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EFFECT OF CASTRATION AND EXOGENOUS TESTOSTERONE ADMINISTRATION ON 
PHYSIO-BIOCHEMICAL PARAMETERS AND MALE ACCESSORY SEX GLANDS OF 

BLACK BENGAL GOAT 
 

ABSTRACT 
 

Gofur MR (2014). Effect of castration and exogenous testosterone administration on physio-biochemical 
parameters and male accessory sex glands of Black Bengal goat 

 
Testosterone, the principal androgen, exerts both androgenic effects involving growth stimulation and 
functional maintenance of the male reproductive tract and anabolic effects involving growth stimulation 
of non-reproductive organs and also affects the hemogram of animals. The study was conducted to 
uncover the effect of castration and administration of exogenous testosterone on physio-biochemical 
parameters and male accessory sex glands of Black Bengal goat. Fifteen male goats (4 months old) were 
divided into three groups; Group-A: Goats (castrated), Group-B: Control group and Group-C: Goats with 
excess testosterone (exogenous IM administration of testosterone enanthate, TE @ 125 mg/goat weekly 
for a period of 2 months). Castration caused a significant decrease in red blood corpuscles (RBC), packed 
cell volume (PCV) and percentage of lymphocytes accompanied with significantly increased mean 
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and percentage of neutrophils 
compared with control group. Treatment with TE caused a significant increase in RBC, PCV and a 
significant decrease in total number of leucocytes and percentage of neutrophils. The study showed a 
significant increase in the levels of total cholesterol (TC), triglycerides (TG) and low density lipoprotein 
(LDL) in castrated group compared with control value. Administration of TE significantly decreased in 
the levels of TG and LDL compared with control group. A significant decline was observed in total 
protein, albumin and glucose level in castrated goats. The study showed no significant differences 
between groups in mean corpuscular hemoglobin concentration (MCHC), high density lipoproteins 
(HDL), globulin and serum enzyme (SGOT & SGPT) level. There was a significant difference on the 
length, width and weight of seminal vesicles and bulbourethral glands among three groups of goats 
indicated that the developmental dependence of the reproductive accessory glands on testosterone. The 
secretory units of the vesicular glands of all groups were lined by pseudostratified columnar epithelium 
consisted of tall columnar type cells and short basal type cells. The vesicular secretion was stored in the 
lumen of secretory units. It was also found the myoepithelial cells around the secretory cells of glandular 
end pieces of seminal vesicle in all groups of goats that helped in the excretion of vesicular secretion. 
The thickness of lamina muscularis and adventitia of seminal vesicle decreased gradually and the length 
and width of glandular secretory unit in propria-submucosa of seminal vesicle increased gradually along 
with the increment of the level of testosterone. All goats of present study had only pars disseminata 
(internal portion) and located in the propria-submucosa of the dorsal wall of pelvic urethra. The 
parenchyma comprised of secretory end pieces and ducts. The secretory units and intraglandular ducts of 
the prostate gland were lined by simple cuboidal to columnar epithelium with occasional basal cells. The 
length and width of lobes of prostate glands were significantly decreased in castrated goats and 
significantly increased in testosterone treated goats. The length and width of secretory units of prostate 
glands were reduced markedly in castrated goats. The bulbourethral glands (BG) were surrounded by the 
bulbocavernous muscle and the secretory units were lined with a tall simple columnar epithelium and 
occasional basal cells. Most of the columnar cells were of the mucous type, with the nuclei basally placed 
and the cytoplasm contained the secretion granules in all groups. The thickness of capsule of BG of TE 
treated goats reduced significantly. It can be concluded that castration and exogenous administration of 
testosterone in goats affect significantly in certain blood constituents and lipid & protein profile. The 
present findings also provide clear evidence of influence of castration and exogenous testosterone 
administration on the development of male accessory sex glands in the postnatal life of Black Bengal 
goat. 
 

      Key words: castration, exogenous testosterone, hematology, serum biochemistry, accessory sex glands, 
Black Bengal goat 
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INTRODUCTION 
 

Despite the social and economic values of goats as source of meat, milk and hides, with a 

great production potential, research on goats, especially on Black Bengal goats (Capra 

hircus) usually neglected in our country. 
 

Black Bengal goat is an important animal resource that plays an immense role in the 

development of livestock sector, to alleviate the poverty from our country and takes a 

great part in the increment of GDP of Bangladesh. Livestock is an integral component of 

agricultural economy of Bangladesh. The current contribution of livestock sub-sector to 

the GDP is 2.95 percent, which is estimated about 17.32 percent GDP to agriculture 

(BBS, 2012) in which share of goat is enormous. Ministry of Fisheries and Livestock was 

undertaken a national program namely “Poverty reduction through improvement of goat 

and increasing its production”. The goats’ revaluation depends on various factors, 

including the great prevalence of diseases, poor management practices and extensive 

production systems (Babeker and Elmansoury, 2013). So it is necessary to take initiatives 

for large scale research on Black Bengal goats for the development of livestock sector 

and ultimately the agricultural economy of our country. 
 

Testis is the principle organ of male reproduction (reproductive system) and responsible 

for production of male germ cell (spermatozoa) and androgens, mainly testosterone. The 

accessory genital glands of males in goat are located along the pelvic portion of the 

urethra, with their ducts which open and empty their secretion into the urethral passage. 

They are the ampullae, the vesicular glands (seminal vesicle), the prostate gland and the 

bulbourethral glands (Getty, 1975; Bacha and Wood, 1990; Ghosh, 1995; Dyce et al., 

2002; Archana et al., 2009). Accessory glands secrete additional fluids, which when 

combined with the sperm and other secretions from the epididymis, form the semen. 

They contribute greatly to the fluid volume of semen. Their secretions are solution of 

buffers, nutrients and other substances needed to assure optium motility and fertility of 

spermatozoa (Hafez, 1974; McDonald, 1980; Bone, 1988) and acts as a buffer against 

excess acidity of the female genital tract (Cunningham, 2002; Frandson and Spurgeon, 
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1992). These secretions are added quickly and forcibly during the mating to propel sperm 

into the urethra (Frandson and Spurgeon, 1992). 
 

Testosterone, the principal androgen, secreted by Leydig cells, exerts both androgenic 

effects involving growth stimulation and functional maintenance of the male reproductive 

tract and anabolic effects involving growth stimulation of nonreproductive organs, such 

as muscle, kidney and liver (Barbara et al., 2006) and also affects the hemogram of 

animals (Aydilek and Aksakal, 2005). Testosterone (androgen) is involved in regulating 

the oxidative phase of carbohydrate metabolism (Barbara et al., 2006) and also improves 

the lipid metabolism (Gupta et al., 2008).   
 

Blood is an important and reliable medium for assessing the health status of individual 

animals (Oduye, 1976). Haemato-biochemical parameters are good indicators of the 

physiological status of animals (Khan and Zafar, 2005). The hematological tests served as 

information base for animal health assistance. 
 

Castration has been shown to elicit physiological stress, pain-associated behaviour, 

suppression of immune function, and a reduction in performance (Molony et al., 1995) to 

varying degrees. Castration causes suppression cell-mediated immunity (Fisher et al., 

2001). Several non-genetic factors including castration affecting haematological 

parameters of farm animals have been observed (Carlson, 1996; Svoboda et al., 2005). 

Deficiency of testosterone can cause a wide range of signs and symptoms including 

decreased sex drive, increased risk of osteoporosis, body hair loss, reduced muscle mass 

and strength, weaker erections of penis, lower body weight, lowered sperm count and 

excess testosterone increase the risk of prostate cancer. 
 

A few scientists (Kumar and Majumder, 1995; Tyagi et al., 1999; Hassan, 2010; Zha et 

al., 2013 etc.) observed the effect of castration and testosterone in rats, rabbits and 

monkeys but there was no study conducted on the effect of testosterone (either excess or 

deficiency) on the physio-biochemical parameters and on the texture (gross and 

histological structure) of male accessory sex glands of domestic animals especially on the 

Black Bengal goat. So, this research was designed to observe the changes on physio-

biochemical parameters and the gross and histological changes of male accessory sex 

http://www.springerlink.com/content/?Author=V.+L.+Kumar
http://www.springerlink.com/content/?Author=P.+K.+Majumder
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glands of male Black Bengal goat due to the deficiency (castration) and excess 

(exogenous administration) of testosterone (testosterone enanthate) which is necessary to 

know for a Professional to evaluate the status of breeding soundness of a breeding buck. 
 

Significance: Goat is an important species of animals in respect of our country (Goat = 

Poor women’s cow). Reproduction is an important phenomenon in livestock sector and 

soundness of testis (male gonad) and male accessory sex glands are essential for effective 

male reproduction. So, the result of this research may help to understand the influence of 

testosterone (deficit or excess) on the physio-biochemical parameters (blood, lipid & 

protein parameters) and on the development and function of accessory sex glands in the 

buck. This study may also help to understand health status and normal reproduction 

process, to increase the production in livestock sector. Such knowledge is essential for a 

Professional to evaluate the status of breeding soundness of a breeding buck. 
 

Objectives: The present study was designed with the following objectives: 

• To examine the effect of castration and exogenous testosterone administration on 

hematological and biochemical parameters of goats (control and with deficient 

and excess testosterone). 

• To observe the effect of castration and exogenous testosterone administration on 

different gross anatomical parameters (length, width and weight) and 

histomorphological structure of seminal vesicles, prostate gland and bulbourethral 

glands of goats (control and with deficient and excess testosterone). 
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REVIEW OF LITERATURE 
 

Goats (Capra hircus) are multipurpose animals that produce milk, skin, meat and hair. 
They are able to thrive as meat producers under conditions where other animals may find 
difficult (Oyeyemi et al., 2001). Goat production in Bangladesh makes a major 
contribution to the agrarian economy. Serum biochemistry and hematological analysis 
have been found to be important and reliable means for assessing an animal’s health status 
and might give an indication of the degree of damage to host tissue as well as severity of 
infection (Otesile et al., 1991). Haematological values could serve as baseline information 
for comparison in conditions of nutrient deficiency, physiology and health status of farm 
animals (Daramola et al., 2005). Testosterone plays a crucial role in the proper 
development of male reproductive tissues (Winters, 1999) and affect the hemogram of 
animals.  

Blood act as a pathological reflector of the status of the exposed animals to toxicants and 
other conditions. The examination of blood provides the opportunity to clinically 
investigate the presence of metabolites and other constituents in the body of animals and it 
plays a vital role in the physiological, nutritional and pathological status of an animal 
(Etim et al., 2014; Olafedehan et al., 2010). 

Haematology refers to the study of the numbers and morphology of the cellular elements 

of the blood and the use of these results in the diagnosis and monitoring of disease (Merck 

Manual, 2012). Haematological studies are of ecological and physiological interest in 

helping to understand the relationship of blood characteristics to the environment (Ovuru 

and Ekweozor, 2004) and so, could be useful in the selection of animals that are 

genetically resistant to certain diseases and environmental conditions (Mmereole, 2008; 

Isaac et al., 2013). Haematological parameters are good indicators of the physiological 

status of animals (Khan and Zafar, 2005). As reported by Isaac et al. (2013), animals with 

good blood composition are likely to show good performance. Laboratory tests on the 

blood are vital tools that help detect any deviation from normal in the animal or human 

body (Ogunbajo et al., 2009). Blood constituents change in relation to the physiological 

conditions of health (Togun et al., 2007). These changes are of value in assessing response 

of animals to various physiological situations (Khan and Zafar, 2005). Determination of 
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the haematological and biochemical parameters of animals helps veterinarians to confirm 

clinical diagnoses, determine stresses due to environmental, nutritional and/or 

pathological factors, estimate the severity of cases, administer appropriate treatment, and 

evaluate outcomes (Roubies et al., 2006; Afolabi et al., 2010). 

The genetic and non-genetic factors affecting haematological parameters of farm animals 

have been observed (Svoboda et al., 2005; Xie et al., 2013). Several factors including 

physiological (Alodan and Mashaly, 1999), environmental condition (Vecerek et al., 

2002), age (Seiser et al., 2000), administration of drugs (Khan et al., 1994) and 

continuous supplementation of vitamin (Tras et al., 2000) affect the blood profile of 

healthy animal. Carlson (1996) and Johnston and Morris (1996) reported that besides 

physiological and environmental factors that might affect blood values such as age of the 

animal, factors such as oestrus cycle, pregnancy and parturition, genetics, method of 

breeding, breeds of animal, housing, feeding, fasting, extreme climatic conditions, stress, 

exercises, transport, castration and diseases have been identified. 

2.1 Normal hemogram and serum biochemistry of goat 

Haematological parameters and its knowledge can be used to assess the health as well as 
the physiological status of farm animals under consideration (Etim et al., 2014). Different 
authors enumerate different normal hematological and serum values of goat that are 
summarized in table 1-4. 
 

Table 1: Normal values of red blood cell count, hemoglobin concentration, packed cells 
volume and erythrocyte indices of goat (according to different authors) 

Authors and 
Parameters 

Red blood 
corpuscles 

106×/µl 

Hemoglobin 
(g/dl) 

Packed 
cell 

Volume % 

MCV 
(fl) 

MCH 
(pg) 

MCHC 
(g/dl) 

Harvey (1962)  10.6     

Swenson (1977) 13-14   16 8 32 

Sastry (1983) 8-18 8-14 9-38 15-30 10-12 35-42 

Coles (1986) 8-17 8-14 20-38 16-25 5-8 28-34 

Plumb (1999) 8.0 -18.0 8.0-12.0 22 – 38 16-25 5.2 - 8.0 30 – 36 

Feldman et al. (2000) 8-18 8-12 22-38 16-25 5.2-8.0 30-36 

Daramola et al. (2005) 11.5 ± 0.4 9.8± 0.3 29.4 ± 0.8   33.1±0.1 

Olaifa & Opara(2011) 7-21 8-16 19-40 15-39 7.27±0.30 32-40 
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Table 2: Normal total leukocyte and differential leukocyte values of goat (according to 
different authors) 

Authors and 
Parameters 

White blood 
Cells 103×/µl 

Neutrophil 
% 

Eosinophil 
% 

Basophil 
% 

Lymphocyte 
% 

Monocyte 
% 

Breazile et al. 
(1971) 

4-13 10-50 0-10 - 40-75 0-6 

Reece (1991) 8-12 35-40 2-5 <1 50-55 5 
Sastry (1983) 4-13 10-59 0-10 0-2 40-75 0-6 
Feldman et al. 

(2000) 
4-13 30-48 1-8 0-1 50-70 0-4 

Coles (1986) 4-13 30-48 3-8 0-2 50-70 1-4 
Swenson (1977) 8-12 35-40 2-5 <1 50-55 5 
Daramola et al.  

