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 التغٌرات فً القٌاس الظاهري وكٌمٌاء النسٌج المناعً فً خصٌة 
 الجمل وحٌد السنام نسبة إلى بعض النواحً الهرمونٌة 

 خلال المواسم المختلقة من السنة
 

 ى صالحفعبد المهٌمن مصط، حسن عبد الصبور حسٌن  ،عت ضرار فضرار ر
 

ن ةرت ت تتتٍسان  تتٌ ةرم تت  تمتتد اسة تتت ةرتتٍتتسةد ةرما تتمٍت ةرتتتٌ تتتتسه موتتٌ م تتتاً  سمتتا
سٍتتتت  ٍاساا تتٌ  تتتٍساٍا اٍيٍتتاسا ٍنٍ   تتٌ  3مامامتتت ست تافتتتت ةرت تمتت  ةرمنتتتمٌ  نتت ٍ  

 م  احٍا ةر نت  انتضج  ن ٍت ا وٍ  ظت سٍت. هظيسد ةرنتتئج هن خلاٍت  45خلاٍت لاٍاج رعاا 
سٍتتتت  3نتت ٍ  متتت ت تمتت  وتتاً ا ٍ تتتسٌ   ًلاٍتتاج اتنتتد ا ٍتتسش امنتفتتسش  تتٌ ةرن تتٍج ةرستتٍن خوتتا

 ٍاساا تٌ  تتتٍساٍا اٍيٍتاسا ٍنٍ  ه نتتت  هفتيس اٍ تتمسس اٍنتتٍس ا سسةٍتتس امتتس . ت تمتت   تت ة 
ة ن ٍ  اتن خت تت اضعٍ ت تاسٍ ٍت ه نتت  ةشفتيس متن هسسٍت  احتتي ٍارٍتا منتا ت رت  ٍاتن ممانتت 

 نتت  اتنتد -ام تتحست ريت ا ةرتتٍتسةد-ملاحظت ةرت تم  ةرمنتمٌ ري ة ة ن ٍ . ا ٌ  ةد ةراود 
ة من فيس اٍ مسس اةنتيت ة سفيس هسسٍت   ٍتاش اسٍسش  ٌ  سمان ةرت ت تٍسان  ٌ ةرم   ةستاة   

مت ملاحظت هن هموٌ م تاٍتد ره اتند  ٌ فيس ٍنتٍس. راحظ هن م تاً  سمتان ةر ٍساا تٍن 
 تتٌ ةرم تت  ٍمتتس تبسٍستتت ستتن   ةرتتٍتتسةد متتن  ٍتتتاش انب تتتن متاة ٍتتت متتت ةرتتتٌ فتتيا ت  سمتتان 

سٍتت  ٍاساا ٌ  تتٍساٍا  3ان. من خلا  نتتئج ةراسة ت ةرحترٍت ٍمان ةربا  هن  ن ٍ  ةرت ت تٍس
اٍيٍاسا ٍنٍ  ره ه مٍت و اى  ٌ تنظٍ  مموٍت تخوٍت   سمتان ةرت ت تتٍسان متن خلاٍتت لاٍتاج 
 ٌ  ااس ةر مت  احٍاش ةر نت  اهن  سمان ةر ٍساا تٍن  تت   تاة رونفتتت ةرتنت توٌ ه نتت  ما ت  

 اس ةر مت  احٍاش ةر نت  اٍمس سن   ةرتتٍسةد ةرتٌ ٍمس سيت  سمان ةر ااسش. ةرت ةاج  ٌ  ا
 

SUMMARY 
 

Seasonal variation in serum testosterone, thyroxin and the testicular 

morphology were studied in 54 sexually mature and apparently healthy 

one-humped camels during the different seasons of the year. The 
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testosterone and thyroxin serum levels were measured and 3-

hydroxysteroid dehydrogenase activity of Leydig cells was assessed 

immunohistochemically to aid in the interpretation of results. The 

activity of 3-HSD was high during cold months and severely depressed 

to the minimum activity in hot months. Concomitantly, serum 

testosterone and thyroxin levels increased during the winter and early 

spring and decreased thereafter. Their levels reached the peak during the 

months of January till April. These results suggested that 3-HSD is a 

key enzyme in the regulation of the testosterone production in Leydig 

cells of the male dromedary. Thyroxin is a crucial hormone for the male 

reproductive activity during the breeding season in the dromedary and 

fluctuated in the same pattern as serum male androgen.  

