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• Abstract 

Blond samples obtained from two mature and two prepubertal female pygmy goats during anestrus up to four days after 
first overt estrus were assayed for· gonadotropins and gonado-hormones by radioimmunoassay (RIA) techniques. The 
prepubertal goats were aged 211 and 214 days respectively. All animals showed behavioral and endocrine changes that 
were characteristic of t he estab lishment of normal estr us cycles between the 18th and 30th of November. The two 
prepubertal does showed first overt estrus at the age of248 and 251 days, respectively. From progesterone concentration 
profiles, all animals were observed to have had a presumed ovulation without overt estrus at an average of 19.2 :!: 0.5 days 
before the first behavioral estrus. LH and FSH levels fluctuated randomly throughout anestrus; a two-to three fold 
increl\Se in their mean values was appa•·ent 5 days before the pre-ovu latory surge prior to the first presu med ovulation. 
The pattern of their secretion during the intenal from first Jlrcsum ed ovulation to tlrst behavioral estrus was sim ilar to 
that observed during anestrus; both were elevated on the day of first behaviora l estrus. Progesterone levels were low 
during anestrus; their first elevat ion (from 0.5 .:!: 0.08 to 2.3 + 0.4 ng/ml) occurred 2 days before the first presumed ovulation 
(day-23). Du ring the interval between the first presumed ovulation and first over t estrus, progesterone concentrations and 
pattern of secretion were characteristic of that observed during the normal cycle. Estradiol concentrations were varied 
during anestrus and the interval from first presumed ovulation to first overt estrus. Levels of estradiol were observed to be 
elevated a day before the LH/FSH preovulatory surges ofthc first pre.~umcd ovulation and the first overt estrus, respectively. 
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Intr·od.u ction 

The main factors limiting continued productivity in 
1ieasonal breeders during the periods of anestrus are the 
failure to exhibit estrus and the continued absence of 
ovulation illustrated by relatively regressed ovaries that 
Jack functional corpora lutea. 

The ovarian quiescence and regression typical of 
anestrus cannot be attributed to a defi ciency in 

. gonadotropin secretion since the pituitary concentrations 
ofLH and FSH are similar in ewes and ewe-lambs during 
anestrus and the breeding season (Roche et at., I 970; 

Materials and methods 

Animals 
Four female pygmy goats (2 mature and 2 prepubertal) 
were bled daily by jugular venipuncture throughout 
anestrus beginning June 15'", 1976 up to four days after 
the first overt estrus. The two prepubertal goats were 21 1 
and 214 days of age at the initiation of sampling. The 
blood samples were kept refrigerated at 4('C for 24 hrs. 
They were then centrifuged and plasma was aspirated from 
the dot and kept at -20°C until assayed. 

Foster and Ryan, 1979). Rather it is due to change in the Homone Assays 
~~~~~~r~~~iv~e±n~~~~oLf~th~e~h~o~t~h~a~la~m~o~-~i~tu~i~~~~u~n~it~t~o~w~a~r~d~-T~h~e;d~e:~~e~~~in~a~n:·o:n~o:r~·v:a:n~~>~us hormoncconcentrationsw~ 

gonado-hormones feed back mechanisms (Legan and performed by ra 101mmunoassay (RIA) . Dctatls or 
Karsch, 1979; Ducharme et al., 1979; Keisler et aL, I 9&7; individual hormone RIA procedures have already been 
Kinder etal., 1987;0zsaretal., 1990). reported for progesterone and estrogen by 

The evaluation of estradiol, progesterone and J,H by Yulthasastrakosol ct aL , ( 1975) for I ,H by Simaraks ( 1978) 
Yuthasastrakosol et al. (1 975) and of FSH, Lll, prolactin and for FSH by Cheng ( 1976). Individual descriptions of 
and progesterone by Walton eta!. (1977) has shown how each methodology follows below. 
these honnones interrelate in intact ewes during anestrus 
and during the transition from anestrus to the establishment 
of regular estrous cycles. There is no such infonnation on 
the goat. Therefore, this study was conducted with the 
;~im of trying to establish the interrelationships of various 
homwnes during the transition from anestms to resumption 
of breeding activity and attainment of puberty in the Pygmy 
goat. 

Progesterone 
Serum progesterone concentrations were determined by 
use of a method previously described by Yuthasastmkoso! 
et at., 1975. A highly specific antiserum (Pool #33 7) was 
generously provided by Dr. G. Niswender (Colorado State 
Universitx). The antiserum was prepared by immunization 
of a rabbit with progesterone - 6 - hemisuccinate - BSA. 
