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Summary: The objective of this study was to characterize seasonal variations in serum concentrations of melatonin,
testosterone, and progesterone in Arabian horses under natural photoperiodic conditions. Peripheral blood samples were collected
during breeding and non-breeding seasons from mares and stallions. Serum concentrations of melatonin, testosterone, and
progesterone were determined by radioimmunoassay. Serum concentrations of melatonin were greater in the non-breeding season
(42.41£1.59 and 37.68+1.55 pg/ml) when compared to breeding season (23.52+1.24 and 17.22+2.10 pg/ml) in both mares and
stallions, respectively. Melatonin concentrations were low but not different between the luteal and follicular phases during breeding
season in cyclic mares. Mares had greater concentrations of melatonin than stallions in both breeding and non-breeding season. Mean
concentrations of testosterone were greater during breeding season (6.58+0.50 ng/ml) than non-breeding season (3.64+0.48 ng/ml) in
stallions. There was a negative correlation (r=-0.658, p<0.01) with melatonin and testosterone levels in both season in stallions. A
negative correlation (r=-0.829, p<0.05) in luteal phase and a positive correlation (r=0.847, p<0.05) in non-breeding season were
found between melatonin and progesterone concentrations in mares. We conclude that changes in day length act as a regulator and
photoperiod can be used to modify the seasonal reproduction in Arabian horse.
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Arap atlarinda serum melatonin, testosteron ve progesteron seviyelerinin mevsimsel degisimleri

Ozet: Bu calismanin amaci, dogal fotoperiyodik kosullarda Arap atlarinin serum melatonin, testosteron ve progesteron
seviyelerinin mevsimsel degigimlerini belirlemektir. Kisrak ve aygirlardan lireme doneminde ve iiremenin olmadigi dénemde
toplanan kan 6rneklerinden, radioimmunoassay yontemi ile serum melatonin, testosteron ve progesteron seviyeleri belirlenmistir.
Sirastyla hem kisrak hem de aygirlarda melatonin seviyeleri iiremenin olmadigi déonemde (42.41£1.59 ve 37.68+1.55 pg/ml) {ireme
doénemine gore (23.52+1.24 ve 17.224+2.10 pg/ml) daha yiiksek bulunmustur. Ureme déneminde 6strus siklusu gosteren kisraklarda
melatonin seviyelerinin diisiik fakat luteal ve folikiiler donemler arasinda fark yoktu. Kisraklar hem lireme doneminde hem de
iiremenin olmadigi donemde aygirlara gore daha yiiksek melatonin seviyelerine sahipti. Aygirlarda iireme donemindeki (6.58+0.50
ng/ml) testosteron seviyeleri iremenin olmadigi dénemden (3.64+0.48 ng/ml) daha yiiksekti. Aygirlarda her iki donemde melatonin
ile testosteron seviyeleri arasinda negatif bir iligki vardi (r=-0.658, p<0.01). Kisraklarin melatonin ve progesteron seviyeleri arasinda
ise luteal donemde negatif (r=-0.829, p<0.05), iremenin olmadig1 déonemde de pozitif bir iliski (r=0.847, p<0.05) bulundu Bu ¢aligma
ile Arap atlarinda, giin uzunlugundaki degisikliklerin mevsimsel iiremede bir diizenleyici olarak gérev aldigi ve fotoperiyodun bu
diizenlemede degistirici etkisi oldugu bulundu.

Anabhtar sozciikler: Arap ati, fotoperiyod, melatonin, progesteron, testosteron.

Introduction

Seasonal changes in day length have effects on
reproduction in many species (8). The pineal gland is
able to receive photo information and measure day length
and regulate the secretion of melatonin accordingly
(3,19). Melatonin is a key player in controlling
reproduction, sleep-wake cycles and other phenomena
showing circadian or circanual rhythm (5,16,24). In
northern hemisphere, animals are exposed to more

melatonin during the night, and that during the longer
periods of darkness in winter. Conversely, melatonin
levels decrease during long days in summer (16,17). The
localization of melatonin receptors in the hypothalamus
and pituitary indicates a possible interaction of melatonin
in regulation of reproduction in horse (35).