 

Key words: Camel, immunohistochemical, testis, thyroxin 3-HSD. 

 

INTRODUCTION 
 

Seasonal changes in the camels could be clarified through 

studying morphology of the testis, histochemical observation of the 

testes and studies on the male accessory sex glands (Abdel-Raouf and 

Owaida 1974, Abdel-Raouf et al. 1975). It has been found that in 

seasonal breeders the mating and nonmating seasons are clearly related 

to different levels of testosterone in the plasma and testes (Racey, 1978). 

Clear correlation between testicular steroidogenesis and reproduction is 

well exemplified in the dromedary that is not a typical seasonal breeder. 

The rate of synthesis of testosterone is high during the mating season 

and low during the nonmating season (Friedlander et al. 1984).  

Seasonality in the male is evidenced by changes in sexual 

behaviour, morphology and function of the genital organs, as well as 

changes in endocrinological profiles. In seasonal breeders, the effect of 

photoperiod is undeniable. In this regard, Vaughan et al. (1982) 

explained that chronic exposure of female Syrian hamsters (long day 

breeders) for 9 weeks to a short photoperiod (10L:14D) depressed the 

pituitary-thyroid axis as indicated by a drop in circulating titers of 

thyroid stimulating hormone (TSH), thyroxin (T4), triiodothyronine (T3) 

and the free thyroxin index (FT4) compared to animals maintained under 

long photoperiodic conditions. 90% of iodine circulating in the animal's 

blood is in the form of T4 (Wilson, 1975). Lack of iodine prevents 

production of both T4 and T3 (Guyton, 1991). The enzyme 

hydroxysteroid dehydrogenase (3-HSD) plays a central role in the 
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biosynthesis of steroid hormones, including androgens (Conley and Bird 

1997; Penning 1997). 3-HSD is present in the testis, ovary and 

placenta, adrenal gland as well as in a large number of peripheral 

intracrine tissues, including the prostate, breast, liver and skin (Ferre et 

al. 1975; Lacoste et al.1990). It catalyzes the final step in progesterone 

biosynthesis in the ovary and is required for testosterone production in 

the testis. Different 3-HSD isoforms have been cloned from various 

tissues from humans, rats and mice (Simard et al. 1993 and 1995 and 

Penning 1997).  

The purpose of the present work was to investigate the 

correlation between seasonal changes in serum testosterone and thyroxin 

hormones from one side and the 3-HSD activity and testicular 

morphology on the other side. 
 

MATERIALS and METHODS 
 

The testes of 48 sexually mature (5-12 years old) and apparently 

healthy one-humped camels were obtained from Bany-Ady (Assiut 

governorate) and Cairo slaughterhouses. The materials were collected at 

regular monthly intervals over a period of twelve months. Within one 

hour after slaughter, the scrotum was incised, the testes were removed 

and the volume was taken. For the histological morphometric study, the 

testes were cut in slices and small cubes from the testicular parenchyma 

were taken and fixed in neutral buffer formalin contained 1% 

glutaraldehyde. Then, processed for paraffin embedding, and sections of 

5µm thick were cut and stained with H&E.  

Morphometric studies: The weight of testes was taken and their 

volume was measured by water displacement method (Willett and 

Ohms, 1957 and Scherle, 1970). The testicular parenchymal volume was 

calculated by subtraction of 11% from the testicular volume. These 11% 

represent the volume of tunica albuginea and rete testis (Wrobel 1990). 

Different histological morphometric values were carried out on H&E 

stained sections using Leica Q 500 MC Image analyzer. 

