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Abstract
The present investigation aimed to determine
the effects of age and seasons of the year on the
testicular sperm reserve and serum testosterone
concentration in dromedary camels. Testes were
collected from a local slaughterhouse during a period of
one year (breeding and non-breeding seasons) from two
age groups (GI: 4-6 yr and GII: 8-10 yr). Testicular
sperm reserve was determined during the breeding
(December-May) and non-breeding (June-November)
seasons. Blood samples were collected for determination
of serum testosterone concentration (ng/ml). There was
highly significant difference (P < 0.01) in the
testicular sperm reserve between breeding (13.58 x 109)
and non-breeding (9.90 x 109) seasons. The serum
testosterone concentration (ng/ml) was significantly
increased during the breeding season (10.94 ng/ml)
compared with that of the non-breeding season
(4.43 ng/ml). Testicular sperm reserve (14.34 in GII vs.
9.13 in GI) and serum testosterone concentration
(10.43 vs. 4.94 ng/ml) were significantly (P < 0.01)
increased by age. It could be concluded that the age of
the animal and season of the year have significant
effects on the testicular sperm reserve and serum
testosterone concentration in dromedary camels.
Keywords: age, camel, season, testicular sperm reserve,
testosterone.
Introduction
Camels play a vital socio-economic role and
support millions of human beings in the dry and arid
zones of Asia and Africa (El-Harairy and Attia, 2010).
They are proven to be fit domestic animals during
severe drought periods, not only surviving such
droughts, but also producing and reproducing (Wardeh,
1989). Camels are considered seasonal breeders,
however, information about the breeding season in the
dromedary is rather conflicting. Thus, the breeding
season has been reported from December to May in
Egypt (Shalash, 1965). Among farm animals,
reproduction in camels has received the least attention.
Moreover, the effect of season on the reproductive
performance of the camel seems intricate and the
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information given in the available literature is rather
controversial. Osman and Polen (1986) found that
spermatogenesis was continuous throughout the year in
camel. The seasonality of reproduction is also evident in
the form of an endocrine surge of reproductive steroids
and gonadotropins (Azouz et al., 1992; Tibary and
Annouassi, 1997). The higher testosterone level has
been recorded during the rutting season (Yagil and
Etzion, 1980; Agarwal and Khanna, 1990). There is a
general agreement that semen characteristics are not the
only criteria to evaluate the reproductive capacity of the
male, and the study of testicular sperm reserve seems to
be essential for a careful assessment of male fertility
(Osman and El-Azab, 1974). The age is an important
aspect in considering the potential fertility of a camel.
Young and old dromedary bulls may have problems
with tacking on a full breeding labor with consistent
success rates (Al-Qarawi, 2005). Based on the testicular
morphometry and rutting behavior, a young bull may be
sexually active and used for service as early as 3 yr of
age as reported in Saudi Arabia (Arthur et al., 1985),
Egypt (El-Wishy and Omar, 1975), India (Matharu,
1966), and Kenya (Gombe and Odour-Okele, 1977). By
4.5-5 yr of age the males are capable of producing
adequate number of spermatozoa to mate as many
females as an adult bull but full fertilizing capacity is
not attained until 6 yr of age on average (Al-Qarawi et
al., 2000). Conversely, old age may be a problem due to
an age related decline in fertility over 18 yr of age
(Yagil, 1985).
The influence of age and season on the
testicular sperm reserve and serum testosterone
concentration is important to understand the pattern of
reproduction in the camel. Therefore, the present
investigation was carried out to: (i) study the effect of
age on the testicular sperm reserve and serum
testosterone concentration and (ii) clarify the effect of
seasons of the year on serum testosterone and testicular
sperm reserve in dromedary camel.
Materials and Methods
Sample collection and their assignment to groups
A total of 120 testes and epididymides of
clinically healthy, one-humped camels were collected
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from El-Basateen (Cairo) abattoir during a period of 1 yr
(breeding and non-breeding seasons). All samples used
were grossly normal and free from pathological lesions.
The testes were transferred to the laboratory of
Theriogenology Department, Faculty of Veterinary
Medicine, Kafrelsheikh University, Egypt in a thermos
flask containing sterile physiological saline (0.9%)
supplemented with 100 μg/ml streptomycin at 25oC
according to Goto et al. (1989) within 3-4 h postslaughter. The camels were allotted to two groups
according to their age (GI: 4-6 yr, GII: 8-10 yr) according
to the dentations formula given by Rabagliati (1924).
