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ABSTRACT 

Breed and seasonal effects on LH release, ovarian steroid secre- 
tion, and ovulation were evaluated in mature Finnish Landrace (Finn) 
and Hampshire ewes that received either a progestogen-PMSG treatment 
in May, July and November (experiment 7) or estradiol-178 (50 pg) in 
May and July (experiment 2). The progestogen-PMSG treatment increased 
plasma estradiol within 12 hr after the PMSG injection at all three 
treatment periods and resulted in plasma LH and estradiol profiles 
similar to those during proestrus in cyclic ewes. Season, but not 
breed, affected the time from PMSG injection to preovulatory LH surge 
(56.5-11.4 hr in November vs 77.1f3.4 hr in July). Ovulation rate was 
higher in Finn than Hampshire ewes except in July when it decreased 
in Finn ewes. Magnitude of the estradiol-mediated LH release was 
decreased in July in Finn but not Hampshire ewes. Seasonal effects 
on reproduction in progestogen-PMSG treated ewes appear to be mediated 
through pituitary gonadotropin secretion with breed differences as to 
time and/or intensity of the seasonal effect(s). 

INTRODUCTION 

With few exceptions, the ewe is considered to be a seasonal breed- 
er, exhibiting estrous cycles during the Fall and Winter months. Since 
the gestation length for the ewe is approximately 150 days, it is con- 
ceivable that the ewe could give birth to offspring twice a year if 
fertile reproductive cycles were initiated during the seasonal an- 
estrous period. 

Treatment of both seasonally anestrous (out-of-season mated) and 
naturally cyclic ewes with a flurogestone acetate (20 mg) impregnated, 
intravaginal pessary for nine days followed by 20 mg of progesterone 
and 500 IU of PMSG intramuscularly at pessary removal induced spontane- 
ous ovulation in all of the ewes, but the percentage of ewes conceiving 
was 76% for out-of-season mated ewes and 100% for cyclic ewes (1). 
Other researchers, using a variation of the described progestogen-PMSG 
treatment, have reported conception rates for out-of-season mated ewes 
that range from 22% to 70%, depending upon the treatment regime, stage 
of the anestrous period when the treatment was initiated, seasonal 
changes in the fertility of the rams, 
of these factors (2,3,4). 

breed of sheep or a combination 
As to whether the lower fertility in out-of- 

season mated ewes is the result of a seasonal influence on the re- 
sponses of the ovaries and/or pituitary to the progestogen-PMSG treat- 
ment, a failure of the treatment to mimic or initiate the endocrine 
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events of the natural estrous cycle, or a combination of these two 
factors remains to be determined. In addition, inherent differences 
exist between breeds of sheep relative to ovulation rate and timing of 
the natural breeding season; therefore, suggesting the need for an 
evaluation of breed and seasonal differences in ovarian and pituitary 
response between a high prolifacy breed (Finn) and a lower prolifacy 
breed (Hampshire). The objectives of this study were to 1) evaluate 
breed and seasonal effects on ovarian and pituitary endocrine responses 
and 2) to compare endocrine responses associated with ovulation between 
progestogen-PMSG treated anestrous ewes and naturally cyclic ewes. 