3-Hydroxysteroid dehydrogenase (3-HSD): 

 Fixation: Immediately after slaughter, the testes were removed from 

their envelopes and samples of suitable size (about 1.0 x 0.5 x 0.5 cm) 

were taken from different regions testis every month. Immersion fixation 

was carried out in two steps. Fixative I (30 min) contained 4% 

paraformaldehyde; 15% v/v saturated picric acid; 0.1% glutaraldehyde in 

0.1 M phosphate buffer, pH 7.4. Fixative II (several hours) had the same 

composition as fixative I but without glutaraldehyde. Following fixation, 
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the blocks were washed in 0.1 M phosphate buffer, transferred into a 

graded series (10%, 20%, 30%) of saccharose-containing rinsing buffer 

and shipped by air to Regensburg. Here, the samples were immersed in 

Tissue Tek OCT compound (Miles, Elkhardt, Ind., USA) and snap-

frozen in liquid nitrogen. Cryostat sections (12 µm thick) were mounted 

on gelatin/chrome alum-coated slides and air-dried for 2 - 3 min before 

further treatment. 

Immunohistochemistry: All subsequent steps were carried out in a 

moist chamber on slides with sections surrounded by water-repellent 

PAP-PEN (SCI Science Services, München, Germany). Sections were 

rinsed (3 x 10 min) in TBS: 0.1 M TRIS (pH 7.4); 0.8 % NaCl; 0.0015 

% Triton X-100 between the consecutive steps of the test. (1) Non-

specific bindings were blocked by preincubation (60 min) with blocking 

buffer containing 0.1 M TRIS (pH 7.4); 0.15 % Thimerosal; 0.8 % 

Triton X-100; 0.8 % NaCl; 20 % normal goat serum; 20 % fetal calf 

serum. (2) Incubation (overnight) with primary antiserum (rabbit anti-

mouse adrenal/gonadal 3-HSD) at a dilution in blocking buffer of 

1:512 overnight at 4°C. (3) Incubation (60 min) in secondary 

antibody/biotinylated in blocking buffer. (4) Blocking of endogeneous 

peroxidase with phenylhydrazine. (5)Incubation (60 min) in AB 

complex (ABC). (6) Developing with 0.5 mg/ml DAB; in 0.1 M TRIS 

(pH 7.4) containing 0.002 % CoCl2· 6H2O; 0.4 % NiCl2· 6H2O and 

0.012 % H2O2. (7) Rinsing once in TBS, dehydration, mounting in DPX. 

Controls for immunohistochemistry: Controls included: (a) Omission of 

the primary antiserum. (b) Substitution of primary antiserum by non-

immune serum 1: 500 in blocking buffer. (c) Blocking of the primary 

antibody by preincubation with the matching antigen in excess. No 

immunostaining was obtained after any of these control procedures (a-c).  

Blood sampling and hormonal assay: Samples were collected by 

Venipuncture at a monthly interval from six mature male camels housed 

in the veterinary teaching clinic, Assiut Univ. and its neighborhood. 

Samples were kept at 4ºC  for 30 minutes and the serum was obtained 

after centrifugation at 3000 rpm for 20 minutes and stored at –20ºC till 

assay. Serum testosterone and Thyroxin were determined using ELISA 

kit (Biosource, Europe, S.A., Code, 40 17000). Inter- and intra-assay 

coefficients were 6.2, 6.4% for testosterone and 11.4 and 11.7 % for 

Thyroxin, respectively. 

Statistical analysis: Statistical analysis of the collected data was carried 

out according to procedures of completely random design, SAS (1995). 

RESULTS 
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The weight, volume densities (mean ± SE) of testes and testicular 

parenchyma throughout the year are shown in (Table 1, Fig 1A). There 

was one fold difference between the highest and lowest mean testicular 

volume during different reproductive cycle. The testicular weight and 

volume showed similar peak during the breeding phases. The testes 

began to increase in weight and volume from quiescence (September) 

and attained a peak during breeding season (December, January and 

February). Then, testes declined in volume and weight in March and 

April to reach the lowest values in July. 

The epithelial height and diameter of seminiferous tubules (table 

1, Fig 1B) displays statistically significant annual changes. The tubular 

diameter showed significant increase in February and March and lowest 

values were recorded in July. The epithelial height showed significantly 

higher values during the breeding season in December and January. The 

Leydig cells started to increase in number in September to reach the 

maximum number in December and showed significant seasonal 

variations (table 1, Fig 1B). 

Table 1: seasonal and monthly variation in testicular volume, diameter 

of seminiferous tubules and epithelial height of seminiferous 

tubules in the male dromedary (n = 48). 
 

