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Introduction: Testicular torsion is a sudden rotation of the testis towards its axis, which 
causes the twisting of the spermatic cord. Post-detorsion reperfusion will cause inflammation 
and trigger oxidative stress, which generates reactive oxygen species (ROS). 
Malondialdehyde (MDA) is an organic compound formed from ROS frequently used as an 
oxidative stress biomarker during ischemia and ischemia-reperfusion injury. In some organs, 
stem cell administration on the damaged organ is essential in preventing cellular damage and 
death. This study aimed to learn about the effect of hADSC administration on an ischemia- 
reperfusion injury.
Material and Methods: A total of 22 Wistar rats divided into 5 groups, two groups each 
consist of 5 male Wistar rats with testicular torsion model without hADSC therapy (group I), 
while 2 other groups consist of 5 rats with testicular torsion model were given 1.0×106 cells 
intratesticular hADSC injection 30 minutes after testicular detorsion (group II). Both groups 
were euthanized at 1 and 4 weeks of observation. The last group consists of 2 rats without 
any treatment or model (negative control group). Following euthanasia, testicular tissue was 
harvested for MDA expression measurement using ELISA and histopathological examina-
tion. Statistical analysis using an one way ANOVA was done with SPSS version 21.0.
Results: The result of MDA examination using the ELISA method has shown 
a concentration difference between group I (control) and group II (hADSC treatment). 
Testicular MDA concentration in the treatment group was significantly lower on the 1st 
and 4th week of observation (p2=0.000, p4=0.016). Post hoc analysis showed no statistically 
different between therapy and healthy group (p=0.972). On histopathological examination, 
Johnsen score in the treatment group was significantly higher on the 4th week of observation 
(p=0.044). Post hoc analysis showed no statistically different between therapy and healthy 
group (p=0.195).
Conclusion: Intratesticular hADSC administration can inhibit ROS formation due to ische-
mia-reperfusion injury in testicular tissue after testicular detorsion in Wistar rats.
Keywords: human adipose-derived stem cell, testicular torsion, malondialdehyde; MDA

Introduction
Testicular torsion is a urological emergency condition when the vascular pedicle of 
the testes is rotated or twisted. It causes the occlusion of veins and arteries, which 
will cause testicular ischemia. Testicular torsion is an emergency condition and 
should be immediately treated because it can potentially cause infertility and 
reduced sperm count.1 Proper management of testicular torsion is necessary con-
sidering the high incidence rate and the impact significance.2 The most common 
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emergency intervention for testicular torsion is the scrotal 
exploration, detorsion, and orchidopexy.3 Surgery is an 
essential treatment to restore blood flow in order to pre-
vent further ischemia.3,4

Post-detorsion reperfusion is a responsive process to 
the ischemia. Reperfusion or sudden blood flow after 
occlusion will cause inflammation and trigger oxidative 
stress, which produces reactive oxygen species (ROS). 
ROS generate toxic substances that can damage the deox-
yribonucleic acid (DNA), cause lipid peroxidation in the 
cellular and mitochondrial membrane.4,5 Such conditions 
can cause structural and functional loss of testicular tissue, 
which leads to the disruption of the spermatogenesis pro-
cess, thus causing infertility.5–7 Malondialdehyde (MDA) 
is an organic compound formed from ROS with the for-
mula of CH2(CHO)2. Hence, MDA is used as an oxidative 
stress biomarker during ischemia and ischemia-reperfusion 
injury.

The most widely quoted quantitative histological scoring 
system for assessing the extent of impaired spermatogenesis 
in the testes is the Johnsen score; in at least 100 seminiferous 
tubules, the sperm maturation rate is assessed between 1 and 
10, according to the most advanced germ cells in the tubule. 
The Johnsen total score is then determined by dividing the 
total score by the number of tubules evaluated.

