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Changes in follicle-stimulating hormone (FSH), luteinizing hormone (LH), prolactin,
immunoreactive(ir)-inhibin, testosterone, estradiol-17β, and insulin-like growth factor
(IGF)-I in Thoroughbred stallions along with changes in prolactin secretion in geldings were
studied.  The correlations of day-length with changes in the concentrations of these hormones
were also studied.  Five stallions and thirteen geldings were employed to draw blood samples
in monthly basis and radioimmunoassay was performed to measure these hormones.  All
hormones showed a seasonal pattern, the levels being highest during the breeding season and
lowest during the winter months.  Most of the hormones were at their highest concentration
during the month of April, the mid of spring in northern hemisphere.  The concentration of
circulating IGF-I also demonstrated seasonality, the peak lying on the month of April.  The
plasma concentration of prolactin also increased during the breeding season.  This
phenomenon was similar both in stallions and geldings although geldings had lower
concentration than that of stallions.  The changes in concentration of prolactin in stallions
and geldings correlated more towards the day-length than towards the temperature.  These
results clearly indicate the seasonality of pituitary and gonadal hormones of Thoroughbred
stallions, the activity being highest during the month of April and May of the breeding season.
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A functional reproductive status of stallion requires a
complex co-ordination of endocrine, paracrine and
autocrine signals.  Hypothalamo-pituitary-testicular
(HPT) axis and pineal gland is responsible for
maintaining the long day seasonal breeding activities in
stallions [11].  Although several hormones have been
investigated in this mechanism, some of them have not
been fully understood.  The contrasting pattern of
prolactin secretion in short day and long day breeders
have not been fully clarified [15].  The action of growth

hormones on tissues is mediated partly by insulin-like
growth factor-I (IGF-I) which is secreted primarily from
the liver and other non-hepatic tissues [5] to act in an
endocrine-autocrine-paracrine fashion [14].  The
measurement of IGF-I gives the clue of the status of the
somatotropic axis as it has longer half-life with no
obvious  diurnal  rhythm [3].   IGF-I  has  been
demonstrated in different tissues of equine male fetus
and adult [8] and placenta [1] as well.  Localization of
IGF-I and its receptor on equine testes at different
stages of maturity has recently been demonstrated [19].
From reproductive point of view, IGF-I appears to be
more important [2].  But, the plasma levels of IGF-I in
stallions have not been studied for long term.  The
concentrations of prolactin in pituitary and serum have
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been studied in stallions at summer and winter [18]
which showed higher values during summer.  But
l i t e ra ture s  regard ing  long  te r m s tud ie s  on
concentration of prolactin in stallions is lacking.  The
primary objective of this study is to characterize the
pattern of plasma concentration of reproductive
hormones along with IGF-I over two years in stallion
and study the effect of day-length and temperature on
hormone secretion.  The secondary objective of this
study was to compare between stallion and gelding
from the perspectives of prolactin as geldings differ
from the stallions in that they don’t have testicles to
exert any kind of endocrine effect.

Materials and Methods

Animals
Five Thoroughbred stallions (6–8 years old) in

Hayakita (42°45' N, 141°49' E), Hokkaido, Japan kept
under natural condition were used for the analysis of
changes in circulating follicle-stimulating hormone
(FSH), luteinizing hormone (LH), prolactin,
immunoreactive (ir)-inhibin, testosterone, estradiol-
17β, and insulin-like growth factor (IGF)-I.  These
stallions were engaged in breeding during March to
June.  Thirteen thoroughbred geldings kept in the
horse farm of Tokyo University of Agriculture and
Technology, Fuchu, Tokyo (35°41'N and 139°28'E)
were used to measure the plasma concentration of
prolactin.  Monthly blood samples were taken from
stallions and geldings for two and one year respectively.
Blood samples were collected from Jugular vein into
heparinized vacutainer.  Plasma were harvested and
stored at –20°C until assayed.

Radioimmunoassay of FSH, LH, ir-inhibin, testosterone,
estradiol-17β, prolactin and IGF-I