(2005) 
13.5 + 0.8 17 – 52 1 – 7 - 47 – 82 0-1 

Plumb (1999) 4.0 -13.0 30 – 48 1 – 8 0-1 50 -70 0 – 4 
 

Table 3: Normal values of total serum cholesterol, triglyceride, high and low density 
lipoproteins of goat (according to different authors) 

 
Authors and Parameters 

Cholesterol 
Mg/dl 

Triglyceride 
mg/dl 

High density 
Lipoproteins 
(HDL) mg/dl 

Low density 
Lipoproteins 
(LDL) mg/dl 

Swenson (1977) 55-200    
Sastry (1983) 55-200    
Plumb (1999) 64.6 - 136.4    

Solaiman et al. (2006) 65.6 45.6   
Elitok (2012)  45.62±2.38 55.66±3.34 24.13±2.46 

Monfared (2013) 47.25 ± 2.9 46.6 ± 1.5 18.1 ± 0.8 17.8 ± 1.1 

 
Table 4: Normal values of total serum proteins, albumin, globulin, glucose and enzymes 

of goat (according to different authors) 
Authors and 
Parameters 

Total serum 
protein g/dl 

Albumin 
g/dl 

Globulin 
g/dl 

Glucose 
g/dl 

SGPT 
Unit/L 

SGOT 
Unit/L 

Harvey (1962) 6.67 3.96 2.71 50   
Swenson (1977) 6.67 3.96 2.71 45-60   

Sastry (1983) 6.25      
Coles (1986) 6.25 3.95 2.30    
Plumb (1999) 6.4 - 7.8 2.4 - 4.4  60–100   

Feldman et al. (2000) 6.0-7.5      
Daramola et al. (2005) 7.1 ± 0.1    8.9±0.9 20.9 ±1.2 
Olaifa & Opara(2011) 6.3-8.5 2.3-3.6 2.7-4.4  15.3-52.3 12-38 
Sultana et al. (2011) 8.02 ± 0.22 3.03± 0.13 4.99± 0.23  15.96 ± 1.04 57.50±2.18 

 

http://www.animal-science.org/search?author1=S.+G.+Solaiman&sortspec=date&submit=Submit
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2.2 Effect of castration and exogenous testosterone on blood parameters and serum 
biochemistry of goat 

Castration is removal of testis, or testicles, of male animals. Animals have been castrated 
to eliminate breeding and reduce aggressive behavior (Stafford, 2007). In the adult, red 
blood corpuscles, white blood cells, and blood platelets are formed in the bone marrow, 
and in the fetus, blood cells are also formed in the liver and spleen. The relationship 
between the endocrine system and hemopoiesis has been known for more than half a 
century, hypopituitarism is often accompanied by normochromic and normocytic anemia. 
Androgen and thyroid hormones are known to stimulate erythropoiesis (Sohmiya and 
Kato, 2005). Erythropoietin is secreted mainly from the peritubular endothelia and 
interstitial fibroblasts of renal tubules. It is also secreted partly from the liver in fetal rats 
and sheep, placenta, and astrocytes in the brain. The liver is the primary site of 
erythropoietin production in the fetus, and extra renal erythropoietin production was 
increased in anemic rats. In adult rats, erythropoietin is secreted mainly from the kidney, 
suggesting that some mechanism switches erythropoietin secretion from the liver to the 
kidney. This functional switching mechanism has yet to be fully elucidated. Fetal 
hypoxemia experiments showed that the erythropoitin secretion from the placenta was 
increased by hypoxic stimuli (Davis et al., 2003).  

The exogenous or endogenous testosterone reaches the androgen receptor usually after 
conversion into dihydrotestosterone in specific target tissues, whereas the same steroid 
can also act as an estrogen precursor when transformed by aromatase (Barbara et al., 
2006). In animal subjected to orchiectomy, varying degree of hypertrophy have often been 
observed, even involving non-reproductive organs, Liver hypertrophy appear particularly 
interesting in view of the metabolic alterations that’s could possible ensue (Vizzotto et al., 
1995). The effects of castration were revealed by a reduction of the volume of hepatocytes 
associated with a reduction of the sinusoidal bed. Such reduction is corresponding 
associated with an increase of extrapranchymal components (endothelia Glisson capsule) 
(Vizzotto et al., 1995). Other study demonstrated that in male rats, long term castration 
causes an increase in sensitivity to estradiol as measured by induction of progesterone 
receptor m-RNA (PRmRNA) in ventromedial hypothalamus (Wennstrom and Crews, 
1998). Low plasma testosterone levels are associated with hyperinsulinemia and glucose 
intolerance (Tchernof et al., 1997). 
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Leblanc et al. (2004) suggest that both androgens and estrogens are important, but 
differential, regulators of lipid metabolism. Also suggest that quantities as well as the 
relative proportion of androgens and estrogens are important factor in the regulation of the 
plasma lipid profile, both androgen and estrogen deprivations are probably responsible for 
the unfavorable lipid profile in the castrated animals. It is, in fact, known that 
dehydroepiandrosterone is mainly transformed into androgens in the peripheral tissues in 
the rat (Sourla et al., 1998). The physiological effects of sex steroids hormone on 
peripheral tissues are mediated though both intracrine and classical endocrine pathways 
(Leblanc et al., 2004). 

Hassan (2010) studied the effect of castration and testosterone hormone on some 
physiological aspect in rats and provides novel information on the role of castration and 
testosterone hormone replacement in the blood parameters in rats. Castration of the rats 
caused a significant decrease in red blood corpuscles, hemoglobin (Hb) concentration and 
packed cell volume (PCV); accompanied with significant increased mean corpuscular 
volume (MCV), mean corpuscular hemoglobin (MCH), total number of leucocytes, and 
percentage of neutrophils and low percentage of lymphocytes compared with control 
group. Treatment with testosterone hormone caused significant increased in red blood 
corpuscles, hemoglobin concentration and packed cells volume and significant decreased 
in total number of leucocytes, neutrophils and increased in the number of lymphocytes. 
The study showed a significant increase in the levels of total cholesterol, triglycerides, low 
density lipoprotein in castrated rats group compared with control value. Administration of 
testosterone hormone caused significant decreased in the levels of total cholesterol (TC), 
triglycerides (TG), and low density lipoproteins (LDL) compared with castrated rats 
group. The study showed no significant differences between groups in mean corpuscular 
hemoglobin concentration (MCHC), high density lipoproteins (HDL), total protein, 
albumin, globulin, glucose, alanineaminotrasferase enzyme activity and body weights. He 
concluded that castration of the rats produced significant effects in certain blood 
constituent and lipid profile. Moreover administration of testosterone hormone reversed 
the adverse effects caused by castration. 

Zha et al. (2013) studied the effect of testosterone undecanoate on hematological profiles, 
blood lipid and viscosity and plasma testosterone level in castrated rabbits. Castration 
significantly increased the levels of TC, TG, HDL-C and LDL-C, but decreased 
hematocrit (Hct), and Hb. In the testosterone undecanoate (TU) injection group, whole 
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blood viscosity was markedly decreased in all share rates, whereas the fibrinogen (FBN) 
level wasincreased. Hb and Hct showed a tendency for higher concentration at 6 weeks.  

Tikkanen and Nikkila (1987) and Bai and Kurup (1976) studied the effect of testosterone 
(sex steroid) on hepatic lipase and serum lipoproteins and concluded that castration 
significantly increased TC, TG, HDL-C and LDL-C levels and may be attributed to the 
decrease of hepatic lipase (HL) and lipoprotein lipase (LPL) activities due to the absence 
of gonadal hormones. 

Cardiovascular complications are a well recognized side-effect of antihormonal therapy in 
men with prostatic carcinoma. Moorjani et al. (1988) studied changes in plasma 
lipoproteins in patients with prostate cancer during treatment with several androgen 
suppression therapies. Orchiectomy (removal of testis) caused hypercholesterolemia and 
an increase in both total and LDL apolipoprotein B, all of which are strong determinants 
of cardiovascular disease. The high density lipoprotein (HDL) concentration was not 
affected despite a reduction in plasma testosterone, perhaps due to a simultaneous 
decrease in estradiol.  

Jockenhövel et al. (1999) studied the influence of various modes of androgen substitution 
on serum lipids and lipoproteins in hypogonadal men and concluded that androgen 
substitution increased TC, LDL-C, and TG and decreased HDL-C.  

Hussein et al. (1999) conducted an experiment to determine the effects of castration on 
some metabolic alterations concerning proteins, lipids and minerals metabolism in both 
immature and mature rabbits. Castration caused a significant decrease in serum total 
protein, albumin, alpha 1-globulins and alpha 2-globulins concentrations. Meanwhile, 
gamma-globulins level was decreased temporarily at 2 weeks after castration in mature 
rabbits and beta-globulins level revealed non significant decrease at 2 weeks after 
castration in immature rabbits followed by a non significant increase. In mature rabbits 
beta-globulins level non significantly increased. A significant decrease in serum total 
nucleic acid concentrations was observed after castration throughout the experimental 
periods, whereas the value of serum uric acid level markedly increased after castration. 
Serum lipids concentrations (total lipids, total cholesterol, phospholipids and non 
esterified fatty acids) were increased after castration. Testosterone propionate 
administration in mature castrated rabbits restored most of the investigated serum blood 
parameters to the levels of intact non castrated mature rabbit. It could be concluded that 
castration (deficiency of testosterone) induced marked decrease in protein synthesis and 

http://www.ncbi.nlm.nih.gov/pubmed?term=Moorjani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=3276721
http://www.ncbi.nlm.nih.gov/pubmed?term=Jockenh%C3%B6vel%20F%5BAuthor%5D&cauthor=true&cauthor_uid=10337859
http://www.ncbi.nlm.nih.gov/pubmed?term=Hussein%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=10220948
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increased protein degradation, but serum lipids markedly elevated after castration in both 
immature and mature animals.  

Olaifa and Opara (2011) observed the response to the closed method of bilateral castration 
using Burdizzo castrator was investigated in six West African Dwarf (WAD) goats at the 
Teaching and Research Farm, University of Ibadan, Nigeria for 4 weeks. The 
haematological values showed no significant increase in PCV, Hb, RBC and other indices 
of measurement, but the WBC count showed a significant increase (p<0.05) upon 
castration and remained elevated until the 4th week when it returned to within a normal 
range. This study showed that bloodless castration had a milder effect on serum profiles 
and might be a safer alternative to surgical castration in WAD goats, especially where 
protein deficiencies or hepatocellular insufficiency exists. 

AL-Zghoul et al. (2008) designed a study to evaluate the effects of surgical castration on 
cellular and some biochemical parameters of blood and peritoneal fluid in Awassi lambs. 
Following castration, the number of peripheral fluid white blood cells (WBC) and the 
percentage of neutrophils significantly increased (p<0.05) while the percentage 
oflymphocytes significantly decreased (p<0.05). The blood fibrinogen, urea, creatinine, 
glucose, ALP, AST and LDH concentrations significantly increased (p<0.05). However, 
TP concentrations did not change. In the peritoneal fluid analysis, the total WBC count 
and the percentage of neutrophils significantly increased (p<0.05) while the percentage of 
monocytes significantly decreased (p<0.05) following the operation. There was no 
significant change in the percentage of lymphocytes in the peritoneal fluid. The 
concentration of peritoneal fluid TP, urea, creatinine, glucose, ALP and AST significantly 
increased (p<0.05) while LDH concentration did not change. Results of this study show 
that changes in the blood and peritoneal fluid cellular and biochemical components are 
likely to follow elective surgical castration in lambs.  

The effects of bilateral orchidectomy on serum protein and enzyme levels were 
investigated in 12 healthy West African Dwarf bucks over a 7-week period by Oyeyemi et 
al. (2000). Although the activity of alkaline phosphatase increased over the period, 
theincreases were not statistically significant. There was a significant drop (p<0.05) in the 
activity of Aspartate amino transferase in the last 2 weeks of the study while alanine 
transaminase and gamma glutamyl transferase showed variation, which were in some 
cases significant. There was a slight hypoproteinaemia, which was traceable mainly to the 
globulin fraction.  
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It is well known that the thymus plays an important role in the development and 
maintenance of a competent immune system. The thymus atrophies with age, a process 
that is accelerated after puberty when there is elevation of serum sex steroid levels. 
Windmill and Lee (1998) examined the effects of castration on the lymphocytes of the 
thymus, spleen and lymph nodes. They used a panel of commercial monoclonal antibodies 
against various T and B cell surface markers to investigate the post-castration histological 
alterations in the thymus, spleen and lymph nodes of male Sprague-Dawley rats. 
Castration of 5-week-old male rats produced a significant increase in thymic weight (p< 
0.05) compared to age-matched intact animals. The major observations from that 
immunohistochemical studies were post-castration elevations in staining for total T cells 
(MRC OX 19 and W 3/13), CD8 cells (MRC OX 8), B cells (MRC OX 12 and MARK-1) 
and cells bearing activation markers such as IL-2 receptor (MRC OX 39), transferrin 
receptor (MRC OX 26) and major histocompatibility class II antigen (MRC OX 6). These 
data suggest that following castration there is an increase in the ability of lymphocytes to 
respond to activation. As a result, there are elevated numbers of immature thymocytes 
within the thymus that undergo differentiation/maturation and consequently produce an 
increase in peripheral T and B cells. 

Increased red blood cell mass (erythrocytosis) is the most common adverse event 
associated with testosterone therapy in clinical practice and in testosterone trials (Bhasin 
et al., 2010, Calof et al., 2005). Historical studies in preclinical models had suggested that 
testosterone induces an erythropoiesis-stimulating factor, which was measured in these 
early studies by a bioassay using a polycythemic mouse model (Mirand et al., 1965). In 
retrospect, this erythropoiesis-stimulating activity of plasma from testosterone-treated 
animals may not only have reflected the activity of erythropoietin (EPO) but may also 
have reflected other circulating factors that are regulated by testosterone and which 
modulate erythropoiesis or systemic iron bioavailability (Shahani  et al., 2009; Ganz and 
Nemeth, 2011). Testosterone increases erythropoietin production by hypertrophy of renal 
tissue, particularly in high doses (Fried and Gurney, 1968). Activation of androgen 
receptors in erythroid cells appears to be necessary for testosterone to develop an 
erythropoietic effect in the bone marrow (Malgor et al., 1998). 

