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Abstract: The objective of this study was to determine the effects of 
different levels of folic acid supplementation on sperm characteristics, 
seminal plasma lipid peroxidation and enzyme activities of mature rabbits. 
Twenty-four male New Zealand White rabbits (7 months old) were divided 
into four equal groups. The first group was served as control, while groups 
2, 3, and 4 were orally treated with low (40 µg/kg of body weight), medium 
(80 µg/kg of body weight) and high doses (160 µg/kg of body weight), 
respectively of folic acid every other day for 12 weeks. Ejaculate volume 
(EV), sperm concentration, total sperm output, sperm motility (%), total 
motile sperm per ejaculate, packed sperm volume, total functional sperm 
fraction (TFSF) compared to the control. Normal sperms and initial 
fructose were found to be significantly (P < 0.05) increased due to 
treatments with low or medium doses of folic acid compared to the control. 
However, reaction time and dead sperm were significantly (P<0.05) 
decreased. On the other hand, high dose of folic acid did not show any 
significant (P < 0.05) effect on the most of previous semen parameters 
compared to the control group.  

Administration of folic acid increased (P < 0.05) seminal plasma 
total protein (TP), albumin (Alb), aspartate aminotransferase (AST), 
alanine aminotransferase (ALT) and acid phosphatase (AcP). Conversely, 
seminal plasma urea and glucose were significantly decreased compared to 
the control. Concentration of thiobarbituric acid-reactive substances 
(TBARS) was significantly (P < 0.05) reduced in seminal plasma of rabbits 
treated with all doses of folic acid. While, the activities of glutathione S-
transferase (GST) and superoxide dismutase (SOD) were significantly 
increased compared with control. These results showed that treatments with 
folic acid caused an improvement of some semen characteristics in rabbits 
especially with low and medium doses without any harmful or negative 
effects on male fertility. 
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INTRODUCTION 

Folate and folic acid are forms of a water-soluble vitamin B. Folic 
acid is the synthetic form of this vitamin that is found in supplements and 
fortified foods. Folic acid is also known as folate, folacin and 
pteroylmonoglutamate (Herbert, 1999).  

Folic acid provided as a supplement is well absorbed (Brouwer et al., 
2004). Folate participates in several key biological processes, including the 
synthesis of DNA, RNA and proteins. It is necessary for DNA replication 
and repair, the maintenance of the integrity of the genome, and is involved 
in the regulation of gene expression (Jacob, 2000). Mechanisms of folate 
metabolism are complex, involving multiple enzymes, coenzymes, and 
pathways. The principal role of folate coenzymes is to transport one-carbon 
units at various stages of oxidation to participate in methylation reactions, 
for example those essential for the synthesis of purines for DNA and RNA 
synthesis or for the metabolism of methionine (Wagner, 1995).  

Little research on the role of folate in male reproductive function has 
been reported. Few published reports suggested that adequate folate may be 
necessary for male reproductive function. Animal research data suggested 
that nutrition affects spermatogenesis (Ciereszko and Dabrowski, 1995). 
Folate, which is mainly present in green leafy vegetables, is essential for 
synthesis of DNA, transfer RNA, and protein. Treatment with folate 
antagonists for various diseases has been shown to impair reproductive 
functions in men (Costabile, 1993). A high-affinity folate-binding protein 
has been identified in human semen, this protein has characteristics similar 
to those of membrane-bound folate binding proteins and does not appear to 
be derived from sperm (Holm et al., 1991). Human prostate gland also 
contains a high-affinity folate-binding protein (Holm et al., 1993). These 
findings suggest an association between folate status and male reproductive 
function. Because DNA synthesis is a main part of spermatogenesis, 
Wallock et al. (2001) reported that total seminal plasma folate 
concentrations were on average 1.5 times higher than blood plasma folate 
concentrations in men. They suggested that the presence of non-
methyltetrahydrofolates in seminal plasma may indicate that the seminal 
fluid serves as a medium for active folate metabolism, or perhaps these 
folate forms are required in some manner for spermatogenesis or the sperm 
maturation process. Also, Zhang, (2000) found that seminal plasma non-
methyltetrahydrofolate levels correlated significantly with sperm density 
and total sperm count.  
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Therefore, the present study aimed at investigating the effects of folic 
acid on semen characteristics and biochemical parameters of male rabbits.  

