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Abstract

Aim: The aim of this study is to investigate the protective effects of cryptotanshinone on ischemia reperfusion-induced testis
damage.

Materials and Methods: In this study, the rats were divided into 3 groups. Groups of the study are planned as follows; sham, ischemia
reperfusion, and ischemia reperfusion+cryptotanshinone. Oxidant molecules such as total oxidant status (TOS), malondialdehyde
(MDA), myeloperoxidase (MPO) and antioxidant molecules like total antioxidant status (TAS), superoxide dismutase (SOD) with
oxidative stress index (OSI) were evaluated in the testicular tissues obtained at the end of the experiment.

Results: In ischemia reperfusion group, TAS and SOD levels decreased while other oxidant parameters were increased. But in
ischemia reperfusion+cryptotanshinone group, the levels of anti-oxidant parameters increased while the levels of oxidant parameters
decreased.

Conclusion: These results have shown us that cryptotanshinone is highly effective against oxidative testis damage caused by

ischemia reperfusion.
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INTRODUCTION

Testicular torsion is an emergency that causes extensive
damage on the testis and the blood flow must be
restored (1-3). When ischemic tissue is reperfused again,
increased blood flow causes the formation of free radicals
(4,5). Damage occurs after reperfusion following blockage
of both arterial and venous systems in the testis, called
ischemia reperfusion (I/R) injury (6,7). Following I/R injury,
as aresult of the release of reactive oxygen species (ROS),
structural components such as nucleic acid, lipids and
proteins are damaged and cause cellularinflammation and
dysfunction. (8). Endogenous antioxidant enzymes like
superoxide dismutase (SOD) protect the testicular tissue
from I/R injury, but they are insufficient when excessive
ROS production occurs (9,10). Oxidative damage caused
by I/R has been shown in many tissues and there are
studies showing that antioxidant treatment is effective in

this damage (11). Therefore, we used cryptotanshinone
for antioxidant defense and antiinflammatory properties
that we thought it would be effective against I/R.

Cryptotansinone (CT) is a compound obtained from
the root of Salvia miltiorrhiza Bunge (Danshen) (12,13).
CT has many pharmacological properties including
anticancer, antiinflammatory, antioxidative, antidiabetic
functions (14). Positive results have been obtained in the
treatment of cardiovascular diseases, ulcerative colitis
and various inflammatory diseases (15). CT has been
proved to be antioxidative (16), and antiinflammatory
(17,18) bioactivities. The present study evaluated effects
of CT on I/R-induced testicular oxidative damage.

MATERIAL and METHODS

Ethical Approval and Animals
Current experimental study was approved (2019-67) by
Atatiirk University Experimental Animal Ethics Committee
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before the experiment. Wistar albino male rats obtained
from Atatiirk University Experimental Animals Research
and Application Center (ATADEM). The experimental
study was carried out at ATADEM using healthy male.
Rats were housed in cages in laboratory conditions such
as 12 hours of light, 12 hours of darkness, humidity of 55
% and a mean temperature of 25 °C. Rats were fed with
standard rat feed, and provided drinking water. All animals
were deprived of food 12 hours before the experiment, but
were allowed to drink water.

Groups and Testicular I/R Model

In the present study, 24 Wistar albino male rats were
weighed (250110 g) and randomly divided into 3 groups.
In sham group, the abdominal area was shaved and
cleaned. Also, scrotal area was bilaterally opened with an
incision under the anesthesia and closed again without
I/R model and any medication. Testicular I/R model was
applied as described in Halici et al. method. In I/R group,
after anesthesia administration, the rats were fixed in the
dorsal horizontal position. The incision area was cleaned
with povidone iodine. Scrotal incisions were made in 1-2
cm size. The spermatic cord was detected and the testes
were rotated 720 degree in the scrotal area and clamped
with microvascular clamp to initiate a 2 h ischemia
process. The clamp was removed and testis reperfusion
allowed for 2 h. When the reperfusion period is over,
testicular tissues were taken rapidly (19).

I/R + CT (50 mg/kg); as a defined in the I/R group,
ischemia was induced for 2 hours. Cryptotanshinone
was administered intraperitoneally at the dose of 50 mg/
kg 30 minutes before reperfusion. After 2 h of ischemia,
the clamp was removed and 2-hour reperfusion period
started. Finally, testis tissues were kept frozen until the
biochemical analysis.

Biochemical Assessments
Total antioxidant status (TAS) was detected with the
commercial kit (Rel Assay Diagnostics) Kit. Total oxidant

status (TOS) measurement was applied with commercially
available kit (Rel Assay Diagnostics). The ratio of total
oxidant status to total antioxidant capacity was accepted
as the oxidative stress index (0OSI). OSI value was
calculated as: 0S| = [(TOS, umol H202 equivalent L)/(TAS,
mmol Trolox equivalent/L) x 10]. We used OSI as another
indicator of oxidative stress. SOD evaluation was based
on the production of superoxide radicals produced by
xanthine and the xanthine oxidase system, which reacts
with nitroblue tetrazolium to form formazan dye. The
measurements were made as described by Sun et al.
(20). The lipid peroxidation levels in testicular samples
were measured using the thiobarbituric acid reactive
substance method described by Ohkawa and colleagues
(21). The activity of myeloperoxidase (MPO) in the testes
tissue was estimated according to methods described by
Bradley et al. (22).