Plasma concentration of  FSH and LH were
determined by homologous double-antibody equine
RIA methods as described previously [10].  Intra- and
inter-assay coefficients of variance were 4.9% and
12.2% for FSH and 12.6% and 15.1% for LH,
respectively.  Concentrations of testosterone and
estradiol-17β were determined by double-antibody RIA
systems using 125I-labeled radioligands as previously
described [17].  Anti-sera against testosterone (GDN
250) and estradiol-17β (GDN 244) were used.  The
intra- and inter-assay coefficients of variance were 6.3%

and 7.2% for testosterone and 6.7% and 17.8% for
estradiol -17β ,  respectively.   Plasma ir - inhibin
concentrations were measured using a rabbit antiserum
against purified bovine inhibin (TNDH 1) and 125I-
labeled 32-kDa bovine inhibin, as previously described
[6].  The results were expressed in terms of 32-kDa
bovine inhibin.  The intra- and inter-assay coefficients
of variance were 8.0% and 16.2%, respectively.  Plasma
concentration of prolactin was measured by RIA using
rat anti-sera against equine prolactin (AFP-261987) and
purified 125I-labeled prolactin and reference standard
(AFP-8794B) (provided by Dr. A.F. Parlow).  The intra-
and inter-assay coefficients of variance were 7.1% and
9.8% respectively.  IGF-I was measured by RIA as
previously described [5] using anti-sera against human
IGF-I raised in rabbit (AFP 4892898).  The intra- and
inter-assay coefficients of variance were 2.7% and
14.8% respectively.

Annual temperature and day-length changes
Secondary data on daily temperature (°C), and

daylight length (hr) at Hayakita, Japan was obtained
from Japanese Meteorological Agency (Tokyo 100-
8122, Japan).  Day-lengths and temperatures were
averaged over months and were compared with respect
to the pattern of individual hormones. 

Statistical analysis
Two years’ data was merged into one year for the

ease of interpretation.  All values were expressed as
mean ± SEM.  Duncan’s multiple range test was used to
detect the significant difference in amounts of
hormones in different day points using SPSS software.
Bonferroni’s Multiple Comparison Test and Pearson
correlation was performed using Graphpad Prism
software.  Correlation coefficient (r) was calculated at
p=0.05.  Values differing at p<0.05 were considered
significant. 

Results

LH
The plasma concentration of LH after January

started to increase towards the maximal level at April
(Fig. 1a).  LH was significantly highest at April that
decreased non-significantly until June and then
dropped significantly reaching minimum by the month
of November.  LH positively correlated with day-length
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(r=0.58, Fig. 3a), and temperature (r=0.18, Fig. 4a). FSH
The plasma concentration of FSH was highest during

April and was lowest in January.  The values were

Fig. 1. Monthly changes in concentration of circulating LH (a), FSH (b), testosterone (c), ir-inhibin (d),
estradiol-17β (e), and IGF-I (f) in stallions.  Each point represents the mean ± SEM value of two years
(n=5).  Different alphabets reflect significant differences at p<0.05.
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intermediate during other months of year (Fig. 1b).
The plasma concentration was higher during breeding
months (March–July).  FSH positively correlated with

day-length (r=0.69, Fig. 3b), and temperature (r=0.33,
Fig. 4b).

Testosterone
The highest concentration of testosterone was

observed during the month of May and it was lowest
f rom September  to  December .   Among  the
intermediate values in rest of the months, February to
June was comparatively higher (Fig. 1c).  Testosterone
had positive correlation with day-length (r=0.21, Fig.
3c), and had negative correlation with temperature
(r=–0.19, Fig. 4c).

Ir-Inhibin
Ir-inhibin was lowest during the months of October

and November while it was highest during February
and June.  During the remaining months, the values
were intermediate except for December where the
value was significantly lower than that during the
highest months (Fig. 1d).  In stallions, ir-inhibin
correlated positively with day-length (r=0.39, Fig. 3d),
and negatively with temperature (r=–0.06, Fig. 4d). 

Estradiol-17β
Estradiol-17β  concentration was significantly

maximal from February to July while it was lowest
during November and December.  The values were
intermediate in rest of the months (Fig. 1e).  Estradiol-
17β was positively correlated with day-length (r=0.56,
Fig. 3e), and temperature (r=0.13, Fig. 4e).

IGF-1
IGF-I was in highest concentration on the month of

April which then after decreased steadily and came to
the significantly lowest value in December.  The value
during month of May was also significantly higher than
that in December.  Intermediate values were observed
in rest of the months (Fig. 1f).  IGF-I correlated
positively with day-length (r=0.58, Fig. 3g), and
temperature (r=0.17, Fig. 4g).

Prolactin, temperature, and day-length
In stallions, prolactin was in highest concentration

during the months of April, May, and June (Fig. 2a)
whereas significantly high concentration was observed
during the month of June in Geldings (Fig. 2b).  But the
values during July and August were significantly higher
than in December in Gelding (Fig. 2b).  Similarly,
prolactin was at its lowest concentration during
December and January in stallions.  The increment of

Fig. 2. Monthly changes in circulating levels of prolactin in
stallion (a; n=5), gelding (b; n=13) and the pattern of day-
length ( ), and temperature (  ) (c) in Japan.  Values
are represented as mean ± SEM and different alphabets
represent the significant differences at p<0.05.
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prolactin over a year both in stallions and geldings
followed similar pattern like the increment in day-
length (Fig. 2a, 2b, and 2c).  Prolactin concentrations
between stallion and gelding were positively correlated
(r=0.59).  Moreover, the prolactin concentration in
geldings was significantly lower than that in stallions

among all the months except for the month of August.
Prolactin concentration in the stallions and geldings
were correlated to temperature with lesser magnitude
(r=0.42 for stallion, and r=0.81 geldings, Fig. 4f, and 4h)
than that with the day-length (r=0.73 at for stallions and
r=0.89 for geldings, Fig. 3f, and 3h). 

