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Testosterone increases corpus cavernous smooth
muscle cells in oxidative stress-induced rodents
(Sprague-Dawley)
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ABSTRACT
Background: Nowadays, there are many researchers interested in the
role of oxidative stress in the pathophysiological mechanism against
erectile dysfunction. Oxidative stress occurs when there is an imbalance
between pro-oxidant and the ability of the antioxidants to scavenge
excess reactive oxygen species. The important role of oxidative stress in
the pathophysiological mechanism of male and female infertility has
been known. However, its role in maintaining the integrity structure
of penile erectile tissue especially corpus cavernous smooth muscle
cell has not been investigated comprehensively yet. In another side,
testosterone has a critical role in maintaining the integrity of the penile
erectile tissue.
Aim: This study aims to investigate the effect of oxidative stress
condition on the administration of testosterone for increasing corpus
cavernous smooth muscle cells.
Methods: The experiment uses pretest-posttest control group design.
Data were collected from 40 rodent’s strain SD (Sprague-Dawley).
Ten penile organs were removed before stress, and 30 rodents given
psychosocial stress for 6 weeks. After the third-week of stress, 10 penile

organs were removed. At the beginning of the fourth week, 20 rodents
were randomly divided into 2 groups: the control group (untreated
mouse), were treated with an intramuscular aquabides injection and
the case group were treated with intramuscular testosterone injection
(case group). Five penile organs from each group were removed to
observe the corpus cavernous smooth muscle cells number at the sixth
weeks of the stress. During the six week stress, blood samples were
collected for MDA and SOD measurement at the beginning, at the third
week, and at the sixth week.
Results: This study found that oxidative stress decreases the corpus
cavernous smooth muscle cell (CCSM) number significantly. The
number of CCSM before stress 20,20 ± 1,23, and after the third-week
of stress is 14,20 ± 1,03 (P < 0,05). In addition, the administration
of testosterone at the beginning of fourth-week of stress raises CCSM
number significantly. The number of CCSM before treatment is 13,80 ±
0,84, and after treatment is 18,40 ± 1,14.
Conclusion: There was a significant elevation of CCSM number
without being affected by oxidative stress in this study.
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INTRODUCTION
Oxidative stress is a condition in which the antioxidant defense system is inadequate to inactivate
the reactive oxygen compound and the reactive
nitrogen compound produced by either the body
due to its excess production, decreased antioxidant
defense system, or both. It has an essential role in
acute and chronic diseases and the normal aging
process. It causes damage to acid-base nuclei, fats,
and proteins that affect cell conditions and viability
or induce the occurrence of various 
cellular
responses through the formation of secondary
reactive compounds and ultimately cell death due
to necrosis or apoptosis.1
Several studies have shown the effect of
free radicals on the smooth muscle cells of the
corpus cavernosa. Excessive production of NO
(nitric oxide) as a result of inflammatory processes
such as Peyronie disease, penile trauma, and priapism causes cytotoxic effects on the cavernous
muscle cells.2 Meanwhile, a study by conditioning
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rodents having occlusive venous priapism showed
elevated lipid peroxidation levels in corpus
cavernous tissue.3 Its smooth muscle cells that had
been given high concentrations of NO decreased
synthesis of ATP (Adenosine Triphosphate) and
DNA (Deoxyribonucleic Acid) significantly.4 The
mechanism by which high concentrations of NO
can cause cytotoxic effects on it remains unclear.
NO levels were also found to increase in the interstitial space of the cutaneous tissue after being given
thermal stress.5 Another study found that there is
fibrosis in the corpus cavernous tissue after neurotomy characterized by increased expression of β1
mRNA, HIF-1α, TGF-β1, and type III collagen by
immunohistochemical examination.6 The integrity
and number of its smooth muscle cells are essential in erectile physiology that shown in a study by
undergoing rabbit castration. Those make decrement of intracavernous pressure and changes the
balance of total connective tissue with the number
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of smooth muscles cells. Besides, there is progressively fat cell accumulation in the subtunical region
of the corpus cavernosum and eventually leads to
venous occlusion and erectile dysfunction.7
The expectable decrement of the concentrations of
testosterone occurs after two weeks post-castration.8
On the other hand, the replacement of testosterone
0.018 milligrams by dose in castrated rodents can
improve the corpus structure of the cavernosa.9
Testosterone will reduce its concentration in the
blood by responding to long-term stress. Stress
derived from various stimuli will cause a sharp
increment in glucocorticoid concentrations in the
blood and decreased testosterone concentrations as
a result of reduced steroidogenesis.10
Several studies have shown the negative
effects of psychosocial stress according to
changes in the modern lifestyle of the human
body.11-14 It will increase blood pressure and then
decrease NO concentrations.15 Consequently, it
influences subcellular injury in endothelial cells.16
Psychological stress which is given to rodents every
1 hour for ten weeks tends to decrease the sexual
activity of male rodents and lowering catecholamine levels and its metabolites in the brain.17 The
isolation stress assigned to a 35-day-old rodent by
placing it in a small cage for 30 days will decrease
the secretion of prolactin, LH, and testosterone.18
It also increases the levels of corticosterone on day
7th and 30th as well as oxidative stress in peripheral
blood cell DNA.19
In the preliminary study obtained that psychosocial stress which is given about 4 hours/day
for six weeks in male rodents had significantly
increased malondialdehyde (MDA) levels in the
first week of treatment and also decreased levels
of superoxide dismutase (SOD) antioxidants. In
simpler terms, oxidative stress occurs after the
first week of treatment, and it becomes higher and
higher every week, both in the third week and the
sixth week.20 It decreases the number of smooth
muscle cells of the corpus cavernosum during the
third week of treatment. Intramuscular injection of
0.018 mg testosterone at the beginning of the fourth
week was able to restore the amount of smooth
muscle cell, but that was unable to absorb oxidative
stress in the same way.21,22 This research is necessary
to re-examine how oxidative stress conditions influence the provision of testosterone in maintaining
the integrity of penile tissue, especially the number
of smooth muscle cells within corpus cavernosum.