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The percentage cross-reaction of the antiserum with 
various stero ids have been described by 
Yultha.sastrakosol et al., ( 197 5) and 5 -pregnane-3, 20-d ionc 
is the only steroid that had significant cross-reactivity 
(>3%). 

A routine detennination of progesterone concentration 
in a pool sample from does in various reproductive states 
was used to determine inter-assay and intra-assay 
coefficients of variations. The average progesterone 
concentration in the pool sample was 3.8 1: 0.08 ng/ml 
determined in 12 separate assays. This yielded inter-assay 
and intra-assay coefficients of variations of 16. 1% and 
9 .6%, respectively. The mean percentage recovery of JH­

progestcrone added to serum samples was 77.7 l. 0.6 (n -
11) and was utilized to correct the results for procedural 
losses. 

Estrogen 
Serum estrogen concentrations were evaluated by a 
radioimmunoassay previously described by Yu et al., 
(1974). This methodology omits column chromatography 
and thus measures total estrogens. The anti-estradiol-
17b, BSA (#029- 14) used in this assay was obtained from 
Dr. B. Caldwell (Yale University). The antiserum was 
prepared by immunizing sheep with estradiol - I 7b, 17 -
hemisuccinate- BSA. the specificity of this antiserum had 
been extensively characterized by Wu and Lundy (1971 ). 
Its cross-reactivity to various estrogens was found to be 
100% for estradiol - 17b, 63.7% for estrone and 5.1% for 
estradiol- 17a. 

The mean percentage of recovery when lJ·I - estradiol 
was added to serum samples was 63.8 ± 1.& (n = 8). A 
routine estrogen measurement on a pool sample obtained 
from does in various reproductive states was utilized to 
determine in ter-assay and intra-assay coefficients of 
variations. In 14 separate duplicate determinations, the 
average estrogen concentration in the pool sample was 
27.4:1. 0.9 pglnl with inter-assay and intra-assay coetlicicnls 
of variations of 16.0% and 11.1% respectively. 

The standards used in the assays of both progesterone 
and estrogen were obtained from Mann Research 
laboratories, Orangeburg, new York and were used without 
further chromatographic treatment. 

Luteinizing hormone (LH) 
A double antibody RIA was used to measure LH 
concentrations . Details of the procedure have been 

.. previously described by Simaraks ( 1978). Anti-ovine LH 
serum (GDN # 15) supplied by Dr. G. Niswender (Colorado 
state University) was used in the assay. Puritied ovinc LH 
(LER-1 056-02) was labelled with ll~Iodine (Cambridge 
Nuclear Corporation) by a modified procedure that has 
been described by Sanford (1974) and Yuthasastrakosol et 
al., (1975) and was previously used by Muduuli (1978) to 
a.ssay LH in male pygmy goats. LH values are expressed 
as ng/ml ofNlH-LH-S14 standard. By using LH values 
obtained in 12 separate duplicate assays carried out on a 
pool sample whose average LH concentration was 2.28 ± 

0.4 ng/ml, it was found that the inter-assay and intra­
assay coefficients of variations were 11.4% and 13.7%, 

respectively. The lowest detectable levels using serially 
diluted pool serum was 0.2 ng/ml, sample.s yielding values 
lowerthan 0.2 ng/ml were assigned that value for statistical 
purposes. 

Follicle-stimulating hormone (FSH) . 
Serum FSil levels were evaluated using a procedure that 
employed an antibody developed against bovine FSH 
(Cheng, 1976 ). This antibody has been chnractcriscd and 
used to assay ovine FSI I (Simaraks (I 978}. The same 
antibody was used in this smdy ror the assay of caprine 
FSH. Tile antibody has been shown to exhibit parallel 
curves for ovine FSH preparations (Simaraks, 1978). Since 
Muduuli (197&) showed that parallelism existed between 
sheep and goat preparations it was assumed that the 
evaluation ofPSH in caprine serum was valid if this antibody 
was used. l lencc, its use was made in this study without 
further parallelism tests. Purified bovine FSH was labelled 
with m Jodine (Cambridge Nuclear Corporation) by a 
modification of the method of Greenwood ct al., (I 963). 
The intra-assay and inter-assay coefficients of variation 
were determined using procedures described above. In 12 
separate assays using pooled serum, the mean FSH 
concentration was round to be 26.1 I . 0.8 nwml. The inter­
assay and intra-assay coefficien ts of vari ations were 
estimated to be 9.5% and 11.96/o, respectively (n = II). The 
minimum detectable level ofFSH at95% of initial binding 
(B/Bo) was 0.7 nghnl. Values of'fSH are expressed as ng/ 
ml ofNIH-FSH-512 (ovine). 

