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Abstract Keywords:
Introduction: The aim was to investigate the protective effect of the Syzygium e
Clove;

aromaticum extract on damaged tissues and the oxidative stress after testicular

torsion. Oxidative stress;

Testicular torsion

Methods: Rats were randomly divided into a control group subjected to a sham
procedure and three treatment groups comprising testicular torsion followed by
detorsion (TD), testicular torsion detorsion followed by the treatment with an extract of
Syzygium aromaticum (TDSA) and treatment done by extract of Syzygium
aromaticum alone. Testicular torsion was induced by 720 degrees of
counterclockwise rotation of the left testis for 4h. After the duration of the induction of
the torsion, detorsion was done. The animals were given daily oral administrations of
just Syzygium aromaticum (4 mg/kg) for seven days. The measurement of the
oxidative stress and testosterone levels, as well as assessments of histomorphometry
were conducted seven days after detorsion.
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Results: The Johnsen score, along with the thickness of the epithelium and diameter
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of the seminiferous tubules, significantly increased in the testicular torsion group after
receiving treatment with the extract of Syzygium aromaticum as compared to TD
group. The levels of testosterone and glutathione peroxidase activity also increased
significantly in the TDSA compared to TD group. The MDA levels decreased in TDSA
compared to TD group.

Conclusion: The findings of the current study suggested that Syzygium

aromaticum might have provided a protective effect against testicular torsion

Email:

detorsion injury.

Introduction

Scrotal pain is a common complaint and testicular
torsion accounts for 26% of these cases (Sung et al.,
2012; Turgut et al., 2008). This complaint must be
differentiated from other complaints of testicular pain
because a delay in diagnosis and management can
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lead to testicular damage and impaired fertility (Sung
et al., 2012; Turgut et al., 2008). The prevalence of
testicular torsion is one per 4000 males under 25
years of age (Blaivas et al., 2000; Mirhoseini et al.,
2017). Testicular torsion occurs when the spermatic
cord twists around the testicles, cuts off the blood
supply and leads to tissue hypoxia (Pentyala et al.,
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2001). Two important predictors of testicular damage
depend on the degree and duration of torsion
(Barada et al.,, 1989; Sessions et al.,, 2003). The
major pathophysiology in testicular torsion is the
damage caused by ischemia/reperfusion which is
followed by the production of reactive oxygen species
(ROS). The increased production of the ROS results
in damage to the DNA, endothelial destruction and
testicular germ cell apoptosis (Karaguzel et al.,
2014). The level of peroxidative damage observed in
testicular tissue increases following the detorsion,
indicating a biochemical basis for reperfusion injury
(Aitken and Roman, 2008; Kutikov et al., 2008).
Treatment of testicular torsion is through surgery and
the testes can be saved, if detorsion occurs
immediately (Abbasoglu et al., 2012; Heindel et al.,
1990). Delay in diagnosis and treatment leads to
testicular damage and prevents orchiectomy (Cuervo
et al., 2007). Studies have shown that the tissue
injury and oxidative stress induced by testicular
torsion/detorsion can be alleviated by pretreatment
with exogenous antioxidants (Aitken and Roman,
2008). In our previous study, we showed that the
histological parameters and testosterone levels
improved with the administration of Vitamin C within
5h of the torsion (Moghimian et al., 2017). Syzygium
aromaticum, commonly known as clove from the
Asiatic region (Cortés-Rojas et al., 2014), is known to
be an effective and beneficial herb with antioxidant
antimicrobial, antifungal and antiviral properties
(Mishra and Singh, 2008). Concentrations of up to
18% of essential oils can be found in the clove flower
buds and roughly 89% of the clove’s essential oil is
eugenol (Cortés-Rojas et al., 2014). Several studies
have shown the antioxidant activity of eugenol via in
vitro methods and discussed the structure—activity
relationship (Gulgin, 2011). Also, the essential oils of
Syzygium aromaticum can preserve the functionality
of the brain, heart, kidney and liver against induced
toxicity or oxidative stresses (El-Hadary and
Ramadan Hassanien, 2016; Liu et al., 2015; Madlala
et al., 2012; Mapanga et al., 2009). It was shown that
the safety effect of this essential oil consists of
antidepressants like hypoglycemic, anti-
hyperlipidemic and antioxidant effects (Atale et al.,
2013; Ngubane et al., 2011; Somova et al., 2003).
Several other studies have shown that the clove bud
not only can be used to treat sexual disorders in
males, but it also affects the functional physiology of
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the male reproductive system (Choi et al., 2014;
Mishra and Singh, 2013), such as causing an
increase in the testosterone level (Mishra and Singh,
2008), motility of sperms and the secretory activities
of the epididymis and seminal vesicle in lower doses
(Mishra and Singh, 2013). The present study
examined the effect of Syzygium aromaticum on
seminiferous tubules, oxidative stress and hormone
level caused by testicular torsion in adult rats.