MATERIAL AND METHOD
This research is experimental research, using both
pre-test and post-test control group design within
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nine weeks.23 Pocock’s formula calculates the
samples. Based on preliminary study, the writer
obtained ten samples. As the rodent was partially
killed two times before, then the sample size was
d 100%, so it was 20 for each treatment group. It
was adult male rodents (Sprague-Dawley) with the
following inclusion criteria: 3 months old, weight
average 250-300 gram, and healthy. Psychosocial
stress is the level of stress for rodents in the form of
placement of 5 rodents in one cage 20 × 10 × 12 cm
in size along 4 hours/day for six weeks. Testosterone
injection is the concentration of testosterone using
“Sustanon 250”, regarding to dose conversion by
Gosh, particularly the adult human dose is 1 mL
(body weight 60-70 kg), as well as its conversion
to 200 gram of rodents, is 0,018 ml.24 Example of
dosage calculation as follows. If rodent weight is
300 grams, then the dose is 300/200 × 0.018 ml =
0.027 ml or 27 μl. So, the Australian-made
microsyringe “Sustanon 250” is inserted until it
shows the scale 27.
The number of smooth muscle cells within
corpus cavernosum is the average number of
smooth muscle cells found between the two sinus
cavernosum (trabecula) examined on 5 high power
field (HPF) using 40x magnification. Lipid peroxidation levels are determined by measuring the levels
of thiobarbituric acid (TBARS)-reactive products
and expressed as malondialdehyde (MDA) levels.
MDA levels are plasma malondialdehyde levels
measured by Hach DR/2000-branded spectrophotometer. The levels of SOD antioxidants are plasma
SOD levels measured by particular reagents for
SOD. The weight of adult male rodents is metric
status measured by using electronic scales under
the brand “Sartorius” every week during treatment.
In this study environmental conditions during the
experiment will be made equal each other.
Equipment used in this research are, such as:
6 units rodent cages of 20 × 10 × 12 cm in size,
6 units rodent cages of 50 × 40 × 15 cm in size, both
in which there are husks, food, and drink bottles,
Sartorius electronic scale (5000 gram in capacity),
Australian-made microsyringe 0-50 μl in scale,
object glass and cover glass, minor surgical set,
Olympus light microscope, Hach DR/2000-branded
spectrophotometer, stationery, drinking water
(Aqua®), standard foods for male rodents (SpragueDawley), ether, EDTA, paraffin blocks, formaldehyde buffer solution, reagents for measuring level
of MDA and SOD antioxidants, and trichrome light
green (Gomori) staining material.
40 rodents are prepared, and then before the
treatment, 10 rodents are euthanized, and their
penis organs are established in the histopathological study to examine the number of smooth
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muscle cells within corpus cavernosum. Afterward,
30 survival rodents obtain a psychosocial stress
treatment for six weeks. At the end of the third
week, ten euthanized rodents are examined to get
their corpus cavernous smooth muscle cell data.
Moreover, 20 of remaining rodents are randomly
divided into two groups, namely the control group
(received aquabides injections) and the case group
(received testosterone injections). And at the end
of the treatment, 5 penis organ samples of euthanized rodents from each group are prepared for
histopathological study again. The blood samples
of 20 are taken before treatment, at the end of the
third week, and at the sixth week of treatment for
examining MDA and SOD levels.

