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Abstract: The epididymis, an important organ of male reproduction, imparts sperm 

maturation acquiring motility and fertilizing potential and removal of defective sperm 

and providing good microenvironment. In addition the epididymis plays a significant 

role in the transport, concentration, protection, and storage of spermatozoa. The 

objective of the present study was to analyse the patho-physiological changes in 

epididymis, sperm morphology, count, maturation and transport under long-term 

hyperglycemic condition using Wistar Albino rats as diabetic (hyperglycemic) model. 

Twenty male Wistar albino rats (Rattus norvegicus) were used for this study (body 

weight 225– 250 g) The rats were randomly selected for the following groups i.e. 

group I – control (received 0.1M Citrate buffer) and group II – Diabetes (single 

injection of streptozotocin 60 mg/kg b.w. in 0.1M citrate buffer). At the end of 120 

days animals were sacrificed by over dose of anesthesia (i.p), and followed by 

transcardial perfusion using 4 % paraformaldehyde in 0.1 M phosphate buffered 

saline. Epididymides were dissected out and after gross measurements were taken, 

processed for paraffin technique. Sections were stained using hematoxylin (Harris’s) 

and eosin and observed under light microscope and histomorphometry and 

stereological analyses were done. Spermatozoa were collected from caudal portion of 

epididymis to estimate sperm viability and motility, morphology and morphometry, 

cytoplasmic droplets and epididymal transit time. The present data revealed major 

damage in structure of epididymis and altered sperm quality and quantity under the 

influence of long-term diabetes. The alteration in epididymis might have influenced 

the sperm damage and poor sperm parameters leading to infertility. With the age limit 

to acquire diabetes is coming down rapidly and thus increasing the risk of infertility in 

younger generation. Consequently, more number of basic and clinical researches 

should be focused on the prevention and cure of diabetes. 

 

 Infertility in males is a topping list of 

male related sexual problems nowadays. It 

affects as many as one in six couples, the 

possible causes comes under the following 

Idiopathic, Varicocele, ageing, hormonal 

imbalance, Substance Abuse (alcohol, 

nicotine), Testicular factors, sedentary 

lifestyles, environmental factors, thyroid 

disease, hypertension, heart disease and 

diabetes mellitus (DM). DM may affect 

male reproductive function at multiple levels 

including spermatogenesis as a result of its 

endocrine impairment (Baccetti et al., 2002; 

Ballester et al., 2004). Animal studies using 

rodent models of streptozotocin-induced 

diabetes mellitus have demonstrated a 
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reduction in sperm count and quality 

(Ballester et al., 2004; Amaral et al., 2006; 

Scarano et al., 2006). Human diabetic study 

showed reduction in all semen parameters 

(semen volume, sperm count, motility and 

morphology) (Garcia-Diez et al., 1991).  

 

 The epididymis, an important organ 

of male reproduction, imparts sperm 

maturation acquiring motility and fertilizing 

potential and removal of defective sperm 

and providing good microenvironment 

(Turner, 2007). In addition to sperm 

maturation, the epididymis plays a 

significant role in the transport, 

concentration, protection and storage of 

spermatozoa  and all these process are 

androgen dependent (Meistrich et al., 1975).  

 

 The objective of the present study 

was to analyse the patho-physiological 

changes in epididymis and the sperm 

morphology, count, maturation and transport 

under long-term hyperglycemic condition 

using Wistar Albino rats as diabetic 

(hyperglycemic) model. 

 

Materials and Methods 

 

Animal Used 

 Twenty male Wistar albino rats 

(Rattus norvegicus) were used for this study. 

Male rats of body weight (b.w.) 225– 250 g 

were selected. They were housed 

individually in separate standard cages and 

maintained under standard laboratory 

conditions (temperature 24–28°C, relative 

humidity 60–70%, and 12-hour light–dark 

cycle) with free access to solid pellet diet 

and water ad libitum throughout the study. 

The study was approved by Institutional 

Ethical Committee. Quarantine procedures 

and animal maintenance was according to 

the recommendations of Canadian Council 

Guide to the Care and Use of Experimental 

Animals (1993) and Committee for the 

Purpose of Control and Supervision on 

Experiments on Animals (CPCSEA) 

guidelines for laboratory animal facility 

(2003). Experimentation on these animals 

carried out after subjecting to quarantine 

period of not less than 15 days each. 

