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ABSTRACT. The role of thyroid hormones on the transition to anestrous has been well established in ewes, but their possible
involvement in the induction of reproductive activity remains obscure. The aim of the present study was to investigate the role of
thyroid hormones in the induction of the first ovulation in relation to "ram effect” in ewes. Fourty-four ewes of the Greek Zackel
mountain type breed were used. The ewes were housed separately from the rams until day 0 (entrance of rams). Blood samples
were collected weekly for 4 weeks until 11 weeks after the ram entrance for the determination of thyroxin and progesterone levels.
Thirty-five out of 44 ewes (group A) had a silent heat, while the rest 9 ewes (group B) exhibited a delayed estrus. Thyroxin levels rose
immediately after ram entrance in animals of group A, but in group B the increase in thyroid hormone levels was evident only after
the first week. The difference in T, levels between week 0 and 1 for ewes of group A was significantly higher than that observed
for animals of group B (p<005). The pattern of progesterone release was similar between the two groups, but a two week delay in
the increase of progesterone concentration was observed in animals of group B compared to group A. It is concluded that thyroid
hormones may act at the beginning of the breeding season to cause a modification in gonadotrophin secretion leading to early
ovulation.
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IHEPIAHWH. O Bupeoetdrig adévag eivan amodederyusvor amaQaitntog Yo v EVaEn me dvolotong eptddou, evd dev €xeL
amodewyfel oandun n onuaoic Tov oty EVaEn ™S OLoTEIXIE TEQLGOOV OTO TEOPATO. ZHOTTAS TS TAEOVOAS UeEAETNS itay 1) Ote-
eUVNON TV BUEEOERMY OQUOVAV, XAODS KO TNS TEOYEOTEQGVNG O€ OYED UE TV EVOOEN THS MOONRIXS HQOOTNOLETNTOS e~
T TS «ETMOQAON TOU 0ROEVIHOU». XonowwomoOnuay 44 moopatives BAdyixng Quliic, ol omoieg eAéyyovray xatnuevd yLo
EUPAVION OTOTEOU RO’ GANY TN SLAQXELOL TOV TTELRAUATIONOV. Aglypata alpatog culiéyoviay efdopadiaia yio 4 eBdonddeg towv
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€mg 11 efdopddec petd v i00do Twv »ELHV, 0mtdTe GAa TaL LHO TAUQOVOTOCY 0I0TEO. ZTol elyaTo ouTd TEOTOLOQIoTNROV T €-
mimedo g OVEOEIVIES ®oL TS TEOYEOTEQRGVNS e adLoavosohoyLxy LEB0J0. Ot 35 amtd Tig 44 mpofatives avtédpaoay oy &i-
0000 TV %OLDV UE TLOTNAG OTOTQO KL XOQAXTNOIOTNXAY WS 0NN A, VD 0L VITOAOLTES 9 TTOU dEV OVTEDQUOOLY RO EUPAVLOOY KOl
Buotepnuéva oiotpo amotéheaay ™y opdda B. H ouyrévrpmon tg Bupo&ivng mtapovoiaoe dueon dvodo (1n efdondda) zow dia-
monnxe avEnuévn yia 4 epdouddes othv oudda A, Tov avtEdQUOE 0TV (0000 TMV XOUDV UE GLWTNAGS 0{0TEO. Zta! Lddat ™S Opddag
B 1 ovyxévipwon mg BupoEivig avEndnxe petd my o efdopdda (s ™y {00do Tov %Lov) ®ow diatnenOnxe avENUEVN Yo
g 8v0 endpeveg efdonddec. H dagpopd om ovyrévrpmon mg T, petold g efdonddog 0 xa 1 yio o Lida e onddag A fitav ota-
Tonxrag onuaviy (p<0.05), evd dev mopat1iOnxe dlogpood netaEl outav Tav THdY yio ta Coa g ouddag B. To mpdtumo
™ME UETABOAS TG OUYREVIQMONG THG TTOOYECTEQOVNS HTAV TAQGHOLO %At OTLS OU0 opddes e ™ duapopd Gt ota Loa g ouddag
B taovaotdomre rabuotéonon 8o efdouddmv oty avEnon twv emmédwy TS, ALapood TUQOVOLAOTNHE KAl OTLS YOVIUES O-
xeleg, oL omoleg yia Tig wpoParives mg opddag A €ytvay otg 4.6 = 0.3 efdopddes (X = SEM), eve) oe avtég mg opddog B otig
8.4 + 0.8 efdouddeg, perd mv €{00do TOU %ELOYV. ZVUTEQAUONATIRA, PaiveTOL OTL 1) BUEOEIVN ®aTd TV «€m{dQCON TOV %OLOT» &-
moedCer v €xnplon tov GnRH awEdvovtag vy evanotnoia tov vtoBahapurdy VEvpwvmy ot dQAon TV OLoTQOYSVOY ROl €-