The Measurement of MDA Levels
Blood samples are aspirated from medial canthus
of sinus orbitalis, approximately 2 mL at week-0,
first week, third week and sixth week. It is inserted
into a tube containing EDTA 1 mg/ml, then centrifuged 4000 rpm for 15 minutes to obtain plasma.
Plasma is important to check the levels of MDA
and SOD afterward. The examination procedure
of MDA levels is performed according to Conti’s
project.25 Two tubes of 13 ml polypropylene must
be prepared, one tube for standard and the other
one for plasma. Each tube is added 750 μl of H3PO4,
and 250 μl of TBA (thiobarbituric acid). One tube

was inserted with 50 μl of plasma, and so 50 μl of
standard solution (1,1,3,3-tetraethoxypropane)
into the other one. In addition, each tube was
added with 450 μl of H2O again and shaken into
the vortex. Both tubes are then heated to 100° C for
60 minutes, and they are cooled in ice bath for ±
10 minutes (until pink) for next step. In addition,
those samples were prepared for examination in
the column of Sep-Pak C18. First, methanol is felt
into the column of Sep-Pak C18 as many as 4 times
and briefly discarded. Secondly, added 5 ml of
H2O and discarded, too. Those samples are next
inserted and also rejected, till shown pink color
appearance on the walls. Finally, re-inserting 4 ml
of methanol accommodated within those tubes
and interpreting them in a spectrophotometer of
532 nm in wavelength (the units are mmol/L).

The Measurement of SOD Antioxidant Level
Reagents required, such as: mixed substrate
0.05 mmol/l, xanthine 0.025 mmol/l, buffer
50 mmol/l, pH 10.2, CAPS 0.94 mmol/l, and
xanthine oxidase 80 U/l. The standard process
for the measurement of SOD antioxidant level is
performed based on the manual Randox laboratory
technique.26 2 tubes must be prepared, one tube for
standard and the other one for plasma. One tube
contains 0.05 ml of plasma, and the standard one
contains 0.05 ml standard solution. Both tubes
incorporated by a mixed substrate solution of
1.7 ml in volume. Both solutions in the tube are
shaken with the vortex machine. The final solution of 0.25 ml xanthine oxidase is added to each
tube and shaken with a vortex machine. After first
30 seconds, the absorbance of the mixture is read
as A1 in the spectrophotometer and so the next
three minutes as A2. The SOD level is calculated by
the formula: (A2 - A1) / 3.
Corpus Cavernous Smooth Muscle Cells
Number
The number of corpus cavernous smooth muscle
cells are provided from the transverse section of the
mid-corpus cavernosum calculated by counting them
between the two sinuses using an Olympus light
microscope (magnification of 40x). The development
of the penile microstructure is performed by standard
microscopic preparation procedure (Figure 1).