MATERIALS AND METHODS 

In this study, the effects of folic acid on the reproductive performance 
and seminal plasma biochemistry of male rabbits were investigated. Twenty 
four male New Zealand White rabbits 7 months old and initial body weight of 
2800 ± 25 g were used. Animals individually housed in stainless steel cages 
were provided feed and water ad libitum. Rabbits were fed on a commercial 
ration pellets with following constitution (Table 1): 

Rabbits were randomly divided into four equal groups. Group 1 
served as control, however, groups 2, 3 and 4 were orally supplemented 
with 40 (low dose), 80 (medium dose) and 160 (high dose) µg/kg body 
weight of folic acid every other day for 12 weeks, respectively. The doses of 
folic acid were calculated according to the animal’s body weight on the 
week before dosing. Folic acid was supplied from Pharaonia 
Pharmaceuticals, Alexandria, Egypt. 

Semen collection was carried out weekly from all animals 
throughout the 12 weeks of the experimental period. Ejaculates were 
collected using an artificial vagina and a teaser doe. The volume of each 
ejaculate was recorded (using a graduated collection tube) after removal of 
the gel mass.  
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Table 1: Proximate analysis of pelleted concentrate 
feed (% on a dry matter basis) 

 Pelleted concentrate 
Ingredients (%) 

Berseem hay 
Yellow corn 
Wheat bran 
Soybean meal 
Molasses 
CaCl2 
NaCl 
Vit.&Min. mix.* 
Methionine 

Chemical analysis** 
Crude protein (%) 
Crude fiber (%) 
Crude fat (%) 
Nitrogen free extract 

 
30.0 
25.0 
26.2 
14.0 
3.0 
1.0 
0.4 
0.3 
0.1 

 
17.5 
14.0 
2.7 
56.4 

*The vitamin and mineral premix per kg contained the 
following IU/gm for vitamins or minerals: A-4,000,000,  D3-
5000,000, E-16,7 g, K-0.67 g, B1-0.67 g, B2-2 g, B6-0.67 g, 
B12-0.004 g, B5-16.7 g, Pantothinc acid-6.67 g, Biotein-0.07 
g, Folic acid-1.67 g, Choline chloride-400 g, Zn-23.3 g, Mn-
10 g, Fe-25 g, Cu-1.67 g, I-0.25 g, Se-0.033 g, and Mg-133.4 
g (Rabbit premix produced by Holland Feed Inter. Co.). 
**The chemical analysis of the pellets (AOAC, 1990). 

A weak eosin solution (Smith and Mayer, 1955) was used for 
evaluation of sperm concentration by the improved Neubauer 
haemocytometer slide. Total sperm output was calculated by multiplying 
semen ejaculate volume and semen concentration. Determination of initial 
fructose concentration in semen was carried out immediately after collection 
according to Mann (1948). Assessments of live, dead, and normal 
spermatozoa were performed using an eosin-nigrosine blue staining mixture. 
The percentages of motile sperm were estimated by visual examination 
under low-power magnification (10×) using a phase-contrast microscope 
with heated stage (Blom, 1950). Total number of motile sperm was 
calculated by multiplying percentage of motile sperm and total sperm 
output. Reaction time was recorded from the moment of subjecting a doe to 
the buck and completion of erection; it was measured in seconds using a 
stopwatch. Initial hydrogen ion concentration (pH) of semen samples was 
determined immediately after collection using a pH cooperative paper 
(Universal indikator pH 0-14 Merck, Merck KgaA, 64271 Darmstadt, 
Germany). Packed sperm volume (PSV) was recorded. Total functional 
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sperm fraction (TFSF) parameter was also calculated as the product of total 
sperm output by motility by normal morphology (Correa and Zavos, 1996) 

Seminal plasma was obtained by centrifugation of semen samples at 
3500 rpm for 20 min at 4 °C, and was stored at -20 °C until later analysis. 
Seminal plasma samples were analyzed for total protein (TP) by the Biuret 
method according to Henry et al. (1974). Albumin (A) concentrations were 
determined by the method of Doumas et al. (1977). The activities of 
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were 
assayed by the method of Reitman and Frankel (1957). For assaying acid 
phosphatase (AcP) activity, the method of Moss, (1984) was used. Seminal 
plasma glutathione S-transferase (GST) activity was determined according 
to Habig et al., (1974) using P-nitrobenzylchloride as a substrate. 
Thiobarbituric acid-reactive substances (TBARS) were measured in the 
seminal plasma by using the method of Tappel and Zalkin (1959). 
Superoxide dismutase (SOD) activity was measured according to Misra and 
Fridovich (1972). 

