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Abstract 
 

This study investigated the protective effects of vitamin E in Tris-pumpkin seed extenders on sperm 

viability and fertilizing parameters of West African dwarf goat bucks chilled at 4
o
C. Pooled semen 

from four matured WAD bucks was diluted in Tris-pumpkin extenders containing vitamin E at 0mM, 

2mM, 4mM, 6mM and 8mM/100ml respectively. Microscopic assessments of diluted semen samples 

were carried out on sperm progressive motility, acrosome and membrane integrities, livability, sperm 

abnormality, arginase and acrosin activities, leukocytes, in vitro sperm capacitation and acrosome 

reaction after in vitro storage at 4
o
C for 96 hours. The concentration of malondialdehyde (MDA) in 

the stored semen was measured in thiobarbituric acid reactive substances. The results showed Tris- 

pumpkin based extender supplemented with 4mM, 6mM and 8mM inclusion levels of vitamin E had 

higher (p<0.05) percentage sperm progressive motility, membrane and acrosome integrities and 

livability compared to other inclusion level and the control group. Furthermore, Spermatozoa with 

Tris based extender supplemented with 2mM and 8mM inclusion levels of vitamin E had lower 

(p<0.05) percentage abnormality.  The results showed lower (p<0.05) concentrations of MDA and 

leukocyte at 8mM inclusion levels of vitamin E and higher value of arginase activity at 4mM and 8mM 

inclusion levels. However, Tris- pumpkin extenders supplemented with 6mM and 8mM inclusion of 

vitamin E had highest (p<0.05) percentage of spermatozoa that underwent in vitro acrosome reaction 

and sperm capacitation compared to other levels and the control. The findings indicate protective 

potential of vitamin E on sperm viability of chilled semen stored at 4
o
C. 
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Description of Problem 

 Chilled-stored semen in artificial 

insemination has become a technique in 

sheep and goat breeding (7). Preservation of 

sperm for longer periods by cooling or 

freezing requires dilution with a protective 

solution to preserve fertilizing capacity of 

spermatozoa during in vitro storage at low 

temperatures. Irrespective of extenders 

nature however, viability of spermatozoa 

deteriorates at low temperatures during 

storage (36). Sperms are subject to oxidative 

stress resulting from lipid peroxidation, 

which can lead to membrane damage, 

reduced sperm viability and lower fertility 

(18). Although semen contains antioxidants 

that balance lipid peroxidation and prevent 

excessive peroxide formation (30), the 

endogenous antioxidative capacity of semen 

is not sufficient during storage (37). 

Moreover, during the preservation process 

the levels of antioxidant decreased by 
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dilution of semen with extender and 

excessive generation of reactive oxygen 

species (ROS) molecules (4; 29), Extenders 

with various additives help to maintain 

fertilizing ability of semen for a long time. 

Efforts to improve the preservation of 

ruminant semen are focused on the 

modification of extenders (35), as well as on 

the addition of various components to 

maintain motility, fertilizing capacity and 

preserve sperm membrane integrity (44; 49). 

Egg yolk is generally accepted to be an 

effective agent in semen extenders for 

protection of spermatozoa against cold shock 

and the lipid-phase transition effect (1). 

However, the use of chilled-stored semen 

diluted in egg yolk-based semen extenders is 

limited by its relatively short-time 

fertilization capacity (6) and individual 

differences in egg yolk due to different 

period of egg´s storage. Though a lot of 

successful semen dilutions have been done 

globally with egg yolk but with 

shortcomings and therefore, removal of 

chicken egg yolk from a semen extender 

would improve consistency in the 

components of semen extenders and 

eliminate hygiene risk. Therefore, it is 

reasonable to develop synthetic semen 

extenders free of egg yolk. A soybean 

lecithin based extender (AndroMed, 

Minitube, Tiefenbach, Germany) has been 

developed and utilized for bovine (3), 

mountain gazelle (47) and sheep (21) semen 

with satisfactory fertility results. The 

potential cause of the decline in motility and 

fertility during hypothermic storage of liquid 

semen is an oxidative damage of 

spermatozoa (8). Therefore, to maintain 

sperm for longer period during storage, it is 

necessary to dilute semen in a protective 

solution (7). A wide variety of antioxidants, 

such as glutathione (GSH), oxidized 

glutathione (GSSG), cysteine, taurine, 

hypotaurine, bovine serum albumin, 

trehalose or hyaluronan have been tested to 

minimize the damage caused by cooling and 

freezing-thawing on bull (50;55), water 

bufallo (23), stallion (8), goat (48) and ram 

(43;54) semen. Glutathione can influence 

cell metabolism through detoxication (17) 

