, Estrous cycle length (davs)

Cycle length

Breed X t SE

1

2

3

4

5

D

'l

ö

9

10

11

l"lrur t7. 0 .!.0.1

Suffolk 17. 1 10.1

v + cF

lÁ t +ñ ?

16.6 10.2

16.8 10.4

L7.2 !0.3
17.0 10.3

17.4 r0.5
16.8 r0.2
18.0 10.9

16.8 10.9

r7.2 !0.5
17.0 r0.4

(a) (ìomp:rrlson bt,cwc'crn bret'rls

(b) Comparlssn of the

FINN

No.

No.

5

5

5

5

5

5

5

5

5

4

4

57

¿o

Total 52

Cycle length L0 1.1

Error 42 L.2

ANOVA

'lÌrt rr I

Breed

¡\n lma 1. /B reed
Error

estrous perlods durtng the breedlng seas;n vrfthfn the same breed

SUFFOLK

df MS

ANOVI\

df MS

82

1 0.5

B 1.5

73 1.0

1n

0.3

r.5

Cycle length

I

J

XtSE

16.6 10.2

16,8 10.2

L7 .6 !0.4
17.2 !0.4
17.5 10.5

No.

)

)
5

4

ToÈa1

CycIe

Error

A,N0VÀ

23

length 4 0.9, 1.5

19 0.6

df Mq

o\



À¡1n¡l
l{o.

Date
3008

DaÈs
3009

Date
3086

Dats
3249

D¡te
3001

z0l9 176

L4le 176
A
?

J0l8l76

2319 176
A

LlL0l76
A
c

lable 13. Record of blood collectlon 6t egtrus throughouÈ breedtng eaaoon

(a) ¡¡¡l¡t

7 110176
A

3019 176
A
c

t4le 176

LOltolT6
Â
c

r7 lL0ll 6
A
c

241L0176

L6lLol76
,A

I

30lelr6

27 llolt6
A

3lLLl76
A
c

Dâre L419l76 Llt9lt6IOO? A A'cc
Dato Ll19176 3l101764037 A A

,Ic
Ds16 1719l?6 3lL0lt6

{039 A À
lc

D¡te 2019176 tlr0176
3051 A

c
Dsro L6l9l76 tlL0l761017 

: å

LLILTIT6
A
?

uLLl76

1

l1 lto176
A
c

t2lLLlt6
A
1

20lLLl76
A
I

29 l]'tl7 6
Â
c

r8lLLl76
.A

I
3lrLl76

A

29lLLl|6

c

7 lr2l76
Â
c

Nu$ber of eltrus

L6lL2l76

L

5l12176
A
1

L9 lLLl76
A

16lL2176
A
c

25112176

18lLo176 4lrtl76 zllrvr6
AAAccc

,9lrol76 3l:,tl?6 22lLr176
A-Â
C ,. - C

20lLOl76 6tLLt76 22lrLl!6A.Ar - C.
2t'lLol76 lUrU?6 29lLL176

^ÂÀcc¡
20lrol76 8lLu76 26ltvl6.AA
,¿ c c

41u77 2LlLl?7-À-c
23112176 glLl?7

.A
c-

6lL2176 2tlL2l76
AA
?t

2lu?7 .r8lLl77
-Â-c

LolL|TT 27ltl|,AA
IC

AÈ
Qo
I-

Collectfon oade aÈ thst e8tru6.
coEpleto prc-ovulator¡ !g our¡e ss8 obt6fnod.
IncoupleÈo LII cun¡c.

.8o collocÈlour

9lzl77

26lrl77
A
c

I I Ll77

312177

Lr 12177

(b) suFrolx,

9lt2l76 26112176À-Ù-
LOlt2l76

A'c
t0lt2l76 28lr2l''6

A.À
c, I

rslL2lT'l
A
I

2812177 L8l3l7r
A-

L|l2l7t U3177.A
-t

251U71 L2l2lrr
A-c-

2u2171 913171
A-c

31317?