One of the alternatives to reduce the risk of complica-
tions of testicular torsion is the resolution of tissue damage. 
The administration of mesenchymal stem cells (MSC) is one 
of the probable interventions. Due to its multipotent attri-
bute, the stem cell is able to regenerate tissue. Out of all 
kinds of stem cells, MSC is known as a potent immunomo-
dulator. In other organs, an MSC has potential therapeutic 
benefits for cases such as myocardial infarction, stroke, brain 
injury, and acute liver failure. MSCs consist of various 
types: MSC originating from bone marrow – that is bone 
marrow MSCs (BM-MSC), MSC originating from bone- 
derived muscle cells, and MSC originating from adipose- 
derived stem cells (ADSC). The ADSC is the type of MSC 
that has the most optimal therapeutic cell. The ADSC is 
a mesenchymal stromal cell that is located in perivascular 
adipose tissue.8 (Figure 1)

Based on the data above, we aim to study the effect of 
ADSC administration on ischemia-reperfusion injury 
caused by testicular torsion in the Wistar rat model. The 
ischemia-reperfusion injury will be measured using the 
MDA level produced by the process of oxidative stress 
and Johnsen score to assess histopathological changes.

Materials and Methods
Human ADSCs Isolation and 
Characterization
Human adipose tissue was obtained from the fat of adult 
male/female subjected to other surgeries who had agreed 
to donate his/her fat for research by signing informed 
consent. The research protocol, including the fat obtain-
ment procedure, was approved by the Research and 
Ethical Committee of Universitas Airlangga Surabaya. 
Greater expansions were achieved by seeding harvested 
cells until passage 3. Cell characterization and transplanta-
tion were made in this distinctive cell batch, obtained from 
a single solely isolated fat donor. We used ADSC from 
human adipose tissue due to several reasons: 1) liposuction 
aspirate as an abundant source of the cells, if we used rat 
ADSC, obtaining enough adipose tissue for ADSC isola-
tion would require several rats to be sacrificed; and 2) In 
the future, we aim to use human ADSC in human patients, 
therefore we started by using human ADSC in rats. Since 
human ADSC does not express MHC class-II it will not 
trigger a xenogenic immunologic reaction.

During the isolation and culture procedure, cells vital-
ity was at 83.4%. Flow cytometry assay were used to 
characterize the isolated cells by using the following mar-
kers: CD44 (+), CD45 (-), CD 73 (+), CD90 (+), and CD 
105 (+). A total of 22.5x106 cells were obtained and 
contributed in α MEM on 1 cc syringes containing 
1.0x106 cells for use. All tissue harvesting procedure, 
cell isolation, culture, and characterizations were con-
ducted in the Tissue and Cell Bank of Dr. Soetomo 
General Hospital Surabaya, sample-numbered with 120. 
E/MSC/Penelitian/AdiposeTasijo_09/060220 and was 
declared suitable for the application. This study has been 
accepted by the Ethics Committee with the research num-
ber 014-KEP-UB-2020.

Testicular Torsion Model of Wistar Rat
Twenty-two male Wistar rats (n = 5/group and 2 rats for the 
negative control group) weighing 250–300 gr were sepa-
rated into 5 groups. All operations were performed under 
sterile conditions. The rats were put under anesthesia via an 
intraperitoneal route using 75 mg/kg ketamine and 15 mg/kg 
xylazine. All of the processes were done by 1 operator. 
A mid scrotal incision was made to gain access to the 
testicle. Testicular torsion model was simulated by twisting 
the left testicle for 720° counterclockwise. The testicle was 
then fixed in a torsion position for 3 hours by fixating the 
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testicle capsule to the scrotal wall using an atraumatic 4–0 
silk suture. The rats were kept under sedation using keta-
mine, and the explored testicle part was protected using 
sterile moist gauze and warm light for 3 hours. Based on 
Cosentino et al, 1986, the process of histological ischemia 
and reduction of fertility would begin in 3 hours after the 
720° twisting of the testicle.9 (Figure 2).