and by preventing the formation of free 

radicals (56) in spermatozoa. The addition of 

glutathione to ram sperm diluents improved 

sperm motility, viability and plasma 

membrane characteristics, protected the 

spermatozoa from free radical damage (53) 

and improved sperm survival following six 

(6) hours cooling storage at 5 °C (11). In 

vitro studies suggested that the addition of 

some antioxidants to extended semen could 

improve the motility and survival of 

spermatozoa (40; 10).The use of vitamin E 

as an antioxidant is generally accepted and 

proven to be effective in many biological 

systems (46). Several reports have indicated 

beneficial effects of vitamin E arising from 

its potent antioxidant on preservation of 

functional parameters of mammalian 

spermatozoa (12; 45). Therefore, the study 

aims to determine the effect of vitamin E 

supplement in Tris-pumpkin seed extenders 

on sperm viability and fertilizing parameters 

of West African dwarf goat bucks chilled at 

4
o
C.  

 

Materials and Methods   

 The experiment was carried out at the 

Goat Unit of Directorate of University Farm, 

Federal University of Agriculture, Abeokuta, 

located on latitude 7
0
 10' N and longitude 3

0
 

2' E, and altitude 76m above sea level with a 

mean annual rainfall of 1,037mm and 

average temperature of 34.7
0
C.  Six intact 

West African Dwarf goat bucks and one 

matured teaser doe were used for the 

experiment. The bucks ranged between 4 and 

5 years with average weight of 18kg. The 

animals were kept under intensive 

management and maintained under a 
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uniform and constant nutritional regimen 

with concentrate feed supplemented with 

guinea grass (Panicum maximum). 

 

Semen collection, dilution and storage 

 Semen samples were collected from six 

WAD goat bucks with the aid of artificial 

vagina. Only ejaculates showing >80% 

motility were pooled. Pooled semen sample 

(each pool originating from six males) was 

diluted with Tris-pumpkin seed milk based 

extender. Prior to dilution, the extender was 

supplemented each with vitamin E at 2mM, 

4mM, 6mM and 8mM /100ml of the diluents 

respectively. Following dilution, the semen 

was dispensed into 5ml tubes sealed and 

gradually chilled at 4
o
C for 96 hours. The pH 

of the pumpkin seed milk extenders 

(Control: 7.05 and vitamin E extender 6.89) 

was determined using digital pH meter. 

 

Table 1: Chemical composition of Tris pumpkin seed milk based extender 
Composition                        Quantity (g/100mL) 

Trishydroxyaminomethane                          2.42 
Citric acid                           1.36 
Glucose                          1.0 
Penicillin                          0.028 
pumpkin seed milk                          20 
Distilled water                          76 

Source: (4) 

 

Semen Evaluation 

Sperm Motility 

 Sperm motility was determined as 

described by (9).Briefly, semen was thawed 

in Clifton Water bath (Model: 74178 by 

Nickel Electro Ltd, Weston-S-Mare 

Somerset, England)  at 37
0
C and accessed 

for sperm motility using Celestron 

PentaView microscope (LCD-44348 by 

RoHS, China) at 400 X magnifications. A 

semen mount was made using 5µl semen and 

the semen was placed directly on a 

microscope slide and covered with cover 

slip. For each sample, five microscopic fields 

were examined to observe progressive sperm 

motility and the mean of the five successive 

evaluations was recorded as the final motility 

score.  