 

Experimental Design and Induction of 

Diabetes 

 In this present study, animals were 

grouped as, group I – control (received 0.1M 

Citrate buffer) and group II – Diabetes 

(single injection of streptozotocin (Sigma-

Aldrich, USA) 60 mg/kg b.w. in 0.1M 

citrate buffer). At the 4th day after injection 

the animal blood glucose level were 

estimated. Animals which showed above 

250 mg/dl were considered as diabetic 

(Suresh and Prakash, 2010).  

 

Tissue Harvesting 

  At the end of 120 days after 

recording final body weights, animals were 

sacrificed by over dose of anesthesia (i.p), 

and followed by transcardial perfusion using 

4 % paraformaldehyde in 0.1 M phosphate 

buffered saline. Epididymides were 

dissected out and gross measurements were 

taken. The tissues were fixed for histological 

studies in freshly prepared Bouin’s fluid and 

processed for paraffin technique. Sections 

were stained using hematoxylin (Harris’s) 

and eosin and observed under light 

microscope (Nikon. Japan) 

 

Sperm Analysis 

Sperm count: 

 Sperm count was done according to 

the procedure described previously (Suresh 

et al., 2010). Briefly spermatozoa were 

collect from caudal portion of epididymis, 

by mincing caudal epididymis with 

anatomical scissors in 5 ml of pre warmed 

(35º C) physiological saline, placed in a 

rocker for 10 min. and incubated at room 

temperature for 2 min. Supernatant fluid was 

diluted 1:100 with solution containing 5 g 

Sodium bicarbonate, 1 ml formalin (35 %) 

and 25 mg Eosin/ 100 ml H2O. Total sperm 

count was determined using 

haemocytometer. Approximately 10μl of 

diluted sperm suspension was transferred to 

each counting chamber and was allowed to 
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stand for 5 min and then counted under a 

light microscope at 400 X magnification.  

 

Sperm Viability and Motility:  

 About 20μl of sperm suspension was 

mixed with an equal volume of 0.05% eosin-

Y and nigrosin. After 2 min incubation at 

room temperature, slides were viewed by 

bright-field microscope with 400 X 

magnification (Nikon, Japan). Dead sperms 

appeared pink and live sperms were not 

stained (Suresh et al., 2010).  Percentage of 

motile sperm was assessed using graded 

semi-quantitative scale of 0 to 5 and the 

spermatozoa were evaluated for the rate of 

forward movement and graded accordingly, 

i.e., 0 = No movement, 1= Sluggish or tail 

movement alone, 2 = Intermittent sluggish 

movement, 3 – 4 = Fair & Good movement 

and 5 = Maximum movement in forward 

direction.  

 

Morphology and Morphometry:  

 The fixed sperm were smeared on a 

glass slide and stained with phosphate 

buffered saline solution of Giemsa (Merck, 

Germany) (Hafez, 1977). Morphological 

alterations in sperm and morphometrical 

data acquired by measuring length of the 

head and flagellum were evaluated. A total 

of one hundred spermatozoa were analyzed 

per animal using ocular micrometer scale 

fitted to a light microscope under 40X 

magnification. 
 

Cytoplasmic Droplet Containing Sperm  

 The presence of cytoplasmic droplet 

containing sperm was determined using the 

method of Syntin & Robaire (2001). 

Spermatozoa were assessed for the presence 

or absence of cytoplasmic droplet, for which 

minimum of 100-spermatozoa/ animal were 

evaluated. 
 

Estimation of Epididymal Transit Time  

 The epididymal transit time were 

calculated according to the methods of 

Scarano et al., (2006). Briefly the 

epididymal sperm count were calculated in 

individual region (Caput, corpus and 

caudal). Then transit time of caput/corpus 

and caudal epididymis were calculated by 

dividing the number of sperm within each of 

these three regions by the daily sperm 

production. 

 

Histomorphometry and stereological 

analyses 

 The conventional stereological 

principles and accepted morphometric 

procedures as outlined by Elias and Hyde, 

(1980) were used to obtain quantitative 

information, details of the procedure have 

been described previously (Prakash et al., 

2008). Systematic unbiased random 

sampling (SURS) protocol was adopted. All 

the data’s are expressed in relative value. 

 

Statistical analysis 

 The significant difference between 

the mean value of control and experimental 

groups was determined by student‘t’ test. P 

value <0.05 was considered as statistically 

significant (Zar, 1974). All the analysis was 

done by using Microsoft Excel 2003 and 

SPSS statistical package version 7.   

