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Abstract: This study investigated whether goji berry extract (GBE), a known antioxidant, reduces ischemic reperfu-
sion injury when administered to rats exposed to experimental testis torsion. A total of 32 Sprague-Dawley male rats 
were randomized into 4 groups, including the control (sham), goji, torsion, and torsion-goji groups. The treatment 
groups received intraperitoneal GBE prior to torsion. The left testes of the animals were subjected to torsion via 5 
hours of ischemia and 6 hours of reperfusion. TAC (total antioxidant capacity), TOS (total oxidant status) and OSI 
(oxidative stress index) levels were calculated. Approximately 5-μm-thick sections were stained with hematoxylin-
eosin (H&E) and examined under a light microscope. Statistical analyses were performed with the SPSS 15 software 
package. The mean serum TAC level was significantly increased in Groups 2 and 4 compared with Groups 1 and 
3 in biochemical analyses (for both P < 0.001). The mean serum TOS level was significantly increased in Group 3 
compared with Groups 1, 2, and 4 (P < 0.001, P < 0.001, and P = 0.003, respectively). Comparison of the groups 
with regard to histopathological examination revealed that Group 4 exhibited a significantly higher rate of hemor-
rhage and congestion compared with Groups 1 and 2 (P = 0.038). The groups did not differ significantly with respect 
to degeneration. Ischemic reperfusion injury associated with testis torsion was reduced by the antioxidant effect of 
GBE. Further experimental and clinical studies are needed to confirm the agent’s efficacy for this indication. 
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Introduction

Testis torsion is a serious urological condition 
that occurs when the spermatic cord and asso-
ciated structures twist around themselves, and 
it requires urgent surgery [1, 2]. It is one of the 
most common causes of testicular loss in child-
hood and adolescence. If testicular torsion is 
not treated within 4 to 6 hours (h), spermato-
genic cell loss occurs [3]. However, even in men 
who have undergone surgical detorsion within 
this time period, the ipsilateral testis often 
becomes permanently dysfunctional [3, 4]. 
Ischemic/reperfusion (I/R) injury following tor-
sion/detorsion of the testes results in the 
development of significant pathology. One of 
the main reasons for (I/R) injury in testes 
involves increased reactive oxygen species 
(ROS) and reactive nitrogen species (RNS) lev-
els in testis tissue with ischemia [5]. These 
radicals both increase the area of injury and 

impair sperm quality in the testis tissue via 
enhanced blood flow with reperfusion [6]. 
Recently, antioxidant agents have been used to 
prevent the I/R injury that occurs with unilateral 
testis torsion and numerous studies have 
experimentally confirmed that these agents 
reduce I/R injury [7-12].

Among traditional Chinese herbal products, goji 
berry (GB) is an herb from the Solanaceae fam-
ily that has drawn attention due to its antioxi-
dant effects. GB is also colloquially known as 
wolfberry (WB) or Lycium barbarum (LB). Its 
widespread use and its beneficial effects that 
have been reported anecdotally make GB an 
attractive agent for scientists. Experimental 
studies have demonstrated that GB reduces 
blood sugar and lipid levels and exhibits anti-
aging, immuno-modulating, antitumor, anti-
fatigue, and male fertility-enhancing effects. In 
various studies, GB was used as a liver-protect-
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ing agent in alcohol-induced liver necrosis, a 
hepatoprotective agent in toxic hepatitis asso-
ciated with carbon tetrachloride in rats, a  
cytoprotective agent in the endoplasmic reticu-
lum, and an antioxidant biomarker-increasing 
agent in healthy adults [13-28]. GB mainly 
exerts its effects via ion exchange chromatog-
raphy of a polysaccharide complex composed 
of six monosaccharides (galactose, glucose, 
rhamnose, arabinose, mannose, and xylose) 
that exhibits bioactivity. GB extract (GBE) is 
obtained when this polysaccharide-rich region 
is separated [20]. Given that GBE exhibits an 
antioxidant effect in various organs, we exam-
ined its effects in a testis torsion model. In this 
regard, we determined whether GBE adminis-
tration reduces I/R injury in rats subject to 
experimental testis torsion.

Materials and methods

Animals and experimental protocol

This study employed 32 male Sprague-Dawley 
rats weighing 200 to 250 grams (g). The rats 
were housed and received follow-up at Dicle 
University Health Sciences and Research 
Center (Diyarbakır, Turkey). Rats were randomly 
selected for the experimental study. The rats 
were housed in 14 × 9 × 8-centimeter (cm) 
wooden cages. Prior to the experiment, all rats 
were fed a standard rat chow and water ad libi-
tum. All rats were maintained in an air-condi-
tioned room at 21°C with a 12 h:12 h light:dark 
cycle. All rats were handled humanely. The ani-
mals were fasted prior to the experiment. The 
Dicle University Animal Experiments Local 
Ethics Committee (Diyarbakır, Turkey) approved 
this study. 