Figure 1 Transversal section of corpus cavernosum of the rodent before
induced with stress (4x). (VDP: Dorsalis Vein of Penis; CS: Corpus
Spongiosum; CC: Corpus Cavernosum; SC: Sinus Cavernosum;
URT: Urethra)
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Penile Organ Collecting Techniques
The rodents were killed by previously stunned
by inserting it into a jar. Then we waited for
5-10 minutes until they fell asleep and removing the
penis tissue by doing an incision in the abdomen.
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Histopathological Processing Technique
Penile organs that have been taken are fed directly
into 10% formalin buffer (pH: 7.2). The next incision in the medial part of the corpus cavernosum
is approximately 3-5 mm thick and placed in the
cassette (Tissue Tak III, Milles). It automatically
helps in the form of dehydration, clarification,
penetration, and paraffin blocking within its. The
stages are as follows: 1 × 0.5-2 hours ethanol 80%,
4 × 0.5-2 hours ethanol 95%, 1 × 0.5-2 hours ethanol
100%, 3 × 0.5-2 hours xylene, and 3 × 0.5-2 hours
of paraffin. Final processing is done by embedding
the preparation with a paraffin-liquid (Histoplast
Shandon) in a stainless steel mold, and the top
surface is sealed with a plastic cassette, and that
organ is ready to be cut with a microtome. That
organ is reduced with a hyper cut-Shandon rotary
type-microtome with 6 microns thickness. The
ribbon-formed incision is then placed in a water
bath at a temperature of 45°C. Incision by incision
is then separated and captured on the object glasses
prior to chrome gelatin adhesive on those. Those
specimens are finally dried and ready for painting.
Trichrome Light Green Staining
The required solutions are 75 ml of Bouin’s picric
acid, 25 ml of formalin 40%, 5 ml of glacial acetic
acid, 0.6 gram of trichrome chromo tope 2R,
0.3 gram of light green SF solution, 1.0 ml of glacial
acetic acid, 0.8 gram of phosphotungstic acid,
100 ml of aquabides, iron-hematoxylin solution by
Weigert, and xylene solution. The specimens are
inserted in xylene solution for 10 minutes, then
into absolute alcohol for 10 minutes, and into next
95% alcohol for 10 minutes. Those are briefly rinsed
with water, then put in a Bouin’s solution and put
into an oven with a temperature of 56°C for 1 hour.
Afterward, they are washed with running water,
then fill them into iron hematoxylin solution for
10 minutes, rewashed them with running water for
5 minutes. The next progressing step is conducted
by incorporating them into trichrome dye solution
for 15-20 minutes, then rinse with running water,
fill them into alcohol 95% for 5 minutes, insert them
into absolute alcohol for 10 minutes, xylene solution for 10 minutes, and finally, apply for balsam.
Their feature found under microscopic study are
mainly appear as the black-color nucleus, red-color
muscles and cytoplasm, green-color connective
tissues, and also orange-color erythrocytes.
Statistical Analysis
Data obtained in this study are analyzed by a
specific test. The test is performed to determine
whether the data are normally distributed using the
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Shapiro-Wilk test. To test the effect of psychosocial
stress on MDA levels, SOD, and the number of
smooth muscle cells of the corpus cavernosum, the
effect of testosterone at the beginning of the fourth
week of treatment on the muscle cell number, MDA
and SOD levels, paired sample t-test is recommended absolutely (O1-O2; O3-O4). On the other
hand, to compare the average number of smooth
muscle cells in both treatment groups, independent
samples t-test is used consistently. The degree of
significance in this study, α = 0.05.

RESULTS
Normality test for MDA and SOD antioxidant
using Shapiro-Wilk test showed that both distributions are normal (P> 0.05). It is continued by
using parametric paired sample t-test, either to test
the increment of the average of MDA level or so
the decrement of the average of SOD antioxidant
level. Table 1 shows that the mean of MDA levels
before stress is 3.76 ± 0.48 mmol/L, whereas after
stress was 15.75 ± 0.51 mmol/L. The statistical
analysis with paired sample t-test showed that the
result was significantly different (P <0.05) with
t value = -66.31 and P = 0,000. It means there is
an increase in the mean of MDA levels after stress
than before about 11.99 mmol/L. In another hand,
the mean of SOD concentration before stress
was 765.24 ± 9.69, and after stress was 591.58 ±
9.53 μ/gHb. The paired sample t-test shows that
the result is significantly different (P <0.05) with
t value = 68.12 and p = 0,000. It means the decrement value of the mean of SOD level before and
after given stress is about 173.66 μ/gHb. Of the
three weeks psychosocial stress, the rodents were
in a condition of oxidative stress.
The normality test for corpus cavernous smooth
muscle cell number shows that the data distribution
is normal (P> 0.05). The effect of oxidative stress
on the number of smooth muscle cells is presented
briefly in Figure 6 which shows the average of
smooth muscle cells number before stress is 20.2 ±
1.23 cells, whereas after stress 14.2 ± 1.03 cells. The
analysis with paired sample t-test got a significantly
different result (P <0.05) with t value = 16.43 and
p-value = 0,000, and the mean decrement as many
as 6 cells. So for three weeks given psychosocial
stress, there has been a significant decrement in
the corpus cavernous smooth muscle cells number.
The effect of aquabidesh and testosterone injection
on MDA levels before and after treatment is
analyzed by independent t-test (Table 1, Figure 7).
Independent t-test shows that MDA and SOD levels
before treatment in both groups did not differ
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Table 1 MDA, SOD, and CCSM levels in Control and Case Groups Before and After Treatment
Variable
Control