Each of the two groups consisted of 5 male Wistar rats 
with testicular torsion model without hADSC therapy 
(Group I). Testicular detorsion was done in 3 hours after 
testicular torsion. This group were then given intratesticu-
lar 1 cc of saline injection 30 minutes after testicular 
detorsion. There were 2 other groups, each consists of 
5 male Wistar rats with testicular torsion model with 
hADSC therapy (Group II). Testicular detorsion was 
done in 3 hours after the testicular torsion. This group 
was then given intratesticular human ADSC injection 
(1x106 cells in 1000µL PBL solution) into the rete testis 
around 30 minutes after testicular detorsion. These animals 

were euthanized after 1 week and 4 weeks according to 
their respective groups, which followed by orchidectomy. 
After the orchidectomy, about 1 gram of testicular tissue 
was extracted for the homogenization process with 9 mL 
of PBS solution to clean off the blood cells. The sample 
was then reserved at 4°C for subsequent MDA level mea-
surement using the ELISA method and histopathological 
examination using Johnsen score assessment. The last 
group consists of 2 rats without any treatment or model 
(negative control group). Enzyme-linked immunosorbent 
assay (ELISA) measurements were done using ELISA 
(FineTest® Rat Col1 ELISA kit range 7.813–500ng/mL).

All animal models of this study were housed in solid 
plastic cages with four rats on each cage. Cleaning of the 
cages was done daily, and the temperature was kept at 
26–29°C. The animals were fed with standard rodent 
chow and given water ad libitum. The temperature was 
monitored every morning using a thermometer. The cage 
was left open under the sun every morning between 8–10 

Figure 1 Research flow of the study.
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AM, during the cleaning process. The study was con-
ducted in the Biochemical and Bioscience Laboratory of 
Brawijaya University Malang and had received ethical 
clearance from the ethical committee. All objects of the 
study had received treatments as per the animal welfare 
guideline, according to William Russel and Rex Burch.10 

For the statistical analysis, values are expressed as mean ± 
SD (ng/mL). Groups were compared with the one way 
ANOVA. The values of p <0.05 were considered statisti-
cally significant. The SPSS version 21.0 was used for the 
statistical analysis.

Result of the Study
MDA Concentration
The result of MDA examination using the ELISA method 
has shown a concentration difference between group I 
(groups without therapy), group II (hADSC therapy), and 
negative control group (healthy mice) (Figure 3). MDA con-
centration was higher in group I during 1st and 4th week of 
observation. MDA concentration in healthy mice (group III) 
was 1.6996 ± 0.008 ng/mL, which used as baseline. 
Statistical analysis using one-way ANOVA compared 

Figure 2 Testicular torsion model was simulated by twisting the left testicle for 720° counterclockwise (A), Intratesticular human ADSC injection (1x106 cells in 1000µL 
PBL solution) into the rete testis (1cc) (B).

Figure 3 MDA expression level, 1st week and 4th week of observation.
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group I, group II, and negative control group shown signifi-
cant different in both 1st and 4th week (F (2.10) = 223.343, 
p = 0.000 and F(2.10)=6.412, p=0.016). (Table 1)

For 1st week after therapy, MDA concentration for 
group I was 1.7128 ± 0.0058 ng/mL which was significantly 
higher than group II which was 1.7003 ± 0.0057 ng/mL 
(p=0.025). Post hoc analysis between group II and negative 
control group showed that MDA concentration was higher 
but not statistically significant (p=0.986) (Table 2).

At the 4th week after therapy, MDA concentration for 
group I was 1.7004±0.00387 ng/mL which also significantly 
higher than group II which was 1.6807±0.00381 ng/mL 
(p=0.000). Post hoc analysis showed no statistically different 
between therapy and healthy group (p=0.972) (Table 2).

Histological Examination
Differences of Johnsen scores between group I and group 
II were shown in Figure 4. It could be interpreted that the 
increase in Johnson’s score occurred in both groups, but 
the increase in the score of hADSC therapy group was 
higher than the control group at the 4th week of 
observation.

In Table 3, Johnsen score between group I and group II 
was statistically different at 1st week and 4th week. Post 
hoc analysis showed that there was no significant different 
between group I and II during 1st week observation 
(p=0.703). After 4 weeks, group II that was injected 

hADSC showed greater improvement which had statisti-
cally different score than group without hADSC (p=0.044). 
We also compared the Johnsen score between the treatment 
group and negative control group which was healthy mice 
and showed there was no statistically significant between 
them (p=0.195). This result showed that the group that were 
injected with hADSC had almost similar results with 
healthy group (negative control group) (Table 4). 
Histological comparison (Figure 5) showed the testicular 
histology was significantly better in group II (with hADSC) 
than group I.