Mon. 

Day 

length 

(hrs) 

Testicular 

weight (g) 

Testicular 

Volume 

(c.c.) 

Parenchyma 

volume of 

(c.c.) 

Leydig cells 

number/Crosse 

section 250X 

Diameter of  

seminiferous 

tubules (µm) 

Epithelial 

height (µm) 

 Jun 

July  (Summer) 

Aug. 

14.15 64.0 ± 3.0a 65.8 ± 3.3a 47.1 ± 2.2a 55 ± 4.4a 169.4 ± 2.5a 77.5 ± 1.6ab 

13.50 64.3 ± 3.5 a 65.3 ± 3.9 a 47.1 ± 2.6a 40 ± 3.7a 163.5 ± 1.6 a 77.5 ± 1.7ab 

13.15 64.8 ± 4.0 a 66.8 ± 4.3 a 47.2 ± 3.2a 40 ± 4.1a 170.3 ± 1.7 a 74.6 ± 2.3ab 

Sept. 

Oct. (Autumn) 

Nov. 

12.30 66.5 ± 5.1 a 68.9 ± 5.3 a 50.8 ± 3.2a 90 ± 5.2ab 187.5 ± 3.8 ab 63.4 ± 2.6a 

11.30 71.0 ± 3.3 ab 73.8 ± 3.3 ab 58.0 ± 2.2ab 95 ± 5.0ab 190.5 ± 4.6 ab 78.4 ± 1.4ab 

10.15 78.0 ± 3.4 ab 79.3 ± 3.6 ab 63.0 ± 3.5ab 110 ± 6.7ab 198.8 ± 2.8b 86.1 ± 5.2 b 

Dec. 

Jan. (Winter) 

Feb. 

10.45 94.8 ± 4.3b 95.8 ± 4.3b 78.0 ± 2.1b 182 ± 8.0b 200.4 ±4.3 b 90.3 ± 2.1 b 

11.0 96.6 ± 5.6 b 97.6 ± 6.6 b 79.6 ± 2.4 b 280 ± 8.7b 210.1 ± 4.8 bc 91.4± 3.1b 

11.45 93.9 ± 5.3 b 94.9 ± 4.3 b 77.2 ± 3.6 b 265 ± 10b 210.4 ± 5.1 bc 90.5 ± 4.6 b 

March 

April (Spring) 

May  

12.0 90.0 ± 5.7 b 90.5 ± 5.7 b 73.2 ± 4.8 b 180 ± 9.6b 220.6 ± 5.2 c 90.3 ± 2.1 b 

12.50 71.2 ± 4.3 ab 73.8 ± 5.3 ab 67.1 ± 4.5 b 160 ± 9.0b 190.5 ± 6.1 ab 86.4 ± 2.5 b 

13.50 60.1 ± 4.1 ab 61.1 ± 4.2 ab 55.5 ± 3.3a 90 ± 4.1a 180.7 ± 4.2 ab 81.5 ± 1.9 ab 

 Values in mean  mean standard error. 

 means in the same column with the same letter were not significantly different. 

 a, b, c means with different superscripts were significantly different (p<0.05). 
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Figure 1: seasonal variation in: (A) testicular weight, testicular volume 

and Parenchymal volume B) Leydig cells number, Tubular 

diameter and Epithelial height of the testicular tubule. 
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3-HSD immunohistochemistry  

The hormonal activity of the Leydig cell was assessed by 3-HSD 

enzyme immunohistochemitry. This reaction revealed dark gray granules 

localized in the cytoplasm of the Leydig cells. The intensity of the 

reaction and the population of Leydig cells showed marked annual 

variations. In June, July and august, a weak reaction in and low number 

Leydig cells were observed.  September and October, intertubular tissue 

showed few number of Leydig cells with strong 3-HSD reaction. The 

number of the Leydig cells increased to reach their maximum population 

and strongest 3-HSD reaction in December, January and February 

(qualitative and quantitative). In March April and May, the intertubular 

tissues contained abundant number of Leydig cells with relatively weak 

3-HSD reaction (Figure 2). 
 

