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ABSTRACT

Varicoceles  are the abnormal tortuos ity and dilatation o f the veins  of the pampiniform plexus  that drain
the tes tis . Varicoceles  are various ly cons idered the commonest “correc t a b le ”  cause of infertility or the

commones t “reported” cause of infertility depending on individual viewpoint. Even though the pathophys iology

of tes ticular damage in varicocele has  not been completely unders tood, there is  an increas ing body of evidence
pointing towards  the role  o f re a c t ive oxygen species  (ROS) and oxidative s tress  in the pathogenes is  of

varicocele related subfertilit y . In  t his  s tudy we inves tigated the role of L-ascorbate (vitamin C) as  an

antioxidant in reju v inating the tes tis  following its  damage in experimental varicocele. Thirty male Sprague-
Dawley weighing 150-200 g were divided into three groups . W hile the firs t group ha d  s h a m o p e rations ,

experimental varicoceles  were e s t a b lished by complete ligation of the left and right main spermatic vein in the

later two groups . The third group in addition to varicocele  in d u c tion had daily gavage adminis tration of 8 mg
kg   body weight vitamin C for fifty s ix days . All anima ls  we re  s a c rificed by decapitation fifty s ix days  after-1

varicocele induction. Tes ticular weights , tes ticular volumes , cau d a l epididymal sperm characteris tics , tes ticular
his tology and serum hormone levels  were evaluated. Results  showed that the tes tes  of the rats  that were given

v itamin C pos t experimental varicole had better phys iological, biochemical and his tological profiles  than th o s e

of the untre a t e d  a n ima ls . These results  indicate the potency of vitamin C for modulating tes ticular toxicity in
varicocelized animals .
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Introduction

Varicocele, the abnormal tortuos ity of the veins

of the pampiniform plexus  that drain the tes tis  is  one

of the main causes  of male in fe rt ility. In a W orld

Health Organization multicentre s tudy on 9043

infertile couples , varicocele was  found in 25.4% of
men with abnormal semen, compared wit h 11.7% of

normal seme n  [20]. It was  shown that the presence

of grade I varico c ele in adolescence appears  to have

n o effect on normal tes ticular growth, but patients
with grade II varicocele are at risk o f unilateral

tes ticular volume loss  and grade III varicocele, of

bilateral tes ticu lar volume loss  [5]. However the

pathogene s is  of tes ticular damage or the mechanism
of which varicocele prod u ces  sperm dysfunction has

not been clearly identified yet [13]. Th e  p ro posed

mechanisms  include tes ticular hypoxia by venous

s tas is  and small vessel occlus ion, leading to Leydig

cell and germinal cell dysfu n c t io n , increased
te s ticular and scrotal temperature and decrease in

gonadotrophin an d  a n d ro g e n  s e c re a tion [4].

Irrespective of the in fertility s tatus , it was  identified

that there is  a s trong rela tionship between sperm
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d y s function and varicocele [6,2]. Varicocele is

associated with increased production of spermatozoal

Reactive oxygen species  (ROS). Indeed, Hendin et al.

[2]. reported a 4-fold incre a s e  in the frequency of
elevated ROS generation in the inciden t a l varicocele

group compared to th e ir control patients . ROS are

species  such as  superoxide, h y d ro gen peroxide, and

hydroxyl radical and are associated with cell damage.
A characteris tic feature  o f mos t, if not all, biological

membranes  is  an asymmetric al arrangement of lipids

within the bilayer. The lipid comp o s it ion of plasma

me mbrane of mammalian spermatozoa is  markedly
different from those of mammalian soma t ic  cells .

They have very high levels  of phospholipids , s terols ,

saturated and polyunsaturated fatty a c ids . Therefore

sperm cells  are particularly susceptible to the damage

induc e d  by Reactive Oxygen Species  (ROS) release
[2].  ROS are cytotoxic and cause tissue injury in

several pathophys iologies , such as  cancer, glomerular

nephritis  and arthritis . Thus  sperm dysfunction may

be a con sequence of elevated seminal ROS. Several
s t u d ies  have also demons trated that in the presence

of increased antioxidant enzy me  levels , tes ticular

dysfunct io n can be prevented in varicocelized

subjects  [2,18,16].
Treatments  involving antioxidants  have been used

suc c ess fully to decrease oxidative s tress  related

injuries  in many organ sys tems  as  well as  in the

tes tis  [18,911].
L-ascorbate (Vit a min C) is  an essential nutrient

for a large n u mb e r of higher primate species , a small

number of other mammalian species  (notably guinea

pigs  and bats ), a few species  of birds , and some fish
[7]. The pharmacophore of vitamin C is  the ascorbate

ion. In liv ing organisms , ascorbate is  an antioxidant,

s ince it prote c t s  the body agains t oxidative s tress

[10].
Although varicocelectomy is  cons idered as  a

highly effe ctive treatment of infertility due to

varicoceles , a s ignificant number of men remain

infertile after varicocelectomy [17]. Therefore there

is  an increas ing interes t to develop conservative
modes  of therapy of in fe rt ility due to varicoceles .