The horse is a seasonal polyestrous species with
onset of the breeding season occurring in spring,
associated with increase in daylight, temperature, and
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availability of food (27,30). During the fall, the duration
of secretion of melatonin from the pineal gland is
increased, reflecting the increased duration of darkness in
horse. These longer nights may provide a cue for the
mare to enter into anestrus (17). Besides, during the non-
breeding season, it has been reported that the stallion
exhibits partial testicular atrophy, decreased testosterone
levels and libido, and decreased accessory fluid
production due to the melatonin concentrations are the
highest (38).

The breeding season, which begins
approximately April through October, in the Northern
Hemisphere, is the time of the year characterized by
sexual patterns in mares and stallions. Anestrus is the
period of sexual incompetence, indeed of sexual
indifference within the annual reproductive cycle and
occurs during November to January in the Northern
Hemisphere (29).

The short day length characteristic of fall and
winter causes an increase in the daily duration of
melatonin secretion, and this result in decreased secretion

from

of gonadotropic hormones and the cessation of ovulatory
activity (14). During the non-breeding season, most of
the mares maintain progesterone (P4) concentrations
below 1 ng/ml which do not show estrus signs and have
ovaries that are small and smooth (29). The decrease in
the amount of melatonin produced causes an increase in
the amount of GnRH, LH and FSH produced and
secreted during breeding season. The increase in LH and
FSH brings the horse into estrus (9,34).

Exogenous melatonin administration is reported to
decrease plasma testosterone concentrations in stallions
and change the annual reproductive rhythm in pony
mares (32). In contrast, artificial photostimulation
produced a sharp rise in testosterone levels in stallion (4).

Limited information is available about the
seasonality of reproductive activity of the Arabian horse
bred in Turkey. The aim of the present work was to
determine melatonin concentrations and its interaction
with reproductive activity during breeding and non-
breeding seasons in Arabian horses.

Materials and Methods

Animals

A group of 38 healthy Arabian mares (n=20) and
stallions (n=18), ranged from 4 to 8 yr of age were used
in June [15 h of light (L):9 h of darkness (D)] and
December (9L:15D) 2006. Mares were classified into
two groups as follows: breeding season (estrus cycle
period, n=13), non-breeding season (anovulatory period,
n=7), and stallions as breeding season (n=12), non-
breeding season (n=6). The horses were fed with the

standard adult horse diet and housed in the stable and
kept separately according to gender at Anatolia
Station/Eskisehir (General Directorate of Agricultural
Enterprises - TIGEM) in Turkey. The station is 890 m
above sea level with a longitude of 30:32 E and a latitude
0f 39:46 N. The experiment was conducted under natural
photoperiod.

Blood Collection

Peripheral blood samples (10 ml) were collected via
jugular venipuncture from each horse into vacuum
collection tubes (Vacuette®, Greiner Labortechnik,
Kremsmuenster, Austria) in early morning (at 07:00 am)
during breeding and non-breeding seasons. Sera were
decanted  immediately into  eppendorfs  after
centrifugation at 3000 rpm for 10 minutes and stored at —
70 °C until endocrine analysis.

Experimental Procedures

Melatonin, testosterone, and progesterone levels
were evaluated in breeding and non- breeding season.
Mares were checked for ovarian activity by monitoring
serum P4 concentrations in blood samples taken twice a
month, in June and December 2006. Mares were checked
for estrous behavior with a vigorous stallion. Only mares
that had demonstrated typical cyclic patterns of estrus
during the breeding season were used. Blood samples
taken during the study were subsequently assayed for P4
to confirm that the mares had ovulated and were luteal in
each period of sample collection. Mares were considered
to be in the luteal phase by P4>1 ng/ml (12). Mares that
were also verified to have P4 levels lower than 1 ng/ml
throughout the non-breeding season of blood sample
collection were considered to be anestrus (11).

Endocrine Analysis

Melatonin  assay: Blood serum melatonin
concentrations were measured by using a commercially
available kit (Labor Diagnostika Nord GmbH & Co. KG,
cat no: BA 3300, Nordhorn, Germany). Serum samples
(200 pl) were assayed in duplicate. The sensitivity of the
assays averaged 2 pg/ml and intra - assay coefficients of
variation were 11.4%.