Figure 2: Changes in 3-HSD immunoreactivity throughout different 

seasons of the year in the male camel. 250x. 
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Hormonal concentration 

In the beginning of the year, during January to April months, serum 

testosterone increased significantly and reached a peak level during these 

months As shown in table (2), Figure (3). 
 

Table 2: Serum concentrations of testosterone and thyroxin all over the 

year in male camels (n = 6). 
 

 

 Values in mean  mean standard error. 

 Means in the same column with the same letter were not significantly different. 

 a, b, c means with different superscripts were significantly different(p<0.05). 
 

Figure 3: annual variation in serum testosterone and thyroxin levels in 

the male dromedary.  

Annual variations in Serum Thyroxin   (T3) and Testosterone  (T) 
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Month Season Testosterone ng/ml Thyroxin ng/dL 

June 

Summer 

2.58 ± 0.72
c
 66.50 ± 7.81

bc
 

July 1.30 ± 0.75
c
 52.16 ± 9.05

c
 

August 1.11 ± 0.56
c
 50.33 ± 7.70

c
 

September 

Autumn 

2.54 ± 0.44
c
 41.33 ± 16.06

c
 

October 1.43 ± 0.26
c
 4.42 ± 4.49

cd
 

November 1.49 ± 0.40
c
 26.50 ± 2.57

d
 

December 

Winter 

15.94 ± 3.40
b
 64.50 ± 8.34

bc
 

January 30.86 ± 2.96
a
 75.83 ± 12.08

b
 

February 30.37 ± 3.00
a
 96.50 ± 19.20

ab
 

March 

Spring 

29.93 ± 3.88
a
 91.00 ± 17.39

b
 

April 30.99 ± 5.88
a
 116.00 ± 18.50

a
 

May 13.59 ± 2.23
b
 87.83 ± 6.16

b
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DISCUSSION 
 

The reproductive activity of the camel builds up during 

September and October, and the animal is in actual rut during 

November, December, January and February, with a drop in March and 

thereafter (Abdel-Raouf and owaida, 1974, Abdel-Raouf et al., 1975 and 

Tingari et al, 1984). In the present study, the testes began to increase in 

volume from quiescence (September) and attained a peak during 

breeding season (December, January and February). Then, testes 

declined in volume in March and April to reach the lowest values in 

July. The present findings are coincident with those of Singh and 

Bharadwaj (1978) and Zayed et al. (1995). 

Thornton et al. (2002) suggested that plasma androgen and/or 

IGF-1 levels may be important in modulating the expression of some s in 

the regulation of the testosterone production in Leydig cells. In this 

study, a steroidogenic enzymes like 3beta-HSD. These results suggest 

that 3beta HSD is a key enzyme strong positive relation between serum 

androgen and histochemistry reaction of 3-HSD was noticed. In June 

and July, The Leydig cells showed low population and a very weak 3-

HSD activity. The activity of the 3-HSD increased steadily in 

September and October and reached the maximum activity in December, 

January, February and March (qualitative and quantitative). The Leydig 

cells are in highest population and highest morphological differentiation 

and their smooth ER (SER) is highly developed (Zayed et al. 1995). In 

April and May, the Leydig cells decreased steadily in population and 3-

HSD activity to reach the minimum state in Jun and July. The cells were 

small in size, SER is reduced and many Leydig cells are degenerating 

(Zayed et al. 1995). These findings supported the previous results 

reported for camel (Yagil and Etzion, 1980), stallion (Johnson and 

Thompson, 1987) and Japanese black bear (Komatsu et al 1997).  

Serum testosterone level was 15.94 ± 3.40 ng/ml in December, 

reached a plateau in April (30.99 ± 5.88 ng/ml) and decreased to 13.59 ± 

2.23 ng/ml in May and dropped to its lowest level at June (2.58 ± 0.72 

ng/ml) and  continued at this nadir through the summer and autumn 

seasons. It has been previously shown that the differential testosterone 

synthesis between the seasons in the dromedary is not quantitative. 