414177

r8l3177 414177

2812177 1913l77
/t-
I-

27 l3l17

20l4lt1 â15177

at\
\c)
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The interval from onset of estrus to the pre-
ovuratory'Lli surge (when LH concentration rose to above
5 ng/nL), was significantry different between breedso beins
1J.B+0.6 h for Finn and 6,4+0.6 h for suffolk ewes
(Table r4a). A comparison of the intervar rength at each
estrus within the same breed. throughout the breeding season
showed no significant difference (fa¡le I4b) o

simir-ar results were obtained for the time ínterval
from the onset of estrus to the time of the maximum point
of the pre-ovulatory LH peak (fable l5a and b). Finn ewes
took about l.J h frorn the beginning of the LH surge to
the peak while suffork ewes took J.0 h, These data were
caLeulated by subtracting the intervar from the onset of
estrus to the pre-ovulatory Llr surge from the intervar
from the onset of estrus to its peak (Tabre r4a an. lJa).

Magnitude

Although Finn ewes had a somewhat higher peak mag_
nitud.e of LH release (lSA,?!g,5 vs ];4S,?+L3.J ng/nÐ there
was no sigrrificant difference between breeds (raule 16a).
The same is true for the cornparison mad.e between estrous
periods within the same breed (ta¡te I6b) " lioweveru there
was significant (p<0.05) variation between animar-s within
the same breed, (faUle L6a),



Table 14. Interval from thc otìs(ìt of esErus to the ¡:re-ovu1:ttory l,ll srtrgr,(h),

(a) Comparison betwcen breeds

Breed 1 t sr

Ffnn 13.8 10.6

Suffolk 6.4 !0.6

cycle Ï I s¡

J

4

5

I

13. I 11.6 .

13.4 tl.6
17.6 11.6

14.1 11.8

13.4 13.1

13.0 11.3

11.4 10.3

(b) Comparlson of the estrous perlods durlng a breedlng seáson wlthln the same breed

FINN SUFFOLK

No.

No.

39

1ö

5

5

)
5

4

4

Total
Breed

Anlmal/Breed

Error
t!P<0.05

Total
Cycle

Error

ÂNOVA

df

30

6

¿c

ANOVA

MS

df

16.9

14 .1

JI

I
B

48

MS

674,8

13.3

11.0

L,2

50. 7*
1t

Cycle X 1 SE

,
3

5

o

6.0 11.1

6.0 10.9

5.2 13.0

6,4 !0.4
7,4 +2.4

No.

5

3

3

4

Toral
Cycle

Error

ANOVA

dI

11

4

13

lls

2.4 0.3

9.1

\)
P



Table 15. Interval from onseE of esLrr¡s Ëo tllc,prc_ovul;tt.(ìry 1,il ¡rr.lk (lr)

(a) Comparison between breeds

Breed 1 t sr

Ffnn 17.tr 10.5
Suffolk 11.4 10.6

Cycle

2

J

5

o

B

Y + CF

17.4 !I.6
17 

^ 
+r âr,.w ;I.J

18.4 !0.7
15.0 12.0

16.1 r0.7

No.

No.

(b) comparlson of Èhe estrous perlods during a breeding season r¿ithln the same breed

29

l6

FINN

J

¿l

3

It

Tocal

. Breed

Aninal/Breed

Error

ToEal

Es trus
Error

ANOVA

df

17

4 5.8
13 6.1

ANOVA

df

MS

.+o

1

I
JT

MS

409 .3

^')
7.4

no

66.0*
na

CycLe

2

o

V + CF

9. 7 11.1

11.5 11,4

11.2 i0.6
LI.4 !2.6

No.

SUFFOLK

5

3

¿+

3

Total
Es true
Error

ANOVA

d-t

I4

3

11

MS

3,2 0.4

\)
N)



Table 16. MagnlLurle of r:lre l)rc-ovu Intory l.,ll srrrge (ng/mt )

(a) Comparlson betwccrì breerls

Es t rus

J

o

ð

Breed I t se

Flnn 156.7 19.5

Suffolk 145.7 tl3.5

XISE

L37 .6 !24.8 ,

96.9 114.8

131.8 t21.8

187. 3 r34.6

189.8 il3.0

No.

FINN

J

4

J

(b) Comparlson of che estrous perlorls during the breeding season wtthln Èlìe same breed

No.