Goldberg et al. (1985) studied the role of endogenous testosterone on the lipoprotein 
profile in man. Eight normal men received a long-acting gonadotropin releasing hormone 
analog (LHRHA) for 10 weeks by SC injection. Plasma testosterone levels were acutely 

http://www.ncbi.nlm.nih.gov/pubmed?term=Windmill%20KF%5BAuthor%5D&cauthor=true&cauthor_uid=9569683
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20VW%5BAuthor%5D&cauthor=true&cauthor_uid=9569683
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lowered below 1 ng/ml after 4 weeks of LHRHA treatment and remained depressed at this 
level for the duration of administration of the analog. There were prompt increases in total 
cholesterol [baseline vs. peak (milligrams per dl) mean +/- SEM, 177 +/- 18 vs. 208 +/- 
22; P less than 0.005], apoprotein B (apo B; 69 +/- 12 vs. 97 +/- 13; P less than 0.05), 
HDL-cholesterol (23 +/- 2 vs. 33 +/- 2; P less than 0.005), and apo A-I (80 +/- 7 vs. 112 
+/- 5; P less than 0.005), but not in apo A-II (40 +/- 3 vs. 40 +/- 4; P = NS) levels. The 
peaks occurred after 10 weeks of treatment and were followed by a fall in these values 
after discontinuing LHRHA. These changes were largely prevented in a second study (six 
men) in which LHRHA was administered together with im testosterone enanthate, which 
was given every 2 weeks. These results show that suppression of endogenous testosterone 
leads to increases in HDL and LDL, demonstrating that testosterone has an important 
effect on lipoprotein metabolism and plays a key role in defining the lipoprotein profile in 
men. 

Testosterone serum levels may influence the lipoprotein metabolism and possibly 
atherogenic risk. Berg et al. (2002) investigated the effects of long-term testosterone 
supplementation in hypogonadal men on multiple lipoprotein markers. 18 Hypogonadal 
men were studied before and after 3, 6, and 18 (n = 7) months of treatment with 
testosterone enanthate. During treatment, serum testosterone and estradiol increased, 
reaching normal levels (p < 0.0001 and 0.003, respectively). This was associated with a 
decrease in HDL cholesterol (from 1.40 +/- 0.10 mmol/l to 1.22 +/- 0.08 mmol/l, p < 
0.001) after six months at the expense of HDL2 cholesterol (p < 0.01), as well as 
apoprotein A1 (from 139 +/- 3.4 mg/dl to 126 +/- 3.0 mg/dl, p < 0.005). Hepatic lipase 
activity increased (p < 0.05) and correlated positively with testosterone (r = 0.56, p < 
0.02) and negatively with HDL cholesterol (r = -0.58, p<0.02). Total and LDL cholesterol, 
triglycerides, and apoprotein B did not increase.  

Uyanik et al. (1997) studied the beneficial effects of testosterone undecanoate on the 
lipoprotein profiles in healthy elderly men. After testosterone undecanoate (TU; 120 mg/d 
orally for 2 months) supplementation, serum total cholesterol (TC), low-density 
lipoprotein cholesterol (LDL-C), and estradiol (E2) levels decreased from 198 +/- 30.7 
mg/dl to 174 +/- 41.9 mg/dl (p < 0.05), from 111 +/- 18.14 mg/dl to 87.9 +/- 29.4 mg/dl (p 
< 0.01), and from 86.2 +/- 16.9 pmol/l to 70.5 +/- 18 pmol/l (p < 0.01), respectively. 
Statistically significant differences were not observed in the serum triglyceride (TG), 
high-density lipoprotein cholesterol (HDL-C), and apolipoprotein (apo) A-1 and apo B 

http://www.ncbi.nlm.nih.gov/pubmed?term=Uyanik%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=9186283
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levels after TU treatment. They concluded that TU may be an effective drug for protecting 
coronary heart disease in healthy elderly men with lowered total and free testosterone 
levels. It may also have beneficial effects for sexual function and behavior. 

Anderson et al. (1995) studied the effect of testosterone enanthate on serum lipoproteins 
in man. Sixty-three normal Caucasian men were administered intramuscular testosterone 
enanthate (TE) 200 mg i.m. weekly for 12 months as part of a male contraceptive trial. 
This dose of TE caused a 2.5-fold increase in trough serum testosterone concentrations. 
High density lipoprotein cholesterol (HDL-C) was significantly depressed from 
pretreatment concentration of 1.19 +/- 0.04 nmol/l to 1.03 +/- 0.04 mmol/l after 12 weeks 
of treatment, and remained suppressed for the duration of treatment (p < 0.001). There 
were no changes in serum concentration of total cholesterol (TC), low density lipoprotein 
cholesterol (LDL-C) or triglycerides (TG) during treatment, but the concentrations of TC 
and LDL-C were depressed at three months post-treatment. Meriggiola et al. (1995) also 
observed that testosterone enanthate at a dose of 200 mg/week decreased HDL-cholesterol 
levels in healthy men.  

Tenover (1992) studied the effects of testosterone supplementation in the aging male. 
With intramuscular testosterone enanthate (TE; 100 mg weekly) treatment, there was a 
significant increase in hematocrit, a decline in total cholesterol and low density lipoprotein 
cholesterol, and a sustained increase in serum PSA levels. Placebo treatment led to no 
significant changes in any of these parameters. We conclude that short term (3 months) 
TE supplementation to healthy older men who have serum T levels near or below the 
lower limit of normal for young adult men results in an increase in lean body mass and 
possibly a decline in bone resorption, as assessed by urinary hydroxyproline excretion, 
with some effect on serum lipoproteins, hematological parameters, and PSA. The 
sustained stimulation of PSA and the increase in hematocrit that occur with physiological 
TE supplementation suggest that older men should be screened carefully and followed 
periodically throughout T therapy. 

Aydilek and Aksakal (2005) studied the effects of testosterone on lipid peroxidation, lipid 
profiles and some coagulation parameters in rabbits. Testosterone administration 
decreased the level of high-density lipoprotein cholesterol (HDL-C), while castration 
increased this level (p< 0.05). Triglyceride (TG) and total cholesterol (TC) levels in the 
castration group were significantly higher (p< 0.05) than those in the testosterone group. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Anderson%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=8536448
http://www.ncbi.nlm.nih.gov/pubmed?term=Meriggiola%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=8567093
http://www.ncbi.nlm.nih.gov/pubmed?term=Tenover%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=1400877
http://www.ncbi.nlm.nih.gov/pubmed?term=Aydilek%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16268953
http://www.ncbi.nlm.nih.gov/pubmed?term=Aksakal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16268953
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The ratio of HDL-C:low-density lipoprotein cholesterol (LDL-C) decreased, while 
TC:HDL-C ratio increased (p< 0.05) in the testosterone group. No significant differences 
were found in the LDL-C levels among groups. As a result, testosterone has exacerbating 
effect on atherosclerosis risk factors including lipid profile, FBN and coagulation system. 

Tyagi et al. (1999) designed an experiment to evaluate the effects of long-term 
administration of testosterone enanthate (TE) on lipid and liver function parameters in 
rhesus monkeys maintained under controlled dietary conditions. High density lipoprotein 
cholesterol (HDL-C) levels decreased gradually whereas there was an increase in low 
density lipoprotein cholesterol (LDL-C) levels. Transaminase (SGOT and SGPT) levels 
were also increased following TE injections.  

Gupta et al. (2008) examined the differentiation and proliferation of human mesenchymal 
stem cells (hMSCs) and preadipocytes in vitro in the presence of  dihydrotestosterone 
(DHT). DHT inhibited the differentiation of hMSCs into adipocytes, as well as lipid 
accumulation in existing adipocytes. DHT also inhibited the maturation of preadipocytes 
into mature adipocytes. This was secondary to the downregulation of the adipogenic 
differentiation markers aP2, PPARγ, and C/EBPα. No difference was found in hMSC or 
preadipocyte proliferation in the presence of DHT, suggesting that DHT only inhibits the 
uptake of lipids into adipocytes and not other hMSC differentiation. 

Testosterone has also been shown to reduce myocardial infarct size compared with that in 
subjects not treated with testosterone by modulating the myocardial KATP channel, 
enhancing vasodilation, improving lipid metabolism (Gupta et al., 2008).   

A number of researchers have reported an inverse relationship between testosterone level 
and immune function that is mediated by corticosteroid.  These data agree with studies 
that indicate the existence of trade-offs in energy and nutrient use between the immune 
and reproductive systems, particularly during times of stress.   More recent studies 
suggest, however, that the decrease in some indicators of immune function in animals with 
high testosterone levels is due to immundoredistribution, rather than immunosuppression.  
According to the immunoredistribution hypothesis, during an immunochallenge 
leukocytes are redistributed to areas of injury or infection for more effective defense 
against pathogens.  If redistribution does occur, then increases in testosterone level may be 
associated with increased, rather than decreased immunocompetence 
(www.campus.murraystate.edu).  

http://www.ncbi.nlm.nih.gov/pubmed?term=Tyagi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10624603
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Low-grade chronic inflammation is increasingly being implicated in cardiovascular 
disease (CVD) etiology and may represent an alternative pathway through which 
testosterone (TT) and sex hormone-binding globulin (SHBG) influence CVD risk. Brand 
et al. (2012) examined the associations between endogenous testosterone, SHBG and total 
and differential white blood cell (WBC) counts in men. Higher SHBG and TT levels were 
associated with lower WBC counts. After adjustment for age, BMI, smoking, physical 
activity and diabetes status, total WBC count decreased by 0.163 (95% CI -0.236; -0.091) 
and 0.102 (-0.170; -0.034) per standard deviation (SD) increase in SHBG and TT 
respectively. Associations of SHBG and TT with total WBC count were mainly accounted 
for by a lower granulocyte count (β coefficient=-0.132 (-0.194; -0.070) per SD increase in 
SHBG and β coefficient=-0.104 (-0.161; -0.046) per SD increase in TT). No associations 
between FT and total and differential WBC counts were found. They concluded that 
endogenous TT and SHBG levels are inversely associated with total WBC and 
granulocyte count in middle-aged and older men. Even though the underlying mechanism 
and causal directionality requires further exploration, these results support a link between 
hormonal status and low-grade inflammation. 

Adult spring chinook salmon (Oncorhynchus tshawytscha) elaborate high plasma 
concentrations of testosterone during sexual maturation, and these levels of testosterone 
have been shown to reduce the salmonid immune response in vitro. Slater and Schreck 
(1997) designed a research to find out the mechanism of testosterone's 
immunosuppressive action has led to the characterization of an androgen receptor in 
salmonid leukocytes. They examined the specific effects that testosterone had on salmonid 
leukocytes. Direct counts of viable leukocytes after incubation with and without 
physiological levels of testosterone demonstrate a significant loss of leukocytes in cultures 
exposed to testosterone. At least 5 days of contact with testosterone was required to 
produce significant immunosuppression and addition of a 'conditioned media' (supernatant 
from proliferating lymphocytes not exposed to testosterone) did not reverse the 
immunosuppressive effects of testosterone. These data lead them to conclude that 
testosterone may exert its immunosuppressive effects by direct action on salmonid 
leukocytes, through the androgen receptor described, and that this action leads to the death 
of a significant number of these leukocytes. 

Testosterone-induced increase in hemoglobin and hematocrit is associated with 
stimulation of erythropoietin (EPO) and reduced ferritin and hepcidin concentrations. 
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Testosterone stimulates erythropoiesis by stimulating EPO and recalibrating the set point 
of EPO in relation to hemoglobin and by increasing iron utilization for erythropoiesis 
(Bachman et al., 2013).  

2.3 Male accessory sex glands 

Animal-reproductive-system, any of the organ systems by which animals reproduce. The 
role of reproduction is to provide for the continued existence of a species; it is the process 
by which living organisms duplicate themselves. Animals compete with other individuals 
in the environment to maintain themselves for a period of time sufficient to enable them to 
produce tissue nonessential to their own survival, but indispensable to the maintenance of 
the species. The additional tissue, reproductive tissue, usually becomes separated from the 
individual to form a new, independent organism. Accessory sex glands that are 
conspicuous outgrowths of the genital tract are almost uniquely mammalian. The major 
mammalian sex glands include the prostate, the bulbourethral, and the ampullary glands, 
and the seminal vesicles. All are outgrowths of the spermatic duct or of the urethra and all 
four occur in elephants and horses and in most moles, bats, rodents, rabbits, cattle, and 
primates. A few members of these groups like carnivores lack ampullary glands, or 
ampullary glands and seminal vesicles. Cetaceans (whales, porpoises) have only the 
prostate, as do some carnivores, including dogs, weasels, ferrets, and bears 
(http://www.britannica.com; Dellmann and Eurell, 1998).  

The accessory male sex glands include the vesicular glands, the prostate and the 
bulbourethral (Cowper’s) glands. The occurrence and development of these structures 
vary widely among species. Unlike mammals, birds, such as chicken and turkey, do not 
have accessory sex glands but rather secretory cells in the epithelium of the excurrent 
ducts that add products to the semen. Normal development and function of the accessory 
sex glands are controlled by testosterone, and the synergistic action of estrogens may also 
be required. In some species, testosterone must be converted to dihydrotestosterone to be 
physiologically active on the accessory glands (Dellmann and Eurell, 1998). The 
accessory glands contribute most of the volume to the ejaculate (Ashdown and Hafez, 
1995; Campos, 2003). Sperm-coating antigens are also secretory products of the accessory 
sex glands (Dellmann and Eurell, 1998; Pineda and Dooley, 2003).  The contribution of 
each gland to sperm volume varies among species, due to differences in gland size, and 
even absence of one, or more of them, in some species (Gonzalez, 2002). 

http://biomedgerontology.oxfordjournals.org/search?author1=Eric+Bachman&sortspec=date&submit=Submit
http://www.britannica.com/EBchecked/topic/479506/prostate-gland
http://www.britannica.com/EBchecked/topic/84039/bulbourethral-gland
http://www.britannica.com/EBchecked/topic/21749/ampulla
http://www.britannica.com/EBchecked/topic/534058/seminal-vesicle
http://www.britannica.com/
http://as.wiley.com/WileyCDA/Section/id-302477.html?query=Mauricio+Pineda
http://as.wiley.com/WileyCDA/Section/id-302477.html?query=Michael+P.+Dooley
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The accessory sex glands are present in most mammals, but their function(s) have not yet 
been clearly defined. In the golden hamster, removal of all the glands or the ventral 
prostate alone have been shown to considerably reduce fertility, while the effect is milder 
if the ampullary glands only are removed. In this study, embryo development from the 5th 
to the 7th day after mating was examined. Structural and morphometric criteria such as 
cell number, cell density, embryo volume, volume fraction of proamniotic cavity further 
revealed that abnormalities can be demonstrated as early as day 5 in the embryos sired by 
males with the ventral prostate gland alone or all glands ablated. Twin implantation and 
deviation from normal implanted axis are also observed. This is likely to be attributed to 
attenuated cell proliferation, as indicated by proliferating cell antigen labeling and more 
necrotic cell death. Taken together, exposure of sperm to secretions of the male accessory 
sex glands in particular, the ventral prostate, is important for differentiation and 
multiplication of cells after the embryo has implanted (Jiang et al., 2001). 