However, during the mating season, the synthesis of testosterone 

synthesis is through both 4-ene and 5-ene pathways, whereas during the 

non mating season, the synthesis occurs mainly through the 5-ene 

pathway and at a lower rate than that of this pathway during the mating 
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season (Bedrak et. al., 1983). Delgadillo et al. (2004) reported that Short 

days enhanced testosterone secretion and long days inhibited it in 

seasonal breeder males. During the mating season, Leydig cells were 

highly packed and larger than during the nonmating season (Friedlander 

et. al., 1984).  

Abdel-Raouf et al (1975) claimed that the largest seminiferous 

tubule diameters and the greatest numbers of spermatogonia, spermatids 

and spermatozoa were found in the spring. The numbers of mature 

Leydig cells, compared to the numbers of pre-Leydig and immature 

Leydig cells, increased by the end of winter so that, during the spring, 

the interstitial cells were mainly of the mature type. Degenerative 

changes with diminished numbers of mature cells were seen in the 

summer and this trend continued into early and mid-autumn. In the 

stallion (long day breeder), Johnson and Thompson (1987) found that 

the volume of Smooth Endoplasmic Reticulum (SER)/g and 

testosterone/g tended to be higher in the breeding than non-breeding 

season. Leydig cell number/g, volume of SER/testis, testosterone/testis, 

and Leydig cell number/testis were significantly greater in the breeding 

than in the non-breeding season. Volume of SER/testis and 

testosterone/testis were related significantly to the cell number/testis, 

and SER/testis was related (P < 0.05) to testosterone/testis. 

Our findings support the concept that the
 
thyroid gland plays a 

fundamental role in seasonal reproduction in the male camel.
 
An annual 

cycle of serum thyroxin was
 
detected; values reached a peak in winter 

(late breeding season) and a
 
minimal level in summer (late anestrus). 

Significant increase in serum thyroxin concentration was found during 

the period from December till June. Maximum level of thyroxin was 

found in April (116.00 ± 18.5 ng/dL). The increase in serum thyroxin 

concentrations was coincident with an increase in serum androgen 

concentration. Moreover, a simultaneous significant decline in serum 

thyroxin and androgen levels were found nearly in the same time during 

the nonmating season. Wasfi, et al. (1987) reported values of 9.33 ±1.15 

ng/ml (1.43±0.18 nmol/l) for T3 concentration in normal Saudi Arabian 

camels. Nazifi et al., (1999) found that the concentrations of T3 and T4 

were higher in the breeding season compared with the rest of the year 

(p< 0.05). Thyroidal hormones (T3 and T4) showed significant 

correlations with serum total protein and glucose.  

A significant positive correlation between plasma levels of 

cholesterol and both serum thyroxin and testosterone in males was 

reported (Heller et. al 1981). Webster et al (1991), Anderson et al. 
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(2003) and Hernandez et al (2003) mentioned that thyroid hormones did 

not alter onset of the breeding season but they were permissive for 

various species to enter
 
seasonal anestrus. Responsiveness

 
to T4 is lost 

gradually during the mid to late anestrous season and thyroid hormones 

can influence the timing of the breeding
 
season and thus may be required 

for the maintenance or entrainment
 
of the endogenous reproductive 

rhythm (Anderson et al, 2002 Billings et al, 2002). Viguié et al (1999) 

provided strong evidence
 
that thyroid hormones can act directly within 

the brain to promote
 
seasonal inhibition of neuroendocrine reproductive 

function
 
in the ewe. Further, the reproductive

 
neuroendocrine axis is not 

equally responsive to thyroid hormone
 
at all times of the year (Thrun et 

al, 1997). It is concluded that the decline of thyroid function, as gauged 

by hormone secretion in summer, aids in preservation of body water by 

decreasing pulmonary water loss and dropping basic metabolism (Yagil 

et al, 1978).  

Form the present findings, it seems that, Thyroid hormones are 

necessary only
 
during a limited interval early in the breeding season to 

promote
 
seasonal reproductive activation in the male dromedary. There 

is a critical
 
period of responsiveness during which thyroid hormones 

must
 
be present for rut to develop. In conclusion, the present findings 

indicated that there is a concomitant rise and fall in 3-HSD, serum 

testosterone and thyroxin level in the male dromedary which is 

indicative and diagnostic for the onset of reproductive seasonality. 

Thyroxin is a key hormone for the resumption of sexual activity after the 

non rut period in the dromedary.  
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