Original Article

The Effects of Testosterone on Oxidative Stress Markers
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Abstract

%DFNJURXQG 6SLQDOFRUGLQMXU\ 6&, FDXVHVLQIHUWLOLW\LQPDOHSDWLHQWVWKURXJKHUHFWLOHG\VIXQFWLRQHMDFXODWRU\G\VIXQFWLRQVHPHQDQGKRUPRQHDEQRUPDOLWLHV2[LGDWLYHVWUHVV 26 LV
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.
0DWHULDOVDQG0HWKRGVIn this experimental study, we evaluated the effects of exogeQRXVWHVWRVWHURQHRQWKHDFWLYLW\RIWKHDQWLR[LGDQWHQ]\PHVVXSHUR[LGHGLVPXWDVH 62' 
DQGJOXWDWKLRQHSHUR[LGDVH *3[ DVZHOODVWKHOHYHOVRIPDORQGLDOGHK\GH 0'$ DQG
protein carbonylation (PCO), as markers of OS, in 10 groups of SCI mice. Total antioxiGDQW FDSDFLW\ 7$&  ZDV GHWHUPLQHG XVLQJ WKH D]LQRELV HWK\OEHQ]RWKLD]ROLQH
6-sulfonic acid) (ABTS) radical cation assay.
5HVXOWV ([RJHQRXVWHVWRVWHURQHDGPLQLVWUDWLRQLQPLFHZLWK6&,VLJQL¿FDQWO\UHGXFHG62'
DQG*3[HQ]\PHDFWLYLWLHVDQG0'$OHYHO7KHUHZDVQRVLJQL¿FDQWGHFUHDVHLQ3&2FRQtent. In addition, TAC remarkably increased in the sham and SCI groups not treated with testosterone but remained unchanged in all other experimental groups. Exogenous testosterone
also reduced serum testosterone levels in all groups except the positive control group.
&RQFOXVLRQ 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.
Keywords:6SLQDO&RUG,QMXU\,QIHUWLOLW\7HVWRVWHURQH2[LGDWLYH6WUHVV5HDFWLYH2[\gen Species
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Introduction
6SLQDO FRUG LQMXU\ 6&,  LV D WUDXPDWLF RU QRQ
WUDXPDWLF LQMXU\ ZKLFK RFFXUV PRVW RIWHQ LQ 
year-old males at the peak of their reproductive lives,
SHUPDQHQWO\DIIHFWLQJTXDOLW\RIOLIH  7KHPDMRULW\
of male patients with SCI have a weak reproductive
IXQFWLRQDQGGLVWLQFWVSHUPSUR¿OHZLWKQRUPDOVSHUP
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count, but the sperm motility is abnormally low (14). However, the mechanisms responsible for poor
sperm quality in men with SCI have not been clearO\GH¿QHG,WKDVEHHQUHSRUWHGWKDWDEQRUPDOLWLHV
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
 6HYHUDOVWXGLHVKDYHGHPRQVWUDWHGDVLJQL¿FDQW
increase in the generation of reactive oxygen species
526 LQPDOHVZLWK6&,,WLVZHOOHVWDEOLVKHGWKDW
SK\VLRORJLFDOOHYHORI526LVQHFHVVDU\IRUQRUPDO
sperm function and reactions that include oocyte fuVLRQFDSDFLWDWLRQDQGDFURVRPHUHDFWLRQ $5 ZKLOH
WKHH[FHVVDPRXQWVRI526LQVHPHQFDQLQGXFH26
which negatively affect spermatozoa (2, 6). Seminal
526 VWULNH D ZLGH UDQJH RI HVVHQWLDO ELRPROHFXOHV
such as proteins, lipids, carbohydrates and nucleic acids, and affect their functions. This impact may conVHTXHQWO\EHLQYROYHGLQ'1$GDPDJHGHFUHDVHG
sperm motility, reduced sperm viability, sperm dysIXQFWLRQDQGVHPHQK\SHUYLVFRVLW\  /LSLGSHUR[LGDWLRQRIVSHUPSODVPDPHPEUDQHVE\526FDXVHV
UHGXFHGPHPEUDQHÀXLGLW\  
6HPLQDOÀXLGFRQWDLQVVHYHUDOGHIHQVHPHFKDQLVPV
which are focused on oxidant scavenging to protect
VSHUPDWR]RDIURPGHWULPHQWDOR[LGDWLYHLQMXU\7KHVH
include important antioxidant enzymes such as cataODVH VXSHUR[LGH GLVPXWDVH 62'  DQG JOXWDWKLRQH
peroxidase (GPx) which quench hydrogen peroxide
and the excess free superoxide radicals. The seminal
ÀXLG DOVR FRQWDLQV QRQHQ]\PDWLF DQWLR[LGDQWV VXFK
DV DVFRUELF DFLG YLWDPLQ &  ĮWRFRSKHURO YLWDPLQ
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
OHYHOVRI526  ,PEDODQFHGKRUPRQDOOHYHOVHVpecially testosterone and follicle-stimulating hormone
(FSH), are observed in SCI patients (2, 7). There are
FRQÀLFWLQJUHSRUWVWKDWGHPRQVWUDWHWKHGLUHFWUROHVRI
testosterone and FSH hormones in reproductive dysfunction in men with SCI.
Therefore, the present study aimed to examine
the effects of SCI on the level of testosterone hormone. We determined whether a testosterone imbalance was involved in increased OS and resultant reproductive dysfunction.

