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Abstract

Testicular torsion is a frequently encountered clinical condition that requires urgent treat-
ment. The aim of this study is to investigate the efficacy of Anise (Pimpinella anisum L.)
in treating the pathological condition due to ischemia and reperfusion injury by using biochemi-
cal, histopathological and immunohistochemical methods.

A total of 6 groups were formed with 8 male Wistar Albino rats in each group. Group 1 (n=8):
control group, Group 2 (n=8): Anise aqueous solution was given orally 5 ml/kg by gavage
for 30 days. Group 3 (n=8): Ischemia and Reperfusion (I/R) group, bilateral testicles were rotated
270° and reperfused after 30 minutes of ischemia. Group 4 (n=8): I/R+ Anise group, Group 5
(n=8): Anise+ I/R group and Group 6 (n=8): Anise+ I/R+ Anise group.

The results of the Anise group and the Control group were similar. However, the damage
in the I/R group was considerably more severe than in any of the other study groups. While it was
observed that spermatogenic cells started to regenerate in the I/R+Anise group, edema and con-
gestion were observed in the Anise+I/R group. In the Anise+I/R+Anise group, all histological
findings and biochemical parameters were similar to those of the control group.

It was observed that anise had protective effects in ischemia and reperfusion injury in rat
testicles.
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Introduction

The testicles are highly prone to ischemia, and the
probability of developing arterial embolism, inflamma-
tion and hypoxia during ischemia is quite high (Sharp
et al. 2013). Testicular torsion is one of the emergencies
requiring surgical intervention, characterized by the
obstruction of blood flow to the testicles as a result
of twisting of the spermatic cord, and as a result the
development of testicular atrophy (Moslemi et al.
2014). There are two types of torsion, extravaginal and
intravaginal (Karaguzel et al. 2014). While extravaginal
torsion is frequently seen in the perinatal period and
causes abnormal motility of the testicles within the
scrotum, intravaginal torsion is caused by the mesor-
chium seen in adolescence (Bowlin et al. 2017).

Reperfusion occurs when blood flow is restored
and reoxygenation occurs (Eltzschigand et al. 2011).
With the realization of reperfusion, an increase in free
oxygen radicals (ROS) and proinflammatory cytokines
such as Interleukin-1B (Il-1B) and Tumor necrosis
factor-alpha (TNF-a) may occur (Turner et al. 2004).

Anise (Pimpinella anisum L.) seeds contain anethole,
a phytoestrogen also known as anise berries (Sibeko
et al. 2021). Previous studies have shown that anethole
has antitimetastatic (Choo et al. 2011), antioxidant,
anti-inflammatory and gastroprotective properties
(Freire et al. 2005), and in hepatic ischemia and reper-
fusion studies in mice, it has protective properties
against damage (Cho et al. 2013). While India, China,
Mexico, Russia and Iran are among the main produc-
tion places of anise seeds or fruits, it is also produced
in Turkey (Dogan et al. 2015).

In this study our aim was to examine the protective
efficacy of Anise in the treatment and prevention
of biochemical, histopathological and immunohisto-
chemical changes that occur in case of ischemia and
reperfusion in testicular tissues.

Materials and Methods

This study was approved by the Dicle University
Animal Experiments Local Ethics Committee
(DUHADEK) (30/09/2020-2020/29).

Preparation of aqueous extract of anise

Anise seeds used in our study were purchased from
a local vendor (Turkey, Diyarbakir). It was confirmed
to be aniseed by Prof Dr Ozlem TONCER, who works
at Dicle University, Vocational School of Agriculture,
Department of Organic Agriculture. 100 grams of anise
seeds were infused in 1 liter (70°C) distilled water
for 30 minutes (Gamberini et al. 2015). After the

obtained extract was filtered, it was given orally with
the help of gavage at a dose of 5 ml/kg.

Application of testicular ischemia
and reperfusion

To protect animal welfare during the experiment,
90 mg/kg Ketamine Hydrochloride (Ketalar; Prizer) +
10 mg/kg Xylazine Hydrochloride (Rompun; Bayer)
was administered intraperitoneally (i.p.) to all animals,
and sedation was controlled by finger pinching. Cefri-
axone at a dose of 50 mg/kg was administered intra-
muscularly (i.m.) to the groups to be operated before
starting the procedures. After placing the rats in the
supine position on the operating table, the scrotum area
was shaved, cleaned with 10% povidone-iodine, and
the scrotal skin was incised in the midline. Then the
peritoneum was opened and the testicles were taken out
of the scrotum. Bilateral testicles were rotated around
the long axis of 270° and ischemia was applied for
30 minutes. It was then detorsioned and reperfused for
30 min. Afterwards, the testicles were reintroduced into
the abdomen and the peritoneum was closed with 3/0
Vicryl and the skin with 3/0 prolene (Fig. 1). After the
procedures, 20 mg/kg acetominophen was administered
p.o. to the animals for analgesia and daily dressings
were made for 7 days.