Results and discussion 

Onset of breeding activity and/or puberty 
A I I the animals sho.,.ved behavioural and endocrine 
changes that were characteristic of the establishment of 
normal estrus cyc les between the 18th and 30th of 
November. The interval from first presumed ovulation (as 
indicated by progesterone profiles) to first bchaviourial 
estrus of the breeding season was I 8, 20. 19 and 20 days 
for goat #'s6258, 6257,5353 and 5351. respectively mean = 
1925= 0.47; n ""4). The two rcpubertual females, goat 
#6258 and 6257 showed first overt estrus on 22nd and 30th 
November, at the age of 248 and 251 days, respectively. 
This observati on is in agreement with the results of 
Simaraks (1978) and Fitzgerald and Outler (!9 82) who 
reported the age at first ovulation in ewe lambs as 22 1.2 ! 
0.6, a1id 220.9::5 .9 days, respectively. Later. Chakraborty 
( 1989) reported age at puberty in the Anglo-Nubian male 
goats as 226.8 .:t: 0.8 days. It is probable that the prepubertal 
goats in this study may have reached puberty earlier but 
were unable to start cycling du e to environmental 
condit ions not being optimum for them to have done so. 
TI1is is supported by the observation that they reached 
puberty at the same time thattheir elder dams were resuming 
their seasonal ovarian cyclicity. 

Hormone level changes 
Mean .:t S.E. levels ofLH, FSH, progesterone and cstradiol -
17 in the four goats are illustrated in 1-' ig. l. The day of 
anestrus in normalized to the day of the first behaviourial 
estrus of the breeding season. LH and tSH levels fluctuated 
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randomly throughout anestrus. However, a two-to-three 
fold increase in their mean values was observed five days 
before the preovulatory surge prior to the first ovulation. 
After the first ovulation, mean levels of FSH decreased 
and were similar to those observed during anestrus. LH 
mean levels decreased to baseline ~evels that were lower 
than prior to the first ovulation by the third day after the 
preovulatory surge. Prior to the first observed estrus, both 
gonadotropins were secreted in the same pattern as 
observed prior to the first ovulation; there were again 
elevations (from0.5 to 1.8 and27.3 to61.7nglml forLH and 
FSH, respectively) in both gonadotropins two days before 
their preovulatory surge. Similar results have been reported 
by Huffman eta!., 1987 in ewe lambs. 

Meanwhile, mean progesterone concentrations were 
low during anestrus but increased by about four-fold (from 
an average of 0.5 to 2.3 ng/ml) two days before the first 
ovulation (Day-23). They then decline to low values on 
the day of first ovulation. This correlates with the work of 
Ojeda et al., 1984; Foster and Ryan, 1979; Kinder et al., 
1987; and Ryan et al., ( 1991) who observed a small transient 
rise in progesterone of 4- 7 days dura~ion before declining 
to very low levels before first silent ovulation in ewe lambs. 
Grey ling eta\., ( 1990) reported similar fmdings in Boer kids 
attaining pJ.Iberty. During the interval between the ftrst 
presumed ovulation and the first behaviourial estrus, 
progesterone. concentration and pattern of secretion were 
characteristic of that observed during the normal cycle of 
a goat (Thorburn and Schneider, (1972), Baird, ( 1992). 

The rise in mean progesterone concentration two days 
preceding first ovulation has been observed in cows 
before the first post-parturient ovulation (Robertson, 1972; 
Nkuuhe et al., I 978), during the transition from anestrus to 
breeding activity in ewes (Yuthasastrakosol, 1975; Walton 
et at., 1977; ~eeler et al., 1977) and in ewe lambs upon 
reaching puberty (Simaraks, I 978; Baird, 1992). In the ewe 
and most probably in the goat progesterone in derived 
a1most exclusively from the corpus luteum. Its secretion, 
therefore, is a measure of the a~tivity of this ovarian 
compartment. The increase in the release ofLH five days 
before first ovulation is thought to induce luteinization of 
one or more fo llicles which then secrete the increased level 
of progesterone that is seen a few days preceding first 
presumed ovulation (Wheeler eta!., 1977; Walton eta!., 
1977). This may come about either as a result of insufficient 

release of LH or from the inherent incapability of the 
follicle(s) to ovulate in response to the stimulus. This 
hypothesis has been cited and may be supported by the 
observation that ovarianfollicles can grow and regress 
within 5 to 7 days (Smeaton and Robertson, 1971 ). 