Data were analyzed as a completely randomized design (Steel and 
Torrie, 1980) using the General Linear Model procedure of SAS (1986). 
Means were compared by Least Significant Difference (LSD) test (Steel and 
Torrie, 1980). 

RESULTS AND DISCUSSIONS 

Semen Characteristics: Data of ejaculate volume (EV), initial 
hydrogen ion concentration (pH), reaction time (RT), sperm concentration, 
total sperm output (TSO), packed sperm volume (PSV), sperm motility (%), 
total motile sperm per ejaculate (TMS), normal and dead sperm, total 
functional sperm fraction (TFSF) and semen initial fructose of rabbits 
treated with low (40 µg/kg of body weight), medium (80 µg/kg of body 
weight ), and high doses (160 µg/kg of body weight ) of folic acid every 
other day for 12 weeks are presented in Table 2. Figures from 1 to 4 
represent the weekly mean values of these parameters expressed as % of 
control. Results shows that treatment male rabbits with low, medium and 
high doses of folic acid increased (P < 0.05) libido (decreased the reaction 
time), sperm concentration, PSV, sperm motility, normal sperm, and initial 
fructose. However, dead sperm was decreased (P < 0.05) compared to 
control group. Total sperm output was significantly (P < 0.05) increased in 
rabbit treated with low dose of folic acid compared to other treatment 
groups. On the other hand, pH, TMS and TFSF were significantly (P < 0.05) 
increased with low and medium. While, the high dose did not show 
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significant (P < 0.05) difference in these parameters compared to control 
group. Ejaculate volume was significantly (P < 0.05) increased in rabbit 
treated with low and high doses of folic acid compared to control group. 
Whereas, change (P < 0.05) was observed in medium dose-treated group. It 
is clear from the present results that administration of folic acid improved 
semen characteristics and has positive effect on semen quality and quantity. 
These results are in agreement with the finding obtained by Audet et al., 
(2004) who found positive correlation between the increased seminal 
plasma folic acid concentrations and increased sperm production and 
motility in young boars. Folate concentrations in blood and seminal plasma 
were markedly increased after folic acid administration and decreased 
during the wash-out period and the bioefficiency of folate from some foods 
is less than 50 % that of folic acid (Brouwer et al., 2004). 

Also, Comhaire and Mahmoud (2003) found that sperm quality and 
function improved with the intake of complementary food supplementation 
using a combination of zinc and folic acid. Seminal plasma non-
methyltetrahydrofolate levels correlated significantly with sperm density 
and total sperm count (Zhang, 2000). In addition, Wong et al. (2002) 
showed that daily treatment with 5 mg folic acid caused significant increase 
(74%) in total normal sperm count of subfertile men. Wallock (2001) 
reported that folic acid might be vital to proper sperm development because 
it is required for the production of DNA.  

Seminal plasma characteristics: Seminal plasma characteristics of 
rabbits treated with different doses of folic acid were presented in Tables 3 
and 4 and Figures 5 and 6. Data showed that administration with low, 
medium and high doses of folic acid increased (P < 0.05) seminal plasma 
TP and Alb, while, seminal plasma urea and glucose decreased (P < 0.05) 
compared with control. Seminal plasma ALT, AST and AcP increased (P < 
0.05) with low and medium doses of folic acid, whereas, decreased  (P < 
0.05) with high dose of folic acid compared to control (Table 3). The total 
protein consists of nonprotein nitrogen, amino acids, and peptides that 
contribute towards the amphoteric property of seminal proteins (Dabas et al. 
1982). The increase in TP and the decrease in urea and glucose in animals 
received folic acid was coincided with the improvement in semen 
parameters (sperm concentration, total motile sperm, total functional sperm 
fraction and packed sperm volume, Table 2).  