MATERIALS AND METHODS 

Experiment 1. Five Finn and five Hampshire mature ewes were 
treated for 9 days with a progestinated intravaginal pessary, contain- 
ing 20 mg of flurogestone acetate (Synchro-mate, G. D. Searle and Co., 
Skokie, Illinois), followed by an intramuscular injection of 20 mg of 
progesterone in corn oil and 500 IU of PMSG in sterile saline at pes- 
sary removal (1). The injection of 20 mg progesterone was incorporated 
into the progestogen-PMSG treatment in the previous fertility study to 
delay the onset of estrus after pessary removal to provide additional 
time for removal of debrisfrom the vagina before insemination. Since 
the objective of the present study was to compare endocrine responses 
of the ovaries and pituitary during the progestogen-PMSG regulated 
estrous cycle to those of the natural estrous cycle, the same treatment 
protocol was employed in experiment 1 even though the ewes were not 
bred. To evaluate the influence of season (anestrus vs cyclic) on 
endocrine responses of the ovaries and pituitary, the progestogen-PMSG 
treatment was administered to the same ten ewes during three seasonal 
periods; early seasonal anestrus (initiated on April 29), mid seasonal 
anestrus (July 8) and natural breeding season (Novetier 1). Pessaries 
were inserted into the cyclic ewes in November on Day 4 of the estrous 
cycle and removed on Day 13 before or at the time of the demise of the 
corpus luteum because it had been reported that regression of the 
corpus luteum during progestogen treatment stimulated LH and estradiol 
secretion (5). Two additional Finn and Hampshire ewes were added to 
the experiment in July; however, oneHampshire ewe became ill in Novem- 
ber and was removed from the experiment. A natural estrous cycle that 
occurred in October provided control data on the same 14 ewes for con- 
parison with the progestogen-PMSG treated groups. All of the ewes were 
laparotomized prior to the April and July treatments and were determined 
to be anestrus because of the absence of corpora lutea and preovulatory 
follicles. Additional laparotomies were performed 8 to 10 days after 
observed or estimated estrus subsequent to the three treatment periods 
and the control estrus to determine ovulation rate based on number of 
corpora lutea present. The ewes received a corn silage diet ad libitum -___ 
for the duration of the study. 

Jugular vein blood (20 ml) was collected by venipuncture at 6-hr 
intervals for six days beginning immediately prior to the PMSG injection, 
then daily for an additional 10 days. During the control estrous cycle, 
blood samples (20 ml) were collected daily Day 10 through 13, at 6-hr 
intervals Day 14 through 2, and then daily Day 3 through 8 of the sub- 
sequent cycle. Blood was collected into heparinized syringes, refrig- 
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erated and centrifuged, and plasma stored at -10 C until assayed. All 
of the plasma samples were assayed for LH, but only samples collected 
at 0800 and 2000 hr and daily samples were assayed for steroids. 

Plasma LH concentrations were determined by a double antibody 
radioimmunoassay (6) and are expressed as ng of NIH-LH-S18/ml of periph- 
eral pl 

if 
sma. 
251 

The LH antibody (DJB 3-12/11) bound in excess of 90% of 
the LH- (LER-1056-C2) at.a 1:300 dilution and 45 to 50% at the 
working dilution of 1:35,000. The ovine anti-rabbitu-globulin was 
used at a dilution of 1:120. Estradiol and progesterone were extracted 
from 10 ml of plasma with diethyl ether, separated on Sephadex LH-20 
columns and quantified by radioimmunoassay (5,7). 

Experiment 2. Data from experiment 1 indicated that the time re- 
quired for the induction of LH surges was longer in July than May. 
Also, a preovulatory LH surge and subsequent corpora lutea were not 
detected in one Finn ewe after the July treatment period but plasma 
estradiol concentrations were similar to those for ewes that ovulated. 
Thus, seven Finn and seven Hampshire mature ewes were given intramus- 
cular injections of 50 vg estradiol-176 in corn oil on May 11 (early 
anestrus) and again on July 12 (mid anestrus) to evaluate the influence 
of stage of anestrus on estradiol-mediated LH release in the two breeds. 
Plasma LH concentrations were determined for jugular vein blood samples 
(6 ml) collected by venipuncture at 0, 9, 12, 15, 18, 21, 24, 27, 30 
and 33 hr after the estradiol injection. Blood samples were handled 
and assayed for LH as in experiment 1. 

Assays were evaluated and hormone concentrations were determined 
by reported procedures (8). The intra-assay coefficient of variation 
for duplicates and the inter-assay coefficients of variation for two 
plasma pools included in each assay did not exceed 10% for either the 
LH, estradiol or progesterone radioimmunoassays. An LH surge was de- 
fined as an increase in plasma LH concentration greater than two stan- 
dard deviations above the mean concentration for 0 through 24 hr after 
PMSG injection (experiment 1) or for 0, 27, 30 and 33 hr after estradiol 
-178 (experiment 2). A split-plot analysis of variance was used to 
determine breed and seasonal effects and their interaction on the mea- 
sured parameters. The error mean square to test breed effect was animal 
within breed. Animal within season x breed was used as the error mean 
square to test the effects of season and season x breed. Simple corre- 
lations were calculated to assess the relationship between preovulatory 
estradiol concentration and subsequent ovulation rate (9). 