Materials and Methods
$QLPDOV
Adult male mice, 4 to 6 months of age, that weighed
15 to 25 g were obtained from the School of Pharmacy, Tehran University of Medical Sciences, Tehran,
Iran. Mice were kept in temperature-controlled quarters on a 12:12 hour light:dark schedule, with standard mouse pellets and drinking water ad libitum.
([SHULPHQWDOGHVLJQ
In this experimental, we randomly divided the
mice into 10 groups each, with 6 animals per group
according to Table 1.

Table 1:ǆƉĞƌŝŵĞŶƚĂůĚĞƐŝŐŶ

/DPLQHFWRP\

6&,

7HVWRVWHURQHLQMHFWLRQ

6DPSOLQJGD\DIWHU6&,

P. Control

-

-

0.1 mg/kg BW-7 days

$IWHUFRPSOHWLRQRIWKHSHULRGRILQMHFWLRQ

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

3/DPLQHFWRP\
(Sham group 1)

+

-

0.1 mg/kg BW-7 days

2 weeks after laminectomy

1/DPLQHFWRP\
(Sham group 2)

+

-

-

&RLQFLGHQWZLWK3/DPLQHFWRP\JURXS

6&,6SLQDOFRUGLQMXU\DQG%:%RG\ZHLJKW
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6&,DQG6&,UHFHLYHGLQMHFWLRQVRI
WHVWRVWHURQH RQH ZHHN DIWHU LQÀLFWLRQ RI WKH 6&,
6&, UHFHLYHG DQ LQMHFWLRQ RI WHVWRVWHURQH
WZR ZHHNV DIWHU LQÀLFWLRQ RI WKH 6&, 6&,
UHFHLYHG DQ LQMHFWLRQ RI WHVWRVWHURQH DW WKH VDPH
WLPHDVLQÀLFWLRQRIWKH6&,1/DPLQHFWRP\ZDV
a sham group that did not receive any testosterone
DQG3/DPLQHFWRP\ZDVDVKDPJURXSWKDWUHFHLYHG
DWHVWRVWHURQHLQMHFWLRQ7KH1/DPLQHFWRP\DQG3
/DPLQHFWRP\ JURXSV HDFK XQGHUZHQW D VKDP RSHUDWLRQ7KH 1 /DPLQHFWRP\ GLG QRW UHFHLYH WHVWRVWHURQHUHSODFHPHQWZKHUHDVWKH3/DPLQHFWRP\
group received testosterone replacement.
([SHULPHQWDOSURWRFRO
We performed the SCI according to procedures by
<XHWDO  :HXVHGDPRGHOWKDWSURYLGHGH[WUDdural compression of the spinal cord from the dorsal
VLGH%ULHÀ\WKHDQLPDOVZHUHDQHVWKHWL]HGE\[\OD]LQH>PJNJERG\ZHLJKW %: @DQGNHWDPLQH
 PJNJ %:  LQMHFWLRQV WKH ODPLQDH RI WKH 7
and T11 vertebrae were removed, leaving the dura
intact. The animals were placed in the prone position in a stereotaxic apparatus to perform the laminectomy and stabilize the spinal cord. A weight of
35 g was applied onto the intact dura for 5 minutes,
XVLQJ D FXUYHG UHFWDQJXODU SODWH î PP $Fcording to evidence, serum testosterone levels have