Case

N

Before Treatment Mean ± SD

MDA (mmol/L)
SOD (µ/gHb)

10
10

15,71 ± 0,51
592,53 ± 8,00

CCSM

5

14,6 ± 1,14

MDA (mmol/L)
SOD (µ/gHb)

10
10

15,79 ± 0,53
590,63 ± 11,21

CCSM

5

13,8 ± 0,84

After Treatment Mean ± SD

t

p

26,14 ± 0,56
354,63 ± 7,39

-44,79
82,59

0,000
0,000

8,6 ± 1,52

5,48

0,005

26,08 ± 0,74
352,88 ± 8,86

-29,74
53,56

0,000
0,000

18,4 ± 1,14

-6,15

0,004

Note:
CCSM = corpus cavernous smooth muscle cells
SOD = superoxide dismutase
MDA = malondialdehyde

Figure 2 (Left) Transversal section of corpus cavernosum of the rodent in
the 3rd week of stress (4x). (Middle) Transversal section of corpus
cavernosum of the rodent in the 6th week of stress + aquabides
injection in an early 4th week (4x). (Right) Transversal section
of corpus cavernosum of the rodent in the 6th week of stress +
testosterone injection in an early 4th week (4x)

significantly (P> 0.05). The average MDA level in
both groups after treatment did not differ significantly (P> 0.05). Likewise, the average SOD antioxidants level in both groups after treatment did
not differ significantly. Thus, the administration of
aquabides and testosterone before and after treatment has the same effect on both average MDA and
SOD levels. Paired sample t-test was performed to
know the effect of administration of aquabides and
testosterone on MDA and SOD level.
In the control group, there is an enhancement of
the average MDA levels before and after treatment
about 10.43 mmol/L and significantly different
(P <0.05). Average SOD levels are found to decrease
about 237.89 μ/gHb, and significantly different
(P <0.05). In the case group, an enhancement of the
average MDA levels before and after treatment was
10.29 mmol/L and significantly different (P <0.05).
Average SOD levels are found to decrease about
237.74 μ/gHb, and also significantly different by
using paired sample t-test (P <0.05).
The effect of aquabides and testosterone injection on corpus cavernous smooth muscle cells
number (Table 1, Figure 7) shows its increment in
the testosterone group significantly (P <0.05) about
4-6 cells, whereas in the group given aquabides
reduce it significantly (P <0,05) as many as 6 cells.

DISCUSSION

Figure 3 Corpus cavernous smooth muscle cells number before treatment (40x)
Published by DiscoverSys | Bali Med J 2018; 7(2): 313-322 | doi: 10.15562/bmj.v7i2.970

Psychosocial Stress Causes Oxidative Stress
From preliminary research, it was found that
oxidative stress induced by psychosocial stress for
4 hours/day occurred at the end of the first week
of treatment. The timing of oxidative stress greatly
depends on the type and duration of given stress. The
exact mechanism how stress can increase free radicals is still unclear. But other studies have shown a
strong relationship between stress, whether physical,
metabolic, or psychosocial, and high free radicals in
the blood. Psychological stress by pulling out rodent’s
whisker within 24 hours will increase oxidative stress
characterized by increased carbonyl and TBARS.
317
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Figure 4 (Left) Corpus cavernous smooth muscle cells number after the 3rd
week of stress (40x). (Right) Corpus cavernous smooth muscle cells
number after the 6th week of stress + aquabides injection in an early
4th week (40x)

Figure 5 Corpus cavernous smooth muscle cells number after the 6th week of
stress + testosterone injection in an early 4th week (40x)