Materials and methods

This experimental study was performed on 28 adult
male Wistar rats weighing 250-300 g. All rats were
housed under a 12/12-hour light/dark cycle. The room
temperature was maintained at 23+2 °C and humidity
at 60-70%. The rats in all groups had free access to
food and water. The ethical considerations were
based on the guidelines for laboratory animals from
the Research and Technology Deputy of Gonabad
University of Medical Sciences.

Experimental groups:

Group 1: sham operated control group without the
application of the torsion (n=7); Group 2: testicular
torsion for 4 hours followed by detorsion (TD) group
(n=7); Group 3: only treatment by daily oral Syzygium
aromaticum (4 mg/kg) for 7 days without the
application of the torsion (SA) group (n=7) and Group
4: testicular torsion (4h) detorsion with treatment by
daily oral Syzygium aromaticum (4 mg/kg) for 7 days
(TDSA) group (n=7).

Surgical procedure

The rats were anesthetized with ketamine (50 mg/kg)
and xylazine (10 mg/kg). The left testis was exposed
through a longitudinal scrotal incision and dissected.
Torsion was created by 720° counterclockwise
rotation of the left testis. Then the testis was carefully
returned to the scrotum and pexed in position using
three 6/0 silk sutures to approximate the tunica
albuginea of the lower pole and the two lateral poles
of the testis to the dartos. The scrotum was closed in
a single plane with 5/0 silk sutures. In the TD group,
testicular torsion was maintained for 4 hours followed
by detorsion. Then, the testis was replaced into the
scrotum and fixed with 6/0 silk suture. The incision
was closed in a single plane with 5/0 silk sutures. In
SA and TDSA groups, rats were given daily oral
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administrations Syzygium aromaticum (4 mg/kg) for 7
days after detorsion. The rats were anesthetized
using ketamine-xylazine post-treatment and one ml of
blood was drawn from vena cava inferior vein to
measure the levels of testosterone and antioxidant
enzymes. Blood samples were kept at room
temperature and then centrifuged at 3000 rpm for 10
minutes. Once the serum was removed from the
blood cells, serum samples were kept at —70 °C until
testing. The rats underwent orchiectomy 7 days post
procedure to examine the left testicular tissue (Guan
et al., 2009; Koseoglu et al., 2009; Moghimian et al.,
2016).

Tissue fixation and preparation of specimens
After the orchiectomy, the testicles were placed in
Bouin solution for 48 hours. Once the tissue was
fixed, tissue passage was performed using
incremental increases in ethanol, xylenol and liquid
paraffin. The testicles were molded in paraffin and
slides of tissue 5um thick were prepared from each
specimen, stained with hematoxylin eosinophil and
studied under an optical microscope at 400x
magnification.

Histological evaluation and maturation of
seminiferous tubules

The Johnsen score was used to evaluate
spermatogenesis in the seminiferous tubules. To do
so, 50 seminiferous tubules were examined in each
cross-section and a score of 1-10 was assigned to
each cross-section according to the following criteria
(Johnsen, 1970): 10: complete spermatogenesis and
perfect tubules; 9: many spermatozoa present but
disorganized spermatogenesis; 8: only a few
spermatozoa present; 7: no spermatozoa but many
spermatids present; 6: only a few spermatids present;
5: no spermatozoa or spermatids present but many
spermatocytes present; 4: only a few spermatocytes
present; 3: only spermatogonia present; 2: no germ
cells present and 1: neither germ cells nor Sertoli
cells present.

Morphometry of seminiferous tubules

The linear eyepiece grids on the microscope were
used to characterize the morphometry of the
seminiferous tubules. In each rat, 20 seminiferous
tubules were randomly selected from those showing
round or nearly round cross-sections and studied.
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Tubules that were oval or oblique in cross-section
were not studied. The diameter of the seminiferous
tubules, from the basement membrane on one side of
the tubule to that on the other side of the tubule, was
calculated at 400x magnification. The two
perpendicular diameters were first calculated and the
mean diameter of each tubule was then determined.
The height of the germinal epithelium was calculated
in micrometers (Moghimian et al., 2016).

