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Abstract
 -

involved in poor semen quality and subsequent infertility in males with SCI. The aim of this 
study is to examine the effects of SCI on the level of testosterone hormone.

In this experimental study, we evaluated the effects of exoge-

protein carbonylation (PCO), as markers of OS, in 10 groups of SCI mice. Total antioxi-

6-sulfonic acid) (ABTS) radical cation assay.

 
-

tent. In addition, TAC remarkably increased in the sham and SCI groups not treated with tes-
tosterone but remained unchanged in all other experimental groups. Exogenous testosterone 
also reduced serum testosterone levels in all groups except the positive control group.  

 Our cumulative data indicated that SCI could cause sterility by disturbing 
the plasmatic testosterone balance. The normal level of endogenous testosterone was not 
completely restored by exogenous testosterone administration.
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Introduction 

year-old males at the peak of their reproductive lives, 

of male patients with SCI have a weak reproductive 

count, but the sperm motility is abnormally low (1-
4). However, the mechanisms responsible for poor 
sperm quality in men with SCI have not been clear-

of hormones and hypothalamic-pituitary-gonadal 
axis dysfunction can be involved as a consequence 
of SCI in males (5). On the other hand, there is in-
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creasing evidence for the impact of oxidative stress 
(OS) on the sperm quality in this group of patients 

increase in the generation of reactive oxygen species 

sperm function and reactions that include oocyte fu-

which negatively affect spermatozoa (2, 6). Seminal 

such as proteins, lipids, carbohydrates and nucleic ac-
ids, and affect their functions.  This impact may con-

sperm motility, reduced sperm viability, sperm dys-
-

which are focused on oxidant scavenging to protect 

include important antioxidant enzymes such as cata-

peroxidase (GPx) which quench hydrogen peroxide 
and the excess free superoxide radicals. The seminal 

E), carnitine and pyruvate. In this regard, elevated OS 
and reduced antioxidant activity in the seminal plasma 

lead to damaged sperm function and subsequent male 
infertility. It has been reported that infertile patients 
with and/or without SCI have discrepancies in seminal 

-
pecially testosterone and follicle-stimulating hormone 
(FSH), are observed in SCI patients (2, 7). There are 

testosterone and FSH hormones in reproductive dys-
function in men with SCI. 

Therefore, the present study aimed to examine 
the effects of SCI on the level of testosterone hor-
mone. We determined whether a testosterone im-
balance was involved in increased OS and result-
ant reproductive dysfunction.

Materials and Methods

Adult male mice, 4 to 6 months of age, that weighed 
15 to 25 g were obtained from the School of Pharma-
cy, Tehran University of Medical Sciences, Tehran, 
Iran. Mice were kept in temperature-controlled quar-
ters on a 12:12 hour light:dark schedule, with stand-
ard mouse pellets and drinking water ad libitum. 

In this experimental, we randomly divided the 
mice into 10 groups each, with 6 animals per group 
according to Table 1. 

Table 1:

P. Control - - 0.1  mg/kg BW-7 days

N. Control - - - Coincident with P. Control 

SCI-0.0-7 + + - 1 week 

SCI-0.0-35 + + - 35 days

SCI-0.1-7 + + 0.1  mg/kg BW-7 days 2 weeks

SCI-0.1-14 + - 0.1 mg/kg BW-7 days 3 weeks 

SCI-0.1-35 + + 0.1 mg/kg BW-35 days 35 days 

SCI-0.1-42 + + 0.1  mg/kg BW-35 days   42 days  

(Sham group 1)
+ - 0.1 mg/kg BW-7 days 2 weeks after  laminectomy

(Sham group 2)
+ - -
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a sham group that did not receive any testosterone 

-
-

group received testosterone replacement. 

We performed the SCI according to procedures by 
-

dural compression of the spinal cord from the dorsal 
-

and T11 vertebrae were removed, leaving the dura 
intact. The animals were placed in the prone posi-
tion in a stereotaxic apparatus to perform the lami-
nectomy and stabilize the spinal cord. A weight of 
35 g was applied onto the intact dura for 5 minutes, 

-
cording to evidence, serum testosterone levels have 

SCI. The serum level of testosterone might return 
to normal levels by 14 days due to cellular com-
pensatory mechanisms (11). The duration of sper-
matogenesis in mice is 32-35 days. Accordingly, we 
have divided the mice into six SCI groups, without 
and with testosterone administration, according to 
different intervals of administration and times for 
blood sampling (7, 14, 35 and 42 days).