In the past few decades, the male accessory sex organs have received much attention. 
Most studies have followed three directions: (1) the biochemical or structural changes of 
the accessory sex organs in relation to the mechanism of action of androgens (Brandes, 
1974; Cavazos, 1975); (2) the etiology of pathological conditions of the accessory sex 
organs (Brandes, 1974; Hafez, 1976); and (3) analyses of the composition of seminal fluid 
(Brandes, 1974; Eliasson and Lindholmer, 1976). Whether and how much these accessory 
sex organs contribute individually to mammalian fertility, however, has received little 
attention until 1978. In 1979, Pang et al. studied to understand the role of the seminal 
vesicles and prostate glands on the fertility and fecundity and it is suggested that the 
seminal vesicles and possibly the prostate glands are important in the production of young 
in mice. In 1945, Blandau removed the coagulating gland and the seminal vesicle of rats 
and although copulation appeared normal, no young were produced. 

Adebayo et al. (2009) investigated the gross morpho-metry and histology of the vesicular, 
the prostate and the bulbourethral glands of male greater cane rats (Thryonomys swin-
derianus Temminck). The morphometry revealed that there was no significant correlation 
between the weights of the accessory glands and the testes (prostate r2 = 0.05; vesicular r2 
= 0.04; bulbourethral r2 = 0.03; p< 0.05), whereas there was a positive correlation 
between the weights of the accessory glands and the age of the animals (prostate r2 = 
0.61; vesicular r2 = 0.62; bulbourethral r2 = 0.54; p< 0.05). These findings showed that 
age was a factor in the full development of the accessory glands.  
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The accessory genital glands are supplied by several branches arteries from internal 
pudendal artery that arises about the level of the lumbosacral articulation as the other 
terminal branch of the internal iliac (Dyce et al., 1987). 

Seminal Vesicles 

The vesicular glands are present in all domestic animal species except the camel, dog and 
cat (Shively, 1982; Dyce et al., 1987). The vesicular glands, also known as seminal 
vesicle, the largest of accessory sex glands, are paired, large, elongated saccular organs 
and contribute the bulk of seminal fluid. They lie on each side of the caudal part of the 
dorsal surface of the bladder, largely lateral to the ampullae of the deferent ducts and are 
covered by peritoneum of the genital fold except over their lateral edges. These glands are 
grossly lobulated, irregular, knobby organ and more or less solid with narrow branching 
lumina (Shively, 1982; Dyce et al., 1987; Getty, 1975; Bacha and wood, 1990; Ghosh, 
1995; Dyce et al., 2002; Pineda and Dooley, 2003; Youngquist and Threlfall, 2007). The 
vesicular glands are paired of lobular glands that are easily identified because of their 
knobby appearance (Nickel et al., 1973; Land and Robinson, 1985; Athure et al., 1996). 

Seminal vesicles, two elongated saclike glands that secrete their fluid contents into the 
ejaculatory ducts of some male mammals. The two seminal vesicles contribute 
approximately 60 percent of the fluids passed from the human male during ejaculation. In 
some mammals the capacity of the seminal vesicles is much larger; the boar, for example, 
may emit up to 50 times as much seminal fluid. Carnivores, marsupials, monotremes, and 
cetaceans do not have seminal vesicles. The secretion of the seminal vesicles constitutes 
the bulk of the seminal fluid (semen). It is a thick fluid that contains the sugar fructose, 
proteins, citric acid, inorganic phosphorus, potassium, and prostaglandins. Once this fluid 
joins the sperm in the ejaculatory duct, fructose acts as the main energy source for the 
sperm outside the body (http://www.britannica.com). 

Archana et al. (2009) conducted a study on the vesicular glands of 30 entire pure male 
Gaddi goats from birth to 5yrs and 6 months of age, divided into three equal size groups 
of 10 animals in each viz; pre-pubertal (1day old to <18 months of age), pubertal (18 
months to < 5years of age) and post-pubertal (>5 years) age groups. In new born kid the 
glands were small, white cord like. It became “?” shaped at 6 months and “S” shaped at 12 
months of age. A significant growth in size and weight of gland occurred at 6 month, then 
up to 12 month and beyond it grew slowly. The average length, width and thickness of the 
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left vesicular gland were higher than the right gland. The secretory acini of the lobules 
were lined by pseudostratified ciliated columnar epithelium which contained A-tall 
columnar, B-basal and C-narrow columnar type of cells. The number per unit area and 
size of the gland increased with age significantly from birth in the prepubertal animals and 
up to puberty. In post-pubertal animals it did not grow significantly, rather the connective 
tissue elements were increased in the capsule (adventitia). The intralobular connective 
tissue however, decreased at the expense of growth of acini at all ages.  

Histologically, the paired vesicular gland is a compound tubular or tubuloalveolar gland 
(bulls, rams and bucks). The glandular epithelium is pseudostratified with tall columnar 
cells and small, spherical, often sparse basal cells. The secretory columnar cells have 
small lipid droplets and glycogen and give a positive alkaline phosphatase reaction. Some 
of the columnar cells possess light, bleblike projections. The epithelium of the vesicular 
gland of bucks is considerably higher during the breeding season than during nonbreeding 
season. The intralobular and main secretory ducts are lined by a simple cuboidal 
epithelium or by a stratified columnar epithelium in horses. The highly vascularized loose 
connective tissue of the propria submucosa is continuous with the dense connective tissue 
trabeculae, which may subdivide the organ into lobes and lobules. The interlobular septa 
are predominantly muscular, derived from the thick tunica muscularis, which is 
surrounded by a capsule of dense irregular connective tissue with a few smooth muscle 
cells. A tunica muscularis of varying width and arrangement surrounds the organ, 
followed by a tunica serosa and a tunica adventitia (Dellmann and Eurell, 1998). 

Neves et al. (2013) studied the morphology and biometry of the vesicular gland of Santa 
ines breed sheep. The vesicular gland was constituted by a tube that was intensely wound 
around it, which is sectioned into different positions. Analyzing the tube, it was observed 
that the mucosa was highly folded with simple columnar epithelium with tall cells. The 
lamina propria was rich in elastic fibers and surrounded by a smooth muscle layer, which 
consisted of two laminas: an inner, constituted by circular fibers and an outer, with 
longitudinal fibers. The tunica adventitia showed loose connective tissue, typical and well-
marked in some areas. 

Mifune et al. (1986) examined the seminal vesicle epithelium of the mouse and golden 
hamster by light microscopy and by transmission and scanning electron microscopy. By 
transmission electron microscopy, in the seminal vesicle epithelium of both animals 
secretory epithelial cells which consisted of mostly light and a few dark cells were 
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observed. The epithelial cells possessed secretory granules which contained a densely 
stained core. The secretory granules in the mouse epithelium reacted weakly with periodic 
acid-Schiff (PAS) stain and were slightly stained with alcian blue (AB), and those in the 
golden hamster exhibited strongly positive reactions with PAS and AB. The nuclei in the 
mouse tissue were spherical or ovoid, and those in the golden hamster tissue had a few 
lobes. By scanning electron microscopy, the apical surfaces of most of the epithelial cells 
were commonly flat or domed, and those of some epithelial cells protruded into the lumen 
as apocrine-like processes, or possessed small and large orifices. Besides the epithelial 
cells, there were cells characterized by pseudopodium-like cytoplasmic projections, a few 
membranous structures, an irregular nucleus, and cytoplasm containing a few dense 
bodies, in the basal portions of the epithelial cells, or between the basal lamina and the 
epithelial cells. These cells of the two species were similar in their features. 

Mollineau et al. (2009) studied the gross and micro anatomy of the seminal vesicles of 
male agouti (Dasyprocta leporina). The seminal vesicles of the agouti are lobulated 
structures. The mean diameter of the large lumen is 883.6 +/- 76.83 microm. The mucosa 
(24.1 +/- 0.92 microm), which is lined by pseudo-stratified columnar epithelium is thrown 
into folds, which often branch. The lamina muscularis mucosa is thin and is made of loose 
connective tissue containing blood vessels. The mucosa of the leaf-like coagulating glands 
of the agouti is folded. The mean diameter of the lumen is 488.3 +/- 41.96 microm. The 
mucosa contains tubuloalveolar glands, which have a mean length of 199.5 +/- 28.83 
microm. The thin epithelium, 15.0 +/- 1.25-microm wide, consists mostly of pseudo-
stratified columnar cells. The epithelium also has surface modifications in the form of 
apical blebs and cilia.  

The vesicular gland mucosa of men reported by Hib (2003) had a pseudostratified 
epithelium with high non-ciliated columnar cells, basal and oval cells. The lamina propria 
was surrounded by two layers of smooth muscle cells, an inner circular and an outer 
longitudinal one. Also, the muscle layers were surrounded by loose connective tissue, 
which are rich in elastic fibers that constituted the adventitia. 

Khalaf and Merhish (2010) conducted the anatomical Study of the Accessory Genital 
Glands in Goats (Caprus hircus) (in local Iraqi breeds). The seminal vesicle glands in 
bucks had mean length 3.61±0.01cm, mean width 2.44±0.01cm, mean weight 
4.18±0.15gms mean volume 3.05±0.04 cm3.  
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To check the efficacy of immunocastration on the slaughter line, Bonneau (2010) used the 
seminal vesicle and claimed that accessory sex glands also an effective tool to measure the 
efficacy of immunocastration. 

Prostate Gland 

Prostate gland has a major contribution in the seminal fluid which plays important role in 
male fertility. Its functional significance lies in neutralizing the seminal plasma and to 
initiate active movement of the ejaculated spermatozoa (Hafez, 1987). 

The prostate gland is consists of only the pars dessiminate in small ruminants extends 
along the whole length of the pelvic urethra but diminishes in thickness when followed 
caudally; most lies dorsal to the lumen. But the prostate of bulls (unlike those of small 
ruminants) has a second, compact part (body) consisting of paired lobes that have broken 
through the aponeurosis of the urethralis. These form a narrow bar across the first part of 
the urethra (Getty, 1975; Ghosh, 1995; Dyce et al., 2002; Pineda and Dooley, 2003; 
Youngquist and Threlfall, 2007; Khalaf and Merhish, 2010). 

Histologically, the prostate consists of a varying number of individual tubuloalveolar 
glands derived from the epithelium of the pelvic urethra. The prostate is seromucous gland 
except in dogs, where it is entirely serous (Bacha and Wood, 1990). Two portions may be 
distinguished, according more to topographic than to histologic features: the compact or 
external portion (corpus prostatae), and the disseminate or internal portion (pars 
disseminate prostatae). But the prostate glands in goats mostly comprised only of pars 
disseminate (Dellmann and Eurell, 1998; Pathak et al., 2012). The external portion either 
entirely surrounds part of pelvic urethra at the level of the colliculus seminalis or covers 
part of its dorsal aspect (Dellmann and Eurell, 1998; Arthur, 1975; Dyce et al., 2002). The 
disseminate portion is located in the propria-submucosa of the pelvic urethra. The 
secretory tubules, alveoli and intraglandular ducts of the prostate gland are lined by a 
simple cuboidal or columnar epithelium with occasional basal cells. The simple 
epithelium changes to stratified columnar or transitional epithelium toward the terminal 
portions of the ducts. The tall columnar cells possess microvilli and sometimes bleblike 
apical protrusions. The prostate is surrounded by a capsule of dense irregular connective 
tissue that contains smooth muscle cells around the internal portion, which is also 
surrounded by the striated urethral muscle (Dellmann and Eurell, 1998; Pathak et al., 
2012). Large trabeculae originate from the capsule and separate the external and internal 
portions into individual lobules. They are predominantly muscular in the external portion 
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of the gland. The thickness of trabeculae increased but interlobular and intralobular 
connective tissue decreased with increase in age (Pathak et al., 2012). The external 
portion of the prostate gland of the bull is relatively inconspicuous and it is absent in small 
ruminants. The particularly well-developed internal portion encircles the urethra in bulls 
and bucks; in rams, it is U-shaped, and the midline of the ventral aspect of the urethra is 
free of glandular tissue (Bacha and Wood, 1990; Dellmann and Eurell, 1998). In dog the 
prostate is relatively large. It is yellowish in color, dense in structure, and lies at or near 
the anterior border of the pubis. It is globular and surrounds the neck of the bladder and 
the urethra at their junction (Berge, 1958; Smith, 1999; Evans and DeLahunta, 2004).  

Mollineau et al. (2009) studied the gross and micro anatomy of the prostate gland of male 
agouti (Dasyprocta leporina). The epithelium of the agouti's lobulated prostate gland is 
also folded creating a large lumen with a mean diameter of 995.5 +/- 55.70 microm. The 
mucosa contains tubular and tubuloalveolar glands, each having a mean length of 134.4 
+/- 13.59 microm. The epithelium (13.9 +/- 1.16 microm) consists of pseudo-stratified 
columnar cells.  

Pathak et al. (2012) studied the postnatal development of the prostate gland of Gaddi goat 
from one day old to more than five years of age divided into three groups viz; prepubertal 
(1 day old to < 18 months of age), pubertal (18 months to < 5 yrs of age) and postpubertal 
(>5 yrs of age). The prostate comprised of corpus prostatae, a band like structure close to 
the junction of vesicular gland with the urethra, and the pars disseminate which extended 
in urethra well from its origin to the point of duct of bulbourethral gland. Microscopically, 
the corpus prostatae comprised of two compact glandular masses lying one over the other, 
dorsally over the origin of pelvic urethra covered by a thick fibro-reticular capsule. The 
gland composed of end pieces (luminated and non-luminated acini) and ducts arranged in 
lobulated fashion. The thickness of inter and intralobular connective tissue decreased with 
increased age at the expense of the growth of paraenchyma. With age the luminated 
secretory end pieces increased, while the non-luminatedend pieces decreased in the 
lobules of the gland. Glandular parenchyma were rich in mucous components by 6 month 
age serous and mucous components became almost equal and at 12 month age majority of 
the secretory end pieces turned in to serous type. The excretory ducts which were lined by 
stratified cuboidal epithelium in one day old kids changed to transitional epithelium in late 
prepubertal and pubertal animals. 
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Bulbourethral Glands 

The mucous-secreting bulbourethral (Cowper’s) glands are present in all domestic 
mammals except the dog (Bacha and Wood, 1990; Khalaf and Merhish, 2010). The 
bulbourethral glands are small, dorsoventrally flattened (Dyce et al., 2002; Neves et al., 
2013) or round bodies (Pineda and Dooley, 2003) and situated on the dorsal surface of the 
urethra opposite the ischial arch (Getty, 1975; Ghosh, 1995; Neves et al., 2013), closely 
related to the bulb of penis (Shively, 1982). They are largely covered by the thick and 
powerful bulbospongious muscle, and also by dense fibrous connective tissue and drain 
into the dorsal diverticulum. Their watery secretion is discharged before the main 
ejaculate and flushes the penile urethra in advance of the passage of the sperm-rich 
fraction (Getty, 1975; Youngquist and Threlfall, 2007; Neves et al., 2013). Hemeida 
(1985) described the bulbourethral gland of balady buck were large, dense, spherical 
organs, 1.5 cm in diameter and 2 gm in weight. 