 

Acrosome Integrity  

 The percentage of spermatozoa with 

intact acrosomes was determined according 

to (2). Briefly,50 µl of each semen sample 

was added to a 500µl formalin citrate 

solution (96 ml 2.9% sodium citrate, with 4 

ml 37% formaldehyde) and mixed carefully. 

A small drop of the mixture was placed on a 

microscope slide and a total of 200 

spermatozoa were counted in at least three 

different microscopic fields for each sample, 

using Celestron PentaView LCD microscope 

(400 X magnifications).Intactness of 

acrosome characterized by normal apical 

ridge of spermatozoa was assessed using 

Celestron PentaView LCD microscope. 

 

Sperm Membrane Integrity  

 Hypo-osmotic swelling test (HOST) 

assay as described earlier (26) was used to 

determine sperm membrane integrity and 

this was done by incubating 10 µl semen in 

100 µl Hypo-osmotic solution (fructose and 

sodium citrate) at 37
0
C for 30minutes, 0.1 ml 

of the mixture was spread over a warmed 

slide, covered with a cover slip and observed 

under Celestron PentaView LCD digital 

microscope (400 X magnifications). Two 

hundred spermatozoa (200) were counted for 

their swollen characterized by coiled tail, 

indicating intact plasma membrane. 
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Sperm Abnormality  

 Sperm abnormality was evaluated as 

described by (9) with the use of eosin-

nigrosin smears. A thin smear of mixture of 

semen and eosin-nigrosin solution was 

drawn across the slide and dried. 

Abnormality of sperm cells located in the 

head, midpiece and tail were observed under 

Celestron PentaView LCD microscope (400 

x magnifications). 

 

Live sperm  

 Live sperm was evaluated as described 

by (9) with the use of eosin-nigrosin stain. A 

thin smear of mixture of semen and eosin-

nigrosin solution were drawn across the slide 

and dried. Semen samples were examined 

under a digital microscope (Celestron 

Penta®) LCD view at 400xmagnification for 

live spermatozoa. Spermatozoa that appear 

white were recorded as live spermatozoa and 

those that pick up the stain were recorded as 

dead spermatozoa. 

 

MDA concentrations 

 MDA concentration as index of lipid 

peroxidation in the stored semen was 

measured in thiobarbituric acid reactive 

substances (TBARS) according to (57). For 

this assay, 0.1ml of sperm suspension was 

incubated with 0.1 ml of 150 mM Tris-HCl 

(pH7.1) for 20 minutes at 37°C. 

Subsequently, 1ml of 10% trichloroacetic 

acid (TCA) and 2 ml of 0.375% 

thiobarbituric acid was added followed by 

incubation in boiling water for 30 min. 

Thereafter, it was centrifuged for 15 minutes 

at 3000 rpm inside the blank tube and the 

absorbance was read with UV 

spectrophotometer (SW7504 model by 

Surgifriend Medicals, England) at 532 nm. 

The concentration of MDA was calculated as 

follows:  The concentration of 

malondialdehyde MDA (nmol/ml) = AT – 

AB/1.56 × 10
5
; Where: AT = the absorbance 

of the sample serum, AB = the absorbance of 

the blank, 1.56 × 10
5
 molar absorptivity of 

MDA 

 

Arginase activity 

 Arginase activity was carried out 

according to the procedure of (32). Briefly, 

0.1g bovine serum albumin (BSA) as 

standard in 10ml of water was used. The 

tubes containing 1ml alkaline copper reagent 

(a mixture of copper sulfate reagent, sodium 

dodecyl sulfate solution, and sodium 

hydroxide solution (1:2:1) and 0.1ml 

supernatant sample were mixed and 

incubated for 10min at room temperature. 

After this, 4ml folin Ciocalteu”s phenol 

reagent was added to the tubes, mixed and 

incubated for 5min at 55
o
C. The absorbance 

of the samples was recorded at 650nm in 

spectrophotometer (UV spectrophotometer, 

SW7504 model by Surgifriend Medicals, 

England). 