Determination of testicular sperm reserve
Testicular sperm reserve was estimated using
the homogenization haemocytometric technique
(Amann, 1970). Briefly, the left and right testes were
trimmed and weighed. After careful removal of the
tunica albuginea, each testis was homogenized at 6000
rpm for 2 min. After recording the homogenate volume,
a sample of the homogenate was diluted 1:40 v/v using
physiological saline containing antibiotics. The
suspensions were then stored for 24 h at 5oC before
counting in the haemocytometer. Mixing of the
suspension was carried out at 6-12 h intervals during the
period of storage. For counting the spermatozoa in the
suspension, modified Neubauer heamocytometer was
used, after shaking the homogenate for 1 min. Two counts
were made for each suspension at a magnification of 400X
using a binocular microscope. The number counted by the
haemocytometer was then multiplied by the volume of
the homogenate and the dilution rate to obtain the sperm
reserve in right and left testes.
Blood sampling schedules
Jugular blood samples were collected from all
animals after slaughter (GI and GII) during the breeding
and non-breeding seasons. These samples were drawn
into clean vials, left to clot at room temperature for 1 h
and centrifuged at 3000 rpm for about 15 min. The

serum was then harvested and stored at -20oC until used
for hormonal analysis.
Radioimmunoassay
Serum samples were analyzed for testosterone
by radioimmunoassay (RIA) as described by Wilson
and Foster (1992). Six labeled testosterone antibodycoated tubes were used for the standard curve.
Testosterone calibration solutions (50 μl of 0, 0.2, 1, 4,
8 and 16 ng/ml) were transferred to the six tubes from A
to F, respectively. Testosterone (1 ml of I125) was added
to each standard or sample tube. All tubes were shacked
well and incubated in water bath at 37oC for 3 h. All
tubes were decanted, dried and subjected to gammacounter (Berthold MAG 312, Germany) for 1 min. The
concentration of testosterone (ng/ml) was determined
according to the standard calibration curve. The
sensitivity of the assay was 0.01ng/ml, the intra- and
inter-assay coefficients of variation were 12.8 and
15.4%, respectively.
Statistical analysis
Data were analyzed using a computerized
statistical analysis system (SAS, 2000) and expressed as
mean ± SEM. Seasonal and age variations were
determined by analysis of variance using a model that
included the effect of season, age as well as the
interaction between them. Student’s t-test was used to
differentiate between the right and left testes within the
same age or the same season. All statistical analyses were
carried out according to Snedecor and Cochran (1980).
Results
Testicular sperm reserve in dromedary camel
increased (P < 0.01) in the breeding versus the nonbreeding season for group II and group I (Table 1). There
was difference (P < 0.01) in the testicular sperm reserve
due to age, with increasing testicular sperm reserve with
advanced age (Table 1).

Table 1. Effect of age and season on the testicular sperm reserve (x109) of dromedary camel (Means ± SEM).
Season
Group I
Group II
Overall means
(4-6 yr)
(8-10 yr)
Breeding season
10.89 ± 1.83Ba
16.24 ± 3.12Aa
13.58 ± 2.84a
Bb
Ab
Non-breeding season
7.36 ± 1.42
12.44 ± 2.86
9.90 ± 1.96b
B
A
Overall means
9.13 ± 1.46
14.34 ± 2.18
A,B
Different superscripts within a row differ (P < 0.01).
a,b
Different superscripts within a column differ (P < 0.01).
N = 30 for each season and 15 for each age group.
The testicular sperm reserve of dromedary
camel did not differ between the right and left testes
within the same age and season (Table 2). Serum
testosterone concentration (ng/ml) differed (P < 0.01)
between the breeding and non-breeding season within
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the same age group for GI and GII, (Table 3).
Moreover, the age had an effect (P < 0.01) on the
serum testosterone concentration during the breeding
season and non-breeding season for GI and GII
(Table 3).
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Table 2. Testicular sperm reserve (x109) of camel in the right and left testes in the breeding and non-breeding season
in the two age groups (Means ± SEM).
Season
Testis
Group I
Group II
(4-6 yr)
(8-10 yr)
Breeding season
Right
5.65 ± 0.83a
8.60 ± 1.02a
a
Left
5.08 ± 0.70
8.41 ± 1.05a
b
Non-breeding season Right
4.52 ± 0.66
6.32 ± 0.86b
b
Left
4.15 ± 0.82
6.40 ± 1.04b
a,b
Different superscripts within a column differ (P < 0.01).
N = 30 for each season and age group, 15 for left and right testes.