Histologically, the paired bulbourethral gland is a compound tubular (boars, cats, bucks) 
or tubuloalveolar gland (bulls, rams, stallions) and absent in dogs. The secretory portions 
of the gland are lined with a tall simple columnar epithelium and occasional basal cells. 
They open into collecting ducts lined by a simple cuboidal or columnar epithelium, unite 
to form larger intraglandular ducts lined by a pseudostratified columnar epithelium. These, 
in turn, open into a single (or multiple) bulbourethral duct with a lining of transitional 
epithelium. The gland is ensheathed by a fibroelastic capsule containing a variable amount 
of striated muscle cells. Trabeculae, extending from the capsule, consist of dense irregular 
connective tissue and some smooth and striated muscle fibers. The interstitium consists of 
loose connective tissue and a few smooth muscle fibers but in bucks, smooth muscle cells 
are particularly abundant within the interstitium. In ruminants, the gland is surrounded by 
the bulbocavernous muscle (Dellmann and Eurell, 1998; Neves et al., 2013). 

Nielsen (1976) studied the bulbourethral gland of the rat, using ordinary light microscopy, 
electron microscopy and histochemistry. It is a lobular gland and, centrally in each lobe, 
there is a duct, the ampulla, into which the alveoli drain, either directly or via a very short 
and narrow ductule. In some glands all the alveoli are cyst-like dilated. The alveoli and 
ampullae are bounded by tall glandular cells with flattened basal nuclei. The cytoplasm is 
full of secretion granules. There is only one large secretory duct into which all the 
ampullae open and this leave the gland at one end. In the electron microscope the granules 
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can be seen to be surrounded by a unit membrane, but quite often several granules flow 
together in a large irregular mess. Some granules have dense corn-like structure, while 
others are quite light. A non-membrane bounded mass can often be seen in the luminal 
part of the cells. Myoepithelial cells can be seen around the secretory cells. 

Neves et al. (2013) studied the morphology and biometry of the bulbourethral gland of 
Santa Ines breed sheep. The bulbourethral glands were classified as compound tubulo-
acinar, with prismatic cells, acidophilic cytoplasm and rounded nucleus basalis. The duct 
system of this gland was lined by pseudostratified epithelium. The capsule was composed 
by dense connective tissue containing striated skeletal muscle. The capsular tissue 
presented septals components, constituted by the loose connective tissue of the lamina 
propria and occasionally by the diffuse lymphatic tissue.  

Hib (2003) and Junqueira and Carneiro (2008) mentioned that histologically, the 
bulbourethral glands in humans are tubuloalveolar formations in pairs, with mucous-type 
cells and striated skeletal muscle in septa that separate their lobes. 

Mollineau et al. (2009) studied the gross and micro anatomy of the bulbourethral gland of 
male agouti (Dasyprocta leporina). The pea-shaped bulbourethral gland (BG) of the 
agouti consists of convoluted tubular, mucous secretory units, which are irregularly 
shaped each with a mean length of 177.9 +/- 7.10 microm and a mean width of 63.5 +/- 
3.97 microm. The BG of the agouti is ventro-lateral to the rectum and dorsally positioned 
to the pubic symphysis, and connected to the urethra by short ducts. 

Khalaf and Merhish (2010) conducted the anatomical study of the accessory genital 
glands in goats (Caprus hircus) (in local Iraqi breeds). The bulbourethral gland had mean 
length 1.58±0.005 cm, mean width 1.46±0.006 cm, mean weight 3.23±0.11gms and mean 
volume 2.05±0.03 cm3. 

2.4 Effect of castration and exogenous testosterone on male accessory sex glands 

Testosterone is a steroid hormone that enters its target cells to exert its effects. Within 
target cells, testosterone is converted to dihydrotestosterone, which binds to intracellular 
receptors. In addition to supporting the maturation of spermatozoa within the testis, 
testosterone promotes the development and function of male accessory sex organs, cause 
development of secondary sex characteristics and promotes male sexual behaviour. Lack 
of lobido (sex drive) and inability of produce offspring are two of the most obvious effects 
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of castration and the resultant lack of testosterone. If an animal is castrated before puberty, 
many of the masculine secondary sex characteristics fail to develop. In addition, the 
accessory sex glands fail to develop normally if castration occurs early in life and they 
regress and become nonfunctional if castration occurs after sexual maturity (Frandson and 
Spurgeon, 1992). 

Sexual development is an ordered process that begins at the moment of fertilization and 
terminates with the production and transfer of viable gametes. The formation of the male 
gonad depends upon genes located on both sex chromosomes and autosomes. 
Differentiation and growth of the male reproductive system is directed by the fetal testis 
through the production of a putative peptide which causes the regression of the Mullerian 
ducts and the secretion of testosterone which virilizes the Wolffian duct and thereby 
directs the differentiation of the internal accessory structures of reproduction. A third 
hormone, dihydrotestosterone, is synthesized intracellularly from testosterone within the 
urogenital sinus and tubercle. The action of this hormone controls the formation of the 
prostate and the external genitalia characteristic of the male phenotype. The postnatal 
growth of the testis and accessory sex tissues follows a characteristic curvilinear pattern 
with the most prominent increments coincident with the onset in testosterone production 
(Desjardins, 1978). 

Baker (1927) found that the seminal vesicles, Cowper's glands and adrenals are smaller 
when castration was performed at 100 days than when done at 200 days, and there is little 
difference if castration is performed at 50 or 100 days. Bratzler et al. (1954) also claimed 
that the accessory sex gland weights of the delayed castrates were larger than those of 
early castrates and atrophy was extremely rapid after castration. 

Raeside et al. (1997) studied the effects of castration on early postnatal development of 
male accessory sex glands in the domestic pig. In the neonatal pig there was a remarkable 
production of steroids by the testes for the first few weeks after birth. Several androgens 
and estrogens reached a peak at about one month of age. In order to gain an understanding 
of the significance of this early steroid secretion they examined the effect on accessory 
sex glands of removal of the testes before the peak in these compounds would have 
occurred. Pigs were castrated (n = 38) at 2-3 weeks of age, with littermates serving as 
intact controls (n = 33). Animals were killed at ages ranging from 4-12 weeks. Blood 
samples were taken and both bulbourethral (BU) and vesicular glands (VG) were 
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removed, as well as the testes of intact males. Testes weights (wt) increased fourfold, as 
did body wt for both intact and castrate males. Both BU and VG showed absolute increase 
in wt (3.5x and 5x respectively) in intact males, and each was about 2.8x greater than in 
castrates. Histological sections were markedly distinctive for both BU and VG between 
intact and castrate animals, and a lack of developmental changes in both glands was noted 
in the castrates. Their findings provide clear evidence of an influence of the testes on 
accessory sex glands in the early postnatal life of the pig. 

The effects of combined administration of ethinylestradiol (E) and testosterone (T) were 
studied by Olamide et al. (2007) in castrated Sprague-Dawley rats. The hormones E and T 
were administered three times weekly on alternate days, subcutaneously in the inguinal 
region for 4 weeks, 30 days after castration. E- treated animals received injections of 3 
g/kg body weight (B.W), T-treated animals received 30 mg/kg B.W., combined 
testosterone and ethinylestradiol (T & E) -treated animals received injections of 30 mg/kg 
B.W. of T and 2 g/kg B.W. of E. Control animals - were in two groups, castrated and 
intact both received injections of 5 ml/kg B.W. of normal saline. i) The T-treated prostate 
weight was significantly higher than in castrated control (p<0.05). (ii) The E- alone 
treated prostate weight was not significantly different from castrated control (p<0.05). iii) 
The combined T and E-treated prostate weight was significantly higher than in castrated 
control (p<0.05). Morphological findings: in the combined T and E treated, the amount of 
connective tissue was well marked, there was an increase in the thickness of the 
epithelium and the size of the oval acini, relative to T-alone treated or the intact control. 
E-alone did not elicit any appreciable effect on the prostate, different from the castrated 
control. This finding demonstrates a synergistic effect of E on the prostate when 
administered along with T and also suggests that E may be involved in the 
pathophysiology of the abnormal enlargement of prostate gland. 

Androgen deprivation elicited by surgical or chemical castration induces apoptosis in the 
prostatic epithelium and the number of glandular cells is significantly reduced (a 66% 
decrease) (English et al., 1987) and secretory activity is severely attenuated and 
alternatively, the prostatic enlargement occurs in the aging prostate. (Olamide et al., 
2007). The castration of experimental animals also induces prostatic atrophy that can be 
reversed by testosterone treatment (Huttunen et al., 1981). 
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Castration promoted changes in the biometric measures of the accessory sex glands and 

they were lower in the castrated animals. Analyzing weight of the vesicular and 

bulbourethral glands, Martins (2006), Campos (2003) and Neves et al. (2013) observed a 

significant difference between experimental groups comparing castrated and non-castrated 

breed sheep. Neves et al. (2013) studied the values of length, width and height of the 

sheep (castrated and non-castrated) reproductive glands, there was significant difference 

between castrated and non-castrated animals. These results confirm the assertions of 

Nunes (1982) and Risbridger and Taylor (2006), who had observed the functional 

dependence of the reproductive accessory glands on testosterone, providing different 

biometric data of the respective glands analyzed after castration. The levels of testicular 

steroids during the period after the early postnatal peak seemed to have been sufficient to 

sustain development of the accessory sex glands (Desjardin and Jones, 1970; Jean-

Faucher et al., 1986) whereas Rudolph and Starnes (1954) also found the regression of the 

seminal vesicle and prostates in castrated rats. 

Chinoy et al. (1974) studied the effects of castration, testosterone propionate (TP), and 

vasoligation on nucleoprotein levels in the accessory glands of guinea pigs and showed 

that castration caused a marked decrease in RNA in all accessory glands except the 

seminal vesicle, while TP treatment increased RNA to levels considerably above those of 

controls. Vasoligation had an effect similar to that of castration, but was lowered, in 

varying amounts, in the other accessory glands. TP treatment raised DNA levels above 

those of controls in all tissues. Protein concentrations were lowered in all glands of 

castrated animals except the seminal vesicle. TP treatment caused an increase in protein 

concentrations to levels raised protein levels in varying degrees, depending on surgical 

technique. These results indicate that nucleoprotein metabolism of the guinea-pig 

accessory sex glands is androgen dependent. 
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MATERIALS AND METHODS 
 
3.1 Animals 

Fifteen male goats (4 months old) were used in this experiment. The goats were 

purchased from the near local market and housed in a well ventilated house. The goats 

were administered with the board spectrum anthelmintic (Albencid®) to free them from 

parasites. The goats were divided into three groups; Group-A: goats (castrated), Group-B: 

control group and Group-C: goats with excess testosterone (exogenous IM administration 

of testosterone enanthate). Goats of group-A were castrated immediately after purchase 

and maintained post-operative hygienic care. Before 7 days of castration, goats were 

vaccinated with Vaxitet® (0.5 ml absorbed Tetanus Toxoid/buck, IM; Incepta Vaccine 

Limited, Dhaka) to prevent tetanus. Goats of group-C were administered testosterone 

enanthate (TE) (Testosterone Enanthate injection®, 250 mg/ml, Rotexmedica, Trittau, 

Germany) intramuscularly @ 125 mg/goat weekly for a period of 2 months.  
 

The goats were purchased at mid-January, 2013 and after rearing of four months, the 

goats were slaughtered at mid-May, 2013. 
 

3.2 Collection of blood samples 

Befre slaughter, 7.5 mL of blood from each goat was collected by jugular venipuncture 

using a sterile needle and syringe. 5 mL of it was put into commercially prepared tubes 

containing EDTA as the anticoagulant, while 2.5 mL was put in separate tubes without an 

anticoagulant. The samples were taken before 10 am in the morning when the animals 

were calm and the ambient temperature was low. Thereafter, the samples were 

immediately taken to the laboratory for analyses. 
 

3.3 Hematological analysis 

The hematological analysis was carried out by Automated Mythic-22 Hematology 

Analyzer, Switzerland.  
 

3.4 Biochemical analysis 

The biochemical analysis was performed by HUMALYZER-2000, Germany. The 

glucose, protein and lipid profile were measured using end point method and serum 

enzyme (SGOP & SGPT) level was measured using kinetic method.  
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3.5 Anatomical study 

After slaughter, the accessory sex glands (seminal vesicles, prostate glands and 

bulbourethral glands) were collected. The location and shape were observed and the 

length, width and weight of them were measured and preserved in Bouin's solutions 

immediately after slaughter. 

3.6 Histological study 

The selected samples were processed in the laboratory for histological studies following 

standard histological techniques, and the paraffin sections then cut at 6 μm thickness 

using microtome. After cutting, the sections were floated on luke-warm water in a 

floatation bath at 37°C for stretching, then the sections were attached on cleaned glass 

slides using egg albumin and dried on a hot plate of slide warmer boxes. The sections 

then were stained with routine Hematoxylin and Eosin stain (Gridley, 1960) for 

histomorphological study. After staining, the sections were rehydrated in descending 

grades of alcohol, cleared in xylene and mounted with “DPX”. The stained sections of 

seminal vesicles, prostate glands and bulbourethral glands were studied thoroughly under 

compound microscope using 4, 10, 40 and 100 objectives.  
 

3.7 Measurement 

The capsular thickness of bulbourethral glands, thickness of lamina muscularis and 

adventitia of seminal vesicle and histological cross sectional length and width of the 

glandular secretory units of seminal vesicle and prostate glands were measured (at 10X) 

using calibrated scale by oculometer (12.5X).  
 

3.8 Photography 

The photographs of this study were taken from the studied slides with the help of 

OPTICA photo-microscope (B-350), Italy. 
 

3.9 Statistical analyses 

All data were analyzed by one–way analysis of variance (ANOVA). The specific group 

differences (I. between castrated and control; II. between control and testosterone treated 

group) were determined using student’s t-test.  