Testosterone and progesterone assays. Testosterone
and progesterone assays performed using
commercial RIA kits (Diagnostic Systems Laboratories,
Inc., cat no: DSL-4100 and DSL-3400 Webster, Texas,
USA) which has been validated in previous studies in
equine blood serum (1,36). The minimum detectable
concentrations were 0.10 ng/ml (0.318 nmol/L) in P4
assay and 0.05 ng/ml (0.174 nmol/L) in testosterone
assay. The intra - assay coefficients of variation were
5.7% and 16.6% for testosterone and P4 assays,
respectively. All samples were run in duplicate and

within one assay.

were



Ankara Univ Vet Fak Derg, 56, 2009 21

Statistical Analyses

Two - way ANOVA was performed in order to
examine the effects of gender or season differences on
melatonin levels. We considered that gender (p<0.01)
and season (p<0.001) significantly affected on melatonin
levels. For that reason, changes in serum concentrations
of melatonin were examined in breeding and non-
breeding seasons by independent-samples T test in mares
and stallions. Seasonal effect was evaluated by same
statistical test for testosterone in stallion. Furthermore, in
mares, changes of melatonin and P4 levels in luteal
phase, follicular phase, and non-breeding season were
examined by one-way ANOVA and Kruskall-Wallis
ANOVA, respectively. The means were further analyzed
by post-hoc comparison tests, such as Tukey and Duncan
except P4 levels. Median P4 levels were compared by
Mann-Whitney test after a modified Bonferroni
correction. The results were presented as the mean+SEM.
Correlation analyses were performed to demonstrate a
possible relationship between melatonin with other
hormones for each gender. Significance of correlation (2-
tailed) between melatonin and testosterone was assessed
using coefficient of correlation calculated by Pearson
correlation coefficient. Correlation between melatonin
and progesterone was determined by use of the Spearman
rank correlation coefficient. p values <0.05 were
considered to be significant. All statistical analyses were
performed using a software program (SPSS, serial
number for this license: 9024147).

Results

Seasonal changes of mean serum melatonin
concentrations in stallions and mares are presented in
Table 1. Serum concentrations of melatonin were
significantly (p<0.001) increased during the short day
period (37.68+1.55 pg/ml) compared to the long day
period (17.2242.10 pg/ml) in
concentrations also increased significantly (p<0.001)
during the short day period (42.41+1.59 pg/ml) compared
to the long day period (23.52+1.24 pg/ml) in mares. In
breeding season, melatonin concentrations of cyclic
mares were not significant (p>0.05) between the luteal
(23.28+1.96 pg/ml) and follicular (24.66+2.47 pg/ml)

phases (Table 2). Besides, mares had significantly greater

stallions. Melatonin

concentrations of melatonin than stallions in both
breeding (p<0.01) and non-breeding season (p<0.05)
(Table 1, Fig 1).

Mean serum testosterone levels were 6.58+0.50
ng/ml and 3.64+0.48 ng/ml in breeding and non breeding
season, respectively (Table 3). Testosterone concentrations
increased significantly (P<0.01) in stallions during
breeding season. In addition to this finding, there was a

negative correlation (r=-0.658, p<0.01) with melatonin
and testosterone concentrations (Table 3).

Mean serum P4 concentrations were significantly
(p<0.01) highest in luteal phase (4.89+1.99 ng/ml,
3.36) when
(0.07+£0.04 ng/ml, median: 0) and anovulatory period
(0.03£0.01 ng/ml, median: 0) in mares (Table 2).
Concentrations of P4 of two mares have greater than 1
ng/ml in non-breeding season suggesting these mares still
continue estrous cyclicity. There is a negative correlation
between melatonin and P4 concentrations in luteal phase
(r=-0.829, p<0.05) and a positive correlation in non-
breeding season (r=0.847, p<0.05) whereas, no
correlation was found in follicular phase (r=0.089,
p>0.05). (Table 2).

median: compared follicular phase

50
d Gender
[ stallions
W Mares

Melatonin (pg/ml)

Neon-breeding

Breeding
Season

Fig. 1. Differences in mean serum melatonin concentrations of
Arabian mares and stallions during breeding and non-breeding
seasons. Each bar represents the meantSEM. Different letters
above each bar represent statistically differences (a,b: p<0.01
and c,d: p<0.05).