EHHQ VKRZQ WR VLJQL¿FDQWO\ UHGXFH  GD\V DIWHU
SCI. The serum level of testosterone might return
to normal levels by 14 days due to cellular compensatory mechanisms (11). The duration of spermatogenesis in mice is 32-35 days. Accordingly, we
have divided the mice into six SCI groups, without
and with testosterone administration, according to
different intervals of administration and times for
blood sampling (7, 14, 35 and 42 days).
Plasma levels of testosterone were estimated by
a commercial enzyme linked immunosorbent asVD\ (/,6$  NLW &D\PDQ &KHPLFDO 86$  DQG
H[SUHVVHG DV QJPO7KH PDORQGLDOGHK\GH 0'$
Hitachi, Japan) component of the blood samples
ZDV H[SUHVVHG DV QDQRPROHV RI 0'$ FUHDWHG SHU
mg protein and measured by the spectrophotometric method. We measured total antioxidant capacity
(TAC) of plasma by the ABTS radical cation assay
 62'ZDVH[DPLQHGE\D%LRYLVLRQNLW %LRYLVLRQ 86$  *3[ ZDV PHDVXUHG ZLWK D 5DQGR[
NLW 5DQGR[8. 3URWHLQFDUERQ\ODWLRQFRQWHQWRI
mouse serum was assayed using a BioCell Protein

&DUERQ\O$VVD\.LW %LR&HOO1HZ=HDODQG 
6WDWLVWLFDODQDO\VLV
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
*UDSKSDG 3ULVP VWDWLVWLFDO VRIWZDUH   3
ZDVUHJDUGHGDVVWDWLVWLFDOO\VLJQL¿FDQW

Results
'XULQJWKHZHHNVRIWHVWRVWHURQHWUHDWPHQWDOORI
the mice groups remained healthy and grew at an ordiQDU\UDWH7KHUHZDVQRVLJQL¿FDQWGLIIHUHQFHEHWZHHQ
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
VLJQL¿FDQW 3 UHGXFWLRQLQWRWDOSODVPDWHVtosterone level in all groups except for the positive
control. However, the sham groups exhibited relatively less decrease compared with the other groups.

Fig.1: īĞĐƚŽĨĞǆŽŐĞŶŽƵƐƚĞƐƚŽƐƚĞƌŽŶĞŽŶƉůĂƐŵĂƚĞƐƚŽƐƚĞƌŽŶĞ
ůĞǀĞůƐ͘dŚĞĚĞƚĂŝůƐŽĨŐƌŽƵƉƐŝƐŝŶŵĂƚĞƌŝĂůĂŶĚŵĞƚŚŽĚƐĞĐƟŽŶ͘
ZĞƐƵůƚƐĂƌĞĞǆƉƌĞƐƐĞĚĂƐŵĞĂŶц^͘Ă͖WфϬ͘ϬϬϭĐŽŵƉĂƌĞĚǁŝƚŚ
E͘ŽŶƚƌŽů͕Đ͖WфϬ͘ϬϱĐŽŵƉĂƌĞĚǁŝƚŚE͘ŽŶƚƌŽůĂŶĚĚ͖WфϬ͘ϬϬϭ
ĐŽŵƉĂƌĞĚǁŝƚŚW͘ŽŶƚƌŽů͘

$V VKRZQ LQ )LJXUH  0'$ OHYHOV GHFUHDVHG
VLJQL¿FDQWO\ DQG LQVLJQL¿FDQWO\  LQ PLFH SODVPD
as a consequence of testosterone administration
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ZKLOHWKHQHJDWLYHVKDPJURXSKDGDVLJQL¿FDQWO\
LQFUHDVHG0'$OHYHO 3 