 



30 

RESULT AND DISCUSSION 
 
Testosterone, the principal androgen, exerts both androgenic effects involving growth 
stimulation and functional maintenance of the male reproductive tract and anabolic 
effects involving growth stimulation of nonreproductive organs, such as muscle, kidney 
and liver (Barbara et al., 2006) and also affects the hemogram of animals (Zha et al., 
2013; Bai and Kurup, 1976; Tyagi et al., 1999; Aydilek and Aksakal, 2005). Several non-
genetic factors including castration affecting haematological parameters of farm animals 
have been observed (Carlson, 1996; Johnston and Morris, 1996; Svoboda et al., 2005; 
Xie et al., 2013). Blood is an important and reliable medium for assessing the health 
status of individual animals (Oduye, 1976). Haematological parameters are good 
indicators of the physiological status of animals (Khan and Zafar, 2005). The 
hematological tests served as information base for animal health assistance. To observe 
the effect of castration and exogenous testosterone administration on hemato-biochemical 
parameters and on male accessory sex glands, the male goats (n=15) were reared for four 
months for the desired treatment. After that, the blood collection for hematological and 
biochemical studies, gross anatomical studies were done and collected samples were used 
for further histological studies. 

4.1 Effect of castration and exogenous testosterone on erythrocyte indices of goats 

Castration of the goats caused a significant decrease in red blood corpuscles (RBC) and 
packed cell volume (PCV); accompanied with significant increased mean corpuscular 
volume (MCV) and mean corpuscular hemoglobin (MCH). Treatment with exogenous 
testosterone (TE, testosterone enanthate) hormone caused significant increased in RBC 
and PCV. Hemoglobin concentration insignificantly decreased in castrated goats and 
increased in testosterone treated goats. Both the castration and exogenous testosterone did 
not affect much the mean corpuscular hemoglobin concentration (MCHC) (Table 5). 
Though the values were changed both in castrated and TE treated goats, the values were 
within normal range according to different authors (Table 1). These findings corroborate 
the findings reported by Kelani and Durotoye, 2002; Hassan, 2010 and Zha et al., 2013. 
Testosterone has the ability to increase erythropoiesis (red blood corpuscles production) 
in the kidneys, and a higher red blood corpuscles (RBCs) count may improve iron kinetic 
studies (Hassan, 2010). 

http://www.ncbi.nlm.nih.gov/pubmed?term=Tyagi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10624603
http://www.ncbi.nlm.nih.gov/pubmed?term=Aydilek%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16268953
http://www.ncbi.nlm.nih.gov/pubmed?term=Aksakal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16268953
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Table 5: Values of red blood cell count, hemoglobin concentration, packed cells volume 
and erythrocyte indices of castrated, control and testosterone treated goats  

 
Parameter 

Red blood 
corpuscles 

106×/µl 

Hemoglobin 
(g/dl) 

Packed cell 
volume % 

MCV 
(fl) 

MCH 
(pg) 

MCHC 
(g/dl) 

Castrated goats 7.18±0.44** 7.78±0.61 23.62±1.03* 32.71±1.13* 10.91±0.24* 32.91±0.42 
Control goats 10.26±0.68 9.56±0.92 28.83±0.78 27.79±1.08 9.23±0.27 33.13±0.48 
Testosterone 
treated goats 

12.47±0.50* 11.09±1.05 32.50±0.95* 26.05±0.72 8.70±0.37 34.20±0.49 

* p<0.05 and ** p<0.01 (t-test) 
 
 

4.2 Effect of castration and exogenous testosterone on leucocytes indices of goats 

The effect of castration and testosterone on leucocytes indices of goats of present study 
has been shown in Table 6. Total number of white blood cells (WBC) was increased in 
castrated goats but in TE treated goats, WBCs were significantly (p<0.05) reduced. In 
current study, there was a significant increase (p<0.01) in the percentage of number of 
neutrophils accompanied with a significant decrease (p<0.01) in the percentage of 
number of lymphocyte in castrated group. The reverse case was observed in TE treated 
group. The values of WBC and DLC (differential leukocyte count) of all three groups 
were within/ or near to normal range (Table 2). There were no major changes observed 
between groups (castrated, control and TE treated) in basophiles, eosinophils and 
monocytes count. The changes due to castration and TE administration made an 
agreement with the findings of Hassan, 2010; AL-Zghoul et al., 2008.  

Castration has been shown to elicit physiological stress, anti-inflammatory reactions 
(indicated by acute phase proteins), pain-associated behaviour, suppression of immune 
function, and a reduction in performance (Molony et al., 1995; Fisher et al., 1996 and 
1997; Ahmed and Ahmed, 2011) to varying degrees. During castration, it is needed to 
fight infection that is performed by increased number of WBC. Surgical castration causes 
increased haptoglobin and decreased gamma-interferon production. Haptoglobin exerts a 
suppressive effect on lymphocyte function, and reduction of gamma-interferon results in 
suppression of the immune system's cell-mediated immunity and response to antigens and 
increases in neutrophil numbers and the neutrophil :lymphocyte ratio (Fisher et al., 2001) 
or the possible increased in the white blood cells count which was accounted for mainly 
by changes in the number of neutrophils. 

Androgens exert potent regulatory influence over the immune system, although the full 
nature of these effects and mechanism underlying hormone–induced changes in host 
immunity are poorly understood. Several observations indicate that sex hormones serve 
as important regulators of lymphopoisis. Thymic involution that occurs during puberty is 
associated with the onset of sex hormone production and can be delayed by castration 



32 

prior to puberty (Tartakovsky et al., 1981; Thomas et al., 2001). Castration of mice after 
puberty reverses thymic involution and leads to thymic hypertrophy, a process that can be 
reversed by replacement of androgen or estrogen (Tartakovsky et al., 1981). The 
production of B lymphocyte is regulated by physiologic level of androgens (Thomas et 
al., 2001). 

Table 6: Total leukocyte and differential leukocyte values of castrated, control and 
testosterone treated goats 

Parameter White blood 
Cells ×103/µl 

Neutrophil 
% 

Eosinophil 
% 

Basophil 
% 

Lymphocyte 
% 

Monocyte 
% 

Castrated goats 13.47±0.34 47.6±1.54** 3.6±0.50 0.6±0.24 46.2±1.24** 2.2±0.49 
Control goats 12.06±0.56 36.6±0.81 4.6±0.50 0.6±0.24 55.4±1.72 2.4±0.51 
Testosterone 

 Treated goats 
8.91±0.53* 31.6±1.63* 5.4±0.50 0.8±0.37 59.2±1.46 3.0±0.55 

* p< 0.05 and ** p< 0.01 (t-test) 
 

4.3 Effect of castration and exogenous testosterone on serum biochemistry of goats 

Serum biochemistry has been found to be important and reliable means for assessing an 
animal’s health status and might give an indication of the degree of damage to host tissue 
as well as severity of infection (Otesile et al., 1991). The current study showed that the 
elimination of testicular androgens by castration results in a significant (p<0.05) increase 
in the levels of total cholesterol (TC), triglycerides (TG), low density lipoprotein (LDL) 
in castrated goats group compared with control value (Table 7). This result agree with 
Moorjani et al., 1988; Jockenhövel et al., 1999; Hassan, 2010 and suggest that the 
increase in plasma LDL is due to an increase in the number of LDL particles. The 
increase in the number of LDL particles in the present study could result from reduction 
LDL uptake by the LDL receptor (Wang et al., 1993; Briggs et al., 1996). Tikkanen and 
Nikkila (1987) and Bai and Kurup (1976) concluded that castration significantly 
increased TC, TG, HDL-C and LDL-C levels and may be attributed to the decrease of 
hepatic lipase (HL) and lipoprotein lipase (LPL) activities due to the absence of gonadal 
hormones. 

One could argue that alteration in the plasma lipoprotein profile after castration could be 
the result to an increase in the secretion of hepatic very low density lipoprotein VLDL of 
cholesterol. Circulating VLDL particles are then catabolized into LDL cholesterol 
particles by the action of lipoprotein lipase (LPL). Furthermore, direct hepatic secretion 
of LDL incastration animals could explain the increase levels of plasma LDL, even 
through this metabolic pathway is not a major contributor to circulating LDL particles in 
normal animals. Androgen through surgical castration results in an atherogenic lipid 
profile (Xu et al., 2003). It is also remarkable that after castration, androgens could 

http://www.ncbi.nlm.nih.gov/pubmed?term=Moorjani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=3276721
http://www.ncbi.nlm.nih.gov/pubmed?term=Jockenh%C3%B6vel%20F%5BAuthor%5D&cauthor=true&cauthor_uid=10337859
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possibly favor their antagonistic effect on the action of estrogens on LDL receptor 
expression (Leblanc et al., 2004). 

Administration of testosterone hormone (TE) caused an insignificant decrease in the level 
of TC and a significant decrease (p<0.05) in the levels of TG and LDL compared with 
controlled group (Table 7). Total serum protein (TP) and albumin were significantly 
(p<0.05) reduced in castrated group and insignificantly raised in TE treated group. Serum 
glucose level was significantly (p<0.01) lowered in castrated group. The study showed no 
significant difference between groups in high density lipoproteins (HDL), globulin and in 
serum enzyme (SGOT and SGPT) level (Table 8). The values of WBC and DLC 
(differential leukocyte count) of all three groups were within or near to normal range 
(Table 3 & 4). The findings about serum biochemistry of the present study were similar 
to the findings of Meriggiola et al., 1995; Tyagi et al., 1999; Jockenhövel et al., 1999; 
Hussein et al., 1999; Aydilek and Aksakal, 2005; Hassan, 2010. The majority of 
crosssectional studies have found a positive correlation of endogenous testosterone with 
HDL and a negative correlation with total cholesterol, LDL and triglycerides (Oppenheim 
et al., 1989). Exogenous testosterone has been reported to increase the activity of hepatic 
lipoprotein lipase (LPL), an enzyme involved in HDL catabolism, therefore suggesting 
that testosterone treatment should reduce HDL levels (Zmuda et al., 1993). 
Dihydrotestosterone (DHT) inhibited the differentiation of hMSCs into adipocytes, as 
well as lipid accumulation in existing adipocytes. DHT also inhibited the maturation of 
preadipocytes into mature adipocytes (Gupta et al., 2008).  
 

The significant hypoproteinemia observed in castrated goats may be related to the 
immune status of the animal as well as a reduction in acute phase proteins, which are 
indicative of pain related stress in biological systems as reported by Molony et al. (1995). 
Testosterone has an important effect on lipoprotein metabolism and plays a key role in 
defining the lipoprotein profile (Goldberg et al., 1985). Testosterone supplementation 
reduced visceral fat accumulation, improved fasting glucose levels, glucose tolerance, 
and mean arterial pressure, while having no statistically significant impact on total 
cholesterol or triglyceride levels (Herring et al., 2013).  
 

Table 7: Values of total serum cholesterol, triglyceride, high and low density lipoproteins 
of castrated, control and testosterone treated goats 

 
Parameter 

Cholesterol 
mg/dl 

Triglyceride 
Mg/dl 

High density 
Lipoproteins 
(HDL) mg/dl 

Low density 
Lipoproteins 
(LDL) mg/dl 

Castrated goats 84.67±3.76* 63.00±3.21* 35.00±1.53 31.00±3.51* 

Control goats 67.33±3.38 44.33±1.45 40.33±2.08 17.66±1.45 
Testosterone treated goats 58.33±2.60 32.67±2.60* 41.33±3.48 11.66±1.20* 

* p<0.05 (t-test) 

http://www.ncbi.nlm.nih.gov/pubmed?term=Meriggiola%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=8567093
http://www.ncbi.nlm.nih.gov/pubmed?term=Tyagi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10624603
http://www.ncbi.nlm.nih.gov/pubmed?term=Jockenh%C3%B6vel%20F%5BAuthor%5D&cauthor=true&cauthor_uid=10337859
http://www.ncbi.nlm.nih.gov/pubmed?term=Hussein%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=10220948
http://www.ncbi.nlm.nih.gov/pubmed?term=Aydilek%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16268953
http://www.ncbi.nlm.nih.gov/pubmed?term=Aksakal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16268953
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Table 8: Values of total serum proteins, albumin, globulin, glucose and enzymes of 
castrated, control and testosterone treated goats 

 Parameter Total serum 
protein g/dl 

Albumin 
g/dl 

Globulin 
g/dl 

Glucose g/dl SGPT 
Unit/L 

SGOT 
Unit/L 

Castrated goats 4.71±0.23* 2.74±0.26* 1.97±0.15 49.77±1.83** 10.27±0.55 15.27±1.76 
Control goats 6.66±0.26 3.91±0.14 2.75±0.36 70.23±2.71 11.21±0.37 16.73±0.75 
Testosterone 
treated goats 

7.13±0.20 4.11±0.19 3.01±0.08 81.87±3.29 13.35±0.55 20.80±1.38 

* p< 0.05 and ** p< 0.01 (t-test)  

4.4 Effect of castration and exogenous testosterone on male accessory sex glands 

Male reproductive system consisted of the testis (the principle organ, the male gonad, the 
source of spermatozoa and also of male sex hormones called androgens), the excretory or 
ejaculatory ducts including the epididymis, the ductus deferentes (transport the 
spermatozoa from the testes to the exterior and allow their maturation on the way), the 
penis (the male copulatory organ) and accessory sex glands including the seminal 
vesicles, the prostate and the bulbourethral (Cowper's) glands (secrete fluids that help to 
form the seminal fluid and need to assure optium motility and fertility of spermatozoa) 
(Getty, 1975; Bacha and Wood, 1990; Ghosh, 1995; Dyce et al., 2002; Archana et al., 
2009; Hafez, 1974; McDonald, 1980; Bone, 1988). Accessory sex glands were the 
important components of male genital system and play an important role in animal 
reproduction.  

Anatomical study 

Seminal vesicle 

Seminal vesicles were the paired accessory sex glands in goats. 

Location: The seminal vesicle or vesicular glands of all three groups (castrated, control, 
and testosterone treated) of goats were situated on the caudodorsal aspect (near to the 
neck) of the bladder and the initial part of the pelvic urethra, lateral to the ampullae of the 
ductus deferens (Fig 3 & 4). The present observations were similar to the Ghosh, 1995; 
Dyce et al., 2002; Getty, 1975; Nickel et al., 1973; Pineda and Dooley, 2003 and 
Youngquist and Threlfall, 2007. It was also found that the left vesicular gland was 
situated 2-3 mm caudal than the right one both in control and testosterone treated goats 
(Fig 3). 