A total of 32 male Sprague-Dawley rats were 
randomized into 4 groups (n = 8).

Group 1: Control (sham operation) Group.

Group 2: Goji Group. 

Group 3: Torsion Group.

Group 4: Torsion + Goji Group.

In the control group (Group 1), the left testis 
was explored and re-closed without performing 
any torsion procedure (sham operation); saline 
(2 milliliter (ml)) was intraperitoneally injected 
for 7 days. The second group received 100 mil-
ligrams/kilogram (mg/kg) GBE (2 ml) via intra-

peritoneal injection for 7 days. The third  
group underwent detorsion and reperfusion 
after being subjected to torsion-induced isch-
emia for 5 hours. This group was injected with 
intraperitoneal saline (2 ml) for 7 days. The 
fourth group was administered intraperitoneal 
GBE at a dose of 100 mg/kg [21] for 7 days. On 
the last day, torsion-induced ischemia was 
induced for 5 hours followed by detorsion and 
reperfusion.  

Surgical procedure

After an overnight fasting period, the rats were 
anesthetized with intraperitoneal (IP) ketamine 
HCl (Ketalar® 50 milligrams/deciliter (mg/dl), 
Eczacıbaşı) at 40 mg/kg and xylazine hydro-
chloride (Rompun® 2%, Bayer). The operation 
was performed under sterile conditions. The 
anesthetic duration was the same for all groups 
Testes were localized via a left scrotal incision, 
and testis torsion was achieved by twisting the 
testis 720 degree in a clockwise direction and 
suturing it to the scrotal skin with 5.0 silk. 

The testes were detorsioned and sutured to  
the scrotal skin with 5.0 silk upon the comple-
tion of the 5-hour torsion period. The scrotal 
skin was closed with 3.0 silk. In the torsion 
groups, intracardiac blood and testis tissue 
samples were obtained from the rats under 
sedation after a 6-hour observation period fol-
lowing detorsion and reperfusion. The rats were 
sacrificed via cervical dislocation, and their left 
testes were removed at the end of the 
experiment. 

Extract preparation

To prepare fruit extracts for the antioxidant 
activity assay, 50 g of shade-dried and pow-
dered roots were soaked in 500 ml of ethanol 
for 7 days at room temperature. The filtrate was 
collected and evaporated to dryness to yield 2 
g of the extract [26, 27]. A GB extract rich in 
antioxidants was obtained after processing GB 
with ethanol [27, 28]. After being dissolved in 2 
ml of normal saline, the GB extract obtained 
was administered to the rats at single dose of 
100 mg/kg [21] intraperitoneally for 7 days. 

Biochemical analysis and oxidant-antioxidant 
parameters 

Blood samples obtained at maximal amounts 
via the intracardiac route were centrifuged, and 
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the sera were kept at -70°C until the biochemi-
cal analysis. TAC (total antioxidant capacity), 
TOS (total oxidant status), and OSI (oxidative 
stress index) levels were calculated. TAC and 
TOS levels of supernatant fractions were calcu-
lated using a new automated measurement 
technique described by Erel [29, 30].

In this method, a hydroxyl radical is produced, 
which is the most potent biological radical. In 
the assay, a ferrous ion solution (Reagent 1) is 
admixed with the hydrogen peroxide present in 
Reagent 2. The subsequently emerging radi-
cals, including the brown-colored dianisidinyl 
radical cation produced by the hydroxyl radical, 
are also potent radicals. This method allows 
measurements of the antioxidative effect of the 
sample against the potent free radical reac-
tions, which is initiated by the hydroxyl radical 
product. The assay exhibits excellent precision 
values that are typically less than 3%. The 
results are expressed as nmol Trolox Equiv./mg 
protein.

The sample contains oxidants that oxidize the 
ferrous ion-o-dianisidine complex to a ferric ion. 
Glycerol molecules that are abundant in the 
reaction medium augment the oxidation reac-
tion. In an acidic medium, the combination of 
ferric ion and xylenol orange produces a col-
ored complex. The color intensity is related to 
the total amount of oxidant molecules in the 
sample. The assay is calibrated with hydrogen 
peroxide, and the results are expressed in 
terms of nmol H2O2 Equiv./mg protein.

The percent ratio of TOS and TAC levels repre-
sents the OSI. The following formula is used to 
calculate the OSI value: OSI (Arbitrary Unit) = 
TOS (nmol H2O2 Equiv./mg protein)/TAC (nmol 
Trolox Equiv./mg protein) [31]. The results were 
expressed as arbitrary units.