Previous studies showed that rabbits seminal plasma contained a 
number of enzyme activities (Yousef et al., 2003). These enzymes play a 
pivotal role in providing substrate energy forming essential link in the 
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energy generating cycles in sperm metabolism, in fertilization process and 
in the maintenance of constant osmotic pressure during preservation (Dhami 
and Kodagali, 1987). The transaminases and phosphatases in semen play an 
important role in transamination and phosphorylation processes in sperm 
metabolism (Dhami et al., 1994) and thus explain the differences observed 
in the semen quality. The increase in the activities of AST and ALT (Table 
3) may be due to the increased secretory activity of male accessory sex 
glands. Irrespective of its origin, AST enzyme plays an important role in 
sperm metabolism through its involvement in the vital cellular process 
(Dhami and Kodagali, 1987). The increase in the activities of these enzymes 
coincided with the increase of semen quality of treated rabbits with folic 
acid. In addition, Dhami and Kodagali (1987) suggested a positive 
correlation between AST activity and sperm concentration, live sperm 
percent, motility, seminal total protein, semen volume and fertility rate of 
semen. Also, they reported that static semen sample had significantly lower 
AST value than motile sample ejaculated from Surti-buffalo bulls. These 
findings may confirm the role of such enzyme on the improvement of semen 
quality recorded in the present study of rabbits received folic acid. 

Glutathione S-transferase (GST) and superoxide dismutase (SOD) in 
seminal plasma of rabbits treated with low, medium and high doses of folic 
acid were significantly increased, while, seminal plasma Thiobarbituric acid-
reactive substances (TBARS) concentration was decreased (P < 0.05) as 
compared with the control (Table 4). These results are agreement with Chen et 
al., (2001) who found a positive correlation between the levels of reactive 
oxygen species (ROS) production and both of sperm motility and 
morphological defect, and negative correlation between the levels of vitamin 
B12 and folate and ROS production (P < 0.01) in semen. They concluded that 
the increase of ROS production is one of the most important factors related to 
poor sperm quality and human infertility. Also, Sharma and Agarwal (1996) 
reported that seminal plasma confers some protection against ROS damage 
because it contains enzymes that scavenge ROS, such as catalase, superoxide 
dismutase (SOD) and glutathione S-transferase (GST). Glutathione S-
transferase (GSTs) are a family of proteins that catalyze the conjugation of 
glutathione with various electrotrophils, many of which are toxic. Also, many 
studies have been reported in the literature on the role of SOD as an antioxidant 
in reproductive biology. Alvarez et al., (1987) reported that Superoxide 
dismutase protects spermatozoa against spontaneous O2 toxicity. Holland et al., 
(1982) suggests that SOD plays a major role in protecting rabbit sperm against 
damage from lipid peroxidation. Also, Plante et al., (1994) reported that the 
SOD level in spermatozoa is positively correlated with sperm motility. 
Dandekar et al., (2002) found that astheno-zoospermic (< 10 x 106 sperm/ml, < 
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20% motility) patients showed decreased SOD and glutathione peroxidase 
levels. This correlated positively with the degree of lipid peroxidation seen in 
the samples. Folate acts directly to produce antioxidant effects, interactions 
with enzyme endothelial nitric oxid syntheses (eNOS) and effects on cofactor 
bioavailability of nitric oxid (Stanger, 2002). Stanger et al. (2002) reported that 
folate administration was associated with increased antioxidative capacity as 
determined by total antioxidant status. In contrast, folate deficiency was 
associated with increased lipid peroxidation in rats (Verma, and Kanwar, 1999) 
and decreased of cellular antioxidant defense (Dabas et al., 1982).  

Conclusion 

The present results showed that the maximal effects on semen 
characteristics especially sperm production in male rabbit seemed to be 
highly respond to the lowest given dose of folic acid (40 µg/kg), followed 
by the medium dose (80 µg/kg body weight). However, greater doses of 
folic acid (160 µg/kg of body weight every other day, high dose) are not as 
effective as low or medium doses for most parameters studied.  
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Figure 1:Effect of different doses of folic acid on ejaculate volum (EV),

              sperm concentration and total sperm output  (TSO )as a % of 

              control for male rabbits.
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Figure 2: Effect of different doses of folic acid on motility, total

                motile sperm(TMS) and total motile normal sperm 

                (TMNS) as % of control for male rabbits.
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Figure3: Effect of different doses of folic acid on normal, dead sperm

               and initial fructose as % of control for male rabbits. 

