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The aim of the present work was to evaluate the general monthly averages of the testosterone hormone
and the influence of season and photoperiod on plasma testosterone levels in Arabia bucks of Algeria.
Testosterone concentrations were determined throughout one year in blood samples collected every
fortnight of the month from nine males of Arabia goat breeds, fed a constant diet, maintained without
interactions with female goat. Plasma testosterone level was measured by radioimmunoassay.
Analyses performed show that the monthly averages of the testosterone hormone vary during the year;
higher levels were recorded during August (T=8.57+6.72, P=0.00***) however, bucks displayed the same
change tendency during the same period (P=0.79). Plasma testosterone concentrations vary
significantly between seasons (P=0.00***) being higher during autumn (6.15+3.81ng/ml) compared with
spring (0.90 £ 1.27ng/ml) when hormone synthesis reaches its lowest levels. In conclusion, Arabia
bucks of Algeria displayed a clear seasonality of plasma testosterone concentration with very low
levels in winter and spring (from January to May) and high levels in summer and autumn (from July to

November).
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INTRODUCTION

The balance of the mechanisms that controls reproduc-
tion is based on the permanent relation between the
central nervous system and the gonads, a relation which
is ensured by the gonadotrophic and the steroidian hor-
mones. However, this control is modified by several
external factors (Chemineau and Delgadillo, 1994).
Photoperiodic changes related to season have a direct
effect on the reproductive activities due to a change in
the levels of the hormones secreted by hypothalamus,
pituitary, epiphysis and gonads (Pérez and Mateos, 1995).

At intermediate and higher latitudes, the breeding sea-
son begins when the duration of daylight becomes shorter
(autumn) and ends in winter, when the photoperiod is in-
creasing. However, considerable variation exists between

goat breeds (Restall, 1992; Mascarenhas et al., 1995;
Zarazaga et al., 2005). Male goats originating from the
temperate regions generally display marked seasonal
variation in reproductive activity. The decrease in day
length in autumn is accompanied by an increase in gona-
dotrophic hormone production and testosterone levels,
withmaximum secretion (Delgadilloand Chemineau, 1992).

Testosterone is the hormone responsible for spermato-
genesis and sexual behaviour, thus the seasonal pattern
of testosterone secretion could limit the male reproduc-
tive efficiency during some periods of the year (Chemineau
and Delgadillo, 1994). The study carried by Hammoudi et
al. (2010) on two parameters of the sexual activity of
Arabia bucks (scrotal circumference and sexual
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behaviour) shows that the intensity of sexual activity
varies according to the season of the year with a maximal
activity during summer and autumn. The aim of this
research is to determine the changes in the levels of the
testosterone hormone in the blood serum of male Arabia
goats. Thus, this will be a possible contribution to this
field of research on Arabia goats where limited numbers
of researches are available and these results may be
useful in the determination of the reproduction season.

MATERIALS AND METHODS
Location and animals

The study was conducted on an experimental farm of the University
of Tiaret in western Algeria (latitude of 35°15’ N and longitude of
1°26’ E). This region is situated in the high plateau of Algeria, a
semi-arid area characterized by cold and humid winter and hot and
dry summer. Temperatures vary between 0.7 and 12.7°C in winter
and between 13.5 and 36.2°C in summer. The annual rainfall is
389.3 mm for the year of experiment. The daily photoperiod varies
between 9 h 37 min during the solstice of winter and 14 h 23 min
during the solstice of summer. Nine sexually mature Arabia bucks
aged 4 were used in the study. During the trial, the animals were
maintained permanently under natural photoperiod and housed
separately from the female goat. All bucks received a daily diet of
500 g barley, and had free access to straw, mineral additive block
and freshwater.

Blood sampling and hormonal assay

In this study, for the annual fluctuation of testosterone levels, a
single blood samples were collected every fortnight from all male
goats throughout the year (January 20011-december2011). A total
of 216 samples were analyzed. Blood sample collection began 2 h
after the expected dawn time (National Meteorological Institute,
Meteorological Calendar 2011). Sampling was done via the jugular
vein into heparinized 4 ml tubes, and immediately placed in ice box.
The samples were then transported to the laboratory and centri-
fuged at 3000 round per min during 5 min. The serum was reco-
vered and stored at —20°C in duplicate, until analyzed for plasma
testosterone concentration, using a commercial RIA kit (Immuno-
tech A Beckman Coulter Company: RIA Testosterone, direct REF:
1119). The minimum detectable plasma testosterone concentration
for the assay was 0.1 ng/ml. The hormone analyses were per-
formed at the pharmaceutical laboratory of the nuclear center
research of Draria in Algiers.