Histopathological evaluation

The tissue samples were fixed in 10% formol 
solution and embedded in paraffin blocks. 

Approximately 5-μm-thick sections were 
stained with hematoxylin-eosin (H&E) and 
examined under light microscopy. A single 
pathologist who was blind to the study protocol 
examined the specimens. As described by 
Mikuz [32], interstitial injury was graded on a 
scale from 0 to 3 as follows: Grade 0, normal 
interstitium; Grade 1, interstitial capillary 
edema and congestion; Grade 2, interstitial 
hemorrhage; Grade 3, hemorrhagic infarct and 
degeneration. Vascular congestion, testis 
parenchyma hemorrhage, and seminiferous 
tubule degeneration were graded 0 to 3 in 
ascending order. Hemorrhage levels were clas-
sified as follows: Grade 0, no hemorrhage; 
Grade 1: slight hemorrhage; Grade 2: moderate 
hemorrhage; Grade 3: diffuse hemorrhage. 

Statistical analysis

SPSS for Windows 15.0 (SPSS Inc., Chicago, IL, 
USA) was used for all statistical analyses. The 
results are presented as the mean + SD. Chi-
square tests for categorical variables were 
used for univariate statistical analyses. The 
Mann-Whitey U test was used for multiple  
comparisons. Kruskal Wallis one-way variance 
analysis was used when sample sizes were  
not equal and groups did not exhibit homoge-
nous distributions in in-group comparisons. 
Statistical significance was set as P < 0.01 for 
comparisons between groups and P < 0.05 for 
other comparisons.

Results

Statistically significant differences were noted 
between the groups with respect to TAC, TOS, 
and OSI levels (Table 1).

Comparison of the groups according to serum 
TAC, TOS and OSI levels (Table 2)

Groups 2 and 4 exhibited significantly increased 
mean serum TAC levels compared with Groups 
1 and 3 (P < 0.001).

Table 1. Biochemical analysis results
Parameters Group 1 Group 2 Group 3 Group 4 P-valuea

TOS (µmol/L) 32.88 ± 14.70 47.60 ± 24.16 120.94 ± 44.26 65.99 ± 16.55 < 0.001
TAC (mmol/L) 1.30 ± 1.02 3.09±0.71 1.32 ± 0.32 3.02 ± 0.58 < 0.001
OSI (%) 3.48 ± 2.34 1.63 ± 0.97 9.41 ± 3.75 2.20 ± 0.45 < 0.001
aKruskal Wallis one-way variance analysis.
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sion [1, 2, 33]. The mechanism of contralateral 
testis injury after unilateral testis torsion is not 
entirely clear. 

In testis torsion, a minimum of 1 to 5 hours of 
ischemia is required to sustain injury [9]. In our 
study, one testis of the rats was twisted 720 
degrees clockwise; this torsion position was 
maintained for 5 hours and detorsioned there-
after. The injury caused by I/R insult after detor-
sion may be more severe than that caused by 

Group 3 exhibited significantly increased mean 
serum TOS levels compared with Groups 1, 2, 
and 4 (P < 0.001, P < 0.001, and P = 0.003, 
respectively). 

Group 3 exhibited a significantly higher mean 
serum OSI level compared with Groups 1, 2, 
and 4 (P < 0.001 for each).

Regarding the results of the histopathological 
grades (Table 3), Groups 1 and 2 exhibited no 

histopathological change and were 
assigned a grade of 0, whereas 
Groups 3 and 4 exhibited different 
levels of histopathological changes.

Comparison among the groups 
revealed that Group 4 exhibited 
more hemorrhaging and congestion 
than Groups 1 and 2 (P = 0.038). 
Group 3 exhibited greater hemor-
rhaging and congestion than Group 
4 (P = 0.020). No significant differ-
ences were noted among the groups 
with regard to degeneration.

Group 3 exhibited increased hemor-
rhaging and congestion compared 
with Groups 1 and 2 (P = 0.003). 
Although Group 4 exhibited a greater 
extent of hemorrhaging and conges-
tion compared with Groups 1 and 2, 
this difference was not statistically 
significant. 

According to the results of the histo-
pathological examination; Group 1 
normal testis parenchyma, group 2 
display mild vascular congestion 
(Figure 1A, 1B). Group 3 also con-
tained a lot of damage rate in the rat 
testis parenchyma, while group 4 
also shows that this damage is 
reduced (Figure 1C, 1D).