Weeks

1 2 3 4 5 6 7 8 9 10 11 12

In
iti

al
 fr

uc
to

se
(%

 o
f c

on
tro

l)

0
80

90

100

110

120

130

N
or

m
al

 sp
er

m
(%

 o
f c

on
tro

l)

High

D
ea

d 
sp

er
m

(%
 o

f c
on

tro
l)

0
50

60

70

80

90

100

110

 



Rabbits; Folic Acid; Fertility; Enzymes; Free Radicals. 

 387

 

R
ea

ct
io

n 
Ti

m
e

(%
 o

f c
on

tro
l)

0

20
40
60
80

100
120

0
90

95

100

105

Control
Medium

Low

Figure 4: Effect of different doses of folic acid on pH, reaction time and packed

               sperm volume (PSV) as % of control for male rabbit.
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Figure 5: Effect of different doses of folic acid on seminal plasma total protein

               (TP), albumin (Alb), urea and glucose  as % of control for male rabbits.
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Figure 6: Effect of different doses of folic acid on seminal plasma alanine

               aminotransferase (ALT), aspartate  aminotransferase (AST)  and

               acid phosphatase (AcP) as % of control for male rabbits.
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Figure 7:Effect of different doses of folic acid on seminal plasma thiobarbituric

             acid-reactive substances (TBARS), Glutathion  peroxidase  (GST)  and

             superoxide  dismutase (SOD) as % of control for male rabbits.
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 الملخص العربي

تأثر اضافة حامض الفوليك على جودة السائل المنوى والمعايير البيوآيميائية لذآور 
 الارانب

 آامل ابراهيم آامل
   وزارة الزراعة– مرآز البحوث الزراعية –معهد بحوث الانتاج الحيواني 

سة  من ذآور الارانب النيوزيلاندى الابيض بغرض درا٢٤اجريت هذه الدراسة على عدد 
تأثير جرعات مختلفة من حامض الفوليك على خصائص السائل المنوى من حيث الجودة والتغيرات 

المجموعة الاولى وهى : قسمت التجربة الى اربع مجاميع. الحادثة فى خصائصه البيوآيميائية
مض المجموعة الضابطة،اما المجموعة الثانية والثالثة والرابعة تناولت عن طريق الفم جرعات من حا

) الجرعة العالية (١٦٠، )الجرعة المتوسطة (٨٠، )الجرعة المنخفضة (٤٠الفوليك مقدرها 
  . اسبوع١٢ميكروجرام لكل آليوجرام وزن جسم على التوالى  يوم بعد يوم لمدة 

وقد اوضحت النتائج حدوث زيادة معنوية فى المجاميع المعاملة بالجرعة المنخفضة 
ى حجم القذفة، درجة الحموضة، الرغبة الجنسية، ترآيز والمتوسطة من حامض الفوليك عل

ة، العدد الكلى للحيونات المنوية فى القذفة، الحرآة الكلية للحيونات المنوية، عدد الحيونات المنوي
الحيونات المنوية المتحرآة لكل قذفة، حجم السائل المنوى المعباْ، عدد الحيونات المنوية الطبيعية 

يا عدد بينما انخفضت معنو. ، وعدد الحيونات المنوية المتحرآة والغير شاذة لكل قذفة)الغير شاذة(
بينما المعاملة بالترآيز العالى لم يؤثر معنويا على معظم . الحيونات المنوية الميتة وترآيز الفرآتوز
 .المعايير السابقة مقارنا بالمجموعة الضابطة

المعاملة بالجرعات الثلاثة من حامض الفوليك سبب زيادة معنوية فى البروتين الكلى، والالبيومين 
  .رنزامينيز والانيين ترنزامينيز والكالاين فوسفاتيز فى البلازما المنويةوالانزيمات اسبرتيت ت

) الشوارد(آان لتأثير المعاملة بحامض الفوليك معنوى فى خفض ترآيز الاصول الحرة 
ترانزفيريز -اس-فى البلازما المنوية وزيادة نشاط انزيمات مضادات الاآسدة مثل الجلوتاثيون

  .والسوبر اوآسيد دزميوتيز
ومن هذه النتائج يتضح اهمية دور حامض الفوليك فى تحسين خصائص السائل المنوى 

 .لذآور الارانب خلال موسم التلقيح
 وقد حققت الجرعة المنخفضة من حامض الفوليك اعلى استجابة بتحسين مواصفات جودة 

  .السائل المنوى