¿v

23

Total
Es !rus

ÄNOVA

df

Total
Il reed

Anfmal/Breed

Error
trP<0.05

T7

.+

13

MS

522.4. 2.9
17(¡ c

ANOVA

df

51

1 2160.3

I L2907.4

42 L484,4

Þfs

Es t rus

^.)
B. 7t

J

4

5

6

XISE

L60.0 !4I.7
138.1 126.1

9I.4 !r4.4
16]- 7 .t44.7

L62,0 !28,I

SUFFOLK

No.

5

at

3

4

4

Total
Es t rus

Error

ANOVA

df

19

4

15

I'ls

304.2

5I7 .9

ôÁ

\)\,
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Duration of LH Release

Duration of release is defined as the time period
from when I,H concentration rose above 5 ng/nL to the time
when it fell back to J ndnL. suffolk ewes had a signi-
ficantly (P<0,05) ronger duration than Finn ewes (ta¡te
L?a), However, there was no signifÍcant d.ifference between

estrous period during the breeding season in either breed.

(ta¡te r?b),

caleulation of the area und.er the pre-ovul_atory LH

curve was simirar to that used in Er¡leriment rr except a

computer program (developed by Dr. Fos, chebibu Ðentar
schoor, university of Manitoba) was emproyed instead. of
manuar estimations, The values are expressed as ng/nL x
minutes. secretion rate was careulated by dividing the
area und.er the curve by the duration of the pre-ovulatory
lH surge and expressed as ng:/nr/h. There was no signÍficant
difference in either of these characteristics whether the
comparison was made between breed.s or between estrous
periods within the same breed. d.uring the breeding season
(ta¡te l8a and. b; Table I9a and. b), There was however,

significant (p<0"05) variation between animars within the
same breed (TabLe l8a and Table l9a) 

"

Under the Pre-o tory LH Curve and Secretion Rate



Table 17. DuraË1on of pre-ovulatory LH surge (h)

Breed 1 t Sn

Finn 11.4 10.3

Suffolk I2.4 !0.3

Es t.rug

(a) Comparlson between breeds

2

f

I

XtSE

10.8 !0.4
10.6 10.9

11.0 10.3

No.

(b) Conparfso¡ of thcr estrous perlo<is during the breedfng season wfthln Ehe sane breed

19

No.

FINN

4

3

Total
Breed

Anirnal / Breed

IÌrror

'tP<0. 05

Total
Es trus
Error

ANOVA

Õr

df

ANOVA

t0
)

I

40

I
8

?1

MS

I'fs

r.7

to., zo. o*

0.5 0.2

2.8

0.4

Escrus i- t se

c

5

6

1t ô +n 2

13.5 r0.9
t2.5 !L2
11.9 10.7

11.9 10.6

SUFFOIX

No.

5

J

3

3

' Total
Es Èrus

Error

ANOVA

df

T7

4

IJ

MS

1.6
'tÂ

^q

\)\



Table 18. Ârea under pre-ovuJatory Llt curvc cxpresscd as ng/ml x rnlnrrte

(a) Comparlson between bree<ls

Es t rus

Breed

2

J

8

Flnn 3999,4 !2.8
Suffolk 3771.5 !2.8

XtSE

4336.6 r8.3

3247,5 t6,7
4179,8 !2.4

X+SE

FINN

No.

4

J

(b) ComPartson of the esErous perlorls durfng the breeding season wfthln the same breed

SUFFOLK

No.

22

LY

ToEal

Bs t rus

Error

ANOVÄ

dr

Total

Breed

Anlrnal /Breed

Error
rrP<0.05

l1

¿

9

MS

135.0

L56,4

ANOVA

df

0.9

40

L 52.9

B 390.1

31 104.3

¡fs

0.1

3.7,\

Es trus

2

.+

5

6

XtSB

4076.3 !7.6
3790,3 r4.0
2848.I !2.9
3939.9 19,0

3976.3 !5,5

No.