Figure 6 The average of MDA level, SOD level, and corpus cavernous smooth
muscle cell (CCSM) number before and after 3rd week induced by
psychosocial stress (Note: from left to right, respectively)
318

Giving isolation stress in rodents will increased
corticosteroid levels and induced oxidative stress in
peripheral blood cell DNA on day-7 and day-30.19
Besides, there is association between stress and
oxidant formation in rodents which is given immobilization stress by binding their four legs with plaster for 8 hours and they showed a significant rising
of lipid peroxidation in the cortex and cerebellum.26
Similarly, the emotional stress given to rodents
induces the formation of reactive oxygen (SOR)
compounds and oxidative damage to hepatic cells.27
The intraperitoneal administration of CCl4 in SD
(Sprague-Dawley) rodents causes oxidative stress
and liver damage within 24 hours. The damage
is more increase with the higher doses given.28
Providing physical stress by allowing rodents to
swim 5 minutes/day for five days leads to oxidative stress, giving α-tocopherol before, during, and
after stress can reduce oxidative stress.30 The first
evidence to show psychosocial stress that induced
the rising of free radical formation and damage to
DNA nuclei was found in studies of mouse liver
cells which is given isolation stress. Stressed rodents
showed an elevated 8-OH-dG in liver cell nuclear
DNA after being given stress at the second, third
and fourth hours and returned to normal about one
hour after stressor is stopped.28 The hormonal stress
like epinephrine, norepinephrine, and cortisol can
induce DNA damage to 3T3 mutant cells in vitro.31

Oxidative Stress Lowering Corpus
Cavernous Smooth Muscle Cells Number
The effect of oxidative stress on penile organs, especially on corpus cavernous smooth muscle cells,
had never been investigated before this research.
Oxidative stress plays an essential role in the occurrence of endothelial dysfunction in blood vessels.
Due to endothelial dysfunction, there will be both
an increased vascular permeability and endothelial
adhesion to leukocytes, leading to vascular congestion, edema, and extravasation of leukocyte cells. If
this progression occurs longer than usual, it will be
changed to natural cell death.31
Research on rodents who were subjected to
NIDDM (Non-Insulin Dependent Diabetes Mellitus)
by injecting long-term intraperitoneally streptozolosin 90 mg/kg showed oxidative stress on the penile
tissue. It is evidenced by elevated MDA levels which
are accompanied by decreased glutathione antioxidant levels in the penile tissue. Furthermore, it
describes the rising of lipid peroxidation in the blood
leads to degrading cell age, hypercoagulopathy, and
increased adhesiveness to endothelium. In addition,
enhanced glycation products from diabetes cause a
tendency to accumulate in the walls of blood vessels
and tissues that eventually cause endothelial damage
during oxidative stress.32
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Figure 7 The diagrams show how the administration of aquabidesh (control) and testosterone (case) it is on MDA level (A) dan
SOD antioxidant level (B), and corpus cavernous smooth muscle (CCSM) cell number (C). (Note: White bars = Before
treatment; Black bars = after treatment)
Additionally, the hydrogen peroxide which is a
redox signal molecule is essential to activate BFκB,
Nrf2, and other transcription factors. The elevated
hydrogen peroxide levels are associated with redox
cell status that plays a role in the process of adaptation, proliferation, differentiation, apoptosis, and
cellular necrosis.33 Based on the above description
can be shortly explained that the lowering of corpus
cavernous smooth muscle cells numbers due to
endothelial dysfunction caused by oxidative stress.
But it must be proven first by looking at whether
endothelial dysfunction has occurred in this study.
Endothelial dysfunction is characterized by rising
endothelial permeability resulting in congestion,
edema, leukocyte cell build up, and disruption of
the endothelium.34