TOUEVOS 0TV TEORAN O TS woBuAaxloENEl0C.
AéEers evgernoiaons: OLEOEIVY, mpoPartiva, enidoon %LU

INTRODUCTION

I ‘he involvement of the thyroid in the regulation for

M seasonal reproduction has long been recognized.
Thyroid hormones have crucial role in seasonal repro-
ductive cyclicity in a number of species (Jallegeas and
Assenmacher, 1979; Follet & Nochols, 1984; Shi and
Barrel, 1992; O’Callaghan et al., 1993; Dahl et al.,
1995; Wilson and Reinert, 1995). In ewes thyroid
hormones are of physiological significance to gene-
ration of the seasonal reproductive cycle (Karch et al.,
1995). Thyroidectomy was found to block the transi-
tion from the breeding season to anoestrus by pre-
venting the seasonal increase in responsiveness to the
negative feedback action of oestradiol on episodic
GnRH secretion, thus interfering with a key neuro-
endocrine process necessary for anoestrus to develop
(Webster et al., 1991a; Moenter et al., 1991a; Ander-
son et al., 2002). Furthemore, reduced thyroxin secre-
tion, following treatment with methyl - thiouracil
(Follett and Potts, 1990; Saleh et al., 1998) or propyl-
thiouracil (Hernandez et al., 2003; Wells et al., 2003)
has been shown to extend the breeding season, albeit
marginally. Thyroxin exhibits a seasonal fluctuation,
rising gradually from a nadir just prior to the onset of
the breeding season to peak concentrations shortly
before the transition to anestrous (Dahl et al., 1994).

Although the role of thyroid hormones on the
transition to anestrous has been well established, their
possible involvement in the induction of reproductive
activity remains obscure. When intact, thyreoidecto-
mized (THx) and THx supplemented with thyroxin
(T,) groups of animals were examined, a delay in the

onset of the breeding season was observed in animals
of the THx group compared to other two groups.
Although the difference did not reach significance, the
great variability detected in these animals probably
indicates that thyroid gland may also exert an effect on
the onset of reproductive activity. These findings were
observed when animals were driven by the endogenous
rhythm that underlies the seasonal changes of
reproductive activity (Webster et al., 1991b).

Data on rats support a role of thyroid hormones in
ovulation, since it has been shown that prepubertal hypo-
thyroidism inhibits the first ovulation in eCG-primed
immature female rats and this blockage of ovulation is
mainly mediated through the inhibition of preovulatory
LH surge from the pituitary (Tamura et al., 1998).

The introduction of rams in anestrous ewes,
previously completely isolated from the rams, brings
about increases in tonic LH secretion, preovulatory
LH and FSH surge and —in many instances- ovulation.
The ewe response to the ram-effect is believed to be
mediated by pheromones, which appear to reverse the
photoperiod effects on the mode of LH secretion
(Cushwa, et al., 1992; Martin and Scaramuzzi, 1983).

Therefore the aim of the present study was to
investigate the role of thyroid hormones in the induction
of the first ovulation in relation to "ram effect" in ewes.

MATERIALS AND METHODS

Animals and experimental design

Forty-four ewes of the Vlachiko breed (Greek
Zackel mountain type) were used.
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The experiment was carried out from March 18" to
May 20" at the Institute of Animal Production in
Giannitsa (40° 47°N 22° 24’E), North Greece. Animals
were kept outdoors under the influence of natural
changes in photoperiod and temperature, fed a
balanced diet and allowed free access to water. All
animals gave birth in December and were suckling
until February. Ewes were kept separated from rams
until April 15" (ram entrance, week 0). Following ram
entrance ewes were checked for estrus, accompanied
by matings, daily. The experiment lasted until all
animals exhibited overt estrus (11 weeks after ram
entrance). Fertile estrus was retrospectively confirmed
by the lambing date.