)
3

4

J

Total

Es t rus

Error

ANOVÂ

df

T7

4

l_3

t'{s

81. 6

188. 7

0.4

-$
o\



Table 19. Pre-ovulatory Lil sccretfon ratc exprcssccr as ng/ml/lrr

(a) Compartson beÈween breeds

Es trus

Breed

2

5

I

Flnn 35.3+2.2

Suffolk 30.6+2.3

XlSE

42 ,2!6 , 4

30.114.8
17 O+1 1

Y + qr¡

FINN

No.

(b) comparison of, the estrous perro<ls durlng Ehe breedtng season wlthfn the same breed

u

3

J

No.

22

19

Total
Es trus
Error

ANOVA

or

Total
Breed

r\nlma1/Brcerì

Error
*P<0. 05

10

2

8

MS

r¿.S ,.S
9.6

/\NOVA

df

40

1

I
31

flJ

(\Ã

0.8

4.5r¡

Es t rus

2

J

.{

)
6

Y + CF

JJ. /ÍO.I

27 ,gllg
23,r!2.4
32.8!7.0

3q.0!6.2

SUFTOLK

No.

5

3

J

4

J

Tocal

Es trus
Error

ANOVA

df

4 7.3

13 2.5

HS

0.6

\)\)
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Anestrus

.A.ccord.ing to progesterone }evelso ovaries remained
active in ewes of both breeds for quite sorne time after
the last overt estrus of the breeding season (nigure ll
and 12). Progesterone profiles showed the characteristic
pattern of normal ovuration in three suffolk and. four Finn
ewes. The period of fluctuating pro€resterone was observed
as long as 71 days in the Finn and. for /J days in the
Suffolk ewes after the last observed. estrus.



2.O

1.5

l.o

o,5

o

1.5

r.o

o.5

o

1.5

t.o

o.5

3249

l2.Moy 1977

12.Moy 1977

79

12. Moy
1977

€
c'lc
trj
z.o
E.
trj
l-(n
trj(9()
E
fL

2.June 1977

1.5

LO

o.5

o ts 20 â 30 35 40 45 sO 55 60 65 70
DAYS

Figure 11. Prrrgesterone profile of the last estrus
of the breeding season in four Finn
ewes (day 0 = day of the last observed.
estrus ) .

to



o.5

ô

lq

l.o

o.5

4037

305t

=
c'r

t¡Jzo
æ.
LJ
F(f)
LrJ
(9
o
]Y
o-

1.5

t.o

o.s

o

t.5

t.o

0.5

totT

4039

1.5

t.o

0.5

o

î'/n.BFeb,e77

DAYS

Figure !2" Progesterone profile after the last
season in five Suffolk ewes (day 0
observed estrus).

28.Feb.1977

5 l0 t5 æ25 3035æ45 sO556065

28. Feb. 1977

28.Feb.1977

70 75 80 85 90 9s t00

estrus of the breedins
= day of the tast æ()



BI

DISCUSSION

Onset of the breeding season in Finn and Suffolk
ev/es occurred in August which was si¡nil-ar to that seen in
the second experiment" However, the breeding season in the

Finn breed was longer than that of the Suffolk breed" This

result is in agreement with that of Wheeler and l,and (I9?3)

who co¡npared the length of the breeding season between

Finn, Scottish Black Face and Tasmanian lVlerino breeds. The

Finn breed had a season which extended from ?th October to

z+th April. Land et aI, (L97) ) reported that the lonser

breeding season was not due to a difference in the onset

of the breedine season but in the time of onset of an-

estrus

Estrous cycle lengths appeared to be resular from

the first to the last estrus observed in both breeds.

Normal cycle length at the onset of the breedine season

was reported by Yuthasastrakosol et al. (L97 5b ) in mature

eweso Foote et aI. (1970) in ewe lambs and by Rawlings et a}.
(L977) in mature ewes toward the end of the breeding season.