Cons id e ring that Oxygen radical scavengers  provide

s ignificant res toration of tes ticular function after

t e s t icular vascular diseases  [3,12], we aim to s tud y
the effect of the adminis tration of Vitamin C on

tes ticular morphology, and tes ticular spermatogenic

and s teroidogenic functions  in rats  that had e a rlier

been varicocelized..

Materials  and methods

The drug

Ascorbate  was  obtained at Julie Pharmacy Ikeja,

Lagos .

Animals

Adult male Sprague – Dawley rats  weighin g  150
– 200 g  were used for the s tudy. The animals  were

kept in the Animal House of Departme n t  of

Anatomy, LASUCOM, Ikeja and housed in wire
mesh cages  under s tandard environmental conditions

with the provis ion of 12h light and 12h darkness . Rat
feeds  (Pfizer feeds  Nigeria Limited, Lagos , Nig e ria)

and water were provided ad libitum.

Experimental protocol

T h irty male Sprague Dawley rats  were weighe d
and divided ra n d omly into three groups  of ten rats

each. Gro u p  A served as  the control and the rats

were neither re ndered varicocelized nor treated with
vitamin C. Groups  B and C served as  expe rimental

groups  in which the rat s  we re rendered bilaterally

varicocelized. To induce varicocele, the anima ls  were
anaes thetized with int ra-abdominal injection of 7 mg

kg  body weight ketamine hydrochloride. A 2 cm-1

me d ian incis ion was  made through the skin,

b e ginning caudal to the prepuce and extending

cranially. The right and left spe rmatic vein were
exposed and ligated completely with a  4-0 nylon

suture as  described by Sofikitis  and Miyagawa [17].

Gro u p  C in addition had gavage adminis tration of
8mg kg  body weight vitamin  C daily for fifty s ix-1

days  after varicocele induction.

Autopsy, organ weight and volume estimation

At the end of the e xp erimental period, each rat

was  weighed and sacrificed by decapitation. The

tes tis  were excised, dissected fre e  of surrounding
t issue, their weights  determined and volume s

measured by water displacement method.

Sperm Characteristics

T h e  t es tes  from each rat were carefully exposed
and removed. They were trimmed free of the

epididymides  and adjoining tis sues . From each

separated epididymis , the caudal part was  removed
and placed in  a  beaker containing 1mL phys iological

saline solution. Each sectio n was  quickly macerated
with a pair of sha rp  s c is sors  and left for a few

minutes  t o  liberate its  spermatozoa into the saline

solutio n . Sp e rm mo t ilit y , c o n c entration and
progress ive motility were determined as  earlier

described [11,12]. Semen drops  were placed on the

s lide and two drops  of warm 2.9% sodium citrate
were added. The s lide was  covere d  with a cover s lip

and examined under the microscope us ing X40

objective for sperm motility. Sperm cou n t  was  done
under the microscope us ing improved Neub a u er

haemocytometer.
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Estimation of plasma levels of testosterone

Pla s ma tes tos terone concentration s  we re
es timated us ing the Enzy me Immunology Assay

(EIA) method as  earlie r described [11]. Plasma

samples  were c o llected were s tored at – 20°C while
assayed. The EIA kits  used were obtained from

Immunometrics  (Lo ndon U. K) and contained
t e s tos terone EIA subs trate reagents  and EIA quality

control samples . A quality cont rol sample was  run

for the hormone at the beginning and at the end of
the assay variatio n . The EIA kit used had a

sens it iv ity level of 0.3 nmol L  (0.1 ng mL ). The-1 -1

intra and in ter assay variations  were 11.00 and
10.10% respectively.

Histological Analysis

This  was  done as  essentially  a s  described by

Akpantah e t  a l .  T he organs  were cut in s labs  of
about 0.5 cm thick and fixed in Bo u in ’s  fluid for a

day after which it was  tran s ferred to 70% alcohol for
dehydration. The tis sues  were passed through  90%

alcoh o l and chloroform for different durations  before

they were transferred into t wo  c hanges  of molten
p a raffin wax for 20 min each in an oven at  57°C.