Blood samples were collected weekly from jugular
vein during the whole experimental period. Blood
collection continued in the non-pregnant ewes until
positive pregnancy determination by serum proge-
sterone. Samples were stored until analyzed.

Hormone determinations

Thyroxine levels were determined by radio-
immunoassay, using a commercial RIA kit (Amerlex-M
T4, of Amersham, UK). The sensitivity of the assay was
2.6 ng/ml. Inter- and intra-assay coefficients of
variation were 2.6% and 3.6%, respectively.

Progesterone plasma concentrations were
measured by a coated —tube RIA kit (Coat-A-Count,
DPC, USA). The sensitivity of the method was 0.02
ng/ml and the inter- and intra-assay coefficients of
variation were 4.0% and 5.7%, respectively.

Progesterone values greater than 1ng/ml were
considered as indicative of corpus luteum function,
while after mating, progesterone concentrations greater
than 1 ng/ml were followed by at least four more
consecutive high values as indicative of pregnancy.

All data are presented as least square means *
SEM and were analysed using the SAS Statistical Pro-
gramme (SAS 2005). Data for hormone levels were
analysed using a General Linear Model (GLM) for
repeated measures. All other data were analysed using
chi-square test. Statistical significance was set at P<0.05.

RESULTS

Thirty-five out of 44 animals responded to ram
effect by exhibiting silent heat, as was indicated by the
first progesterone increase, different from the
undetectable levels, which occurred at a mean time of

0.4 = 0.1 weeks following ram entrance. These animals
were classified as group A. For the remaining nine
animals this increase occurred at a mean time of 3.9 =
0.6 weeks and were classified as group B. This difference
was found to be significant (p<0.001). Ewes of group A
exhibited overt estrus at 3.5 + 0.1 weeks (mean *
SEM). The number of animals that conceived was 33/35
and fertile estrus took place at 4.7 + 0.8 weeks following
ram entrance, as was estimated by both weekly
progesterone levels (= 1.5ng.ml) and lambing data. In
group B overt estrus was detected at 4.6 =+ 0.3 weeks and
fertile estrus at 8.4 + 0.8 weeks after ram entrance. The
number of animals that conceived was found to be 7/9.
Significant differences were detected for the time of
estrus occurrence (p<0.05) and for the time of fertile
estrus (p<0.001) between the two groups of ewes.

Mean weekly concentration of thyroxin and
progesterone levels for both groups are presented in
figures 1 and 2, respectively.

During the time from week -4 until week 0 (ram
entrance), thyroxin levels were nearly the same,
fluctuating between 90.+ 3.5 (week -4) to 79.9 = 3
(week 0) for group A. A significant increase in Ty levels
was detected between values of week 0 and those of
weeks 1, 2 and 3 following ram entrance (98.5 * 3,
102.6 =3 and 102.2 =3 ng/ml, respectively) (p<0.05).
From week four onwards thyroxin concentrations
fluctuated between 60.4 = 3.7 and 86.5 + 3 ng/ml.

In group B, during the above period, T, concen-
trations were almost the same, fluctuating between
84.8+3 and 83+3 ng/ml (X£+SEM). In contrast to
group A, the increase in thyroxin levels was evident
only after the first week and significant differences
were observed between values of week 1 and those of
weeks 2 and 3 following "ram entrance". In animals of
group A a significant difference for T, concentration
was detected between week 0 and 1 (p<0.05), while in
animals of group B no difference was observed. This
finding indicates an advanced elevation in T, levels in
ewes that have responded to ram effect. Thereafter
(week 4 to 11) thyroxin levels in group B fluctuated
from 63.1% 7.6 to 85.5+7.3 ng/ml (X+SEM) and were
not different from those of group A.

The pattern of progesterone secretion was similar
between the two groups, but a two week delay in the
increase of progesterone concentration was observed
in animals of group B compared to group A.
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Figure 1. Weekly progesterone concentrations of groups A and B ewes.
S.H. = Silent heats.
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Figure 2. Weekly thyroxine concentrations of groups A and B ewes.
S.H. = Silent heats.