Serum mean estradiol-1 7 concentrations varied during 
anestrus and were observed elevated a day before the LH/ 
FSH preovulatory surge of the first presumed ovulation. 
After that, they remained low and declined gradually to 
their lowest levels on Day-7 before the first estrus. 
Beginning on Day-6 before the first behavioral estrus mean 
estradiol- 17 levels rose progressively peaking two days 
before the LH/FSH surge. This finding is in agreement 
with earlier studies and supports the hypothesis that rising 
levels of estradiol act synergistically with declining levels 
of progesterone to precipitate increased tonic LH secretion 
and the events that lead to ovulation as has been observed 
in sheep (Ryan et al., I 991 ). 

Conclusion 

Puberty as measured by the manifestation of first pyschic 
estrus was reached at the age of251 and 248 days by two 
prepubertal goats, respectively. From the progesterone 
profiles, it appeared evident that all the tour animals 
resumed (or started) their breeding activity by exhibiting 
ovulations that were not accompanied by overt estrus. 
Profiles of LH, FSH, progesterone, and estradiol obtained 
in this sntdy indicate that the onset of the annual breeding 
season in the adult and puberty in the young appear to 
share a common mechanism, which is a decrease in the 
inhibitory feedback response to estradiol on LH secretion 
which will stimulate a transient progesterone rise from 
recruited follicle(s). 
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Figure 1. Composite hormone (mean± S. E.) profiles for the 4 animals during transition 
from anestrus to breeding activity. ( 0 designates first presumed ovulation ~nd E + 0 =first 
estrus and presumed ovulation). 



50 

References 

G.R.E. Kakusya et al. 

ovulation in postpartum suc led beef cows. Canadian 
Journal o r Animal Science 58:83-87. 

Abraham, A.M., Swerdloff, R., Tulchinsky, D and Odell, Ojeda, S.R; Smith, S.S; Urbanski, H.F; Aguado, L.L 1984. 
W.D. L971. Radioimmunoassayofplasmaprogestcrone. The onset o f fe male puberty: underlyi ng 
Endocrinology 32:619 -627. neuroendocrine mechanisms. Neuroendo crine 

Baird, D.T. 1992. Luteotrophic control ofthc corpus luteum. perspectives. Volume 3 225-278. 
Animal Reproduction Science 28:1-4.,95-102. Olster, D.H; Foster, D.L. 1986. Control of gonadotropin 

Chakraborty, P.K; Stuart, L.D; Brown, J.L. 1989. Puberty in secretion in the make during puberty: a decrease in 
the male Nubian goat: Serum Concentrations of LH, response to steroid inhibitory feedback in the absence 
FSH and testosterone from birth through puberty and of an increase in steroid-independent drive in the sheep. 
semen characteristics at sexual maturity . Animal Endocrinology ll8:6,2225-2234. 
Reproduction Science 20:2,9 J -10 I. 07.sar, S; Guven, B; Celebi, M; Kalkandelen, G; Wiel, D.F.M-

Cheng, K. W. 1976. Purification and properties of bovine van-de; Van-de-Wiel-D.F.M. 1990. Testosterone and 
pituitary follitropin. Biochemistry Journal. 159:651-656. LH concentrations in the male Angora goat during 

Ducharme, J.R.; Catin-Savoie, S; Tache, Y.; Bouret, B.; puberty. AnimaiReproduction Science23:4, 319-326. 
Co llu, R. 1979. Sequentia I horm on a I changes and Ryan, K.D., Goodman, R.L., Karsch, FJ ., Legan, S.J ., F ostcr, 
activation of the hypothalamic-pituitary-gonadal axis. D. L. 1991 . Patterns of circulating gonadotropins and 
Joumal ofSteroid Biochemistry II: 1!3, 563-569. ovarian steroids during the first periovulatory period in 

Ebling, F.J.P; Kushler, R.I I. and Foster, D.L. 1990. Pulsatile the sheep. Biology of Reproduction 45: 3, 471 -477. 
LH secretion during sexual maturation in the female Roche,]. F., Foster, D.L., Karsch, f.J. , Cook, B. and Dziuk, 
sheep: photoperiodic regulation in the presence and P..J · 1970. Levels of luteinizing hormone in sera and 
absence of ovarian steroid feedback as determined in pituitaries of ewes during the estrous cycle and anestrus. 
the same individual. Neuroendocrinology 52: 3, 229- Endocrinology 86:568-574. 