Serial sections  of 5 µm thick were  o b t a ined from a

solid  b lo ck of tis sue and were s tained with
haematoxylin and eos in s tains , after which they were

passed through a mixture of e q u al concentration of

xylene and alcohol. Following clearance in xylene,
the tis sues  were oven–drie d. Light microscopy was

used for the evaluations . 

Statistical Analysis

Data were expressed as  mean ± SEM. The y were

subje c t e d  t o analys is  of variance (ANOVA).

St atis tical s ignificance between the various  groups
was  separated by t – tes t (SAS, 2002).

Results  and discuss ion

Body Weight Changes

T a b le 1 shows that rats  in control group had

s ig n ificant (P<0.05) increase in weight . Bo t h
varicocelized g roups  los t weights  when compared

with their initial weights . However the weight loss

by the varicocelized rats  that received vitamin C was
higher than the losses  by varicocelized group that did

not receive vitamin C.

Weights and Volume of testes mean

Table 1 also shows that the tes ticular weights
and volumes  o f t he varicocelized alone were the

leas t, being s ignificantly lower (P<0.05) compare d  t o

the mean tes ticular weights  and volumes  of t h e

varicocelized rats  that in addition had vitamin C.

Epididymal Sperm Characteristics

Spermatozoa concentration:

As shown in Table 2, the varicocelized alone
group had marked oligospermia  with their sperm

concentration be in g s ignificantly lower (P<0.01)

compared to the control group. T h e  varicocelized

with vitamin C group however showed only moderate
olig o s p e rmia , t h e  s perm concentration being

s ignificantly lower (P<0.05) than the control group.

Spermatozoa motility

Ev e n though percentage sperm motility of both

t he varicocelized alone and varicocelized with

vitamin C g roups  were s ignificantly lower (P<0.01

and P<0.05 respectively) compared to the co n t ro l
group, t h e  varicocelized with vitamin C group s till

had a s ignificantly higher (P<0.05) sperm motility

than the varicocelized alone group (Table 2).

Progressivity of spermatozoa motility

T h e  s perm cells  from the cauda epididymides  of

both varicocelized alone and varicocelized wit h
vitamin C g roups  showed s luggish linear or non-

linear movement. Spermatozoa from the control

group exhibited progress ive rapid linear movement.

Serum Testosterone Levels

There was  a s ignificantly lower (p<05) serum

testos terone levels  in the varicocelize d alone rats
compared with t h e  c o n t ro l rats . The serum

tes t o s t e rone level of the varicocelized rats  that were

pos t treated with vitamin C was  lower but not

s ignificantly lower (p>0.5) when compared to the

control. (Figure 1).

Testis Morphology

Lig ht microscopy was  used for evaluation of
tes ticular his t o logy as  shown in plates  1-3. The

seminiferous  tubule s  of the control rats  were

completely differe n tiated. Spermatozoa are shown in

some of the tubules . However in the  v a ricocelized
group without vitamin C t re a tment there was  marked

degeneration o f t he seminiferous  tubules . There was

als o  widening of the lumen as  a result of

hypospermatozoa forma t io n.  The tes tes  of the rats
that had vitamin  C following varicocele induction

showed fairly  preserved seminiferous  tubules  and

s troma architecture.
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Table I: Body Weights (g), T esticular W eights (g) and T esticular Volumes (mL)

Parameter Varicocelized Varicocelized Control

without Vitamin C with Vitamin C

Initial Live Body W eight 190.36 ± 9.20 180.12 ± 8.70 1 9 5 . 0 3  ±

5.00

Final Live Body W eight 186.45 ± 25.40 166.24 ± 13.60 2 3 0 . 5 3  ±

13.00

Body W eight difference 3.91 [2.05] 13.88 [7.71] 3 5 . 5

[18.20]

T esticular Weight 0.51 ± 0.13* 1.59 ± 0.06 1.85 ± 0 . 51

T esticular Volume 0.56 + 0.14* 1.58 ± 0.07 1.86 + 0 . 3 0

* P<0.05 compared to control group 

[ ] Percentage.

Table 2: Sperm Characteristics

Parameter Varicocelized Varicocelized Control

Alone with Vitamin C

Sperm Concentration (X 10  mL ) 1.34 ± 4.80** 23.25 ± 5.07* 4 5 .0 ± 6. 0 06 -1

Sperm motility (%) 6.0 ± 4.04** 23.0 ± 5.63* 7 1 . 8 ± 4.2 3

1 1 1Progressivity b b a

* P<0.05 compared with the control group

** P<0.01 compared with the control group

1a  = Rapid linear progressive motility

1b  = Sluggish linear or non – linear motility

Fig 1:

 H & E (X 100)

H & E (X 400)

Plate 1: Section through tes tis  of control rats . Completely differentiated seminiferous  tubules .
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H & E (X 100)

H & E (X 400)

Plate 2: Section through tes tis  o f v a ric ocelized rats  without Vitamin C treatment. Marked degeneration of the

germinal epithelium.