Fig.2: īĞĐƚ ŽĨ ĞǆŽŐĞŶŽƵƐ ƚĞƐƚŽƐƚĞƌŽŶĞ ŽŶ ŵĂůŽŶĚŝĂůĚĞŚǇĚĞ
;DͿůĞǀĞů͘dŚĞĚĞƚĂŝůƐŽĨŐƌŽƵƉƐŝƐŝŶŵĂƚĞƌŝĂůĂŶĚŵĞƚŚŽĚƐĞĐͲ
ƟŽŶ͘ZĞƐƵůƚƐ ĂƌĞ ĞǆƉƌĞƐƐĞĚ ĂƐ ŵĞĂŶ ц ^͘ Ă͖ WфϬ͘ϬϬϭ ĐŽŵƉĂƌĞĚ
ǁŝƚŚ E͘ ŽŶƚƌŽů͕ ď͖ WфϬ͘Ϭϭ ĐŽŵƉĂƌĞĚ ǁŝƚŚ E͘ ŽŶƚƌŽů͕ Đ͖ WфϬ͘Ϭϱ
ĐŽŵƉĂƌĞĚǁŝƚŚE͘ŽŶƚƌŽůĂŶĚĞ͖WфϬ͘ϬϭĐŽŵƉĂƌĞĚǁŝƚŚW͘ŽŶƚƌŽů͘

7KH LQÀXHQFH RI WHVWRVWHURQH RQ RWKHU DQWLR[LGDQW ELRPDUNHUV VXFK DV *3[ 62' SURWHLQ
carbonyl and TAC are presented in Table 2. The
¿QGLQJV GHSLFWHG WKDW WHVWRVWHURQH DGPLQLVWUDWLRQ
KDGYDULRXVHIIHFWVRQ*3[DQG62'LQWKHWHVWHG
groups. The results showed that testosterone adPLQLVWUDWLRQVLJQL¿FDQWO\UHGXFHG*3[DFWLYLW\LQ

the SCI-0.0-7 group relative to the control group.
7KHUHZDVVLJQL¿FDQWO\GLPLQLVKHG*3[DFWLYLW\LQ
the sham groups with testosterone administration.
On the other hand, the testosterone administraWLRQ GLG QRW VLJQL¿FDQWO\ DIIHFW *3[ ,Q FRQWUDVW
the testosterone treatment showed a considerable
increase in GPx activity in the SCI group with administration 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
REVHUYHGIRU62'DFWLYLW\$FFRUGLQJWR7DEOH
WKH WHVWRVWHURQH DGPLQLVWUDWLRQ VKRZHG ÀXFWXDWLRQVRQ62'DFWLYLW\ZKLFKLQVRPHFDVHVFDXVHG
VLJQL¿FDQWO\ LQFUHDVHG 3 FRPSDUHG ZLWK
ERWKQHJDWLYHDQGSRVLWLYHJURXSV 62'DFWLYLW\LQ
the positive sham group. However, in some tested
groups, the administration of testosterone led to a
QRQVLJQL¿FDQWUHGXFWLRQRI62'DFWLYLW\,QFRQtrast, the effect of testosterone administration on
TAC did not show considerable differences in the
WHVWHGJURXSV:HREVHUYHGDVLJQL¿FDQWLQFUHDVH
in the sham (P<0.001) and SCI groups without testosterone treatment (P<0.05) in TAC plasma content in comparison with both positive and negative control groups. In addition, all tested groups
VKRZHG D VLJQL¿FDQW UHGXFWLRQ 3  LQ SURtein carbonyl levels relative to the positive control,
but not the negative control. The SCI groups without testosterone treatment showed considerably
elevated (P<0.001 and P<0.01) protein carbonyl
levels in comparison to the negative control. Generally, testosterone treatment failed to reduce proWHLQFDUERQ\OOHYHOVLQDOOWHVWHGVXEMHFWV