Discussion

Testis torsion is not a fatal condition, 
but it may result in organ loss if not 
recognized in a timely manner. 
Therefore, an early diagnosis both 
prevents organ loss and reduces the 
risk of infertility. Various studies 
have reported that fertility is 
impaired after unilateral testis tor-

Table 2. Comparison of the groups according to sera TAC, 
TOS and OSI levels 
Parameter Groups P-valuea

Serum TAC I (1.30 ± 1.02) II (3.09 ± 0.71) < 0.008
III (1.32 ± 0.32) 1.000
IV (3.02 ± 0.58) < 0.008

II (3.09 ± 0.71) III (1.32 ± 0.32) < 0.001
IV (3.02 ± 0.58) 1.000

III (1.32 ± 0.32) IV (3.02 ± 0.58) < 0.001
Serum TOS I (32.88 ± 14.70) II (47.60 ± 24.16) 1.000

III (120.94 ± 44.26) < 0.001
IV (65.99 ± 16.55) 0.138

II (47.60 ± 24.16) III (120.94 ± 44.26) < 0.001
IV (65.99 ± 16.55) 1.000

III (120.94 ± 44.26) IV (65.99 ± 16.55) 0.003
Serum OSI I (3.48 ± 2.34) II (1.63 ± 0.97) 0.690

III (9.41 ± 3.75) < 0.001
IV (2.20 ± 0.45) 1.000

II (1.63 ± 0.97) III (9.41 ± 3.75) < 0.001
IV (2.20 ± 0.45) 1.000

III (9.41 ± 3.75) IV (2.20 ± 0.45) < 0.001
aThe Mann-Whitey U test was used for multiple comparisons.

Table 3. Histopathological examination results
Parameter Grade Group 1 Group 2 Group 3 Group 4
Hemorrhage (0) 8 8 0 0

(I) 0 0 0 3
(II) 0 0 2 4
(III) 0 0 6 1

Congestion (0) 8 8 0 0
(I) 0 0 0 2
(II) 0 0 2 4
(III) 0 0 6 1

Degeneration (0) 8 8 0 0
(I) 0 0 8 8
(II) 0 0 0 0
(III) 0 0 0 0
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the ischemia itself. Timely diagnosis and treat-
ment of testis torsion is an important issue; the 
diagnosis is often delayed, necessitating surgi-
cal therapy (orchiectomy). Both early detorsion 
and ischemic reperfusion following orchiecto-
my are known to cause injury to ipsilateral and 
contralateral testes. In the pathogenesis of this 
injury, oxidant molecules have been thought to 
play a role; thus, agents with antioxidant prop-
erties, such as allopurinol, caffeic acid pheneth-
yl ester, melatonin, selenium, resveratrol, and 
N-acetylcysteine [7-12], have been used experi-
mentally. These agents reduce ischemic reper-
fusion injury. We were the first to study the 
effect of GBE, which possesses known antioxi-
dant properties, on testis torsion. 

Mammalian testes are very sensitive to oxi-
dants, and oxidants form the mechanistic basis 
for the injury. Conversely, testicular injury is 
relieved by the administration of antioxidant 
molecules. Buchelli et al reported an increased 
total antioxidant capacity (TAC) in GBE-

administered rats [34]. We similarly found  
that TAC increased and TOS and OSI levels  
were statistically significant. Another experi-
mental study revealed that oral administration 
of GBE to rats provides in vivo protection 
against heat-induced testis injury, in vitro pro-
tection against cellular oxidative injury caused 
by H2O2, and beneficial effects for fertilization, 
thus confirming the efficacy of GBE in testicular 
tissues [23]. Similarly, the results of the pres-
ent study biochemically demonstrated that rats 
administered GBE and subject to the experi-
mental testis torsion procedure were exposed 
to less ischemic reperfusion injury than rats 
not administered GBE. Histopathological exam-
ination confirmed that Group 4 exhibited 
reduced hemorrhaging and congestion com-
pared with Group 3 but did not display any dif-
ferences in degeneration. These results sug-
gest that GBE was more beneficial in lower 
grades given its ability to reduce hemorrhaging 
and congestion; GBE was not as successful in 
the higher grades given that it did not affect 
degeneration.

Figure 1. Histologic findings in rat testis. A. Normal testis parenchyma in a rat from the control group (H&E, 100 
×). B. Testis parenchyma displaying mild vascular congestion in a rat from the goji group (H&E, 100 ×). C. Severe 
congestion, hemorrhaging and injury to the seminiferous tubule in a rat from the torsion group (H&E, 100 ×). D. 
Testis parenchyma exhibiting mild vascular congestion and mild hemorrhaging in a rat from the torsion + goji group 
(H&E, 100 ×). 
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Conclusion

We determined that GBE reduced ischemic 
reperfusion injury via its antioxidant effects in 
testis torsion. However, further experimental 
and clinical studies are needed to confirm its 
efficacy for this indication. 
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