Administration of Testosterone Increases
Corpus Cavernous Smooth Muscle Cells
Number in Oxidative Stress State
Intramuscular injection of 0.018 mg of testosterone in rodents under oxidative stress conditions
was able to increases corpus cavernous smooth
muscle cells which are previously dropped in
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oxidative stress. So the condition of oxidative
stress does not affect the administration of the
testosterone injections. Several studies linked
the relationship between these two conditions. The
castrated rodents show its enhancement characterized by elevation of 8-hydroxy-2’-deoxyguanosine
(8-OHdG) in the cell nucleus and cell proteins
damage with elevated 4-hydroxynonenal (HNE).
Both biomarkers are specific to determine the
presence of damage to epithelial cells of the prostate gland in the ventral lobes. Expression of the
enzyme SOD2, Gpx1, Txn, and Prdx5 in which as an
antioxidant also decreases after castration. During
the seven days of testosterone, the conditions of
oxidative stress dropped, but after that, its condition increased again.35
The association between oxidative stress
conditions and testosterone administration is
also demonstrated by a study of albino rodents.
The albino rodents were given sodium fluoride
20 mg/ kg BW/day to induce oxidative stress for
30 days.36 Then, reproductive organs such as testes,
prostate, epididymis and metabolic organs such as
liver and kidneys are examined to determine the
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effects of oxidative stress on the organ. Testosterone
and vitamin E were administered intraperitoneally
at a dose of 40 μg/100 grams a day, three hours after
sodium fluoride, next vitamin E is administered at
a dose of 20 mg/100 grams BW.
In the control group, arising oxidative stress
characterized by elevated MDA levels and
decreased catalase and peroxidase enzyme activities
and decreased testiculo-somatic, prostato-somatic,
and testiculosomatic index. Although the groups
administered by testosterone, oxidative stress
persists, but the testiculo-somatic, prostato-somatic,
and testiculosomatic indexes are found to increase.
The combination of testosterone and vitamin E
improves oxidative stress condition and raises the
testiculo-somatic, prostato-somatic, and testiculosomatic indexes. The hepato-somatic and
reno-somatic index in the three groups did not
differ significantly.36
The physiologic dose of testosterone has a
neuroprotective effect on primary cultures of
human neuronal cells undergoing apoptosis due to
the oxidative stress.37 Primary culture of induced
human neurons cells undergoes apoptosis by
removing the serum. In addition, testosterone,
methyltestosterone, and epitestosterone are given
in physiological doses. The concentrations of
androgen receptors are found about 8 ± 2 fmol/ mg
protein in the neuron culture. Its study explains
that androgens induce neuroprotection directly
throughout androgen receptors and its results
also show that testosterone can be useful in the
treatment of Alzheimer’s disease in the aging
process.37,38
Provision of testosterone in rodents under oxidative stress conditions can increase corpus cavernous
smooth muscle cells. The rising of its cell indicates
that testosterone has a critical role in maintaining the structure and function of the trabecular.
Research by castrating either through surgery or
by drug administration in animals suggests that
the decreasing of castrated androgens results in
the atrophy of corpus cavernous trabecular and
induces connective tissue stacking. Changes in the
architecture of these tissues are associated with
intracavernous pressure due to stimulation of the
pelvic nerve.38
Androgen depression causes unorganized
corpus cavernous trabecular. It appears with many
cytoplasmic vacuoles and less cytoplasmic miofilaments. In addition, the reduction of androgens leads
to apoptosis, connective tissue stacking, and the
differentiation of adipocytes from precursor cells.
Reducing the ratio of smooth muscle cell count to
connective tissue results in fibrosis that eventually
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produces erectile dysfunction.8 Androgens regulate
the differentiation of pluripotent cells into smooth
muscle cells and inhibit their differentiation into
adipocyte cells.39,40 Adipocyte cell stacking in
the sub-natal region is the underlying cause of
dysfunction of the occlusion vein. Thus, the rising
of smooth muscle cells in this study is due to the
differentiation of pluripotent cells into smooth
muscle cells by testosterone administration, even
under oxidative stress conditions.

Testosterone Doesn’t Reduce Oxidative
Stress
In one hand, testosterone in this study can’t
reduce oxidative stress happening due to psychosocial stress. It is supported by research that
explains about the combination of testosterone
enanthate (TE) and depo-medroxyprogesterone
acetate (DMPA) as a contraceptive in SD rodents
did not affect MDA concentrations and GSH
concentrations in blood plasma.41 Otherwise,
the effects of testosterone on peroxidation lipid
levels and antioxidant status in the penile tissue
need to be re-examined. Thus, the provision of
testosterone can increases the number of corpus
cavernous smooth muscle cells as compared
with aquabides, although under oxidative stress
conditions. Besides, the terms of oxidative stress
that occurs in rodents do not affect the effects of
testosterone.
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