Table 3. Effect of age and season on the serum testosterone concentration (ng/ml) of dromedary camel (Means ± SEM).
Season
Group I
Group II
Overall means
(4-6 yr)
(8-10 yr)
Breeding season
7.88 ± 1.72Ba
14.52 ± 2.12Aa
11.22 ± 2.44a
Bb
Ab
Non-breeding season
2.62 ± 0.94
6.46 ± 1.54
4.54 ± 1.22b
B
A
Overall means
5.25 ±1.22
10.48 ± 2.20
A,B
Different superscripts within a row differ (P < 0.01).
a,b
Different superscripts within a column differ (P < 0.01).
N = 30 for each season and 15 for each age group.
Discussion
The testicular sperm reserve is an indicative
value for the spermatogenic activity of the testis. There
is general agreement that semen characteristics are not
the only criteria to evaluate the reproductive capacity
of the male. Therefore, the testicular sperm reserve is
essential for a careful assessment of male fertility.
In the present study, the testicular sperm
reserve (x 109) significantly differed between the
breeding and non-breeding seasons with the highest
value occurring during the breeding season within the
same age group. This is in agreement with Osman and
El-Azab (1974), Ismail (1979) and El-Wishy and Omar
(1975) who found that the testicular sperm reserve of
dromedary camel differed significantly by seasons.
Average values of 9.89 and 15.06 x 109 were recorded
in the present study for testicular sperm reserve in GI
and GII, respectively during the breeding season;
however, lower values were recorded (3.1 x 109) by
El-Wishy and Omar (1975) and Ismail (1979) in camel
(7.7 x 109), which may be attributed to the age of the
animals.
The present study recorded that the age exerts
significant effect on the testicular sperm reserve with
higher values for the adult camel (8-10 yr) within both
seasons. These results are in agreement with Osman
and El-Azab (1974) and Ismail (1979) who found that
the testicular sperm reserve in dromedary camel was
significantly increased by the age.
The significant increase in the testicular
sperm reserve during the breeding season could be due
to the increase in serum testosterone concentration
which is responsible for spermatogenesis (Goeritz et
al., 2003). Furthermore, androgen deprivation led to an
immediate arrest in the meiotic transformation of
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primary spermatocytes to spermatids resulting in an
effective block in sperm production (Suresh et al.,
1995). In addition, testosterone influences the
synthesis of a number of caput and cauda epididymal
proteins, and some of these proteins could be
important to improve spermatozoa maturation and
storage (De Pauw et al., 2003).
In the present investigation there was not a
significant difference in the testicular sperm reserve
between right and left testes of dromedary camel. ElWishy and Omar (1975) have reported similar results.
Testosterone in males is a prerequisite for
normal spermatogenesis (McLachlau et al., 1996;
Goeritz et al., 2003) and normal function of the
reproductive tract (Luke and Coffey, 1994). In
addition, testosterone influences the synthesis of a
number of caput and cauda epididymal proteins. Some
of these proteins are important for improvement of
spermatozoa maturation, storage and their acquisition
of fertilizing ability (De Pauw et al., 2003). Moreover,
the level of cell apoptosis was inversely related to both
the proliferation and the testosterone concentration in
the testis. Thus, testosterone is important as a product
of the testis as well as a regulator of activities in the
testis (Goeritz et al., 2003).
The present data indicate that serum
testosterone concentration is significantly increased in
the breeding compared to the non-breeding season.
Similar results were reported by Yagil and Etzion
(1979), Nasr and El-Azab (1990), Abdel-Raouf (1993),
El-Sherif (1997), and El-Harairy and Attia (2010) in
camel. The significant increase in the serum
testosterone concentration of dromedary camel during
the breeding season may be attributed to the increase
in the volume and number of Leydig cells during the
rutting period (Hussein, 1980; Johnson and Thompson,
Anim. Reprod, v.8, n.3/4, p.68-72, Jul./Dec. 2011
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1987). Moreover, increase in the activity of enzymes
that synthesize testosterone was higher in the breeding
than in the non-breeding season (Bedrak et al., 1983;
Shan et al., 1993). However, Secchairi et al. (1976)
found that there was no evidence of seasonal effect on
serum testosterone concentration in dromedary camel.