 

Observations 

 

Sperm analysis  

 Significant reduction in percentage 

of viable and increase of the dead sperm 

were observed in the long term 

hyperglycemic rats when compared with 

normoglycemic rats. There was significant 

decline in motility in hyperglycemic when 

compared with normoglycemic rats.  
 

 The sperm concentrations and 

motility were markedly decreased in the 

long term hyperglycemic rats. No significant 

changes were observed in the morphometry 

study in all the experimental groups. 

Morphological analysis shows wide degree 

of abnormality in long term diabetic rat 

sperm such as defects in the head 

(microcephalic, bicephalous, amorphous, 

and acephalic), neck and tail when compared 

to the group I.  
 

Cytoplasmic droplet containing sperm  
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 Cytoplasmic droplet study showed 

significant increase of the sperm containing 

cytoplasmic droplets in long term 

hyperglycemic rats (45 ± 1.12) when 

compared to normoglycemic rats (3 ± 0.39). 

These cytoplasmic droplets were located at 

various levels in the sperm; tail remnant was 

more in number. Observations are 

summarized in table 2.  

 

Epididymal transit time  

 Significant reduction in the 

epididymal transit time was observed in the 

long term diabetic rat when compared with 

normal rats. Data’s were shown in table 1. 

 
Table 1 Sperm analysis data and epididymal 

transit time of control and long term 

diabetic animals. Each value indicates 

the mean ± SD of (n – 6) animals. a – 

control, *** - p<0.001. 

 

 

Epididymal Morphological Changes 

         There were morphological alteration 

such as decrease in the length, breadth, 

height, weight and volume in all the three 

regions of epididymis i.e. caput, corpus and 

cauda of long term hyperglycemic rats when 

compared to the normoglycemic rats. Data’s 

were shown in table 2) 
Table 2 Morphology of epididymis in control 

and long term diabetic animals. Each 

value indicates the mean ± SD of (n – 

6) animals. a – control, * - p<0.05, ** - 

p<0.01 and *** - p<0.001 

 

Histological observation 

 Epididymal histology shows the 

thickening of basement membrane, 

vacuolation of the epithelial cells and 

absence of mature spermatozoa and presence 

of immature germ cell in the lumen of 

tubules in the long term diabetic animals 

when compared to the control (Fig. 1).  
 

Histomorphometric Changes 

 There was significant change in 

volume of connective tissue, tubule and 

epithelia. The number of tubule was found to 

be increased and the diameter found to be 

decreased in diabetic group (Figure 2 to 7).  
  
Discussion 

 The present data’s revealed that 

major changes in structure and functions of 

epididymis plays a significant role in 

altering sperm quality and quantity under the 

influence of long-term diabetes. This 

includes reduction in gross weight and 

volume of the epididymis concomitant with 

decrease in the volume of spermatozoa in 

the tubular lumen may be partly accounted 

for the reduction in epididymal weight and 

volume in the diabetic rats. This may be due 

to the impaired spermatogenesis in diabetic 

condition (result not shown).  

PARAMETER CONTROL DIABETES 

Sperm viability (%) 

Live 98 ± 1.23  60 ± 2.12 a*** 

Dead 2 ± 0.89  40 ± 1.65  a*** 

Motility (%) 98 ± 2.15  50 ± 1.86 a*** 

Count (10
6
) 371 ± 12.02 128 ± 3.25 a*** 

Morphology (%) 

Normal 96 ± 2.12 67 ± 3.20 a*** 

Abnormal 4 ± 0.35 33 ± 1.32 a*** 

Epididymal sperm count (X10
6
/organ) 

Caput/ 
Corpus 

123.67 ± 4.68 45.23 ± 2.17 a*** 

Caudal 247.33 ± 2.63 82.77 ± 1.86 a*** 

Epididymal sperm  transit time (days)  

Caput/ 
Corpus 

6.110 ± 0.25  2.47 ± 0.86 a*** 

Caudal 12.22 ± 1.01 4.52 ± 1.06 a*** 

PARAMETER Control Diabetes 

Length (cm) 5.33 ± 0.24 4.1 ± 0.15 a ** 

Breadth (cm) 

      Caput 0.63 ± 0.12 0.25 ±  0.11 a** 

      Corpus 0.3 ± 0.10 0.13 ± 0.09 a* 

      Caudal 0.85 ± 0.08 0.39 ± 0.11 a** 

Width (cm) 

      Caput 0.53 ± 0.12 0.15 ± 0.09 a*** 

      Corpus 0.15 ± 0.03 0.1 ± 1.59 a* 

      Caudal 0.54 ± 0.06 0.24 ± 0.08 a** 

Volume (ml) 0.48 ± 0.11 0.15 ± 0.09 a** 

Weight (gm) 0.643 ± 0.06 0.31 ± 0.03 a*** 
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Fig. 1 Morphology and histology of the 

epididymis in control and long term 

diabetic rats. In diabetic animal (arrow) 

showing vacuole formation in the 

epithelium Arrow head indicates the 

immature germ cells in the lumen and 

the star indicates the occluded lumen. 