Table 2: īĞĐƚŽĨĞǆŽŐĞŶŽƵƐƚĞƐƚŽƐƚĞƌŽŶĞŽŶƚĞƐƟĐƵůĂƌĂŶƟŽǆŝĚĂŶƚĞŶǌǇŵĞƐ;'WǆĂŶĚ^KͿ
1
&RQWURO

3
&RQWURO

6&,

6&,

6&,

6&,

6&, 6&,

1/DPH
QHFWRP\

3
/DPHQHF
WRP\

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

62'

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

^K͖^ƵƉĞƌŽǆŝĚĞĚŝƐŵƵƚĂƐĞ͕'Wǆ͖'ůƵƚĂƚŚŝŽŶĞƉĞƌŽǆŝĚĂƐĞ͕^/͖^ƉŝŶĂůĐŽƌĚŝŶũƵƌǇ͕d͖dŽƚĂůĂŶƟŽǆŝĚĂŶƚĐĂƉĂĐŝƚǇ͕ ͖WфϬ͘ϬϬϭĐŽŵƉĂƌĞĚ
ǁŝƚŚE͘ŽŶƚƌŽů͕b͖WфϬ͘ϬϭĐŽŵƉĂƌĞĚǁŝƚŚE͘ŽŶƚƌŽů͕d͖WфϬ͘ϬϬϭĐŽŵƉĂƌĞĚǁŝƚŚW͘ŽŶƚƌŽů͕ĂŶĚf͖WфϬ͘ϬϱĐŽŵƉĂƌĞĚǁŝƚŚW͘ŽŶƚƌŽů͘
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Discussion
5HFHQWO\DWWHQWLRQKDVEHHQSDLGWRPDOHVWHULOity after SCI. Most male patients with SCI have
poor semen quality, as evidenced by leukocytospermia 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 producWLRQ RI 526   ,W KDV EHHQ UHSRUWHG WKDW 6&,
WHPSRUDU\ DQG LQWHQVHO\ LQÀXHQFHV WKH SLWXLWDU\
testicular hormone axis. These alterations may
be involved in Sertoli cell dysfunctions and consequent 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
LPEDODQFH DQGRU 526 SURGXFWLRQ    7KHUHfore, elucidation of some of the differences in the
literature might be essential.
In this regard, we evaluated whether SCI caused
VH[XDOKRUPRQHLPEDODQFHVDQG526SURGXFWLRQ
We also examined whether exogenous testosterone
could make tribulation. Our results showed that
the normal level of plasma testosterone was not restored 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 observations indicated that the administration of exogenous testosterone led to downregulation of natural
testosterone production by the testes (16). Since
such a decrease occurred only in the spinal cordoperated 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 downregulation. However, the trivial immobilization of the
mice following SCI might have resulted in more
VWUHVVZKLFKFRXOGKDYHLQÀXHQFHGWKHSLWXLWDU\
testicular hormone axis and consequently suppressed natural testosterone production (11). It has
also been reported that the denervation of testis in
LPPDWXUH UDWV UHVXOWHG LQ LPSDLUPHQW RI /H\GLJ
cell androgen production, which was comparable
WRWKHVXEMHFWVZLWK6&,GDPDJH  
The acute suppression of testosterone production
in testes after SCI, with or without an attendant
GHFOLQHLQVHUXP)6+OHYHOVFRXOGGH¿QLWHO\FRPpromise 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
SURGXFWLRQ RI 526 DQG DQWLR[LGDQW DJHQWV  
526XQVWDEOHDQGH[WUHPHO\UHDFWLYHE\SURGXFWV
of normal metabolism, mediate oxidative damages
WRFHOOXODUPDFURPROHFXOHV  6LQFHWHVWRVWHURQH
W\SLFDOO\ LPSURYHV WKH PHWDEROLF UDWH    LW
can be expected that a high dose of testosterone
level may be involved in the imbalance between
526 SURGXFWLRQ DQG DQWLR[LGDQW GHIHQVHV FDXVing 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
 7KHVHRXWFRPHVFRQVHTXHQWO\LQGLFDWHWKDWWKH
pro-oxidant property of testosterone is tissue and
sex-dependent. In this regard, testes are principally
VXVFHSWLEOHWR526LQGXFHGLQMXU\E\YLUWXHRIWHVtosterone’s pro-oxidant activity.
Inconsistently, Chainy et al. (6) have reported
WKDWHOHYDWHG0'$OHYHOVLQUHVSRQVHWRWHVWRVWHUone treatment, whereas Peltola et al. (22) reported
WKDW WHVWRVWHURQH GHFUHDVHG WKH OHYHO RI 0'$ ,Q