The present study revealed that the serum testosterone
concentration was significantly increased by age in
camel. El-Harairy and Attia (2010) and Nasr and ElAzab (1990) recorded similar results in camel; they
found a significant increase in testosterone
concentration in mature ages compared with those in
young ages. Also, in bulls Matsuzaki et al. (2000)
reported that serum testosterone concentration was low
in young animals and then increased by age. The same
pattern of profile in testosterone concentration with
age in breeding and non-breeding seasons was
recorded in the present study. Allali et al. (2005) stated
that seasonality in camel is controlled by fluctuation in
the melatonin hormone which is produced by the
pineal gland during the night. Hence, depending on the
photoperiod, the concentration of melatonin in the
body increases or decreases and regulates the
production of GnRH, which controls the testosterone
level through LH pulses which increase before the
breeding season, reach a peak during that period and
drop afterwards. Testosterone is needed for testicular
recrudescence and spermatogenesis, thus the hormonal
cycle including GnRH and testosterone synchronizes
the sexual activity of males.
In the view of the current study, it could be
concluded that the testicular sperm reserve and serum
testosterone concentration were increased in the
breeding compared to the non-breeding season. In
addition, age has been found to have a significant
effect on the testicular sperm reserve as well as serum
testosterone concentration in dromedary camel.
References
Abdel-Rauof M. 1993. Reproduction in the
dromedary (Camelus dromedarius). In: Proceedings of
the Annual Congress. Egyptian Society of Animal
Fertility, 1993, Cairo, Egypt. Cairo: ESAF. pp. 1-21.
Agarwal SP, Khanna ND. 1990. Endocrine profiles
of Indian camels under different phases of
reproduction. In: Proceedings of UCDEC Workshop:
Is it possible to improve the reproductive performance
of the camel? 1990, Paris. Paris: CIRAD-EMVT. pp.
77-100.
Allali K, El-Achaaban MR, Viven-Rools B, Bothoel
B, Tliqui NS, Pavet V. 2005. Seasonal variation in the
nycthemeral rhythm of plasma melatonin in the camel
(Camelus dromedarius). J Pineal Res, 39:121-128.
Al-Qarawi AA, Abdel-Rahman HA, El-Belely MS,
El-Mougy SA. 2000. Age-related changes in plasma
testosterone concentrations and genital organs content
of bulk and trace elements in the male dromedary
Anim. Reprod, v.8, n.3/4, p.68-72, Jul./Dec. 2011

camel. Anim Reprod Sci, 62:297-307.
Al-Qarawi AA. 2005. Infertility in the dromedary
bull: a review of causes, relations and implications.
Anim Reprod Sci, 87:73-92.
Amann RP. 1970. The male rabbit. IV: quantitative
testicular histology and comparison between daily
sperm production as determined histologically and
daily sperm output. Fertil Steril, 21:662-665.
Arthur GH, Rahim ATA, Al Hindi AS. 1985. The
camel in health and disease. 7. Reproduction and
genital diseases of the camel. Br Vet J, 141:650-659.
Azouz A, Ateia MZ, Shawky H, Zakaria AD,
Farahat AA. 1992. Hormonal changes during rutting
and the non-breeding season in male dromedary
camels. In: Proceedings of the 1st International Camel
Conference, 1992, Dubai, UAE. Newmarket, UK:
R&W Publications. pp. 169-171.
Bedrak E, Rosenstrawuch A, Kafka M, Friedlander
M. 1983. Testicular steroidogenesis in the camel
(Camelus dromedarius) during the mating and nonmating seasons. Gen Comp Endocrinol, 52:255-264.
De Pauw IM, Goff AK, van Soom A, Verberckmoes
S, De Kruif A. 2003. Hormonal regulation of bovine
secretory proteins derived from caput and cauda
epididymal epithelial cell cultures. J Androl, 24:401407.
El-Harairy MA, Attia KA. 2010. Effect of age,
pubertal stage and season on testosterone
concentration in male dromedary camel. Saudi J Biol
Sci, 17:227-230.
El-Sherif RHMO. 1997. Studies on camel
spermatozoa. Alexandria: Alexandria University
Egypt. PhD Thesis.
El-Wishy AB, Omar AM. 1975. On the relation
between testis size and sperm reserves in the onehumped camel (Camelus dromedarius). Beitr Trop
Landwirtsch Veterinarmed, 13:391-398.
Goeritz F, Quest M, Wagener A, Fassbender M,
Broich A, Hildebrandt TB, Hofmann RR, Blottner
S. 2003. Seasonal timing of sperm production in roe
deer: interrelationship among changes in ejaculate
parameters, morphology and function of testis and
accessory glands. Theriogenology, 59:1487-1502.
Gombe S, Oduor-Okelo D. 1977. Effect of
temperature and relative humidity on plasma and
gonadal testosterone concentrations in camels
(camelus dromedaries) J Reprod Fertil, 50:107-108.