According to liafez (1952) abnormal cycle length is more

common early and. ]ate in the breedins season. The present

experiment also agrees well with the second experiment of
this study with respect to cycle length. The longer cycle

tength reported by l{afez (L952) at the onset of the breedins

season may have resulted. from inadequate estrus detection,

The interval from onset of estrus to the pre-

ovulatory rise of LH was significantly longer in Finn than
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Suffolk ewes, Sinilar results were obtained when com-

paring Finn with Suffolk and Line M erves in the second

experiment of this study. This was also reported. by Raabe

and Wheaton (L976) when the comparison was made between

Finno Suffolk and Finn x Suffolk ewes, ¡. significantly
longer interval in more prolific breeds (European breeds )

was also reported by Land et aI. (L9?)) and Thimonier and.

and Pelletier (197I). liowever, the interval obtained in
this experiment is longer than in the previous experiment

and that of Raabe and lVheaton (L9?6). Frequency of estrus

observation may be a contributing factor. Finn evres took

L.7 h }onger on the average than Suffolk e\ües to reach the

LH peak from the time that LH rose to more than J ng/nL"

Although there was no significant difference in
terms of magnitude of the LH peaku Finn ewes had a higher

mean peak LH concentration than Suffolk ewes. This is in
agreement with the second experiment and with the report
of Raabe and Vlheaton (L976) who reported a non-significant
difference. Land et aI, (L973) reported sig:rificant
differences between European breeds" Whether the non-

significantly higher magnitude of Lli contributed to hieher

ovulation rate is not known,

Suffolk ewes had a significantly longer d.uration of
the pre-ovulatory LH surge than that of the Fj-nn ewes

which does not agree with the results of the second experi-

ment, Howevero in the second experiment, duration lvas

defined at the interval durins which levels exceeded
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40 ng/ni-. The present results are similar to those of Land.
et al, (L97) ) who reported a significant difference be-
tween breeds. But Raabe and. tVheaton (lgZO) ¿id not find
any difference between Finns and Suffol-ks.

The data on area und.er the LH curve and secretion
rate obtained here is simirar to the second experiment in
which there was no significant difference between breeds
or between estrous periods. However, Finn ewes showed
greater mean values for both area and secretion rate.
This non-significant difference may be physioloeicarry
important in the ind.uction of murtipre ovuration in the
more prolific breeds of sheep. Results obtained. by Land
e! a}. (r9?)) indicated that more prolific breeds had. a
significantry greater intervar from estrus to the pre-
ovulatory LH surge, They also reported. a significantry
greater duration and secretion rate of the pre-ovulatory
r,H surge and suggested that these eharacteristics are
geneticarry controrled. Thimonier and pelretier (Lg?L)
associated the longer i-nterva] from estrus to LH release
with sheep shed.ding two eggs as compared to singre
ovulators.

Results from the present experiment toeether with
the resurts from other investigators nentioned above con_
finm the relationship between the intervar from the onset
of estrus to pre-ovulatory Lli surge with breeds of ewes with
higher ovulation rate. How the longer intervar relates
to greater ovulation is not known, perhaps the ronser in_
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terval allows more time for the hypotharamus or pituitary
to recover from progesterone negative feed.backi therefore,
it releases more LH.

rt has been suggested that ovulation rate increases
as the breeding season progresses (tand et aI. o Lg?j; llulet
and Foote, )-96?; Dermody et al. u Lg66; Hulet et al. , L969¡

Hulet e! aI., L974), However, this experiment did not show

differences in the interval from onset of estrus to the pre-
ovulatory LH surge as the breeding season progressed. (ar-
though data from first estrus was inadequate o it arso did
not show a tendency to be different), Therefore, the

effect of the longer interval- on ovuration rate is stirl
j-nconclusive. rt is possibre that this relationship may

be secondary mechanism to other factors.
It is also possible that the longer interval may

allow progesterone and estrogen to ehange to such a ratio
that favou¡'s greater stimuration of the nervous system

reading to the release of more reLeasing hormoneo which in
turn arlows more LH and/or FSH rerease, A greater 6Sonado-

trophin rerease may not be statistically significant but
stitr great enough to be physioJ-ogicalry irnportant in in-
ducing more ovulations.