Sekil 1. Arap kisrak ve aygirlarda iireme doéneminde ve
iremenin olmadigi dénemde ortalama serum melatonin
diizeyleri arasindaki farklilik.

Table 1. Serum melatonin concentrations in Arabian mares and
stallions in breeding and non-breeding season.

Tablo 1. Ureme déneminde ve iiremenin olmadigi dénemde
Arap kisrak ve aygirlarda serum melatonin diizeyleri.

Mares
Season

n means SEM p
Breeding 13 2352 1.24
non-breeding 7 42.41 1.59
Stallions

Melatonin

<0.001
(pg/ml)

Season

n means SEM p
Breeding 12 1722 2.10
37.68 1.55

Melatonin

<0.001
(pg/ml)

non-breeding 6
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Table 2. Serum melatonin and progesterone concentrations and
correlation analysis during breeding and non breeding season in
Arabian mares.

Tablo 2. Ureme déneminde ve iiremenin olmadigi dénemde
Arap kisraklarda serum melatonin ve progesteron diizeyleri ve
korelasyon analizi.

Season n means SEM r
Breeding

Melatonin  follicular 7 2466 247  0.089°

(pg/ml) luteal 6 2328 196 -0.829°
non-breeding 7  42.41° 159  0.847°
Breeding

Progesterone follicular 7 0.07 0.04

(ng/ml) luteal 6 4.89° 1.99

non-breeding 7  0.03%  0.01
> and ©%: Means with different superscripts within the same
column, in different parameters, are significantly different (a,b:
p <0.001 and c,d: p<0.01)
ef. Statistical correlation analysis between melatonin and
progesterone levels during breeding and non breeding season in
Arabian mares (e: p<0.05, f: p>0.05)

Table 3. Mean serum testosterone concentrations of Arabian
stallions during breeding and non breeding season. Correlation
analysis between melatonin and testosterone levels in Arabian
stallions.

Tablo 3. Arap aygirlarinda ireme déneminde ve iremenin
olmadigi dénemde ortalama serum testosteron diizeyleri ile
melatonin ve testosteron diizeyleri arasindaki iligki.

Season n Means SEM p T

Testosterone  Breeding 12 6.58 0.50 @
<0.01 -0.

(ng/ml)  non-breeding 6 3.64 0.48 0.658

D,

Statistical correlation analysis between melatonin and
testosterone levels in Arabian stallions (p<0.01).

Discussion and Conclusion

Photoperiodism has been known as a visual signal
in seasonal breeders such as sheep, horse, and hamster
(11). Regulation of reproductive activity via
photoperiodic cues mediated by the secretion of
melatonin from the pineal gland is reported in ewes
(6,28), but the relationship is less clear in mares (11,25).
Under natural photoperiodic  conditions, serum
concentrations of melatonin are higher in anestrus mares
(11,33). In response to artificial photoperiod, alterations
in ovulatory season also exhibit in mares. First ovulation
occur earlier in mares exposed an artificial, long
photoperiod during anovulatory season (15,26). Horse is
a seasonal breeder and its reproductive efficiency varies
throughout the year. In the northern hemisphere mares
enter anestrus and stallions semen quality sharply
declines during late fall and early winter (16,30).
Information on photoperiod and the physiological
reproductive season in Arabian horse is very limited.
This study tested the role of melatonin in the regulation

of seasonal physiological change in the Arabian mares
and stallions. We found that serum melatonin levels were
greater non-breeding season than breeding season in both
mares and stallions (p<0.001). Mean concentrations of
melatonin in mares were 23.52 pg/ml and 42.41 pg/ml in
breeding and non-breeding seasons, respectively. In
stallions, melatonin levels were 17.22 pg/ml and 37.68
pg/ml in breeding and non-breeding
respectively. Diekman et al (11) reported that mean
melatonin levels in mares were 16 pg/ml in June and 19.5
pg/ml in December. Guillaume et al (19) reported that
mean concentration of nocturnal melatonin were 24
pg/ml during autumn in 110 pony mares. However, in
that study, variability of nocturnal melatonin levels were
very high (ranged from <10 pg/ml to 130 pg/ml). In this
study, melatonin concentrations of cyclic mares were low
in breeding season. However, there was no difference
between the luteal and follicular phases (Table 2).
Besides, mares had significantly greater concentrations
of melatonin than stallions in both breeding and non-
breeding season (Fig 1). Thus, it has been reported that
females had greater concentrations of melatonin than
males in rat (7,20).