 

Leukocytes 

 Peroxidase test as recommended by 

WHO was used as follows: A stock solution 

was prepared by mixing 50ml distilled water 

with 50 ml 96% ethanol plus 125 mg 

benzidine. The working solution was 

obtained by adding 5μl 30% H2O2 to 4 ml of 

stock solution. Twenty (20)μl of working 

solution was mixed with 20μl of 

cryopreserved semen in a small test tube. 

After incubation for 5min at room 

temperature, 20μl of working solution was 

mixed with 20μl of phosphate-buffered 

saline. Then, 10μl was placed in a 

haemocytometer, and peroxidase-positive 

cells (dark brown round cells) were counted.  

 

In vitro acrosome reaction  

 Following cryopreservation, 

spermatozoa were thawed by plunging 

straws into a water bath (37°C) for 1min and 

the proportion of acrosome reaction was 
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determined as described by (51) with 

modification as follows: Samples of 

cryopreserved spermatozoa were washed 

with non culture medium (Phosphate-

Buffered Saline [PBS]), and the pellets were 

re-suspended in culture medium (Calcium 

chloride di hydrate 265mg/L, Magnesium 

chloride anhydrous 46 mg/L, Potassium 

chloride 200mg/L, Sodium chloride 8000 

mg/L, Sodium dihydrogen phosphate 

anhydrous 50 mg/L, D-Glucose 1000 mg/L). 

Immediately after the inclusion of 0.9% 

wt/vol PBS (15μg/ml), the acrosome reaction 

was induced by incubating spermatozoa for 

20min with progesterone (2.5mg/ml) at 

38.5°C (5% CO2 in air; 100% humidity). To 

determine the proportion of spontaneous 

acrosome reaction, progesterone was omitted 

but an equal volume of PBS was added. 

Spermatozoa were observed in an upright 

Carl Zeiss Fluorescent Microscope (Primo 

Star, Germany) equipped with phase contrast 

and epifluorescence optics, and 100 cells 

were counted per slide. Spermatozoa with 

intense fluorescence over the acrosome were 

classified as acrosome intact and those with 

no fluorescence or a dull fluorescence along 

the equatorial segment as acrosome reacted.  

 

In vitro capacitation 

 In vitro capacitation of the spermatozoa 

was evaluated using the CTC fluorescence 

assay as described by (13). In brief, CTC 

(750 µM) was prepared in 20mM Tris buffer 

containing 130mM NaCl and 5 mM DL-

vitamin E (final pH 7.8). Sperm suspension 

(5µl) was mixed with 5µl of CTC solution 

on a warmed slide (37° C). After 30sec, 5µl 

of 0.2% glutaraldehyde in 0.5 M Tris pH 7.4 

was added. Finally, 5µlof 90% glycerol and 

10% PBS (pH was adjusted to 8.6) were 

added to retard fluorescence fading. After 

adding a cover slip, slide was examined with 

an upright Carl Zeiss Fluorescent 

Microscope (Primo Star, Germany) equipped 

with phase contrast and epifluorescence 

optics, and 100 cells were counted per slide. 

The proportion of cryopreserved 

spermatozoa that exhibited pattern B 

according to the CTC assay was determined. 

Spermatozoa characterized by bright anterior 

head and faint fluorescence in the post-

acrosomal region were classified as 

capacitated spermatozoa while non 

capacitated sperm had bright uniform 

fluorescence over the head. 

 

Statistical Analysis 

 Data obtained were subjected to 

analysis of variance (ANOVA) using SAS 

1999. While Tukey HSD was used to 

separate significantly different means. The 

model that was used to analyze the data is 

stated below: 

Yij= µ + Ai+ Lj + ∑ij 

Where, 

Yij= Dependent variables 

µ =   Population mean 

Ai = Effect due to i
th
 vitamin E,   

Lj = Effect due to j
th
 level of inclusion, j = 0, 

2, 4, 6, 8 

∑ij =Experimental Error 

 

Results 

 Results in Table 2 showed higher 

(p<0.05) sperm motility, acrosome integrity, 

membrane integrity and live sperm in Tris 

pumpkin extenders supplemented with 

vitamin E compared to the control. 