Fig. 3. Correlation of day-length ( ) with LH (a), FSH (b), testosterone (c), ir-inhibin (d), estradiol-17β (e),
prolactin in stallion (f) ( ), IGF-I (g), and prolactin in gelding (h) ( ).  Correlation coefficient at p<0.05
in each case is represented by r-values in respective graphs.
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Discussion

In the present study, all the hormones exhibited a
clear seasonal change.  The concentration increased in
spring (March–June), the industrial breeding season

for Thoroughbred horses in Japan.  Positive correlation
was observed among ir - inhibin, IGF-I,  steroid
hormones, and gonadotropins of stallions.  The
correlation of prolactin was greater with estradiol-17β

Fig. 4. Correlation of temperature ( ) with LH (a), FSH (b), testosterone (c), ir-inhibin (d), estradiol-17β (e),
prolactin in stallion (f) ( ), IGF-I (g), and prolactin in gelding (h) ( ).  Correlation coefficient at p<0.05 in
each case is represented by r-values in respective graphs.
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than with the testosterone.  Ir-inhibin increased
significantly from the month of February and
maintained until June.  The level decreased in
transitional and non-breeding seasons.  Inhibin is
secreted from the testis of stallion [12, 16] and it can be
the marker of the testicular function [13].  This clear
seasonality in ir-inhibin is supported with previous
findings in which increase in number of Sertoli cells
and Leydig cell and smooth endoplasmic reticulum per
testis has been shown during the breeding season of
stallions [7].  Strong immunoreactions with inhibin-α
in cytoplasm of Leydig cells, weak reaction in the
Sertoli cells and no staining in germ cells were observed
in the testis of stallions [11, 12].  The increase in
number of Leydig and Sertoli cells and their increased
secretion of inhibin resulted in high peripheral levels
of ir-inhibin during the breeding season of stallions.

In a previous report [18], it had been concluded that
season had little or no influence on FSH.  The present
result contradicts this as FSH showed clear seasonal
rise, the peak in the month of April (spring) being
significantly highest than the winter values.  A positive
correlation was noted between FSH and ir-inhibin of
stallions.

Positive correlation of day-length and temperature
remained positive in levels of prolactin in both the
stallions and geldings.  Lay-length seems to influence
the prolactin secretion more than the temperature as
there was stronger correlation between prolactin with
day-length than that with temperature.  Prolactin had
been demonstrated to influence diverse metabolic and
reproductive function [4].  The results indicate that
castration doesn’t modify the responsiveness to the day
length and functional mechanism of prolactin
secretion by pituitary.  But the concentration of this
hormone between stallion and gelding was significantly
different at different months of the year.  Although the
seasonal pattern was similar, geldings had half of the
concentrations than that in stallions.  Estradiol has
stimulatory effect on pituitary mammotroph cells that
regulate the prolactin synthesis by stimulation of gene
expression pituitary cells [9].  Plasma levels of estradiol-
17β decreased abruptly after bilateral gonadectomy of
stallions [11].  Thus in geldings lacking testicular
estradiol stimulus might had the reduced levels of
prolactin concentration as compared with intact
stallions.

Stallions had higher concentration of IGF-I during
breeding season and the overall levels throughout the
year was lower in the second year of the studied period

when the age of animals increased by one year.  The
intensity of IGF-I and its receptor labeling in stallion
Leydig cell was shown to be age dependent [19], the
intensity being greater in post-pubertal stage.  The
values of IGF-I in stallions in our experiment are similar
to those in a previous study on standardbreds [3].

In conclusion, stallions had high concentration of
FSH, LH, ir-inhibin, testosterone, estradiol-17β,
prolactin and IGF-I concentrations during the spring
and summer months which is the natural breeding
season for equines.   The pattern of prolactin
concentration was similar between stallions and
geldings throughout the year and it correlated more
with the day-length than with the temperature in a year.
All the hormones were well correlated with the changes
in day-length indicating that it plays important role in
tuning the hypothalamo-pituitary-testicular axis for
seasonal reproduction in stallions.
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