Ewdva 2. ERdonadiaieg ovyxrevipmoels Oupogivng tov mpofativov twv ouddwv A xat B.
Weeks from ram entrance = edouddeg and ™mv (0050 TwV KOLHV.
S.H. = owmmhoi olotgor, Estrus = olotpog, Entrance of rams = €{00d0g twv ®oLdv
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DISCUSSION

The entrance of rams resulted in silent heats, as was
indicated by a rise in progesterone levels in animals of
group A. It is well established that a proportion of ewes
exposed to "the ram effect” exhibit silent heat (Hawken
et al., 2007; Ungerfeld et al., 2005; Ungerfeld et al.,
2004b), accompanied by increased episodic LH pulses
(Martin, 1984, Karsch et al., 1993; Ungerfeld et al.,
2004a). Moreover, an elevated TSH concentration has
also been detected during proestrus in hamsters
(Howes et al, 1991). Peeters et al. (1989) found that
plasma T, levels in ewes were higher during estrus and
lower during the luteal phase. Also, in goats a rise in
plasma T, was observed during induced or spontaneous
estrus (Colavita and Malfatti, 1989). Taking together
the above data support the hypothesis that an increase in
LH may have enhanced TSH and thus T, release in
ewes of group that responded earlier to ram effect by
exhibiting silent heat. Data in humans and rats have
reported that hCG increases TSH and consequently T,
levels (Glinoer, et al., 1993; Glinoer, et al., 1990; Pekary,
et al.,, 1983; Kimura et al., 1990; Grun. et al., 1997).

It has been shown that in ewes thyroidectomy
blocks the transition from the breeding season to
anestrous by preventing the seasonal increase in
responsiveness to the negative feedback action of
oestradiol on episodic GnRH secretion (Karsch et al.,
1995a; Moenter et al., 1991). Furthermore, it has been
postulated that in sheep the responsiveness of the
reproductive neuroendocrine axis to thyroid hormones
is season-depended, hence, a strict time "window’ plays
a regulatory role on thyroid hormones in sheep
reproduction (Thrun et al., 1997).

A number of neurotransmitters control the GnRH
pulse generator and a number of in vivo and in vitro
studies suggest that the thyroid hormones affect the

turnover, release and receptor binding affinity of these
neurotransmitters. Therefore, changes in thyroid
hormone concentration alter the control of GnRH
secreting neurons (Harris et al, 1986), (Reymond et al.,
1987, Velasquez et al., 1997).

Thyroid hormones have been shown to influence
synaptic transition and are also involved in ovarian
steroidogenesis and follicular maturation. In humans
hypothyroidism causes reduced response of LH to
GnRH, which increases after T4 administration
(Velazquez et al., 1997). Studies in vitro reported that
thyroid hormones have a synergistic effect with FSH
and lead to an increase 3-f hydroxysteroid deydro-
genase and aromatase activities (Maruo et al., 1987).

Data on rats have shown that after thyroidectomy a
greater amount of estrogen is necessary to induce
preovulatory LH surge than in intact animals
(Freeman et al,1976).

So, the results of the present study support a
facilitatory action of thyroid hormones, which may be
exerted at the level of hypothalamus by increasing the
sensitivity of GnRH neurons to estrogen action.
Thyroid hormones may act at the beginning of the
breeding season to cause a modification in gonado-
trophin secretion.

If this modified mode of secretion is the cause or
the consequence of the cascade of physiologic events
leading to resumption of breeding season, remains to
be elucidated.

Acknowledgements

The above research was supported by the
"EPEAEK Archimedes II". Programme funded in part
by the European Union (75%) and in part by the
Greek Ministry of National Education & Religious
Affairs (25%).

REFERENCES - BIBAIOTPA®IA

1. Anderson GM, Connors JM, Hardy SL, Valent M and Goodman
RL (2002). Thyroid hormones mediate steroids-independent
seasonal changes in luteinizing hormone pulsatility in the ewe. Biol
Repr; 66: 701-706. T

2. Colavita GP and Malfatti A, (1989). Hematic concentration of
thyroid hormones T3 and T4 in goats at the beginning of the
seasonal sexual activity. Atti della Societa Italiana delle Scienze
Veterinarie 43, 467-471.

3. Cushwa WT, Bradford GE, Stabenfeldt GH, Berger YM, Dally
MR, 1992: Ram influence on ovarian and sexual activity in
anestrous ewes: effects of isolation of ewes from rams before
joining and date of ram introduction. J. Anim. Sci. 70 1195-200.

4. Dahl GE, Evans NP, Moenter SM, Karsch FJ (1994). The thyroid
gland is required for reproductive neuroendocrine responses to
photoperiod in the ewe. Endocrinology 135, 10-15.