Spermatozoa chilled with 4mM, 6mM and 

8mM inclusion of vitamin E had the highest 

(p<0.05) percentage sperm motility, 

acrosome integrity, live sperm and 

membrane integrity which also includes 

2mM compared to other inclusion levels of 

vitamin E and the control. The results 

showed lower (p<0.05) percentage 

abnormalities at all levels of vitamin E 

supplementation compared to the control. 

However, lowest (p<0.05) percentage 
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abnormalities were observed at 2mM and 

8mM inclusion levels of vitamin E compared 

to the control. 

 Seminal oxidative stress parameters of 

semen cryopreserved with varying 

concentrations of vitamin E as antioxidant is 

presented in Table 3. The results showed that 

semen cryopreserved with tris based 

extender supplemented with different 

vitamin E levels had lower p>0.05 MDA 

concentrations compared with the control 

group. However, semen cryopreserved with 

vitamin E at 8mM inclusion level had lowest 

p>0.05 MDA concentrations compared to 

2mM, 4mM, 6mM and the control group 

while lower p>0.05 leukocytes was obtained 

in 4mM, 6mM and 8mM compared to other 

inclusion levels and the control . However, 

higher arginase activity p>0.05 was obtained 

at 4mM and 8mM inclusion levels of vitamin 

E as compared the control group. 

 The results in figure I and II showed 

effect of Tris pumpkin seed milk extenders 

supplemented with vitamin E on in vitro 

acrosome reaction (%) and in vitro sperm 

capacitation of WAD buck spermatozoa 

chilled at 4
o
C. Higher (p<0.05) percentage of 

spermatozoa cryopreserved that underwent 

acrosome reaction and sperm capacitation 

were obtained in Tris pumpkin milk 

extenders supplemented with 6mM and 

8mM vitamin E. More spermatozoa (p<0.05) 

cryopreserved with Tris based extenders 

supplemented with vitamin E induced 

acrosome reaction and capacitation 

compared to control group. 

 

 

Table2: Effect of Tris pumpkin seed milk extenders supplemented with vitamin E on 

sperm viability of WAD buck spermatozoa chilled at 4
o
C  

 Extenders 

Parameters (%)     0mM     2mM    4mM     6mM     8mM 

Sperm Motility  33.20 ± 4.57c 53.40 ± 3.40b 63.40 ± 9.72a 67.60  ± 0.60a 70.20 ± 8.14a 
Acrosome Integrity 45.50 ± 1.89c 59.00 ± 5.44b 72.00 ± 4.08a 67.00  ± 1.91a 76.00 ± 2.16a 
Membrane Integrity 51.50 ± 1.26b 72.50 ± 4.19a 75.00 ± 3.69a 76.00 ± 2.16a 78.00 ± 1.41a 

Live Sperm  55.00 ± 2.89c 65.00 ± 2.89b 72.50 ± 2.50a 80.00 ± 0.00a 77.50 ± 2.50a 

Abnormality 4.00 ± 0.00a 2.75 ± 0.48c 3.00 ± 0.41b 3.50 ± 0.65b 1.25 ± 0.25c 
a, b, c 

Values within rows with different superscripts differ significantly (P < 0.05), SE: standard error. 

 

 

Table 3: Effect of Tris pumpkin seed milk extenders supplemented with vitamin E on 

seminal oxidative stress parameters of WAD buck spermatozoa chilled at 4
o
C  

 Extenders 

Parameters     0mM    2mM    4mM    6mM    8mM 

MDA Concentration 
(nmol/ml) 

0.39 ± 0.04a 0.14 ± 0.02c 0.22 ± 0.00b 0.15 ±0.04c 0.07 ± 0.01d 

Arginase Activity 
(units/mg protein) 

0.58 ± 0.00d 0.67 ± 0.00c 3.21 ± 0.00a 1.03 ± 0.00b 3.21 ± 0.00a 

Leukocytes (x10ml) 6.46 ± 0.11a 3.96 ± 0.05b 3.51 ± 0.06b 3.21 ± 0.08b 2.69 ± 0.07c 
a, b, c,d 