Plasma levels of testosterone were estimated by 
a commercial enzyme linked immunosorbent as-

Hitachi, Japan) component of the blood samples 

mg protein and measured by the spectrophotomet-
ric method. We measured total antioxidant capacity 
(TAC) of plasma by the ABTS radical cation assay 

-

mouse serum was assayed using a BioCell Protein 

All data were expressed as mean ± SEM of three 
independent experiments. The data were analyzed 
by one-way ANOVA followed by the Tukey test. 
The statistical  analyses were performed  using  

Results

the mice groups remained healthy and grew at an ordi-

the body weight and weights of the testes, epididymis, 
seminal vesicles or ventral prostate of mice treated 
with testosterone or sham (data not shown). 

The results presented in Figure 1 revealed that 
administration of exogenous testosterone led to a 

-
tosterone level in all groups except for the positive 
control. However, the sham groups exhibited rela-
tively less decrease compared with the other groups. 

Fig.1: 

as a consequence of testosterone administration 

Testosterone and SCI



Int J Fertil Steril, Vol 10, No 1, Apr-Jun 2016              90

Fig.2:

-

carbonyl and TAC are presented in Table 2. The 

groups. The results showed that testosterone ad-

the SCI-0.0-7 group relative to the control group. 

the sham groups with testosterone administration. 
On the other hand, the testosterone administra-

the testosterone treatment showed a considerable 
increase in GPx activity in the SCI group with ad-
ministration of testosterone (0.1 mg/kg of body 
weight) after one week compared to the positive 
control group (P<0.001). There was a similar trend 

-

the positive sham group. However, in some tested 
groups, the administration of testosterone led to a 

-
trast, the effect of testosterone administration on 
TAC did not show considerable differences in the 

in the sham (P<0.001) and SCI groups without tes-
tosterone treatment (P<0.05) in TAC plasma con-
tent in comparison with both positive and nega-
tive control groups. In addition, all tested groups 

-
tein carbonyl levels relative to the positive control, 
but not the negative control. The SCI groups with-
out testosterone treatment showed considerably 
elevated (P<0.001 and P<0.01) protein carbonyl 
levels in comparison to the negative control. Gen-
erally, testosterone treatment failed to reduce pro-

Table 2: 

  

GPX 36.43 ± 8.41d 27 ± 2.60 33.5 ± 1.87 27.6 ± 3.13 24.02 ± 0.52f 22.5 ± 1.20d 28.1 ± 3.32 18.3 ± 2.40a, d

326.5 ± 183.20 276.7 ± 52.03 147.2 ± 21.14 308 ± 103.70 a, d

Protein 
Carbonyl

0.28 ± 0.013 0.38 ± 0.051 0.30 ± 0.031d 0.27 ± 0.013d d d a 0.35 ± 0.030b 0.26 ± 0.004d 0.28 ± 0.006d

TAC 2.11 ± 0.0 2.11 ± 0.0 2.11 ± 0.0 2.11 ± 0.0 2.11 ± 0.0 2.027 ± 0.16 2.858 ± 0.12

a

b d f
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Discussion
-

ity after SCI. Most male patients with SCI have 
poor semen quality, as evidenced by leukocyto-
spermia and sperm motility (3, 4, 7, 13, 14). The 
presence of activated T cells in men with SCI 
leads to cytokine synthesis, which in turn affects 
human sperm motility and increases the produc-

testicular hormone axis. These alterations may 
be involved in Sertoli cell dysfunctions and con-
sequent abnormalities in regular spermatogenesis 
(11). However, the cause of infertility in men with 
SCI is not clearly recognized. It has been reported 
that infertility might be related to sexual hormone 

-
fore, elucidation of some of the differences in the 
literature might be essential. 

In this regard, we evaluated whether SCI caused 

We also examined whether exogenous testosterone 
could make tribulation. Our results showed that 
the normal level of plasma testosterone was not re-
stored by exogenous testosterone administration in 
all SCI mice except for the SCI 0.1 (2 W) groups. 
In agreement with a number of studies, our obser-
vations indicated that the administration of exoge-
nous testosterone led to downregulation of natural 
testosterone production by the testes (16). Since 
such a decrease occurred only in the spinal cord-
operated mice, and not in sham-operated ones that 
endured similar surgery-related stress. 