   

 
 
 

Fig. 2 Diameter of the epididymal tubules of 

control and long term diabetes animals. 

Each bar indicates mean ± SEM of (n-6) 

animals. a - control, *** - p< 0.001. 

 

 

 

Fig. 3 Height of the epididymal epithelium of 

control and long term diabetes animals. 

Each bar indicates mean ± SEM of (n-6) 

animals. a - control, * - p< 0.05, ** - 

p<0.01 and NS - Not significant. 

 

 
 
Fig. 4 Volume of connective tissues of control 

and long term diabetes animals. Each bar 

indicates mean ± SEM of (n-6) animals. a 

- control, *** - p< 0.001, ** - p<0.01. 

 

 
 

Fig. 5 Volume of epididymal epithelium of 

control and long term diabetes animals. 

Each bar indicates mean ± SEM of (n-6) 

animals. a - control, *** - p< 0.001. 
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Fig. 6:  Volume of epididymal tubules of control 

and long term diabetes animals. Each 

bar indicates mean ± SEM of (n-6) 

animals. a - control, ** - p<0.01 and *** 

- p< 0.001. 

 

 
 

Fig 7 Number of the epididymal tubules of 

control and long term diabetes animals. 

Each bar indicates mean ± SEM of (n-6) 

animals. a - control, * - p<0.05 and *** - 

p< 0.001. 

 

 
 In general epididymis depends on 

androgens to maintain their structure and 

function (Amman et al., 1993). The 

morphological alteration seen in diabetic 

epididymis may be predominantly due to the 

androgen deficiency.  The serum testoste-

rone and luteinizing hormone were reduced 

in diabetic condition as observed in our 

previous study (Suresh and Prakash, 2010). 

Usually in normal rats deprived of 

testosterone, there will be increase in the rate 

of epididymal sperm transit time (Meistrich 

et al., 1975). However, in this study the 

diabetic rats deprived of testosterone showed 

significant decrease in epididymal transit 

time for sperm. There was increased amount 

of immature and abnormal sperm in long 

term diabetic rats when compared with 

control rats. Present observations clearly 

shows that epididymal dysfunction and 

disturbed homeostasis. The pathology could 

have been enhanced by the impaired 

spermatogenesis and immature spermiation 

which produce immature or sperm with 

cytoplasmic droplets (Suersh and Prakash, 

2010). 

 

 The changes in epididymis had 

severely affected sperm parameters when 

compared to control. The sperm count and 

motility were decreased with increased 

number of abnormal sperm in the 

hyperglycemic epididymis. The sperm with 

cytoplasmic droplet was also more in 

hyperglycemic rat indicating patho-

physiological state of the testis and 

epididymis. The presence of sperm with 

cytoplasmic droplet can increase free radical 

production and oxidative stress in the 

epididymis, a condition seen in our previous 

study on aged rat epididymis (Suresh et al., 

2010). 

 

 The histological observation of 

diabetic epididymis showed vacuolation, 

epithelial fibrosis and lumen filled with 

immature and degenerative sperm cells, 

demonstrating the deleterious effect of long-

term hyperglycemia. Histomorphometeric 

observations showed more number of 

tubules per unit area. This might be due to 

the shrinkage of tubular diameter. Similarly 

this shrinkage or concentration of more 

tubules might have caused increase in 

epithelial height and volume. There was 

increased amount of connective tissue 

proportion.  

 

 These structural changes suggested 

that the epididymal physiology could have 

severely altered and consequently, resulted 

in sperm damage which may lead to 

infertility. With the age limit to acquire this 

disease is coming down rapidly and thus 

increasing the risk of infertility in younger 

generation. Given the finite nature of the 

human existence, an individual man’s most 

precious and lasting gift to the world is the 

legacy created by his offspring. The most 
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unfortunate thing is that India will be the 

diabetes capital of the world in 2030 

according to a World Health Organization 

(WHO) report.  Hence, more basic and 

clinical research is required for the 

prevention and cure of diabetes in India. 
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