Values within rows with different superscripts differ significantly (P < 0.05), SE: standard error. 
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Figure I: Effect of Tris pumpkin seed milk extenders supplemented with vitamin E on 

in vitro acrosome reaction (%) of WAD buck spermatozoa chilled at 4
o
C  

 

 

 
Figure II: Effect of Tris pumpkin seed milk extenders supplemented with vitamin E on 

in vitro Capacitation (%) of WAD buck spermatozoa chilled at 4
o
C  
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Discussion 

 Sperm are exposed to a range of 

temperatures during storage process, this 

promote structural (16) or functional 

modifications (25). The modifications are 

evident in mitochondrial and membrane 

malfunction. This reduces the quantity of 

viable and progressive motile sperm with 

uncapacitated and intact acrosomal cap prior 

to artificial insemination, by affecting the 

permeability of the sperm surface to water 

and ions (24; 42). Capacitation and 

acrosomal cap destruction are cellular 

exocytic like processes which affect sperm 

fertilizing ability and are a critical 

requirement for successful pregnancy after 

insemination (31). The antioxidant vitamin E 

protected the integrity of chilled goat sperm 

which is shown in its ability to effectively 

preserve the sperm at different supplemented 

levels. This was consistent with previous 

research that reported that supplementing 

vitamin E as an antioxidant enhanced post-

thawed sperm qualities by lowering faulty 

sperm or excessive ROS produced by 

leukocytes or sperm (14). It is generally 

understood that motility is an important 

factor in determining the quality of fresh and 

post-thawed sperm. Progressive motility was 

found to be significant when vitamin E was 

used as an antioxidant source when 

supplemented with extender, which could be 

due to the presence of a-tocopheryl acetate 

bioavailability as an energy source (33) is 

required to maintain sperm metabolism and 

to survive stress induced inhibition caused 

by freezing. Energy is required to keep 

sperm metabolism going and to withstand 

the stress induced dormancy caused by 

storage (22; 57). 

Vitamin E contains a high concentration of 

phospholipids (5), which makes it an 

excellent additive to semen extender. 

Phospholipids stabilize the cell membrane, 

and protect sperm from cold shock (38; 20). 

The considerable effect of phospholipid 

content on sperm viability, acrosome, and 

membrane integrities when extender is 

supplemented with vitamin E could be 

attributable to its phospholipid content (5). 

The current findings are consistent with 

previous findings that sperm motility and 

viability were higher in goats and roosters 

(27; 39). When vitamin E is supplemented in 

an extender, the acrosome and membrane 

integrities are better preserved and this 

increases the extender's ability to maintain 

sperm functional integrity. 

Lower oxidative parameter values suggested 

that vitamin E added with an extender could 

minimize oxidative stress in sperm during 

storage. Mammalian sperm contain a high 

concentration of polyunsaturated fatty acids 

in their plasma membrane, rendering them 

susceptible to lipid peroxidation (41; 34). 

Vitamin E as an antioxidant maintained 

sperm viability by scavenging lipid 

peroxidation after freezing (52). Leukocytes 

or sperm function tests, such as acrosome 

response and capacitation, are more accurate 

indicators of fertility than standard sperm 

characteristics (28). In vitro acrosome 

response and sperm capacitation were 

improved with vitamin E supplemented with 

tris- pumpkin extender at 6mM and 8mM, 

indicating that these procedures may 

improve the fertilizing potential of chilled 

sperm. Significant changes in sperm quality 

parameters on the other hand, have already 

been documented (58).  
 

Conclusion and Application  

1. The findings of the present study 

indicated that chilled WAD goat buck 

semen supplemented with 6 mM and 

8 Mm resulted in improved viability 

and fertilizing ability parameters.  

2. Chilled WAD goat buck semen 

supplemented with 6 mM and 8 Mm 
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resulted in reduced oxidative stress 

parameters.  

3. Preservation of semen samples 

obtained from WAD goat bucks with 

tris-pumpkin seed milk based 

extender supplemented with vitamin 

E as antioxidant is satisfactory for AI 

programme. 
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