Size: The vesicular glands of same species were somewhat unsymmetrical in size (in 
length, width and weight) (Fig 5 & 6). Such a comment made by Getty, 1975 and Khalaf 
and Merhish, 2010. In present observation, the average length and width of the left 
vesicular glands were higher than the right glands that were similar to the findings of 

http://as.wiley.com/WileyCDA/Section/id-302477.html?query=Mauricio+Pineda
http://as.wiley.com/WileyCDA/Section/id-302477.html?query=Michael+P.+Dooley
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Archana et al. (2009). It was also found a significant difference (p<0.01) on the length, 
width and weight of vesicular glands among three groups (castrated, control, and treated 
with exogenous testosterone) of goats in one way ANOVA analysis. The specific group 
difference (between castrated & control and between control & TE treated) was also 
observed in t-test (Table-9). Similar contentions regarding biometric values of male 
accessory sex glands have been held by earlier authors (Martins, 2006; Campos, 2003, 
and Neves et al., 2013) in different species of animals. The findings of this study provide 
clear evidence of an influence of the testosterone and castration on accessory sex glands 
in goats. Raeside et al. (1997) claimed the same.  

Table 9. Length, width and weight of seminal vesicles in goats (mean ± SE)  
Measurement 

of seminal 
vesicle 

Castrated goats Control goats Goats treated with exogenous 
testosterone 

Right 
Mean ± SE 

Left 
Mean ± SE 

General 
Mean ± SE 

Right 
Mean ± SE 

Left 
Mean ± SE 

General 
Mean ± SE 

Right 
Mean ± SE 

Left 
Mean ± SE 

General 
Mean ± SE 

 

Length (cm) 
1.077 

 ± 0.021 
1.117 

 ± 0.035 
1.097 

±0.030** 
1.636  

± 0.015 
1.667  

± 0.030 
1.653 

 ± 0.025 
1.840  

± 0.010 
1.850  

± 0.041 
1.850 

±0.026** 
 

Width (cm) 
0.632 

 ± 0.007 
0.656  

± 0.011 
0.647 

±0.011** 
1.136 

 ± 0.015 
1.160  

± 0.017 
1.146 

 ± 0.015 
1.190  

± 0.040 
1.170 

 ± 0.015 
1.183  

± 0.015* 
 

Weight (gm) 0.886  
± 0.034 

0.924  
± 0.028 

0.904  
±0.031** 

1.461  
± 0.041 

1.511 
 ± 0.023 

1.486  
± 0.010 

1.828 
 ± 0.031 

1.899  
± 0.073 

1.860 
±0.057** 

* p<0.05 and ** p<0.01 (t-test) 
Shape: The vesicular glands were grossly lobulated, irregular and more or less solid.  The 
present study identified the vesicular glands easily by their knobby or mulberry or 
glandular appearance (Fig 5 & 6). The observation has an agreement with Dyce et al., 
2002; Archana et al., 2009; Nickel et al., 1973; Land and Robinson, 1985 and Athure et 
al., 1996 and is similar to the anatomical description of vesicular gland in bull by 
McDonald, 1980 and Bearden and Funguay, 2000. 

Prostate gland 

Prostate gland was the unpaired accessory sex glands in goats. Though, generally the 
prostate gland consists of two portions: the compact or external portion (corpus prostate) 
and the disseminate or internal portion (pars disseminata) (Fig 1 & 2), it consists of only 
pars disseminate in goats (bucks), which surrounds the pelvic urethra (Bacha and Wood, 
1990; Getty, 1975; Dyce et al., 2002; Arthur, 1975; Dellmann and Eurell, 1998; Pathak et 
al., 2012). The present observation was the similar to the text as the corpus prostate 
didn’t find in any goats of the present study that indicated that prostate gland of goats 
consisted only of pars disseminata. So, it was impossible for gross anatomical study but 
the samples from the dorsal portion of the pelvic urethra were collected for histological 
study. 
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Bulbourethral gland 

The paired bulbourethral glands are present in all domestic mammalian species except the 

dog (Dyce et al., 2002; Getty, 1975). It was consisted of right and left club-shaped 

independent lobes in all goats of present study, which lied on the dorsal surface of the 

caudal part of the pelvic urethra at the level of ischial arch under the covering of a layer 

of fibromuscular tissue and was closely related to the bulb of penis (Fig 3 & 4). The 

bulbourethral glands were well visible and somewhat round bodies. The current 

observation was similar to the Ghosh, 1995; Dyce et al., 2002; Getty, 1975; Pineda and 

Dooley, 2003 and Shively, 1982.  

The present study found a significant difference on anatomical parameters of 

bulbourethral glands among three groups of goats (Table 10) that was clear in the figure 3 

and 4. The current results corroborate with the findings of Martins (2006), Campos 

(2003) and Neves et al. (2013). Analyzing weight of the vesicular and bulbourethral 

glands, they observed a significant difference between experimental groups comparing 

castrated and non-castrated breed sheep. Neves et al. (2013) studied the values of length, 

width and height of the sheep (castrated and non-castrated) reproductive glands, there 

was significant difference between castrated and non-castrated animals. These results 

confirm the assertions of Nunes (1982) and Risbridger and Taylor (2006), who had 

observed the functional dependence of the reproductive accessory glands on testosterone, 

providing different biometric data of the respective glands analyzed after castration. 

Rudolph and Starnes (1954) also found the regression of the seminal vesicle and prostates 

in rats. 

Table 10. Length, width and weight of bulbourethral glands in goats (mean ± SE)  
Measurement 

of bulbo-
urethral gland 

Castrated goats Control goats Goats treated with exogenous 
testosterone 

Right 
Mean ± SE 

Left 
Mean ± SE 

General 
Mean ± SE 

Right 
Mean ± SE 

Left 
Mean ± SE 

General 
Mean ± SE 

Right 
Mean ± SE 

Left 
Mean ± SE 

General 
Mean ± SE 

 

Length (cm) 
0.567 

 ± 0.416 
0.637  

± 0.015 
0.602 

±0.028** 
1.01  

± 0.043 
1.09  

± 0.036 
1.045 

 ± 0.037 
1.07  

± 0.078 
1.153 

 ± 0.030 
1.112  

± 0.054 
 

Width (cm) 
0.483  

± 0.035 
0.567 

 ± 0.05 
0.525  

±0.043** 
0.887 

 ± 0.076 
0.973 

 ± 0.078 
0.918 

 ± 0.042 
0.933 

 ± 0.472 
1.033 

 ± 0.07 
0.983 

 ± 0.058 
 

Weight (gm) 
0.181  

± 0.013 
0.215  

± 0.008 
0.198  

±0.009** 
0.490 

 ± 0.027 
0.570  

± 0.032 
0.537  

± 0.029 
0.605  

± 0.028 
0.665 

 ± 0.038 
0.635  
± 0.030* 

* p< 0.05 and ** p< 0.01 (t-test) 

http://as.wiley.com/WileyCDA/Section/id-302477.html?query=Mauricio+Pineda
http://as.wiley.com/WileyCDA/Section/id-302477.html?query=Michael+P.+Dooley
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Fig 1. Schematic presentation of the urogenital organs of a bull (Position of the urogenital 
organs of buck is almost similar to bull). 1. Ureter; 2. right testis; 3. epididymis; 4. 
deferent duct; 5. bladder; 6. vesicular gland; 7. ampulla of deferent duct; 8. body of 
prostate; 9. bulbourethral gland; 10. sigmoid flexure of penis; 11. glans penis; 12. 
ischiocavernosus; 14. retractor penis (Textbook of Veterinary Anatomy by Dyce et al., 
2002. p. 715). 
 

             
Fig 2. Schematic presentation of the internal genital organs of bull; dorsal view (Position 
of the genital organs of buck is almost similar to bull). 1. Ureter; 2. body of prostate; 3. 
vesicular gland; 4. urethra; 5. bulbourethral gland (The Sisson and Grossman’s the 
Anatomy of the Domestic Animals by Getty, 1975. p. 942). 



38 

            
           Fig 3. Accessory sex glands of goat (treated with exogenous testosterone) 
 

                               
Fig 4. Accessory sex glands of goat (castrated) 

               
Fig 5. Seminal vesicle of goat (treated 
with exogenous testosterone) 

 Fig 6. Seminal vesicle of goat 
(castrated) 
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Histological study 
The Seminal Vesicle 

Histologically, the vesicular gland of Black Bengal goats of all three groups was 
lobulated compound tubulo-alveolar gland similar as described by Sudhakar et al., 1986; 
Dellmann and Eurell, 1998 and Kundu, 1980. Each lobule of the gland showed folded 
tunica mucosa (comprising of lamina epithelialis and lamina propria), tunica propria 
submucosa, tunica muscularis and tunica adventitia (Fig 7-9). Similar description has 
been given by Trautmann & Fiebiger, 1957; Chandrapal, 1976; Dellmann and Wrobel, 
1976; Sudhakar, 1982; Mollineau et al., 2009 in other domestic animals. The mucosa was 
folded and the mucosa and the central collecting sinus of each lobule were lined with 
pseudostratified columnar epithelium containing tall columnar cells and small, spherical, 
often sparse basal cells. They contained eosinophilic cytoplasm and their nuclei were 
ovoid in shape (Fig 11-12). The present findings were similar to that of Dellmann and 
Eurell, 1998; Mifune et al., 1986. It can be concluded that the tall columnar cells are the 
chief secretory cells and basal cells are the basal reserve cells. Similar contentions 
regarding these cells have been held by earlier authors (Cons, 1957; Chandrapal, 1976; 
Gupta 1989; Sudhakar, 1982) in different domestic animals. 

The lamina propria-submucosa comprised of loose areolar connective tissue containing 
secretory end pieces with varying number of alveoli. The glandular tissue was highly 
reduced in castrated goats (Fig 10). Similar finding was described by Bacha and Wood, 
1990. The glandular end pieces (secretory units) of the vesicular glands were lined by 
pseudostratified columnar epithelium. Occasionally, simple cuboidal or simple columnar 
epithelium was also encountered particularly when the alveoli were dilated. Similar to the 
epithelial lining of the mucosa, the glands also consisted of tall columnar type cells and 
short basal type cells (Fig 14-16). The cytological characters of these cells and their 
nuclei were almost similar to those as observed in the lining epithelium of tunica mucosa. 
The glandular or vesicular secretion was stored in the lumen of secretory units (Fig 13). It 
was also found that the myoepithelial cells were present around the secretory cells of 
glandular end pieces of seminal vesicle in all three groups of goats (Fig 14-16) that 
helped in the excretion of vesicular secretion. The intralobular and main secretory ducts 
were lined by a simple cuboidal epithelium (Fig 17). The highly vascularized loose 
connective tissue of the propria submucosa was continuous with the dense connective 
tissue trabeculae, which subdivided the organ into lobes and lobules. The interlobular 
septa were predominantly muscular, derived from the thick tunica muscularis, which was 
surrounded by a capsule of dense irregular connective tissue with a few smooth muscle 
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cells (Fig 7-9). The results corroborate with the findings of Dellmann and Eurell, 1998; 
Hib, 2003; Archana et al., 2009; Neves et al., 2013. 

            
Fig 7. Cross section of seminal vesicle of 
castrated goats (10X); PS- Propria-submucosa, 
LM- Lamina Muscularis, A- Adventitia, SU- 
Secretory Unit, T- Trabeculae. 

 Fig 8. Cross section of seminal vesicle of 
control goats (10X); PS- Propria-submucosa, 
LM- Lamina Muscularis, A- Adventitia, SU- 
Secretory Unit, T- Trabeculae. 

 

      
Fig 9. Cross section of seminal vesicle of goats 
treated with exogenous testosterone (10X); PS- 
Propria-submucosa, LM- Lamina Muscularis, A- 
Adventitia, SU- Secretory Unit, T- Trabeculae. 

 Fig 10. Cross section of seminal vesicle of castrated 
goats (4X). SU- Glandular Secretory Unit, PS- Propria-
submucosa, LM- Lamina Muscularis, T- Trabeculae. 
The glandular tissue was highly reduced in castrated 
goats. 

The tunica muscularis of varying width and arrangement, composed of a thick layer of 
interwoven (inner circular and outer longitudinal) smooth muscle fibers, surrounded the 
organ, followed by a tunica adventitia and the same pattern was observed in all groups of 
goats (Fig 7-9). Same architecture of tunica muscularis has been encountered by earlier 
authors (Dellmann and Eurell, 1998; Hib, 2003; Archana et al., 2009) in different species 
of animals. 

The tunica adventitia was comprised of loosely arranged meshwork of connective tissue 
fibers (Fig 7-9) as reported in goats (Gupta, 1978); sheep (Neves et al., 2013); buffalo 
(Sudhakar et al, 1986) and in men (Hib, 2003). Many blood vessels and nerve fibers were 
seen in the tunica adventitia.  
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Fig 11. Mucosa of seminal vesicle (10X).  
M- Folded mucosa, PS- Propria-submucosa. 
 

 Fig 12. Mucosa of seminal vesicle (40X). M- 
Mucosa lined with pseudostratified columnar 
epithelium, PS- Propria-submucosa, SU- Secretory 
Unit, C- Chief secretory cell, B- Basal cell. 

 

          
Fig 13. Glandular secretory unit of seminal vesicle 
with secretion (10X). SU- Secretory Unit, S- 
Vesicular Secretion. 
 

 Fig 14. Glandular secretory unit of seminal vesicle of 
castrated goats (40X); B- Basal cell, C- Columnar cell, 
M- Myoepithelial cell that helps for excretion of 
vesicular or glandular secretion. The secretory unit was 
lined by pseudostratified columnar epithelium. 
 

          
Fig 15. Glandular secretory unit of seminal vesicle 
of control goats (40X); B- Basal cell, C- 
Columnar cell, M- Myoepithelial cell that helps 
for excretion of vesicular or glandular secretion. 
The secretory unit was lined by pseudostratified 
columnar epithelium. 

 Fig 16. Glandular secretory unit of seminal vesicle 
of goats treated with exogenous testosterone 
(40X); B- Basal cell, C- Columnar cell, M- 
Myoepithelial cell. The secretory unit was lined 
by pseudostratified columnar epithelium. 
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Fig 17. Intralobular duct of seminal vesicle of goats (40X). SU- Glandular 
Secretory Unit. The duct was lined by simple cuboidal epithelium. 

 
The study measured the thickness of tunica muscularis and adventitia (together) of 
seminal vesicle of all three groups of goats. The average thickness was 106.60 ± 16.82 μ 
in castrated goats; 117.00 ± 16.17 μ in control goats and 95.20 ± 8.04 μ in goats those 
were treated with exogenous testosterone (Table 11). It was also measured the length and 
width of glandular end piece (secretory units) of seminal vesicle of all three groups of 
goats. The average length and width were 108.60 ± 29.73 μ and 58.80 ± 7.00 μ 
respectively in castrated goats; 164.00 ± 48.64 μ and 96.20 ± 24.76 μ respectively in 
control goats and 232.60 ± 77.41 μ and 107.60 ± 32.41 μ respectively in goats those were 
treated with exogenous testosterone (Table 11). Though there was no statistically 
significant difference among the mean values of three groups, the length and width of 
secretory units of seminal vesicle were increased according to the increased level of 
testosterone. The findings of the present study supports the comments of Frandson and 
Spurgeon, 1992 and Raeside et al., 1997 and it can be concluded that the castration and 
administration of exogenous testosterone affect the postnatal development of male 
accessory sex glands in Black Bengal goats. 
 