RESULTS 

Experiment 1. Plasma estradiol concentration was significantly 
increased within 12 hr after the PMSG injection (figure l), remained 
elevated until an LH surge occurred about 3 days later, then dropped 
precipitously. Plasma LH concentration (figure 2) was low at 0 hr after 
PMSG injection at the May and July treatment period, but increased to 
the baseline for the November treatment period withln 6 hr after the 
PMSG injection. The systemic profiles for plasma LH and estradiol 
during proestrus and estrus were similar between the treated anestrous 
ewes that ovulated and the cyclic control ewes. The increase in plasma 
progesterone (figure l), which followed the injection of progesterone 
at the time of pessary removal, did not appear to inhibit the stimula- 
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Figure 1. Plasma estradiol (-Ee) (s.ololi:d li.ne) and progesterone (P4) 
(broken line) concentratibns (mean 5 SE) during proestrus 
and estrus for Finn and Hampshire ewes (n = 5 to 7) that 
received progestogen-PMSG treatments in May, July and 
November (Nov.) and no treatment (control) in October. 
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Figure 2. Plasma LH concentrations (mean + SE) during proestrus and 
estrus for Finn and Hampshire ewes (n = 5 to 7) that received 
progestogen-PMSG treatments in May, July and November (Nov.) 
and no treatment (control) in October. Plasma LH values 
were normalized to PMSG injection except for the periods of 
LH surges when LH was normali'zed to the LH peak. 
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tion of estrogen and LH secretion by PMSG. The synthetic progestogen 
contained in the pessary was not detected by the progesterone assay; 
therefore, its rate of disappearance and effect on the system after 
pessary removal could not be evaluated. 

Breed and seasonal comparisons for interval from PMSG injection 
to preovulatory LH surge, peak preovulatory plasma estradiol concen- 
tration, and ovulation rate are reported in table 1. Season, but not 
breed, significantly (P<.Ol) affected the length of the interval from 
the PMSG injection to the preovulatory LH surge. The shortest interval 
was in November (56.551.4 hr) and the longest interval was in July (77.1 
+3.4 hr). Ovulation rate (table 1) was significantly higher for Finn 
Than Hampshire ewes (May and November, Pc.05; control Pc.01) except in 
July when ovulation rate was decreased (Pc.05) for Finn ewes. Finn ewes 
had higher peak preovulatory plasma estradiol concentrations (table 1) 
than Hampshire ewes at the control period (17.8+2.8 vs 13.3+.8 pg/ml, 
Pc.05) and at the November treatment period (28:7+2.9 vs 2OT5+1.4 pg/ml, 
P<.Ol), but not at the May and July treatment perTods. The positive 
within treatment correlations between preovulatory estradiol concentra- 
tion and subsequent ovulation rate were significant (Pc.01) in Finn 
ewes for the November (r = .84) and the control period (r = .85), but 
were not significant for the May (r = .16) or July period (r = .12). 
Preovulatory estradiol concentration and ovulation rate were not signi- 
ficantly (P>.O5) correlated in Hampshire ewes at the four measured 
periods. Peak preovulatory estradiol concentration was significantly 
(Pc.01) greater in both breeds at the November period than at the con- 
trol period or at the May or July treatment periods. However, ovulation 
rate was not increased (P>.O5) compared to the other three periods. One 
Finn ewe failed to ovulate subsequent to the July treatment. The plasma 
estradiol pattern for this ewe was similar to those for the other ewes 
in the group, but no preovulatory LH surge was detected. 