H & E (X 100)

H & E (X 100)

Plate 3: Section through tes tis  of varicocelized rats  with Vitamin C treatment. Largely p re s e rv e d seminiferous

tubule and s troma architecture.
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Discussion

The resu lt s  from the present s tudy showed a

derangement of the growth and  re p roductive
functions  of t he animals . The gain in live body

weigh t  o f the control rats  meant that the rats  were
s till in the active growth phase. The loss  in live body

weigh t  of the experimental groups  indicates  that
artificial varicocele has  a negative effect on the body

metabolic process  [8]. The procedure for achieving
artificial varicocele c o n fers  a conspicuous  level of

s t re s s  on the rats . This  s tress  could affect their
metabolic  p rocess  leading to losses  in live weights

observed in this  s tudy.
The lower tes tes  weight s  in varicocele compared

to  the control corroborate the report of Suziki and
So fikitis  [17]. Semercioz et al., [15], also reporte d

degenerative changes  in the semin iferous  epithelium
of te s t es  that were made varicocelized, due to the
effects  of heat from venous  s t a s is  on the

spermatogenic c ells  within the epithelium leading to
loss  in tes ticular weight. The findings  of largely

normalized tes ticular weig hts  in animals  that had
vitamin C following experimental varicocele indicate

a protective role.
Varicoce le which is  a leading cause of male

infertility is  associated with increased production of
spe rmatozoal ROS. Irrespective of the infertility

s tatus , it was  identified that t h e re is  a s trong
re la t io n s h ip  between sperm dysfunction a n d

varicocele [6,2,]. Indeed Hendin et a l . ,  [2], reported
a  4-fold increase in the frequency of elevated ROS

g eneration in the incidental varicocele g ro u p
compared to their control patients .

The results  fro m o ur present s tudy showed a
moderate o lig o spermia (23.25 ± 5.07 × 10  mL ) in6 -1

t h e varicocelized rats  that had vitamin C. This  is  a
s ig n ifican t  imp ro v e me n t  o v e r t h e  ma rke d

oligospermia (1.34 ± 4.80 × 10  mL ) observed in6 -1

varicocelized rats   t h a t  were not given vitamin C.

This  confirms  the moderating effect of vitamin C as
a potent antioxidant and a free radical s c avenger [1].

Furthermore, treatment with vitamin C improved
bilateral tes ticular fun c t io n s  a n d  h elped the
epididymal sperm maturation process  as  indicated by

the s ignificantly  h igher cauda epididymal sperm
motility. Adminis tration of vitamin C may support

the natural antioxidant mechanism of tes ticular tis sue
and partly protects  the tis sue  damage due to

in d u ction of varicocele. However it should be noted
t h a t  d e s p it e  p ro ven benefits  of vitamin C

adminis tra t io n , t he values  of quatitative and
qualitative sperm parameters  remain s ignificantly

lower than those of   the control group.
The ameroriatin g  e ffects  of vitamin C are further

demons tra t ed by the s ignificant improvement in the
his tological profiles  of varicocelized with vitamin C
group when compared to the tes ticular morphology of

t he varicocelized alone group. As  shown in ou r
results  varic o cele brought about a s ignificant

reduction in the serum tes tos terone levels . This

indicates  a gross  derang e me n t of the Leydig cells
s ince delicate a lterations  in Leydig cell secretory
func t io n  may not be accompanied by alterations  in

peripheral serum androgen levels  [14].
It is  noteworthy however that the re was  no

s ignificant decline in the serum levels  of tes tos terone

in the v a ric ocelized with vitamin C group when
co mp a red to the control. This  provides  the evidence
that the  re ju v e n a t ing role of vitamin C in

varicocelized tes tis  is  both on the spermatogenic and
s teroidogenic functions . 

Conclusion

In conclus ion, our s t u d y  showed a protective
effect of vitamin C on tes ticu la r his tology and

phys iology. Although varicocelectomy is  cons ide red
as  a highly effec t ive treatment of infertility due to
varicoceles , a s ignificant n umber of men remain

infertile after varicocele ctomy. The poss ibility of
vitamin C supplementation in this  subset of infertile
men could be cons idered.  
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