Statistical analysis

In order to determine any possible significant effects of the months,
seasons and photoperiod on the testosterone variations for the
Arabia bucks, one way variance analysis was performed using the
procedure GLM using the software SPSS package (Chicago,1986).
Multiple comparisons of means were analyzed using the Student-
Newmen-Keuls test. The factors used in the statistical model (months,
seasons and photoperiod) are not random factors; they depend on
the geographical position or the latitude of the study region.

RESULTS
Annual evolution of testosterone

Our results show that the testosterone levels start to

increase sensitively from June to reach a maximal value
during the month of August (8.57 + 6.72 ng/ml), then they
start to fluctuate between September and November and
decrease remarkably in December reaching minimal values
in May (0.52 + 0.54 ng/ml) (Figure 1). Despite displaying
the same changes tendency of testosterone hormone
levels during the same period (P=0.79), bucks individual
reproductive performances seem to be variable.

Testosterone seasonal variations

Testosterone levels follow seasonal variations during the
year. Maximal values were recorded in autumn (6.15 *
3.81 ng/ml) then they begin to decrease progressively
during winter (1.06 £ 1.42 ng/ml) reaching the minimal
averages in spring (0.90 + 1.27 ng/ml). From summer, the
testosterone seasonal mean value increases again (4.81
+ 5.30 ng/ml) (Figure 2).

For the male Arabia goat, the difference between the
testosterone seasonal average in summer and autumn
was statistically significant from that in winter and spring
(P=0.00). But, the difference was not significant between
the testosterone seasonal average in summer - autumn
and in winter - spring (P=0.05, P=0.82, respectively). On
the other hand, the smelling of bucks varies around the
year being more pronounced in summer and autumn.

Comparison between photoperiod and testosterone
levels

Results show that the increase in the testosterone levels
coincides with the decrease of the day-length (summer
solstice) and a remarkable decrease in the testosterone
levels coincides with the increase in the day-length
(winter solstice) (Figure 3).

DISCUSSION

The present study demonstrated that Arabia bucks main-
tained under a natural photoperiod show marked seasonal
variation of testosterone secretion. These variations were
recorded despite feeding animals with a constant diet.
The results indicate that season strongly influences tes-
tosterone secretion of these animals. Hammoudi et al.
(2010) demonstrated that in male Arabia goats, both
exual behavior and scrotal circumference follow seasonal
variations during the year. They attain maximal values in
autumn (7.96 + 1.28 and 26.89 + 0.55 cm, respectively)
then they decrease progressively during winter (6.09 *
1.25 and 25.65 + 0.27 cm, respectively) to reach the mini-
mal averages in spring (4.89 + 1.66 and 25.41 + 0.37
cm). In summer the values start again to increase (7.70
0.67 and 27.43 £ 0.40 cm).

The testicular activity of bedouine breed bucks of in the
south-west of Algeria shows clear seasonal variations
with a maximum in summer and autumn (July-August-
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Figure 1. Testosterone monthly mean levels of male Arbia goat. 1, January; 2, February; 3, March; 4,

Months

April; 5, May; 6, June; 7, July; 8, August; 9, September; 10, October; 11, November; 12, December.
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Figure 2. Box plot showing the testosterone seasonal mean levels of male Arbia goat.
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Figure 3. Comparison between plasma testosterone levels and photoperiod.

September) and a minimum in winter and spring
(December-April) (Charallah et al., 2000). In seasonal
breeds, the gonadotrope activity variations are respon-
sible for the high seasonal variations of the sexual activity
with alternate activity and inactive sexual periods. This
effect is due to the photoperiodic variations which affect
the central nervous system through the modification of
the duration of nocturnal secretion melatonine (Chemineau
and Delgadillo, 1994). The increase of the negative retro-
action of the oestradiol in the hypothalamo-hypophysis
axis is responsible for the weak gonadotrope activity
during the anoestrus season. The frequency and the
amplitude of the LH peaks and the testosterone concen-
tration evolve with season. The testicular weight, the sex-
ual behavior and the semen quality evolve at the same
time as the hormonal modifications. The increase of the
LH pulsatile activity (amplitude in June — July; frequency
in September) lead to the beginning of the testicular
increase (July- August) then the release of the
testosterone (September) which stimulate the sexual
behavior (increase in the number of mating, decrease in
ejaculation latency) and the semen quality (October).

In our study, seasonal plasma testosterone patterns
are similar to those reported by Todini et al. (2007), they
found that the mean plasma testosterone concentration
from all bucks of four Mediterranean breeds (lonica,
Garganica, Maltese and Red Syrian) were affected by
season of sampling, being higher during summer than
during autumn, which were in turn higher than during
winter and spring.