Experiment 2. Fifty pg of estradiol-176 produced an LH surge in 
all seven Hampshire ewes at both the May and July treatment periods 
(table 2). All seven Finn ewes also had an LH surge at the May treat- 
ment. However, the incidence of LH surges tended to be reduced at the 
July treatment as only four of seven ewes had an LH surge greater than 
two times the basal concentration. Profiles of the estradiol-mediated 
LH release in three of the Finn ewes are illustrated in figure 3. Max- 
imum LH concentration, area under the LH peak, and interval from estra- 
diol injection to LH surge (table 2) were similar for the two breeds 
in May; whereas in July, Finn ewes had a significantly (P<.O5) longer 
interval between estradiol injection and LH surge, and significantly 
(P<.O5) lower maximum LH concentrations and areas under the LH peak 
than Hampshire ewes. Stage of anestrus affected maximum LH concentra- 
tion (table 2) inversely in the two breeds of sheep as indicated by 
significant (Pc.05) breed x stage of anestrus interaction. Hampshire 
ewes had higher (Pc.05) LH concentrations and Finn ewes had lower 
(Pc.05) LH concentrations at the July than at the May treatment period. 

DISCUSSION 

Data from the present study suggest seasonal differences in LH 
secretion among ewes subjected to a progestogen-PMSG treatment in May, 
July and November, or to 50 pg of estradiol-176 in May and July. The 
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TABLE 2. Effects of breed and season on estradiol-17B 
(50 ug)-mediated LH release in ewes. 

Breed and Interval 
stage of No. from E2 Max. LH Area of 
anestrus ewes to LH peak cont. 

(hr) (ng/ml) 
the peak 

(cl+) 
Finn 

Early(May) 7 
6a 

17.6+ .8 88.1+16.gb 53.3+ 8.6b 
Mid(July) 21.051.3* 36.039.0" 22.9Zll.lC 

Hampshire 
Early(May) 7 16.3+ .9 70.7+32.7' 

122.221.5b 
43.0+ 7.7b 

Mid(July) 7 15.9? .6 52.1x 6.5b 

aAn LH release was not detected in one Finn ewe. 

b,c Mean differences (Pc.05) within a column are denoted by different 
superscripts. Means t SE. 

* PC.05 

Figure 3. Plasma LH concentrations for three Finn ewes given 50 gg 
estradiol-17E (0 hours) in May (solid line) and July (broken 
line). 
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seasonal difference between May and July in LH secretion was more pro- 
nounced in Finn than Hampshire ewes as noted by the reduction in magni- 
tude, or absence;of the estradiol-mediated LH release (experiment 2) 
and by the absence of a preovulatory LH surge in a PMSG-treated Finn 
ewe in July (experiment 1). However, the preovulatory LH surge was 
delayed in both breeds during July in experiment 1, as measured by the 
interval from PMSG injection to LH surge, which suggested a seasonal 
effect on LH secretion for both breeds in that experiment. The de- 
creased LH response to estradiol in the Finn ewes in July is consistant 
with results for ovariectomized Finn ewes (lO),whereas the lack of a 
stage of anestrus effect on estradiol-mediated LH release in the Hamp- 
shire ewes is consistant with results for intact Columbia ewes (11). 
Results from previous studies that evaluated seasonal effects on the 
positive estradiol feedback on LH release are inconsistant as noted by 
observations that the magnitude of the LH release and the time interval 
from estradiol treatment to peak LH concentration were unaffected by 
season (11), that magnitude of the LH release was unaffected but the 
time interval was longer in anestrous ewes (12), or that magnitude of 
the release was decreased in anestrous ewes but the time interval was 
unaffected (13). Because these studies were conducted at different 
geographical locations in either ovariectomized or intact ewes'of dif- 
ferent breeds it is difficult to comparatively evaluate the findings of 
these studies. 

The results from experiment 2 indicate a season (stage of anestrus) 
by breed interaction on the magnitude of the estradiol-mediated LH re- 
lease. The biological significance of the difference in maximum LH 
concentrations between May and July for the estradiol-treated Hampshire 
ewes can not be ascertained. However, the decreased LH secretion in 
Finn ewes in July may represent decreased positive estrogen feedback on 
gonadotropin secretion and suggest possible breed differences in magni- 
tude or timing of the seasonal effect on LH secretion. The transition 
from seasonal anestrus to the natural breeding season occurs 20 to 30 
days later in Finn than Hampshire ewes which may contribute to the ob- 
served differences in pituitary and ovarian response between the two 
breeds in July. Clarification of the discrepancy in positive estrogen 
feedback between Finn and Hampshire ewes in this study and those pre- 
viously reported (10,11,12,13) may require a more frequent evaluation 
of LH secretion within the seasonal anestrous period and the breeding 
season in breeds of sheep with different reproductive patterns. It is 
unlikely that the decrease in positive estradiol feedback on LH release 
in July is the result of decreased pituitary LH content as it has been 
reported that pituitary LH content and release to synthetic LH-RH is 
the same for anestrous and cyclic ewes (14). Seasonal variation in 
gonadotropin secretion has also been observed in rams (15,16) and has 
been experimentally duplicated by increasing and decreasing photoperiod 
length (17,18). However, ewes subjected to a photostimulation regime 
of artificial daylength still showed an innate natural seasonal effect 
on the onset of behavioral estrus after pessary withdrawal (19). Wheth- 
er seasonal differences in LH secretion for ewes are associated with 
change in photoperiod length or some other inherent seasonal change(s) 
can not be deduced from the present study. 