Table-11: Measurement of lamina muscularis and adventitia and glandular secretory unit 

of seminal vesicle in goats (mean ± SE)  
Parameters Castrated goats 

Mean ± SE 
Control goats 

Mean ± SE 
Goats treated with exogenous 

testosterone,  Mean ± SE 
Thickness of lamina muscularis 
and adventitia (μ) n= 15 

106.60 ± 16.82 117.00 ± 16.17 95.20 ± 8.04 

Glandular secretory 
unit in propria-
submucosa (μ) n=20 

Length 108.60 ± 29.73 164.00 ± 48.64 232.60 ± 77.41 

Width 58.80 ± 7.00 96.20 ± 24.76 107.60 ± 32.41 
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The Prostate Gland 

Histologically, the prostate consisted of a varying number of individual tubuloalveolar 

glands derived from the epithelium of the pelvic urethra. Generally the prostate consists 

of two portions: the compact or external portion (corpus prostatae), and the disseminate 

or internal portion (pars disseminate prostatae) in animals. As different text book 

descriptions, the corpus prostaticus does not occur in the small ruminants (Sisson, 1975; 

Dellmann and Wrobel, 1976). Further, Kundu (1980), Gupta and Singh (1982) and Gupta 

(1989) described only the pars disseminate in the goats. In present observation, only pars 

disseminata was found in all groups of goats (Fig 18-20). The result of present study 

corroborates with the findings of Sisson, 1975; Dellmann and Wrobel, 1976; Kundu, 

1980; Gupta and Singh, 1982; Dyce et al., 2002; Pineda and Dooley, 2003; Youngquist 

and Threlfall, 2007; Khalaf and Merhish, 2010; Dellmann and Eurell, 1998; Pathak et al., 

2012. Roy et al. (1985) also observed a small compact glandular mass embedded in the 

urethral muscle of ram and named it as corpus prostatae. The external portion of the 

prostate gland is absent in small ruminants. The particularly well-developed internal 

portion encircles the urethra in bulls and bucks; in rams, it is U-shaped, and the midline 

of the ventral aspect of the urethra is free of glandular tissue (Bacha and Wood, 1990; 

Dellmann and Eurell, 1998). 

In the present study, the pars disseminata lay in the wall of the pelvic urethra as also reported 

by Aitken (1955). It was located mostly in the dorsal walls of urethra of all three groups of 

goats (Fig 18-20). This was in conformity with the description of Getty (1975), Ghosh 

(1995), Dyce et al. (2002), Pineda and Dooley (2003), Youngquist and Threlfall (2007) and 

Khalaf and Merhish (2010) who described it mostly lies dorsal to the lumen whereas Gupta 

and Singh (1982) described it mostly located in the ventral and lateral walls with only a few 

small lobules in the dorsal wall of urethra of male goats and Dellmann and Wrobel (1976) 

described it occurs all around (all sides) of the pelvic urethra in the propria of small 

ruminants. 

http://as.wiley.com/WileyCDA/Section/id-302477.html?query=Mauricio+Pineda
http://as.wiley.com/WileyCDA/Section/id-302477.html?query=Michael+P.+Dooley
http://as.wiley.com/WileyCDA/Section/id-302477.html?query=Mauricio+Pineda
http://as.wiley.com/WileyCDA/Section/id-302477.html?query=Michael+P.+Dooley


44 

          

Fig 18. Location of prostate gland (pars 
dessiminata) of castrated goats (4X); PS- 
Propria-submucosa, LM- Lamina Muscularis, 
P- Prostate gland. 

 Fig 19. Location of prostate gland (pars 
dessiminata) of control goats (4X); PS- Propria-
submucosa, LM- Lamina Muscularis, P- 
Prostate gland. 

          

Fig 20. Location of prostate gland (pars 
dessiminata) of goats treated with exogenous 
testosterone (4X); PS- Propria-submucosa, LM- 
Lamina Muscularis, P- Prostate gland.  

 Fig 21. Cross section of prostate gland (pars 
dessiminata) of castrated goats (10X); C- 
Capsule, T- Trabeculae, L- Lobule, PS- 
Propria-submucosa, LM- Lamina Muscularis. 

The disseminate portion, pars disseminata, was located in the propria-submucosa of the 
pelvic urethra (Fig 18-20). The pars disseminata lay in the urethral wall surrounded by its 
own capsule of loose connective tissue. A layer of skeletal urethral muscle surrounded 
the gland capsule from outside in all age groups. Large trabeculae originated from the 
capsule and separated the parenchyma into individual lobules (Fig 21-23). The findings 
of the present study corporate the findings of Dellmann and Eurell, 1998; Pathak et al., 
2012. The thickness of trabeculae increased but interlobular and intralobular connective 
tissue decreased with increase in age (Pathak et al., 2012). 

The parenchyma comprised of cisternae and ducts with luminated secretory end pieces. 
The epithelium showed a great variation in different glands and alveoli and even in a 
single alveolus. The secretory tubules, alveoli and intraglandular ducts of the prostate 
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gland were lined by a simple cuboidal to columnar epithelium with occasional basal cells 
(Fig 24). The cytoplasm contained secretion granules. This observation was supported by 
Kundu, 1980; Dellmann and Eurell, 1998; Pathak et al., 2012. Aitken (1955) reported 
numerous compound tubules in the prostate. Yao and Eaton (1954) however, observed 
pseudostratified columnar epithelium lining the pars disseminate of Phillipine goats. 

            
Fig 22. Cross section of prostate gland (pars 
dessiminata) of control goats (10X); C- Capsule, 
T-Trabeculae, L- Lobule, PS- Propria-submucosa, 
LM- Lamina Muscularis. 
 

 Fig 23. Cross section of prostate gland (pars 
dessiminata) of goats treated with exogenous 
testosterone (10X); C- Capsule, T- Trabeculae, 
L-Lobule, PS-Propria-submucosa, LM- Lamina 
Muscularis. 

 

 

 
 
Fig 24. Secretory unit of prostate glands (pars 
dessiminata) of goats (100X). S- Secretory cell, B- 
Basal cell. The secretory unit was lined by simple 
cuboidal epithelium. 
 

 

The study measured the length and width of lobules of prostate glands of all three groups 
of goats. The average length and width were 214.00 ± 49.88 μ and 102.80 ± 16.29 μ 
respectively in castrated goats; 392.00 ± 51.31 μ and 259.00 ± 29.26 μ respectively in 
control goats and 594.60 ± 60.88 μ and 345.00 ± 35.64 μ respectively in goats those were 
treated with exogenous testosterone (Table 12). The length and width of lobules of 
prostate glands of three different groups of goats were significantly different (p<0.01) in 
one way ANOVA analysis. The length and width of lobules of prostate glands of 
castrated goats were significantly decreased (p<0.05 and p<0.01 respectively in t-test) 
than the control goats. On the other hand, the length of lobules of prostate glands of goats 
those treated with exogenous testosterone significantly increased (p<0.05). The length 
and width of glandular secretory units of prostate glands of all three groups of goats were 
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also measured. The average length and width of secretory units of prostate glands were 
insignificantly increased or decreased according to the level of testosterone (Table 12). 
The findings of the present study supports the comments of Frandson and Spurgeon, 
1992; Raeside et al.,1997; English et al., 1987; Huttunen et al., 1981 and Olamide et al., 
2007. Androgen deprivation elicited by surgical or chemical castration induces apoptosis 
in the prostatic epithelium and the number of glandular cells of prostate gland was 
significantly reduced (a 66% decrease) (English et al., 1987). Huttunen et al. (1981) 
found prostatic atrophy in castrated experimental animals. Olamide et al. (2007) claimed 
that the prostatic enlargement occurs in the aging prostate (in increased level of 
testosterone). 
 

Table 12. Measurement of lobule and glandular secretory unit of prostate gland in goats 
(mean ± SE)  

Parameter Castrated goats 
Mean ± SE 

Control goats 
Mean ± SE 

Goats treated with exogenous 
testosterone,  Mean ± SE 

Lobular measurement 
(μ) n=20 

Length 214.00 ± 49.88* 392.00 ± 51.31 594.60 ± 60.88* 
Width 102.80 ± 16.29** 259.00 ± 29.26 345.00 ± 35.64 

Glandular secretory 
unit (μ) n=20 

Length 40.00 ± 11.04 106.20 ± 32.83 147.60 ± 56.09 
Width 23.00 ± 4.12 43.00 ± 11.26 50.40 ± 15.94 

*p<0.05 and **p<0.01 (t-test) 

Bulbourethral Glands 

Histologically, the paired bulbourethral gland was a compound tubular in all three groups 
of goats. The findings were similar to earlier authors (Bacha and Wood, 1990; Dellmann 
and Eurell, 1998; Hib, 2003; Junqueira and Carneiro, 2008; Khalaf and Merhish, 2010; 
Neves et al., 2013) as they described that the bulbourethral glands are compound tubular 
in boars, cats, bucks; tubuloalveolar gland in bulls, rams, stallions and in human and 
absent in dogs. The glands were surrounded by the bulbocavernous muscle (Fig 25-27) 
that is similar to other animals observed by Dellmann and Eurell, 1998; Neves et al., 
2013.  

The secretory portions (secretory units) of the gland were irregular in size and shape in 
all three groups of goats and lined with a tall simple columnar epithelium and occasional 
basal cells. Most of the columnar cells were of the mucous type, with the nuclei basally 
placed and the cytoplasm contained the secretion granules (Fig 29). The intraglandular 
ducts were lined by a pseudostratified columnar epithelium (Fig 30). The gland was 
ensheathed by a capsule composed by dense connective tissue containing a variable 
amount of striated skeletal muscle. Trabeculae, extending from the capsule, also 
consisted of dense irregular connective tissue and skeletal muscle fibers. The interstitium 
consisted of loose connective tissue and smooth muscle fibers (Fig 28). These results 
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corroborate with the findings of Nielsen, 1976; Dellmann and Eurell, 1998; Mollineau et 
al., 2009; Neves et al., 2013. 

          
Fig 25. Cross section of bulbo-urethral gland of 
castrated goats (10X); BCM- Bulbocavernous muscle, 
C- Capsule, I- Interstitium, SU- Secretory Unit. 

 Fig 26. Cross section of bulbo-urethral gland of 
control goats (10X); BCM- Bulbocavernous muscle, 
C- Capsule, I- Interstitium, SU- Secretory Unit. 

 

          
Fig 27. Cross section of bulbo-urethral gland of goats 
treated with exogenous testosterone (10X). BCM- 
Bulbocavernous muscle, C- Capsule, I- Interstitium, 
SU- Secretory Unit. 

 Fig 28. Capsule and trabeculae of bulbo-urethral gland 
of goats (10X). BCM- Bulbocavernous muscle, C- 
Capsule, T- Trabeculae, SU- Secretory Unit. The 
trabeculae contained skeletal muscle fibers. 

 

          
Fig 29. Secretory unit of bulbo-urethral glands of 
goats (40X). N- Nucleus, SG- Secretion granules. 
The secretory unit was lined by tall simple columnar 
epithelium. The nucleus was placed basally and the 
cytoplasm contained the secretion granules. 

 Fig 30. Intraglandular duct of bulbo-urethral 
glands of goats (10X). The duct was lined by 
pseudostratified columnar epithelium. 
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The study measured the capsular thickness of bulbourethral glands of all three groups of 

goats. The average thickness was 96.80 ± 9.93 μ in castrated goats; 76.00 ± 5.37 μ in 

control goats and 47.40 ± 7.47 μ in goats those were treated with exogenous testosterone 

(Table 13). There found a clear effect of castration and testosterone on bulbourethral 

glands of goats. The thickness of capsule of castrated goats (deficit testosterone) was 

insignificantly increased than the control goats whereas the thickness of capsule of goats 

those were treated with exogenous testosterone (excess testosterone) was significantly 

reduced (p<0.05). The findings of the present study support the comments of Frandson 

and Spurgeon, 1992 and Raeside et al., 1997. The findings provided a clear evidence of 

an influence of castration and the presence of the testes (source of testosterone) on 

bulbourethral glands in the postnatal life of bucks and it can be concluded that 

testosterone helps in the development of the glandular parenchyma of bulbourethral 

glands that are essential for glandular secretion. 

 
Table- 13: Capsular thickness of bulbourethral gland in goats (mean ± SE)  

Parameter Castrated goats 
Mean ± SE 

Control goats 
Mean ± SE 

Goats treated with exogenous 
testosterone,  Mean ± SE 

Capsular thickness of 
bulbourethral gland (μ); n=15 

96.80 ± 9.93 76.00 ± 5.37 47.40 ± 7.47* 

*p<0.05 (t-test) 
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SUMMARY AND CONCLUSIONS 

 

Castration and exogenous administration of testosterone in goats affect significantly in 

certain blood constituents and lipid & protein profiles. Castration caused a significant 

decrease in RBC, PCV and percentage of lymphocytes accompanied with significantly 

increased MCV, MCH and percentage of neutrophils and the reverse result was observed 

in TE treated goats. The study showed a significant increase in the levels of TC, TG and 

LDL in castrated group compared with control value. Administration of TE exogenously 

significantly decreased the levels of TG and LDL compared with control group. A 

significant decline was observed in total protein, albumin and glucose level in castrated 

goats. Castration and administration of exogenous testosterone promoted changes in the 

biometric measures of the accessory sex glands. Analyzing weight, length and width of 

the vesicular glands and bulbo-urethral glands, a significant difference was observed 

between experimental groups comparing castrated, control and testosterone treated goats 

and the values were the lower in castrated and the higher in testosterone treated goats. 

The structures of male accessory sex glands were histologically similar in all three groups 

of goats, but differing in size. Histologically, the findings of the goats’ accessory sex 

glands were almost similar to those of the cattle (according to the literature) except the 

corpus prostate (absent in goats). Increased level of testosterone decreased the tunica 

muscularis and adventitia in seminal vesicle and increased the size of glandular secretory 

units both of seminal vesicle and prostate glands. A negative relation was found between 

the level testosterone and the thickness of capsule of bulbo-urethral glands. The present 

study confirms the developmental and functional dependence of the male accessory 

reproductive glands on testosterone in the postnatal life of Black Bengal goats but the 

mechanism is still poorly understood. 
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