Formation of experimental groups

In the study, 48 Wistar Albino male rats, 8-10 weeks
old and weighing between 320-400 gr, were used.
The rats were fed in stainless steel cages at 22+2°C,
60% humidity, with a normal diet without any move-
ment or feed/water restrictions. Each rat was weighed
separately and their weight was determined, and the
drug doses calculated in accordance with the literature
were determined.

Group 1 (n=8): the control group and no invasive
procedure was applied to the rats throughout the exper-
iment. Group 2 (n=8): the anise group, and the aqueous
extract of anise was given orally by gavage at a daily
dose of 5 mL/kg for 30 days. Group 3 (n=8): Ischemia/
Reperfusion (I/R) group, on the first day of the experi-
ment the rats were sacrificed after I/R was performed.
Group 4 (n=8): I/R+ Anise group, Aqueous extract
of Anise was given for 30 days after I/R was performed
on the first day of the experiment. Group 5 (n=8):
Aniset I/R group, I/R was performed after 30 days
of anise administration to rats. Group 6 (n=8):
Anise+ I/R+ Anise group.

After the rats were sacrificed by exanguination
method, total antioxidant capacity (TAS) and total
oxidant capacity (TOS) were measured from the blood
samples taken. Blood samples were taken into EDTA
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tubes and centrifuged at 3000 rpm for 10 minutes and
sera was obtained. The obtained serum samples were
stored at -80°C. Testicular tissues were taken into 10%
formaldehyde and sent to Dicle University Histology/
Embryology laboratory.

TAS and TOS measurements

The methods developed by Erel for measuring the
total antioxidant and oxidant capacities of the body
against free radicals, were used (Erel 2004, Erel 2005).

Routine histological follow-up

After the testis samples taken from the sacrificed
animals were fixed in 10% formalin (Sigma) for
24 hours, the shrunken tissues were kept in formalin
for another 24 hours. Tissue samples washed in tap
water for 12 hours after fixation were passed through
increasing alcohol series for dehydration. Tissues were
stained with hematoxylin and eosin (HE) for routine
histological examinations.

The stained tissues were evaluated with a light
microscope and Johnsen testicular biopsy scoring was
performed on 10 randomly selected seminiferous
tubules from each group (Johnsen 1970). According to
the Johnsen Testicular Biopsy Score, regular and com-
plete spermatogenesis and tubule structure were scored
as grade 10 and the absence of Germ cells or Sertoli
cells as grade 1.

Immunohistochemical studies

After routine histological tissue follow-up, sections
were stained with the proinflammatory cytokine inter-
leukin-6 (I1-6) and the proapoptic marker Bcl-2 anti-
bodies.

Measurement of body and organ weights

At the end of the study, bilateral testicular weights
and body weights were obtained and recorded.
Total testicular weight indices (TWI) were calculated
by multiplying bilateral testicular weights (grams)
by 100 and divide it by body weights (g) (Sahinturk
etal. 2007).

Statistical analysis

Data analyzes were performed using SPSS 20
(SPSS Inc. Chicago, IL, USA). One-Way Analysis of
Variance (ANOVA) test was used for normally distrib-
uted data, and Post-Hoc Tamhane’s T2 and Tukey tests
were used to find the different group. Kruskal Wallis-H
test was applied to the data that did not show normal
distribution, and Mann-Whitney U-test was used to find

the different group. Significance level was accepted
as significant in case of p<0.05 value.

Results

TAS and TOS results

We observed that the TAS level of the Anise group
was higher than all other groups (p<0.05), while there
was no difference between the other study groups
in terms of TAS levels (p>0.05). In terms of TOS levels,
the TOS level of the I/R group was higher than the
other study groups (p<0.05) (Table 1).

Body and testicular weight results

At the beginning of the study male rats with an
average weight of 320-400 g were used. The mean
valueststandard deviations of the rats whose mean
body weights, bilateral testicular weights and total
testicular weight indices (TAI) were calculated
at the beginning and end of the experiment and shown
in Table 1.