The progestogen-PMSG treatment produced significantly (Pc.01) high- 
er preovulatory plasma estradiol concentrations and a shorter interval 
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from PMSG injection to LM surge subsequent to the November treatment 
period than at the control period, or at the May and July treatment pe- 
riods. The PMSG was injected in November during the proestrous, phase 
of the estrous cycle; therefore, the enhanced hormonal response may 
have resulted because of a synergestic action on the ovaries of a simul- 
taneous endogenous and exogenous gonadotropin release. The higher plas- 
ma estradiol concentrations were not associated with an increase in ovu- 
lation rate. Therefore, the increased preovulatory estradiol concentra- 
tions must have resulted from increased stimulation of existing preovu- 
latory follicles or the stimulation of estradiol secretion by nonovu- 
latory follicles. 

Finn ewes had a significantly higher ovulation rate than Hampshire 
ewes at the May and November treatment periods (Pc.05) and at the con- 
trol period in October (P<.Ol), but not at the July treatment period 
(P>.l). The seasonal variation in ovulation rate for the Finn ewes is 
consistant with reported seasonal variation in ovulation rate for PMSG- 
treated Merino ewes (20), and with observed breed and seasonal differ- 
ences in ovulation rate and lambing rate for progestogen-PMSG-treated 
ewes (3,4). Blood samples were collected too infrequently in experi- 
ment 1 (6-hr intervals) to determine whether ovulation rate was directly 
associated with magnitude of the preovulatory LH surge in Finn ewes, 
but the difference in magnitude of the estradiol-mediated LH release 
between May and July (experiment 2) could be interpreted as indirect 
evidence to suggest that the lower ovulation rate in July resulted from 
decreased LH release and justifies further evaluation of such a rela- 
tionship. 

In experiment 1, ewes were injected with 20 mg of progesterone at 
pessary removal. Plasma estradiol concentration increased in the pres- 
ence of elevated progesterone concentrations. Therefore, it appears 
that any inhibitory effects of progesterone on estrogen secretion are 
mediated through gonadotropin secretion (5) rather than a direct inhib- 
itory effect on estrogen secretion by the ovaries. 

With the exception of one Finn ewe in July, the progestogen-PMSG 
treatment initiated the endocrine responses required for ovulation and 
corpus luteum development in seasonally anestrous ewes. Seasonal dif- 
ferences in length of the interval from PMSG injection to the preovu- 
latory LH surge, and decreased ovarian and pituitary response in Finn 
ewes in July could contribute to previously observed breed and seasonal 
influences on fertility in progestogen-PMSG-treated ewes (4) and account 
for the variation among experiments reported in the literature (1,2,3,4) 
The observed differences in ovarian and pituitary response between Finn 
and Hampshire ewes suggest possible breed differences in timing and/or 
intensity of the seasonal anestrous period. 

104 JULY 1982 VOL. 18 NO. 1 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

THERIOGENOLOGY 

REFERENCES 

Echternkamp, S.E. and Lunstra, D.D. Causes for decreased fertil- 
ity in out-of-season mated ewes, Theriogenology 10:65-71 (1979). 

Gordon, I. The induction of pregnancy in the anoestrous ewe by 
hormonal therapy. II. Progesterone-pregnant mare's serum appli- 
cations in anoestrus, J. Agr. Sci. 60:43-66 (1963). 