Further study in detail on levels of progesterone

and estrogen during this intervar and comparison between

breeds and estrous period during a breeding season is
needed to make further concl-usions.
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FSH alone or in combination with LH may ptay a
greater role in bringing about more ovurations" ïnformation
on FSH revels is arso necessary in order to arrive at a
better conclusion"

Besides concentration of hormoneso hormone receptors
in ovarian tissue may be an important factor too. rt has
been reported. that estrogen priming increases progesterone
receptors in the chicken oviduct (O.Malley and Means, L9?4),
rt is possible that a difference in quantity of. receptors
is geneticarly contror-led. Korigian and. stormshak (rg??)
concluded that suppression of uterine estrogen receptor
concentrations during the Luteal phase was due to pro_
gesterone interfering with cytoplasmie estrogen receptor
replenishment, rt is possible that a similar change in
receptors due to hormonal infruence may occur in follicular
or luteal tissue.

Following estrous activityo the ovaries did not
stop functioning abruptry¡ âs indicated by the progesterone
levels. There appeared, the possibility that ovulation con-
tinued during early anestrus. This wourd. agree werl with
results obtained by Foote et ar. (lgzo) who arso reported
cL (indicative of ovulation) after the l-ast estrus of the
breeding season. However, Rawlings et al , (tg??) were
abl-e to detect the elevated pro€çesterone d.uri_ns this
period from only one of six ewes.
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CONCLUSION

Results obtained from this study and other different
investigators pertainine to duration and secretion rate of
the pre-ovulatory LH surge in relation to higher prolificaey
in different breeds of ewes are still not conclusive. There

is a definite relationship between a longer interval from

the onset of estrus to the LH rise in breeds of ewes with
a greater ovulation rate. How the 1on6¡er interval causes

more ovulations is not knolvn at present; more investigation
is needed" There is no difference in terms of interval,
duration magnitude and secretion rate of the pre-ovulatory

LH surge between estrous periods throughout a breeding

season. There v¡as a sigrrificant variation of the mag-

nitude, area under the curve and secretion rate of the

pre-ovulatory LH sur€ie between animals within the same

breed. After the onset of anestrus at the end of the

breeding season the ovaries remained aetive for quite some

timer âs indicated by progesterone levels,
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SUÙIIIJARY

Four out of five ewe rambsu (Dorset x ',vlestern white
Face") born between February and. Marc]n L9?Lr, reaehed

puberty at an average age of zzL.6+r0.6 days. progesterone

profiles suggested that three of the four ewes had. the first
ovuration unaccompanied by overt estrus white one ewe had

her first overt estrus before the first ovuration, There

was fluctuation of progesterone during the period prior to
the first ovuratj-on. Forlowing the first ovulation the pro-
gesterone pattern was similar to that of mature cycring
ewes, ïn one ewe an LH peak occurred before the first
ovulation and the LH peak associated r,vith the second

ovulation was observed in three ewes, FsH peaks assoeiated
with the second ovulation, occurred about the same time as

the LH peak' LH concentration remained lol d.uring the
luteal, phase while fluctuating FsH l-evers were observed.

during the same period. Estrogen showed no obvious rela-
tionship to other horrnones,

Grain treatment starting at the seeond. estrus of the
breeding season and lasting for two cycle lengths appeared.

to produce no effect on gestation lengthu lambing rate,
interval from the onset of estrus to the pre-ovuratory LH

surge, duration of the pre-ovul-atory surge and its secretion
rate, There vrere sigreificant breed differences in the
inter'ûal from the onset of estrus to the pre-ovuratory LH

surge and its duration, between the Line ù1, Suffolk and Finn
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breeds, Finn ewes had the longest interval and duration.

However, when the comparison between the Suffolk and Finn

ewes were studied i-n more detail in a further experiment

the Suffol-k ewes had a significantly longer duration than

the Finn ewes. A significantly longer interval from onset

of estrus to the pre-ovulatory LH surge in the Finn ewes

was confirmed in this experiment. There was no signi-
ficant difference in estrous cycle length, the interval
from the onset of estrus to the pre-ovulatory I,H surge,

its duration and secretion rate between the first estrous

period and subsequent estrous periods throughout the

breeding season. Blood progesterone levels suggested that
one or more ovulations or luteinization of follicles
occurred in both breeds studied (Finn and Suffolk) after
the last observed estrus of the breedins season,
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