When the differences between body weights were
examined, we observed that the highest weight gain
was in the Anise group. In terms of testicular weights,
we observed that there was no statistically significant
difference (p>0.05) between the Control group and
Anise and Anise+ I/R groups (Table 1).

Histopathological results

In the histopathological examinations of the tissues
stained with HE, the tissues were evaluated under the
light microscope and 10 seminiferous tubules were
counted randomly from each group and were subjected
to Johnsen testicular biopsy scoring.

In the pairwise comparison between the groups,
the scores of the Control and Anise groups were similar
(p>0.05), while degeneration, pycnosis and atrophic
tubules developed in the seminiferous tubules in the tis-
sues of the I/R group (Fig. 1). In the anise+ I/R group,
the degeneration was milder than the I/R group, but the
edema continued. Damage grading of the I/R group was
scored higher than the Anise+ I/R group. We observed
that the seminiferous tubules in the tissues of the
anise+I/R+anise group had a similar appearance to the
control group, and in the statistical analysis, the damage
score was lower than the I/R, Anise+ I/R and I/R+ Anise
groups (p<0.05) (Fig. 1) (Table 1).
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Fig. 1. C: control group, A: Anise group, I/R: Ischemia and Reperfusion group of rats. Orange arrow: disruption of seminiferous integrity

and pycnotic cells, White arrow: congestion, Blue arrow: interstitial edema, Green arrow: spermium circulating in the lumen,
Yellow arrow: normal-looking Leydig cells (hematoxylin and eosin (HE) staining; bar=50 um).

Table 1. Meantstandard deviation values of total antioxidant capacity (TAS) (umol/L), total oxidant capacity (TOS) (mmol/L)
and Johnsen Scorings, body weights and TWI data.

TAS (;flglil JSOC}(I)IEEH Initial Body  Final Body Body Weight  Testicular TWI
GROUPS  (umol H O & Weight Weight Difference weight

. uivalenzt /ﬁ) Trolox (n x tubule (@ (@ (@) (@ (2)

d equivalent/L) count) & & & &
Control
(n:8) 2.93+0.47  23.07+£3.12  98.87+1.12 337.37£15.29 344.00+£21.28 6.62+15.88  2.67+0.16  0.77+0.04
gf‘és)e 6.15£1.55 22214361 99.25:0.88 336.62+11.99 362.12+1429 258742450 3.02£026  0.83+0.09
gfg) 3.05£0.67  94.11£22.23  11.00+1.06 352.87+12.79 352.87+12.79  0.00+0.00 2.11+0.15  0.59+0.05
I/R+Anise
(n:8) 2.95+0.47  39.67+£9.08  59.12+4.48 343.62+20.80 326.00+20.16 17.7549.57  1.91+£0.15  0.58+0.07
Anise+I/R
(n:8) 2.7740.73  43.41£6.48  72.374£2.87 355.75%13.62 373.75+13.19 18.00+£5.75  2.57£0.21  0.68+0.05
Anise+l/
R-+Anise 3.99+1.01 21.13+4.44  82.124£3.22 345.12421.49 356.87+14.98 11.75€12.18  1.90+0.20 0.54+0.06
(n:8)

TAS; total antioxidant capacity (umol H,O, equivalent/L), TOS; total oxidant capacity (mmol Trolox equivalent/L), TWI; Testicular
weight index.
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Fig. 2. C: Control group, A: Anise group, I/R: Ischemia and Reperfusion group of rats. Yellow arrow: spermatogenic cells, Black arrow:
Sertoli cells, Blue arrow: vascular endothelium, Red arrow: Leydig cells. First line: Interleukin-6, Second line: Bcl-2 (reverse

staining: hematoxylin; bar=50 um).
Immunohistochemical results
IL-6 Results

Intense positive 1L-6 expressions were observed
in seminiferous tubules, spermatogenic cells and
Sertoli cells in the I/R group. We also observed
a decrease in the number of inflammatory cells in the
anise+I/R group compared to the I/R group. Moderately
positive IL-6 expression was observed in spermatogen-
ic cells and Sertoli cells. In the Anise+I/R+Anise group,
sporadic positive IL-6 expressions were observed
in spermatogenic cells, while expressions continued in
Sertoli cells. Administration of Anise both before and
after I/R was found to significantly improve inflamma-
tory cell pathways (Fig. 2).

Bcl-2 results

Intense positive Bcl-2 expression was observed in
spermatogenic cells and Sertoli cells in the transversal
section of the I/R group. In addition, intense positive
BCL-2 expression was observed in the capillary vessel
endothelium and Leydig cells in the interstitial space.
While positive Bel-2 expressions were observed in very
few spermatogenic cells in the Anise+I/R+Anise group,
we observed that the expressions continued at a mild
level in Sertoli cells. Bcl-2 expressions in the vascular
endothelium were quite mild (Fig. 2).