Hulet, C.V. and Stormshak, F. Some factors affecting response of 
anestrous ewes to hormone treatment, J. Anim. Sci. 34:1011-1019 
(1972). 

Laster, D.B. and Glimp, H.A. Influence of breed on response to 
exogenous hormones in estrous and anestrous ewes, J. Anim. Sci. 
39:1129-1135 (1974). 

Echternkamp, S.E., Bolt, D.J. and Hawk, H.W. Ovarian and pitu- 
itary hormones in blood of progestogen treated ewes, J. Anim. 
Sci. 42:893-900 (1976). 

Echternkamp, S.E. and Laster, D.B. Plasma LH concentrations for 
prepubertal, postpubertal, anestrous and cyclic ewes of varying 
fecundity, J. Anim. Sci. 42:444-447 (1976). 

Echternkamp, S.E. and Hansel, W. Concurrent changes in bovine 
plasma hormone levels prior to and during the first postpartum 
estrous. cycle, J. Anim. Sci. 37:1362-1370 (1973). 

Robard, D., Rayford, P.L., Cooper, J.A. and Ross, G.T. Statisti- 
cal quality control of radioimmunoassay, J. Clin. Endocrinol. 
Metab. 28:1412-1418 (1968). 

Steel, R.G.D. and Torrie, J.H. Principles and Procedures of Sta- 
tistics, McGraw-Hill Book Company, Inc., New York (1960). 

Land, R-B., Wheeler, A.G. and Carr, W.R. Seasonal variation in 
the oestrogen induced LH discharge of ovariectomized Finnish 
Landrace and Scottish Blackface ewes, Ann. Biol. Anim. Biochim. 
Biophys. 16:521-528 (1976). 

Beck, T.W. and Reeves, J.J. Serum luteinizing hormone (LH) in 
ewes treated with various dosages of 17B-estradiol at three stages 
of the anestrous season, J. Anim. Sci. 36:566-570 (1973). 

Howland, B.E., Palmer, W.M., Sanford, L.M. and Beaton, D.B. Es- 
trogen-induced LH and FSH release in ovariectomized ewes: effects 
of season, Can. J. Anim. Sci. 58:547-551 (1978). 

Goodman, R.L., Legan, S.J., Ryan, K.D., Foster, D.L. and Karsch, 
F.J. Importance of variations in behavioural and feedback actions 
of oestradiol to the control of seasonal breeding in the ewe. 
J. Endocr. 89:229-240 (1981). 

JULY 1982 VOL. 18 NO. 1 105 



THERIOGENOLOGY 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Jenkin, G., Heap, R.B. and Symons, D.B.A. Pituitary responsive- 
ness to synthetic LH-RH and pituitary LH content at various re- 
productive stages in the sheep, J. Reprod. Fert. 49:207-214 
(1977). 

Lincoln, G.A. Seasonal variation in the episodic secretion of 
luteinizing hormone and testosterone in the ram, J. Endocrinol. 
69:213-226 (1976). 

Schanbacher, B.D. and Lunstra, D.D. Seasonal changes in sexual 
activity and serum levels of LH and testosterone in Finnish Land- 
race and Suffolk rams, J. Anim. Sci. 43:644-650 (1976). 

Pelletier, J. and Ortavant, R. Photoperiodic control of LH re- 
lease in the ram. I. Influence of increasing and decreasing light 
photoperiod, Acta Endocrinol. 78:435-441 (1975). 

Lincoln, G.A. and Davidson, W. The relationship between sexual 
and aggressive behaviour, and pituitary and testicular activity 
during the seasonal sexual cycle of rams, and the influence of 
photoperiod, J. Reprod. Fert. 49:267-276 (1977). 

Robinson, J.J., Fraser, C. and McHattie, I. The use of proges- 
togens and photoperiodism in improving the reproductive rate of 
the ewe, Ann. Biol. Anim. Bioch. Biophys. 15:345-352 (1975). 

Gherardi, P.B. and Lindsay, D.R. The effect of season on the 
ovulation response of Merino ewes to serum from pregnant mares. 
J. Reprod. Fert. 60:425-429 (1980). 

106 JULY 1982 VOL. 18 NO. 1 