5. Dahl, GE, Evans NP, Thrun LA and Karsch FJ (1995). Thyroxin
is permissive to seasonal transition in reproductive neuroendocrine
activity in the ewe. Biol Reprod 52, 690-696.

6. Follet B.K. & Nochols T.J. (1984). Influence of thyroidectomy and
thyroxin replacement on photoperiodically controlled repro-
duction in quail. J. Endocrinology 107: 211-221.

7. Follett, B. K., and Potts, C. (1990). Hypothyroidism atfects repro-
ductive refractoriness and the seasonal oestrous period in Welsh

JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2008, 59(1)
TEPIOAIKO THX EAAHNIKHE KTHNIATPIKHX ETAIPEIAX 2008, 59(1)



MENEGATOSJ., CHADIO S., KALOGIANNIS D., BAMBIDIS V., VALASI 1., CHRISTODOULOU V., KANTAS D. 57

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22:

25:

Mountain ewes. Journal of Endocrinology 127: 103-109.
Freeman ME., LaRochell FT Jr., Moore RB (1976) Effect of
thyroid status on spontaneous and induced surges of luteinizing
hormone. Endocrinology 99: 713-719.

Glinoer D, de Nayer P, Bourdoux P, Lemone M, Robyn C, van
Steirteghem A, Kinthaert J, Lejeune B, 1990: Regulation of
maternal thyroid during pregnancy. J. Clin. Endocrinol Endocrino.
Metab. 71 276-87.

Glinoer D, De Nayer P, Robyn C, Lejeune B, Kinthaert J, Meuris
S, 1993: Serum levels of intact human chorionic gonadotropin
(HCG) and its free alpha and beta subunits, in relation to maternal
thyroid stimulation during normal pregnancy. J. Endocrinol.
Invest. 16 881-8.

Grun JP, Meuris S, De Nayer P, Glinoer D, 1997: The thyrotrophic
role of human chorionic gonadotropin (hCG) in the carly stages
of twin (versus single) pregnancies. Clin. Endocrinol. (Oxt) 46 719-
25.

Harris PE, Dieguez C, Lewis BM, et al (1986). Effects of thyroid
status on brain catecholamine biosynthesis in adult rats: asses-
sment by a steady-state method J. Endocrinology 111: 383-389.
Hawken PA, Evans AC, Beard AP, 2007: Prior exposure of maiden
ewes to rams enhances their behavioural interactions with rams,
but is not a pre-requisite to their endocrine response to the ram
effect. Anim Reprod Science (in press).

Hernandez J.A., Hallford D.M., Wells N.H., (2003). Ovarian cycli-
city in thyroid-suppressed ewes treated with propylthiouracil
immediately before onset of seasonal anestrus. J. Anim. Sci. 81:
29-34. -
Jallegeas M, Assenmacher I (1979). Further evidence for reci-
procal interactions between the annual sexual and thyroid cycles
in peking ducks and teal. Gen. Comp. Enndoc; 36: 201-210.
Karsch FJ, Dahl GE, Evans NP, Manning JM, Mayfield KP,
Moenter SM, Foster DL, 1993: Seasonal changes in gonadotropin-
releasing hormone secretion in the ewe: alteration in response to
the negative feedback action of estradiol. Biol. Reprod. 49 1377-
83.

Karsch FJ, Dahl GE, Hachigian TM, Thrun LA, 1995: Involve-
ment of thyroid hormones in seasonal reproduction. J. Reprod.
Fertil. Suppl. 49 409-22.

Karsch FJ,, Dahl GE, Hachigian TM Thurn LA (1995).
Involvement of thyroid hormones in seasonal reproduction. J. Rep.
Fert. (sup); 49:409-422.

Kimura M, Amino N, Tamaki H, Mitsuda N, Miyai K, Tanizawa
0, (1990). Physiologic thyroid activation in normal early pregnancy
is induced by circulating hCG. Obstet. Gynecol. 75 775-8.

Martin GB, Scaramuzzi RJ, 1983: The induction of oestrus and
ovulation in seasonally anovular ewes by exposure to rams. J.
Steroid Biochem. 19 869-75.

Martin GB, 1984. Factors affecting the secretion of luteinizing
hormone in the ewe. Biol. Rev. 59: 1-87.