Evaluation of biochemical parameters
Measurement of malondialdehyde (MDA) levels
MDA was measured by placing 0.20 cm3 of plasma
into a test tube containing 3.0 cm3 of glacial acetic
acid, to which 3.0 cm3 of 1% thiobarbituric acid in 2%
NaOH was added. The test tube containing the
mixture was placed in boiling water for 15 minutes.
Absorbance of the pink-colored product was read at
532 nm after cooling. The calibration curve was
constructed using  malondialdehyde  tetrabuty
lammonium salt obtained from Sigma (USA) (Gwarzo
et al., 2014) .

Measurement of superoxide dismutase (SOD) and
glutathione peroxidase (GPX) activity

SOD and GPX activity in serum were assayed in
accordance with the protocols of the kits used
(Randox, UK).

Measurement of testosterone level

The serum hormone levels were determined using a
testosterone enzyme-linked immunosorbent assay kit
(Demeditec Diagnostices, Germany). Absorbance
was measured at 405 nm for testosterone.

Statistical analysis

Statistical analysis was carried out in SPSS 20 (IBM,
USA). The Kolmogorov-Smirnov test was used to
determine whether or not the data were normally
distributed. All data were presented as mean+SD.
One-way ANOVA followed by Tukey's post-hoc test
was performed to compare the histopathological
parameters and oxidative stress values. Statistical
significance levels were determined at P<0.05.

Results

Testicular histological parameters
The histological parameter included mean Johnsen
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Table 1: A comparison of the testicular modified Johnsen score, seminiferous tubule diameter and epithelium height in
sham, TD, SA and TDSA groups.

Modified Johnsen

group Sl STD EH
TD 5.88 (.000)* 170.03 (.001 )* 39.76 (.009 )*
SA 9.47 (.031) 229.02 (.011) 69.16 (.010)
TDSA 7.03 (.011) # 191.01 (.022) # 58.32 (.000 ) #
sham 9.62 264.53 71.01

TD=Testicular torsion/Detorsion, SA=treatment with Syzygium Aromaticum, TDSA=testicular torsion /detorsion following
by treatment with Syzygium Aromaticum. STD=seminiferous tubule diameter, EH=epithelium height. Values are

meanzSD. P<0.05 is significant."P<0.05 vs sham, #P<0.05 vs TD.

Torsion Detorsion

Orchioplexy& sampling

7 days NS ¢

A A
L

Sham

7 days Syzygium aromaticum extract

SA group | |

Fig.1. lllustration of the experimental protocols. Testes were subjected to 4 hours of ischemia followed by 7 days
reperfusion in sham, TD, SA and TDSA groups. TD=testicular torsion/detorsion, SA=treatment with Syzygium aromaticum,
TDSA=testicular torsion /detorsion following by treatment with Syzygium aromaticum, NS=normal saline

score (MJS), diameter of the seminiferous tubules
(STD) and height (thickness) of the seminiferous
tubule epithelium (HE) in the study groups which
were compared. In the TD group, it was observed
that there was a significant decrease in MJS, STD
and HE as compared with the sham group (all
P<0.05). In the TDSA group, treatment by Syzygium
aromaticum significantly increased the MJS, STD and
HE when compared with the TD group; however,
these parameters were not significantly different in
the SA group when compared with the TD group
(Table 1; Fig. 2).

Biochemical parameters

Testosterone

The level of testosterone significantly decreased in
TD group when compared with the sham group
(P<0.05). Treatment by Syzygium aromaticum in the
TDSA group increased significantly the testosterone
level compared with testicular torsion detorsion,
(P=<0.05). SA group showed no significant difference

in testosterone level compared with other groups
(Fig. 3).

Antioxidant enzymes

The level of GPX and SOD significantly decreased in
TD group as compared with the sham group
(P<0.05). The level of GPX significantly increased
when TDSA group compared with TD group (Fig. 4).
The level of SOD increased, although not
significantly, in TDSA group compared with TD group
(Fig. 5). The level of MDA increased significantly in
the TD group when compared with the sham group,
and treatment by Syzygium aromaticum could
significantly decrease the level of MDA in TDSA

group (Fig. 6).
Discussion

The current study entails the antioxidant potential of
the Syzygium aromaticum against ischemic
reperfusion which induced testicular damage in rats a
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Fig.2. Histological findings in sham, TD, SA and TDSA groups (400x). A: sham, B: testicular torsion (4h) followed by
detorsion, C: treatment with Syzygium aromaticum and D: testicular torsion (4h) detorsion followed by treatment with