237. Sanford, I .. M. 1974. The secretory patterns o f luteinizing 

Fitzgerald, J; £3utler, W .R. 1982. Seasonal effects and hormone and testosterone in the ram as int1uenced by 
hormonal patterns related to puberty in ewe lambs. sexual activity, season, age and breed. Ph.D Thesis-
Biology of Reproduction 27:4, 853-863 .Foster, D. L: Ryan, University of Manitoba. 
K.D. 1979. Endocrine mechanisms governing transition Simaraks, S. 1978. Hormone levels in prepubertal ewe lambs 
into adult wood: a marked decrease in inhibitory and in mature ewes throughout the breeding season. 
feedback action o f estradiol on tonic secretion of Ph.D Thesis, University of Manitoba. 
luteiniz ing hormone in the Jamb during puberty. Smeaton, T.C. and Robertson, H.A. 1971. Studies on the 
Endocrinology 105:4, 896-904. growth and atresia of Graafian folli cles in the ovary of 

Greenwood, F.C., Hunter, W.M., Glover, J.S. 1963. The the sheep. Journal of Reproduction and Ferti lity 25 :243-

preparation of 131 1-labelled human growth hormone of 24S. 
high specific activity. Biochemistry Journal 89: 1 14- Thorburn, G.D. and Schneider, W. 1972. The progesterone 
118. concentration in the plasma of the goat during the 

Grey ling, P.C; Niekerk, C.H-Van; Van-N iekerk, C.H . 1990. oestrous cycle and pregn an cy. Journa l of 
Puberty and the induction of puberty in female boer Endocrinology. 52:23-29. 
goat kids. South African Journal of An imal Science Walton, J.S ., McN eilly, J.R .. McNeilly, A.S. and 
20:4, 193-200. Cunningham, F.J. 1977. Changes in concentrations of 

Huffinan, L.J; Inskeep, E.K; Goodman, R.L. 1987. Changes fo llicle-stimulating hormone, luteinizing hormone, 
in episodic luteinizing hormone secretion leading to prolactin and progesterone in the plasma of ewes during 
puberty in the lamb. Biology of Reproduction 37:4, the transition from anoestrus to breeding activity. 
755-761. Journal of Endocrinology 75:127-131. 

Keisler, D.H; Inskeep, E.K; Dailey, R.A. 1985. Roles of Wheeler, A.G., £3aird, D.T., Land, R.B., and Scaramu7zi, R.J. 
pattern of secretion of lute inizing hormone and the 1977 . Seasonal variat ion in oestrus, the secretion of 
ovary in attainment of puberty in ewe lambs. Domestic oestrogen and progesterone and LH leve ls before 
~im~~~cr~o~gy23,123-132~. ~~~~~~~~-o~v~uill~U~Jo~n~•n~lliRe~e~w~e~.~J5oumm~ariTio~f~R~~~pnro~d~u~~~ti;m;r~a~rr~d~~~-

Kinder, J.E; Day, M .L; Kittok, R.J. 1987/ Endocrine f enility51:427-432. 
regulation of puberty in cows and ewes. Journal of Wu, C. H. and Lundy, L.E. 197 1. Radioimmunoassay of 
Reproduction and Fertility, supplement 34: 167-186. plasma estrogens. Stero ids 19:9 1-96. 

Mehta, S.N; Georgie, C.C; Dixit, V.P; Galhorta, M .M; Yuthasastrakos.ol, P., Palmer, W.M., and I -lowland, B.E. 1975. 
Kanaujia, A.S. I 987. Plasma testosterone and Luteinizing hormone, oestrogen and progesterone levels 
gonadotropin levels up to puberty in Black Bengal male in peripheral serum of anoestrous and cyclic ewes as 
kids. IndianJoumalofanimalSciences57:6,517-521. de termined by radioimmunoassay . Journal of 

Muduuli, D.S. 1978. Reproductive hormone secretion Reproduction and Fertility43:57-61. 
patterns in the male pygmy goat. M.Sc. Thesis - Yu,J. Y -L., Yuthasastrakosol, P., Marquardt, R.R. and Palmer, 
University of Manitoba. W.M. 1974. Estrogen levels in peripheral plasma of 

Nkuuhe, J., Manns, J.G .,Humphrey, W.O. and Mapletoft, immature female chick ens as determined by 
R. 1978. Combined PGF2-progesterone to initiate radioimmunoassay. Endocrinology94: 1168-1173. 