Male north Moroccan goats show reproductive sea-
sonality related to photoperiod. Testis measurements,
sperm characteristics and plasma testosterone levels
were low during winter, increasing through the spring and
summer (Chentouf et al., 2011). In Zaraibi goats in Egypt,
Barkawi et al. (2006) conclude that this breed has a

distinct seasonal sexual activity. In this breed, libido,
seminal characteristics and plasma testosterone concen-
tration were highest during summer and lowest during
spring. In this same breed, histological structure of the
testis demonstrates a clear difference between seasons.
The gonads are more active in summer and autumn com-
pared to spring and winter. In the seminiferous tubules,
the number of spermatic layers as the best indicator of
testicular activity was high during autumn and low during
spring (Eitedal et al., 2007). In vérata and Malguena
bucks, plasma testosterone concentration was highest
during autumn and summer when photoperiod is decree-
sing and lowest during winter and spring when photo-
period is increasing (Pérez et Mateos, 1995).

Huseyin et al. (2011) shows that in Turkey, male white
goats exhibit seasonal changes in plasma testosterone
levels. The highest values were recorded in autumn and
the lowest ones in spring. Zarazaga et al. (2009) studying
effects of season and feeding levels on reproductive acti-
vity and semen quality in Payoya bucks goats conclude
that this breed displayed considerable reproductive
seasonality with intense sexual activity between August
(mid- summer) and November (mid-late autumn). Al-
Ghalban et al. (2004) report that in Damascus breed
scrotal circumference begins to rise during spring and
summer reaching maximal values in august. For local
breeds in subtropical Mexico, plasma testosterone reach
maximal levels in summer but the rise begins before or
around the summer solstice (Delgadillo et al., 1999, 2002,
2004). Male Creole goats in subtropical northern Mexico
displayed marked seasonal variations in testosterone
secretion. However, low concentrations were observed
from November to mid-June, and then the plasma testos-
terone concentration rose and remained elevated from
July to October (Delgadillo et al., 2001).

In Mediterranean bucks the period of high testosterone



concentration started two months earlier than in breeds
adapted to high latitude (Todini et al., 2007). These dif-
ferences are most probably due to changes of photo-
period amplitude between subtropical and temperate
zones. In fact in alpine bucks at 46°N plasma testoste-
rone starts to increase in late August-September (Delgadillo
and Chemineau, 1992). Compared to the onset of the
breeding season in Creole bucks in subtropical Mexico
with Alpine bucks at higher latitudes, it was suggested a
shorter lag time between the perception of the photo-
periodic signal and the expression of the physiological
responses (Delgadillo et al., 2004).

In the Alpine bucks, the LH basic level (0.3 ng/ml of
plasma), the frequency of pulses (around 1 in 8 h), their
amplitude (less than 0.2 ng/ml) and so the LH mean
concentrations (0.4 ng/ml of plasma) is low from January
to May. The amplitude of pulses increases regularly in
June and July to reach 1.0 ng/ml in August. Then in
September, their frequency increases abruptly (3.5
pulses in 8 h). However, their amplitude decreases due to
the inverse relation between frequency and amplitude
and probably due also to the influence of the testosterone
secreted in high quantity (4 ng/ml of plasma in August, 13
ng/ml in September). Following the high levels of LH and
of the testosterone in August and September, a pro-
gressive decrease is noticed until January, then the
annual cycle begins again (Saumande and Rouger, 1972;
Delgadillo and Chemineau, 1992).

Similar observations were reported for the Australian
cashmere bucks with a 6 month delay in the south hemi-
sphere (Walkden-Brown, 1991). Goats in temperate lati-
tude show important seasonal variations of their sexual
activity in both male and female, the sexual activity is low
between February and September. For Alpine and
Saanen, testicular weight which is closely correlated to
testicular spermatogenesis activity undergoes seasonal
variation with low values from January to April and high
values from September to December (Delgadillo et al.,
1991). Volume ejaculation from Alpine and Poitevine
bucks is high in autumn and winter (breeding season)
and low in spring and summer (non breeding season)
(Corteel et al., 1977). Walkden-Brown et al. (1994) report
that sexual activity of Creole male goats of Guadeloupe
did not vary throughout the year because in this area
photoperiod is mainly constant.

The smelling of bucks is more pronounced during the
breeding season than in the non-breeding season. This
fact is due to the action of testosterone on the sebum
glands in the skin, the head and the neck (Walkden-
Brown 1991).

Conclusion

In conclusion, the results of this work support the hypo-
thesis that native Arabia bucks studied displayed a clear
seasonality of plasma testosterone levels, with an intense
sexual activity in summer and autumn.
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