Plasma testosterone concentrations in the stallion
vary according to seasonal reproductive state. Thus,
plasma testosterone concentrations are higher in the
summer and lower in the winter (10,23). Variations in
concentrations of testosterone in stallions are reported to
be episodic and are not consistently exhibited with pulses
in LH concentrations (38,39). Thompson et al. (38)
reported that serum testosterone concentrations under an
artificial photoperiod of increasing daylight during the
winter months showed an accelerated seasonal increase

s€asons,

in stallions. In that study, mean concentrations of
testosterone in stallions ranged from 0.7 ng/ml in
December to 4.1 ng/ml in August. As a long day breeder,
horse reduces reproductive capacity during the decreased
photoperiod of the winter months, whereas, short day
breeders, such as the sheep, are positively affected during
the same period (16). In addition, Tamarkin et al (37)
reported that melatonin attenuated gonadal function and
decreased gonadotropin concentrations in both sexes of
hamster, which is a long day breeder. In the present
study, mean concentrations of testosterone in Arabian
stallions were 3.64 ng/ml and 6.58 ng/ml in non-breeding
and breeding season, respectively. Serum testosterone
levels were greater in breeding season compared with
non-breeding season (p<<0.01) and there was a negative
correlation between serum melatonin and testosterone
levels in Arabian stallions (r=-0.658, p<0.01). Argo et al
(4) reported that exogenous melatonin treatment
decreased testosterone levels in pony stallions.
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Levels of estrogen and P4 reflect ovarian activity.
Both are low in anestrus season. Progesterone is baseline
throughout anestrus and transition, but rises when a
corpus luteum is formed after ovulation. Amer et al. (2)
reported that following ovulation, plasma P4 levels
showed a continuous increase corresponding 0.58-3.48
ng/ml values in luteal phase in Arabian mares. A similar
increase 2.2-5.4 ng/ml at the same period of cycle has
been observed in large saddle mares (22). These findings
come in agreement with our results where mean
concentrations of P4 were 0.07+0.04 and 4.89+£1.99 in
follicular and luteal phase, respectively. Progesterone
concentrations onset of breeding season were
significantly affected by the extended photoperiod
(21,31). Diekman et al. (11) reported that melatonin
levels were not influenced by P4. However, in the
present study, there is a significantly correlation between
melatonin and P4 concentrations in luteal phase(r=-
0.829, p<0.05) and non-breeding season (r=0.847,
p<0.05). Besides, two mares had higher P4 level than 1
ng/ml and exhibited estrous cycles in non-breeding
season. Moreover, melatonin levels of both mares were
similar to that observed in the other mares that were non-
cyclic. The studies have shown that treatment of mares
with melatonin does not advance the onset of seasonal
anestrus in mature mares (14,18). This suggests that
other factors exist to maintain estrus cycle in non-
breeding season in mares apart from melatonin even if a
correlation exists between melatonin and progesterone
levels during non-breeding season in this study.
Melatonin levels do not seem to be directly affected on
reproductive hormones in mares. It has been considered
that at the onset anestrus or estrus, aging, pregnancy,
lactation, body fatness, and leptin might play a role in
mares (13). Nevertheless, the day length seems as a
primary signal for the termination of seasonal
reproductive activity in mares.

In conclusion, this study tested the effect of day
length in the regulation of seasonal reproductive activity
in the Arabian mares and stallions. Our observations
suggested a role for melatonin in the termination of
breeding activity in the Arabian horse. Melatonin
concentrations during the non-breeding season differ
from the breeding season and melatonin secretion,
therefore, provides a physiological unambiguous
circannual rhythm with longest periods of secretion in the
winter and shortest periods of secretion in the summer.
The role of other hormones, such as prolactin, leptin, and
ovarian steroids, in this regard, is not known and has not
been studied in Arabian horses. However, additional
study will be required to determine whether these
hormones and other factors such as aging, nutrition,
climate are involved in seasonal changes of in
reproductive activity of Arabian horses.
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