Goto K, Kajihara Y, Koba M, Kosaka S, Nakanishi
Y, Ogawa KI. 1989. In vitro fertilization and
development of in vitro matured bovine follicular
oocytes. J Anim Sci, 76:2181-2185.
Hussein IA. 1980. Micromorphological and
histochemical studies on the seasonal changes of the
testis of the adult one-humped camel (Camelus
dromedarius). Cairo, Egypt: Cairo University. MVSc
Thesis.
Ismail ST. 1979. Factors affecting sperm production
in the one humped camel (Camelus dromedarius).
71

El-Kon et al. Effect of age and season on male camel fertility.

Cairo, Egypt: Cairo University. MVSc Thesis.
Johnson L, Thompson DL. 1987. Effect of seasonal
changes in Leydig cell number on the volume of
smooth endoplasmic reticulum in Leydig cells and
intratesticular testosterone content in stallions. J
Reprod Fertil, 81:227-232.
Luke MS, Coffey DS. 1994. The male sex accessory
tissue structure, androgen action and physiology. In:
Knobil E, Neill DS (Ed.). The Physiology of
Reproduction. New York, NY: Raven Press. pp. 14351487.
Martharu BS. 1966. Camel care. Indian Farming,
16:19-22.
Matsuzaki S, Yenoyam Y, Okuda K, Watanabe G,
Kitamura N, Tayta K, Yamada J. 2000. Age related
changes in the serum levels of Inhibin, FSH, LH and
testosterone in Holstein bulls. J Reprod Dev, 46:245248.
McLachlau, RL, Wreford NG, O’Donnell L, de
Kretser DM, Robertson DM. 1996. The endocrine
regulation of spermatogenesis: independent roles for
testosterone and FSH. J Endocrinol, 148:1-9.
Nasr MT, El-Azab EA. 1990. Histometric and
hormonal change in gonads of the Egyptian male
camel (Camelus dromedarius). In: Proceedings of the
International Conference on Camel Production and
Improvement, 1990, Tobruk, Libya. Damascus, Syria:
ACSAD. pp. 103-109.
Osman AM, El-Azab EA. 1974. Gonadal and
epididymal sperm reserve in the camel (Camelus
dromedarius). J Reprod Fertil, 38:425-430.
Osman DI, Polen I. 1986. Spermatogenesis in the
camel (Camelus dromedarious). Anim Reprod Sci,
10:23-36.
Rabagliati DS. 1924. The Dentition of the Camel.
Cairo, Egypt: The Government Publication Office.

Anim. Reprod, v.8, n.3/4, p.68-72, Jul./Dec. 2011

Secchari P, Martorans F, Pellegrini S, Luisi M.
1976. Variation of plasma testosterone in developing
Friesian bulls. J Anim Sci, 42:105-109.
Shalash MR. 1965. Some reproductive aspects in the
female camel. World Rev Anim Prod, 4:103-108.
Shan LX, Phillips DM, Bardin CW, Hardy MP.
1993. Differential regulation of steroidogenic enzymes
during
differentiation
optimizes
testosterone
production by adult rat Leydig cells. Endocrinology,
133:277-2283.
Snedecor GW, Cochran WG. 1980. Statistical
Methods. 7 th.ed. Ames, IA: Iowa State University
Press.
Suresh R, Medhamurthy R, Moudgal NR. 1995.
Comparative studies on the effects of specific
immuno-neutralization of endogenous FSH or LH on
testicular germ cell transformation in the adult bonnet
monkey (Macaca radiate). Am J Reprod Immunol,
34:35-43.
Tibary A, Annouassi A. 1997. Theriogenology in
Camelidae. Abu Dhabi, UAE: Veterinary Research
Centre, Abu Dhabi Print & Publ.
Wardeh MF. 1989. Arabian Camels: Origin, Breeds
and Husbandry AI [in Arabic]. Damasca: Mallah
Publications.
Wilson JD, Foster DW. 1992. Williams Textbook of
Endocrinology. Philadelphia, PA: WB Saunders. pp.
923-926
Yagil R, Etzion Z. 1979. Seasonal changes in
hormones and behaviour in male camel. Refu Vet,
36:70. (abstract).
Yagil R, Etzion Z. 1980. Hormonal and behavioural
patterns in the male camel (Camelus dromedarius). J
Reprod Fertil, 58:61-65.
Yagil R. 1985. The Desert Camel: comparative
physiological adaptation. Basel, Switzerland: Karger.

72