Discussion
Disruption of the blood vessel and arterial obstruction due to 
testicular torsion can cause tissue hypoxia.5,11 Post-detorsion 
reperfusion in testicular torsion will cause inflammation and 
trigger oxidative stress, which generates ROS. 
ROSproduces toxic substances that cause damage to the 
DNA, lipid peroxidation in the cellular and mitochondrial 
membrane, and damage to the testicular tissue.4,5 MDA is an 
organic compound formed from ROS with the formula of 
CH2(CHO)2. In some organs, stem cell administration on 
the damaged organ is essential in preventing cellular damage 
and death through the necroptosis prevention process, redu-
cing messenger ribonucleic acid (mRNA), which triggers 
apoptosis and preventing oxidative stress.12 This study 
aimed to learn about the effect of ADSC administration on 
an ischemia-reperfusion injury that is caused by testicular 
torsion in the Wistar rat model by using MDA level mea-
surement that is produced by the oxidative stress process.

Table 1 Comparison of MDA Concentration

Negative Control Mean 
(ng/mL)

Group I (Torsion/Detorsion) 
Mean (ng/mL)

Group II (T/D+Treatment Group) 
Mean (ng/mL)

F Sig

1 week 1.6996 ± 0.008 1.7129 ± 0.0058 1.7003 ± 0.0057 23.343 0.000

4 week 1.6996 ± 0.008 1.7004 ± 0.0039 1.6807 ± 0.0038 6.412 0.016

Figure 4 Johnsen score comparison between groups during 1st and 4th week.

Table 2 Post Hoc Analysis for MDA Concentration

Week Group Mean Difference Sig.

1st I Negative Control 0.0133 0.039

II 0.0126 0.025

II Negative Control 0.0073 0.986
I −0.0126 0.025

4th I Negative Control 0.0008 0.001
II 0.0197 0.000

II Negative Control −0.0189 0.972*
I −0.0197 0.000

Note: *There was no difference on MDA concentration between group II and 
negative control group.
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This study was conducted in vivo on an experimental 
animal, which is a Wistar rat. Wistar rat was chosen for this 
study because of the testicular structural similarities to that of 
humans.13 In this study, we found that the hADSC therapy 
group’s MDA level was reduced over time compared to the 
control group, at both week-1 and week-4. This finding shows 
that hADSC therapy can reduce the severity of ischemia- 
reperfusion injury shown by the reduction of the MDA levels 
in the treatment group. This finding is similar to that of Yuan 
et al in 2017, which stated that stem cell therapy could reduce 
the risk of ischemia-reperfusion injury in the renal through the 

inhibition of necroptosis event. Extracellular vesicles released 
by stem cells can prevent necroptosis through SP1 protein 
inside the renal cell, which is the ligand for the cell’s growth 
and endurance.14 Other studies by Bi et al in 2015 and Lin et al 
in 2003 described that stem cell therapy could trigger bone 
marrow stem cell mobilization to the injured cell. This can lead 
to an increased cellular growth factor expression, thus trigger-
ing cell regeneration in the renal tubules after the ischemia- 
reperfusion injury.15,16 Furthermore, Zhuo et al in 2017 
showed that stem cell administration into the renal could 
restore the balance between the existing antioxidant and oxi-
dant inside the ischemic renal.17

In this study, stem cell therapy was able to prevent and 
restore cell damage that was caused by ischemia-reperfusion 
injury. Stem cells in other organs, i.e., the brain or heart, are 
able to restore the post-injury impairment of cellular structure 
and function that was triggered by ischemic stress. However, 
the effect of stem cell therapy on testicular torsion is still yet to 
be known. In some other organs, a stem cell has the ability to 
differentiate into various cell types, such as endothelial, neu-
ronal, and glial cells, therefore allowing the restoration of tissue 
revascularization and perfusion. Moreover, the stem cell can 
also trigger the secretion of growth factor and exosome, which 
serves to maintain and restore cardiomyocyte cell, neuronal 

Table 4 Post Hoc Analysis Johnsen Score

Week Group Mean Difference Sig.