an in vitro study, Mooradian showed that administration of exogenous testosterone did not have sigQL¿FDQWSURR[LGDQWDFWLYLW\2XUUHVXOWVLQGLFDWHG
WKDWWKH0'$OHYHOGLGQRWLQFUHDVHEXWUHGXFHGLQ
groups that received testosterone, which suggested
that testosterone suppressed H2O2 production and
GHFUHDVHGSURGXFWLRQRI0'$  
Protein carbonyl, as a marker of OS, is one of
the OS by-products which form during the interacWLRQ EHWZHHQ 526 DQG SURWHLQV 7KLV LQWHUDFWLRQ
PRGL¿HVELRPROHFXOHVDQGFKDQJHVWKHLUIXQFWLRQV
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 tesWRVWHURQH VKRZHG QR VLJQL¿FDQW HIIHFW RQ SURWHLQ
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
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system against OS. The functional sum of antioxidants in plasma is used as measure of extracellular
antioxidant barrier (26). Thus, we have measured
TAC after testosterone administration in SCI-operDWHGJURXSV2XU¿QGLQJVLQGLFDWHGWKDWDGPLQLVtration 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
7$&KDGDVLJQL¿FDQWDVVRFLDWLRQZLWKWRWDOWHVWRVWHURQHLQPDOHVXEMHFWV6XFKDGLVFUHSDQF\PLJKW
be attributed to several factors such as gender-speFL¿FJHQHH[SUHVVLRQYDVFXODUIDFWRUVGLVWULEXWLRQ
of body fat, and adaptation to aging. In addition,
studies on exogenous testosterone administration
were affected by dose, duration and route of administration. Thus, a study of antioxidant regulation by steroids could help to elucidate molecular
mechanisms of testosterone function.
,QMHFWLRQV RI WHVWRVWHURQH LQWR DGXOW PLFH PDnipulated the level of testosterone in the testes.
2XUUHVXOWVUHYHDOHGWKDWWKHWHVWRVWHURQHLQMHFWLRQ
FDXVHG DQWLR[LGDQW HQ]\PHV *3[ DQG 62'  UHduction in testes in most groups, which agreed with
¿QGLQJVUHSRUWHGE\&KDLQ\HWDO  7KHSUHFLVH
mechanism of testosterone-induced reduction in
WKH OHYHOV RI *3[ DQG 62' HQ]\PHV LQ WKH WHVtis 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
OXWHLQL]LQJKRUPRQH /+ OHYHOZLWKQRDOWHUDWLRQ
in the FSH level (6) which regulated testosterone
production in the testis (27). In addition, these antioxidant enzymes have synergistic functions. An
abnormality of one of the antioxidant enzymes
can affect the activities of the other enzymes. A
UHGXFWLRQ LQ 62' DFWLYLW\ FDXVHV DQ HOHYDWLRQ LQ
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
PD\ EH XSUHJXODWHG E\ LQDFWLYDWLRQ RI 62' DQG
vice versa (6). In general, administration of exogenous testosterone causes antioxidant enzyme reduction followed by OS induction.

Conclusion
Collectively, SCI, a neurogenic impairment,
causes infertility through disturbing the plasma
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testosterone balance which could not be retrieved
by administration of exogenous testosterone. In
this regard, SCI led to a slight change in oxidative
PDUNHUV ZLWK WKH H[FHSWLRQ RI 0'$ ZKLFK GHcreased. There was reduced free radical scavengLQJDFWLYLWLHVRI62'DQG*3[6XFKDQHIIHFWUHinforced the pro-oxidant property of testosterone.
Therefore, administration of exogenous testosterone would not compensate sexual hormone disturbance 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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