Maruo T., Hayashi M., Matsuo H et al., The role of thyroid
hormone as a biological amplifier of the actions of follicle
stimulating hormone in the functional differentiation of cultured
porcine granulose cells. Endocrinology 1987 121:1233-1241.
Moenter SM, Woodfill CJ, Karsch FJ, 1991: Role of the thyroid
gland in seasonal reproduction: thyroidectomy blocks seasonal
suppression of reproductive neuroendocrine activity in ewes.
Endocrinology 128:1337-44.

24.

25.

26.

27

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

O’Callaghan D, Wendling A, Karsch FJ and Roche JF (1993).
Effect of exogenous thyroxin on timing of seasonal reproductive
transitions in ewes. Biology of Reproduction 49, 311-315.

Peeters, R., Buys, N., Pauwels, I., Kuhn, E. R., Decuypere, E., Sian,
O., Van Isterdael, J. (1989): Relationhip between the thyroidal and
gonadal axes during the estrus cycle of ewes of different breeds and
ages. Reprod. Nutr. Develop. 29: 237-245.

Pekary AE, Azukizawa M, Hershman JM, 1983: Thyroidal
responses to human chorionic gonadotropin in the chick and rat.
Horm. Res. 17 36-42.

Reymond MG, Benotto W., Lemarchand —Beraud T. The secre-
tory activity of the tuberoinfundibular dopaminergic neurons is
modulated by the thyroid status in the adult rat: consequences on
the prolactin secretion. Neuroendocrinology 1987 46 62-68.
Saleh D.M., Barrell G.K., Bailey C.I., Frampton C.M.A. (1998).
Effects of exogenous triiodothyronine (T3) and a goitrogen,
methylthiouracil (MTU), on thyroid gland function in sheep. Small
Ruminant Research 30, 49-56. T
Shi ZD, Barrel GK (1992). Thyroid hormones are required for the
expression of seasonal changes in red deer stags. Rerod. Fertil Dev
6:187-192.

Tamura K., Hatsuta M., Watanabe G., Taya K and KOGO H.
(1998). Blockage ot gonadotropin induced first ovulation caused
by thyroidectomy and its possible mechanisms in rats. Am J Physiol
Endocrinol Metab 275: 380-385.

Thrun LA, Dahl GE, Evans NP, Karsch FJ, 1997: A critical period
for thyroid hormone action on seasonal changes in reproductive
neuroendocrine function in the ewe. Endocrinology 138 3402-9.
Ungerfeld R, Carbajal B, Rubianes E, Forsberg M, 2005:
Endocrine and ovarian changes in response to the ram effect in
medroxyprogesterone acetate-primed Corriedale ewes during the
breeding and non-breeding season. Acta Vet. Scand. 46 33-44.
Ungerfeld R, Dago AL, Rubianes E, Forsberg M, 2004a: Response
of anestrous ewes to the ram effect after follicular wave synchro-
nization with a single dose of estradiol-17beta. Reprod. Nutr. Dev.
44 89-98.

Ungerfeld R, Forsberg M, Rubianes E, 2004b: Overview of the
response of anoestrous ewes to the ram effect. Reprod. Fertil. Dev
16 479-90.

Velazquez EM., Belabarba Arata G.(Effects of thyroid status on
pituitary gonadotropin and testicular reserve in men Arch. Androl
1997 38:85-92).

Webster JR, Moenter SM, Woodfill CJ and Karsch FJ (1991a).
Role of the thyroid gland in seasonal reproduction. II. Thyroxine
allows a season-specific suppression of gonadotropin secretion in
sheep. Endocrinology, Vol 129, 176-183.

Webster JR, Moenter SM, Barrell GK, Lechman MN, Karsch FJ
(1991b). Role of the thyroid gland in seasonal reproduction. III.
Thyreoidectomy blocks seasonal suppression of gonadotropin —
releasing hormone secretion in sheep. Endocrinology 129: 1635-
1643.

Wells N.H., Hallford D.M., Hernandez J.A., (2003). Serum thyroid
hormones and reproductive characteristics of Rambouillet ewe
lambs treated with propylthiouracil before puberty. Therio-
genology; 59:1403-1413.

Wilson FE, Reinert BD (1995). The thyroid and photoperiodic
control of seasonal reproduction in American tree sparrows
(Spizella arborea). J. Comp. Physiol. B; 163: 563-573.

JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2008, 59(1)
TNEPIOAIKO THX EAAHNIKHZ KTHNIATPIKHX ETAIPEIAX 2008, 59(1)


http://www.tcpdf.org