It could be concluded that SCI might at least 
partially be involved in testosterone downregula-
tion. However, the trivial immobilization of the 
mice following SCI might have resulted in more 

testicular hormone axis and consequently sup-
pressed natural testosterone production (11). It has 
also been reported that the denervation of testis in 

cell androgen production, which was comparable 

The acute suppression of testosterone production 
in testes after SCI, with or without an attendant 

-
promise Sertoli cell functions and cause some of 

the abnormalities in spermatogenesis (11). These 
abnormalities might be attributed to increased OS 
that has resulted from an imbalance between the 

of normal metabolism, mediate oxidative damages 

can be expected that a high dose of testosterone 
level may be involved in the imbalance between 

-
ing an increased risk of OS. In this regard, several 
researchers have reported that testosterone plays 
a pro-oxidant role and induces OS in mammalian 
tissues (20). On the other hand, it has also been 
reported that testosterone has an antioxidant effect 
in the human prostate (21) and  rat nervous system 

pro-oxidant property of testosterone is tissue and 
sex-dependent. In this regard, testes are principally 

-
tosterone’s pro-oxidant activity.

Inconsistently, Chainy et al. (6) have reported 
-

one treatment, whereas Peltola et al. (22) reported 

an in vitro study, Mooradian showed that adminis-
tration of exogenous testosterone did not have sig-

groups that received testosterone, which suggested 
that testosterone suppressed H2O2 production and 

Protein carbonyl, as a marker of OS, is one of 
the OS by-products which form during the interac-

eventually leading to irretrievable cellular damage 
(24). In agreement with some studies, our results 
(SCI-operated without testosterone administration) 
have demonstrated that protein carbonyl increases 
while the level of plasma testosterone decreases 
(25). However, administration of exogenous tes-

carbonyl production in the SCI groups relative to 
the negative control. Therefore, this suggested that 
exogenous testosterone did not have a protective 
effect on this type of oxidative damage.

Plasmatic TAC is the other antioxidant defense 

Testosterone and SCI
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system against OS. The functional sum of antioxi-
dants in plasma is used as measure of extracellular 
antioxidant barrier (26). Thus, we have measured 
TAC after testosterone administration in SCI-oper-

-
tration of exogenous testosterone did not increase 
plasma TAC. However, TAC levels increased in 
the sham group and groups that did not receive 
testosterone. Therefore, our results reinforced the 
pro-oxidative properties of testosterone. Contrary 
to our results, Mancini et al. (26) reported that 

-

be attributed to several factors such as gender-spe-

of body fat, and adaptation to aging. In addition, 
studies on exogenous testosterone administration 
were affected by dose, duration and route of ad-
ministration. Thus, a study of antioxidant regula-
tion by steroids could help to elucidate molecular 
mechanisms of testosterone function.

-
nipulated the level of testosterone in the testes. 

-
duction in testes in most groups, which agreed with 

mechanism of testosterone-induced reduction in 
-

tis was not well reported. It has been reported that 
administration of 10 mg testosterone to intact rats 
caused a profound reduction (82%) in the serum 

in the FSH level (6) which regulated testosterone 
production in the testis (27). In addition, these an-
tioxidant enzymes have synergistic functions. An 
abnormality of one of the antioxidant enzymes 
can affect the activities of the other enzymes. A 

the level of O2-, which in turn causes inactivation 
of catalase (CAT) activity. Equally, when GPx or 
CAT fails to eradicate H2O2, the content of H2O2  

vice versa (6). In general, administration of exog-
enous testosterone causes antioxidant enzyme re-
duction followed by OS induction.

Conclusion
Collectively, SCI, a neurogenic impairment, 

causes infertility through disturbing the plasma 

testosterone balance which could not be retrieved 
by administration of exogenous testosterone. In 
this regard, SCI led to a slight change in oxidative 

-
creased. There was reduced free radical scaveng-

-
inforced the pro-oxidant property of testosterone. 
Therefore, administration of exogenous testoster-
one would not compensate sexual hormone distur-
bance along with anti-oxidative protective effects. 
However, the exact causal mechanism leading to 
sexual hormone disturbances in males with SCI 
remains to be elucidated.
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