1 I Negative Control −5.65 0.000
II −0.45 0.703

II Negative Control −5.2 0.000

I 0.45 0.703

4 I Negative Control −4.53 0.010

II −2.43 0.044
II Negative Control −2.1 0.195*

I 2.43 0.044

Note: *There was no difference on Johnsen Score between group II and negative 
control group.

Figure 5 Histopatological comparison between group I and II.

Table 3 Comparison of Johnsen Score Examination

Observation Negative Control 
Johnsen Score

Group I (Torsion/Detorsion) 
Johnsen Score

Group II (T/D+Treatment Group) 
Johnsen Score

F Sig

1st week 9.47 ± 0.092 3.82 ± 0.753 4.22 ± 0.921 39.578 0.000

4th week 9.47 ± 0.092 4.932 ± 0.823 7.365 ± 1.709 9.531 0.016
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cell, and stromal tissue. This process can prevent further 
damage caused by ischemia-reperfusion injuries, such as apop-
tosis that could cause long term tissue damage and induce 
fibrotic tissue. Stem cell injection can also trigger the mobiliza-
tion of marrow stem cells to the injured area, therefore stimu-
lating the restoration of the already injured tissue.18 Some 
mechanisms mentioned above have shown that stem cells 
can reduce post-ischemia-reperfusion injuries and tissue 
damage caused by oxidative stress, which was marked by the 
reduction of MDA levels, the excess production of its oxidative 
stress process.

ADSC therapy can integrate into the interstitial and semi-
niferous tubule regions, as well as the walls of the testicular 
blood vessels, secrete various growth factors (for example, 
bFGF and SCF), reduce oxidative stress, regulate hormone 
levels, and then promote regeneration of Leydig cells and 
germ cells, thereby contributing on the improvement of histo-
logical appearance and Johnsen’s score in the testes. According 
to a study conducted by Haahr et al the safety and effect of 
ADSC therapy for testicular functional recovery have been 
confirmed in a variety of clinical practices.19

The effect of stem cell administration on the testicle is 
not yet known to be exact. In this study, the administration 
of human ADSC was able to reduce cellular damage 
caused by post-ischemia reperfusion injury oxidative stress 
marked by the reduction of the MDA levels. The ADSC 
stem cell is a type of stem cell that is able to differentiate 
into a steroidogenic cell. Therefore, ADSC has the poten-
tial to differentiate into a germinal cell. ADSC also has 
a role in germinal cell proliferation, cell migration, cell 
adhesion, and anti-apoptotic factor inside the testicle.20,21 

It is suspected that these features provide protective effects 
against cell and tissue damages after an ischemia- 
reperfusion injury.

There are some limitations in our study, one of which 
is no standardized intra-organ ADSC dosage. Some exist-
ing studies showed various ADSC dosages, which are 
measured based on the total of cells. Moreover, the most 
optimal source of stem cells, the composition of stem 
cells, cell dosage, and administration method (intravascu-
lar or intra-organ) is still controversial to date.22 In this 
study, the human ADSC dosage used was 1x106 cells in 
1000µL PBL solution into the rete testis (about 1x106 cells 
(1 cc)) via intratesticular route.23 The administration of 
intratesticular human ADSC is based on the presence of 
confounding blood-testis-barrier (BTB), which could com-
plicate the action of ADSC if given as an intravascular 
injection. This finding is also supported by Shinohara et al 

in 2018, which proved that direct stem cell intratesticular 
injection into the seminiferous tubule of an infertile rat is 
a significant route of administration. After the intratesticu-
lar injection, the stem cell will adhere to Sertoli cell, and 
migrate through the BTB among Sertoli cell, and prolifer-
ate in the basal membrane subsequently.24

Conclusion
Intratesticular hADSC administration can inhibit ROS forma-
tion due to ischemia-reperfusion injury in testicular tissue after 
testicular detorsion in Wistar rats. The use of stem cell injection 
therapy in cases of ischemia-reperfusion injury is one of the 
promising therapeutic alternatives in the future, considering 
how destructive the result of ischemia-reperfusion injury can 
be in various organs. Further studies about the characteristics 
of the used stem cell, stem cell dosage, and route of adminis-
tration are still required to optimize the therapeutic effect of 
stem cell use for restoring cellular and tissue damage that is 
caused by ischemic stress.
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