Statistical Analysis

Normality was verified by Shapiro—Wilk test. The
homogeneity of variances was tested using Levene
method. Analysis was performed using one-way analysis
of variance (ANOVA) for comparison among groups
followed by post hoc multiple comparisons with Bonferroni
adjustment. All the results were presented as MeanzSD.
The differences were accepted significant when P<0.05.

RESULTS

There was no morbidity or mortality in rats during
experimental applications. In the I/R group, compared
to the sham operation group, TAS (from 1.438+0.256 to
0.700£0.113, p=0.000) level decreased, whereas the TOS
(from 7.294+0.720 to 11.304%1.188, p=0.000), OSI (from
0.520+0.102 to 1.634+0.202, p=0.000) levels increased.
I/R+CT group, compared to the I/R group, TAS (from
0.700+0.113 to 1.300%0.196, p=0.000) level increased,
while TOS (from 11.304+1.188 to 7.876+0.600, p=0.000),
0SI (from 1.63410.202 to 0.622+0.137, p=0.000) levels
decreased (see table 1).

Table 1. Mean values of biochemical parameters and comparison among groups

Experimental Groups n=8) TAS 105 osl S0D MPO MDA

P P (mmol/L) (umol/L) (arbitrary unit) (U/mg protein) (U/g protein) (pmol/g protein)
Sham operation (I) 1.4340.252 7.29+0.72° 0.52+0.10? 429.77+83.24°  33808.22+4235.63° 223.94+35.7542
1/R (1) 0.70+0.11° 11.30+1.18° 1.6310.20° 186.00+20.66°  82998.80+6678.11° 410.60+80.83"
I/R +CT (1lI) 1.30£0.19% 7.87+0.60% 0.62+0.13 413.24+44.59> 35950.77+4297.95* 186.00+20.66*

AS = Total Antioxidant Status; TOS = Total Oxidant Status; 0SI = Oxidative Stress Index; SOD=Superoxide Dismutase; MPO=Myeloperoxidase;

MDA=Malondialdehyde. Data are presented as mean * S.D. a,b and ¢, p<0.001.

In the I/R group compared to the sham operation group,
SOD (from 429.773+83.245 to 186.007+20.669, p=0.000)
level decreased, while MPO (from 33808.223+4235.635
to  82998.805+6678.113, p=0.000), MDA (from
223.942+35.754 to 410.608+80.833, p=0.000) levels
increased. I/R + CT group, compared to the I/R group, while
the level of SOD (from 186.007+20.669 to 413.240+44.596,

p=0.000) increased, MPO (from 82998.80516678.113 to
35950.770+4297.958,p=0.000), MDA (from410.608+80.833
to 186.007+20.669, p=0.000) levels decreased (Table 1).

DISCUSSION

Testicular torsion is one of the urological emergencies
associated with impaired arterial and venous circulation
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(23). If early intervention is not performed, orchiectomy
may be necessary preventing edema and necrosis on the
side of the torsion, resulting in infertility (24,25). Studies
have shown that SOD and TAS levels decrease and MDA
level increases in relation to increased oxidative stress
in testicular torsion/detorsion. Some compounds have
been shown to protect testicular tissue from damage by
normalizing these molecules to normal levels (9,26,27).
It has been shown in the literature that spermatogenesis
and sexual hormones necessary for spermatogenesis are
affected even if torsion is corrected without infarction
(28). Although surgical detorsion is performed for these
reasons, testicular tissue and spermatogenesis benefit
from therapeutic additional treatments (29). Inflammation
is an important factor in testicular torsion and causes
molecules such as MPO released from leukocytes to
play a role in inflammatory cascades such as nitrate and
peroxidation phases (30).

Many CT-related studies are available in the literature
supporting the results of current study. There are many
studies showing that CT reduces damage due to oxidative
stress. It prevents the damage in renal epithelium and
tubular cells, reactive oxygen species production and
apoptosis (31) and also contributes to the recovery
of kidney functions (32,33). Cryptotanshinone plays
role in antioxidant system by inhibiting tumor necrosis
factor-a (TNF-a) induced ROS formation in endothelial
cells (34). In a previous study, Zhang et al. reported
that Cryptotanshinone increases antioxidant defense in
cardiomyocytes and prevents mitochondrial dysfunction
(35). In parallel with these studies, in current study,
antioxidant and antiinflammatory properties of CT have
been shown in testis I/R model in rats. In the I/R group,
TAS and SOD decreased while MDA, MPO, TOS, 0OSlI levels
were increased and CT treatment reversed these levels.

Due to our results, reduction of MDA, MPO, TOS, OSl levels
in testicular I/R model in rats by CT, suggesting that CT
alleviated I/R-induced testis injury. We assessed oxidative
stress in the testis tissue to investigate the improving
effects of the CT against I/R-induced testis injury and
observed that oxidative stress decreased with CT. The fact
that there is no study related with the protective effects
of CT in the literature review of I/R-induced testis injury
model makes this study original.

Understanding of cellular damage mechanisms of I/R
is important for planning new and effective treatment
methods. I/R studies demonstrated that inflammation
and oxidative stress suppression can provide significant
contributions to the I/R treatment. In this study,
inflammation, oxidative stress pathways are suppressed
by CT and this encourages hope in the treatment of I/R.

CONCLUSION

These results recommend that CT may protect the testis
by diminishing oxidative injury caused by I/R. We have

indicate that treatment with CT at single dose reduces
I/R-induced testicular damage in experimental animals
exposed to I/R. Part of the mechanisms of these protective
effects of CT may be caused from supporting the
antioxidant capacity via CT. Moreover, further researches
are necessarry to explain the other mechanisms on testis

injury induced by I/R.
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