Discussion

Phytochemical studies are studies that have conti-
nued from the past to the present and form the basis
of medicine. Anethole found in anise seeds is a phyto-
estrogen widely used as a sweetener in cosmetics,
perfume, pharmaceutical industry and food manufac-
turing. Studies conducted to date have shown that
anethole has various pharmacological effects such as
anticarcinogenic, anti-inflammatory, hepatoprotective,
antidiabetic and neuroprotective properties (Sheikh
etal. 2015). Ritter et al. showed that anise seeds did not
cause any toxic effects on the liver and did not harm the

liver (Ritter et al. 2013). According to the toxicity clas-
sification, the lethal dose (LD50) of anise was deter-
mined as 5 g/kg (Hosseinzadeh et al. 2014).

Our study revealed that while anise seeds decreased
the levels of oxidants in the serum, they increased the
antioxidant levels. Moshkelani et al. found that rats
with testicular ischemia and reperfusion injury had
an increase in reactive oxygen products (ROS) and
decreased levels of antioxidant-effective enzymes such
as glutathione peroxidase (GP) and superoxide
dismutase (SOD) (Moshkelani et al. 2020). Fakouri
et al. on the other hand, showed that while malondialde-
hyde (MDA) levels were significantly increased in rats
that underwent ischemia and reperfusion, there was
a decrease in MDA levels when folic acid was given to
rats (Fakouri et al. 2017). A significant increase
in serum TOS levels of the groups which underwent
testicular I/R was observed in our study. However,
we observed that TOS levels decreased and TAS levels
increased when anise was given to rats undergoing
testicular I/R.

In their study, Ritter et al. showed that anetheol in-
take reduces proinflammatory cytokines such as TNF-a,
II-1B and 11-6 that occur during ischemia, and also
causes a decrease in ROS levels that occur during reper-
fusion (Ritter et al. 2013). While Qin et al. observed
a significant increase in the number of apoptotic cells in
the testis I/R group (Qin et al. 2019), Dogan et al.
also observed intense Bcl-2 expressions in the sper-
matogenic cells of the testis I/R group and strong mito-
tic activity in the basal layers of the seminiferous
tubules (Dogan et al. 2020). Parallel to these findings,
in our study, intense IL-6 expression in testicular tissues
of the I/R group and inflammatory cells in the basement
membrane were observed. In addition, Bcl-2 expres-
sions were intensely positive in the I/R group, but
decreased in the Anise+I/R+Aniseed group. Histo-
pathologically, it was observed that anise seeds showed
a anti-apoptotic effect.

In their study, Wei et al. reported a significant
decrease in testicular weight, seminiferous tubule diam-
eter, number of germ cell layers and Johnsen testicular
injury scoring as a result of testicular I/R injury com-
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pared to the control group, but these findings were im-
proved when they were treated with sesame (Wei et al.
2020). There are studies showing that anise has positive
effects on body weight. It is known that anise has high
nutritional values (18% protein, 8-23% fat, 2-7% essen-
tial oil, 3-5% sugar and 12-15% crude fiber) (Bekara
etal. 2015). In our study, we observed that the I/R group
had the lowest testicular damage score, and the damage
score of the Anise+I/R+Aniseed group was close to the
control group. In addition, it was observed that the body
weight of the Anise group was the highest. Doaa et al.
investigated the effects of vitamin D3 against testicular
torsion and measured the body weight, relative testicu-
lar weight and absolute testicular weight of all rats in
their study. As a result of their study, they found that the
final body weight of the I/R+Vit D3 group was signifi-
cantly increased compared to the control and sham
groups (Doaa et al. 2021). We, on the other hand,
observed that there was a decrease in body weight
of the I/R+Aniseed group, but an increase in body
weight of the Anise+I/R+Aniseed group and Anise+I/R
group. We found that anise has positive effects on the
preservation of body and testicular weights in testicular
ischemia and reperfusion.

Conclusion

In our study, we determined that anise has anti-
inflammatory and anti-apoptotic effects as a result
of histopathological evaluation. In addition, we obser-
ved that the oxidative stress in the serum resulting from
I/R decreased after anise administration. Our study
revealed that anise has a positive effect on histopatho-
logical, immunohistochemical and biochemical para-
meters in testicular I/R damage.
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