Syzygium aromaticum.
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Fig.3. A comparison of the testosterone in sham, TD, SA and TDSA groups. TD=testicular torsion/detorsion, SA=treatment
with Syzygium Aromaticum, TDSA=testicular torsion /detorsion followed by treatment with Syzygium Aromaticum. Values
are mean+SD. P<0.05 are significant. “P<0.05 vs sham, *P<0.05 vs TD.

finding which has not been reported thus far. We
showed that treatment with Syzygium aromaticum
could improve the histological and oxidative stress
parameters after 4h of ischemia. One type of
pathophysiological damage in testicular torsion is an
increase in oxidative stress following the ischemia
reperfusion (Moghimian et al., 2016). Elshaari et al.
(2011) found that 30 minutes of torsion followed by
detorsion decreased the level of glutathione and
increased the MDA and G6PDH levels 24h post the

procedure, indicating that the testicular antioxidant
defenses against the oxidative stress occurred after
the torsion and detorsion. lkebuaso et al. (2012)
explained that testicular torsion and detorsion
significantly changed the release of the FSH, LH and
testosterone hormones. Our previous study also
showed that testicular torsion followed by the
detorsion after 24h resulted in a decrease in the level
of antioxidant enzymes and testosterone which was
directly related to the increase in the duration of



Syzygium aromaticum extract and testicular torsion Physiol Pharmacol 21 (2017) 343-350 | 348

300

250 Z
E 200 T
=
= 150 -
=
o = o
S 100

50

0
sham TD SA TDSA

group

Fig.4. A comparison of the GPX in sham, TD, SA and TDSA groups. TD=testicular torsion/detorsion, SA=treatment with
Syzygium Aromaticum, TDSA=testicular torsion /detorsion following by treatment with Syzygium Aromaticum. Values are

mean+SD. P<0.05 are significant. “P<0.05 vs sham, #P<0.05 vs TD.
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Fig.5. A comparison of the SOD in sham TD, SA, and TDSA groups. TD=Testicular torsion/detorsion, SA=treatment with
Syzygium Aromaticum, TDSA=testicular torsion /detorsion following by treatment with Syzygium Aromaticum. Values are
meanzSD. P<0.05 are significant. "P<0.05 vs sham.
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Fig.6. A comparison of the MDA in sham, TD, SA, and TDSA groups. TD=testicular torsion/detorsion, SA=treatment with
Syzygium Aromaticum, TDSA=testicular torsion /detorsion followed by treatment with Syzygium Aromaticum. Values are
mean+SD. P<0.05 are significant. *P<0.05 vs sham, *P<0.05 vs TD.

ischemia (Moghimian et al., 2016). Also, we showed
previously that the histological parameters and
testosterone level improved with the administration of
Vitamin C as an antioxidant within 5h of the torsion
(Moghimian et al.,, 2017). In this study, we used
Syzygium aromaticum extract as an antioxidant

against the increased oxidative stress followed by
testicular torsion-detorsion. The experimental and
clinical evaluation of Syzygium aromaticum suggests
that it has variable significant biological effects such
as anti-diabetic (Chaturvedi et al., 2009), anti-
inflammatory (Chaudhuri et al., 1990) and free radical
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scavenging (Benherlal and Arumughan, 2007).
Shukla et al. (2014) showed this plant can attenuate
oxidative stress and apoptosis in myocardial damage
in rats. Also, our results showed that Syzygium
aromaticum extract reduced oxidative stress (SOD,
GPX) and MDA levels after 4h of ischemia. Mishra
and Singh (2008) observed that treatment with 15
mg/kg of Syzygium aromaticum extract orally
administered led to an increase in the activities of the
D5 3-beta-hydroxysteroid dehydrogenase (HSD),
17B3-HSD and serum levels of testosterone. This is in
line with our results which showed that Syzygium
aromaticum extract improved testosterone levels after
4h of ischemia. It was shown that Syzygium
aromaticum exerts a positive influence on male
fertility (Choi et al., 2014) and lower dose (4 mg) of
the Syzygium aromaticum extract by daily oral
administration helped to retain the reproductive
activities of testes (Choi et al., 2014). Mishra and
Singh (2013) also showed thatthis extract can
increase the motility of sperms and stimulate the
secretory activities of the epididymis and seminal
vesicle. Baghshahi et al. (2014) found that 75 pg/ml
of clove bud extract could improve sperm quality after
the cooling and freeze-thawing processes.
Furthermore, in this study, we found that Syzygium
aromaticum extract improved the Johnsen score, the
height of the epithelium and the diameter of the
tubules after 4h of ischemia.

Conclusion

The findings of the current study suggested that
Syzygium aromaticum might have provided a
protective effect against torsion detorsion-induced
oxidative stress injury.
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