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Abstract. – OBJECTIVE: The present re-
search aimed to study the possible protective 
effects of Silymarin on testicular I/R injury in a 
rat model evaluated through histopathology and 
biochemical parameters.

MATERIALS AND METHODS: This research 
investigated the impact of Silymarin on IR dam-
age in male Wistar albino rats. Animals were di-
vided into three groups: group 1 (sham), group 2 
(IR), and group 3 (IR+Silymarin).

RESULTS: There were no notable differenc-
es in the levels of malondialdehyde (MDA), my-
eloperoxidase (MPO), and glutathione (GSH) 
across the three groups (p=0.260, p=0.486 and 
p=0.803, respectively). Contrarily, the total an-
tioxidant status (TAS) levels exhibited signifi-
cant variations between groups (p=0.001). The 
total oxidant status (TOS) levels also differed 
significantly between groups (p=0.004). The 
tissue evaluations uncovered substantial dif-
ferences in the Johnson score, which is used 
to gauge testicular damage. A distinct con-
trast was seen between Group 1 and Group 2, 
and also between Group 2 and Group 3, with an 
all-encompassing p-value lower than 0.01. The 
same significant disparities were found for the 
percentages of Bax and Annexin V immunos-
taining (p<0.01 for each), reflecting the inflam-
mation and apoptosis brought about by isch-
emia-reperfusion and the protective effects of 
the treatment.

CONCLUSIONS: The outcomes of the current 
investigation showed that Silymarin could be 
a valuable agent for reducing testicular tissue 
damage following I/R injury.

Key Words:
Silymarin, Ischemia-reperfusion, Testicular torsion, 

Testicular damage, Spermatogenesis.

Introduction

Testicular torsion represents a critical uro-
logical emergency, characterized by the testicle 
rotating around the spermatic cord’s axis1. This 
condition often results in testicular harm, pre-
dominantly occurring in newborns, children, and 
young adults, affecting one in every 4,000 indi-
viduals within these age groups annually2. The 
severity of long-term outcomes, such as infertili-
ty, is largely determined by the extent and length 
of time the torsion persists3. The injury to the tes-
ticle extends beyond the initial damage caused by 
ischemia, continuing due to ischemic reperfusion 
(I/R) injury4. The main harmful change during 
testicular I/R is caused by oxidative stress, which 
results from excess production and accumulation 
of reactive oxygen species (ROS) that are not ef-
fectively cleared out5. This causes damage to the 
cell membrane through lipid peroxidation. Apart 
from affecting the membrane lipids, these un-
checked free radicals also damage other cell parts 
like carbohydrates, DNA, and proteins, triggering 
detrimental biochemical responses6. Additionally, 
past research7 has shed light on the fact that anti-
oxidant substances possessing the ability to neu-
tralize free radicals may play a beneficial role in 
thwarting I/R-induced damage in various organs, 
particularly in the testes.

Silymarin is a polyphenolic compound derived 
from milk thistle (Silybum marianum). The primary 
constituent of Silymarin is silybin, which is largely 
responsible for its phytochemical benefits. Numer-
ous studies8 have highlighted Silymarin’s abilities, 
showcasing its antioxidant, anti-inflammatory, anti-
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neoplastic, antifibrotic, and immunomodulatory at-
tributes. Acting as an antioxidant, silymarin count-
ers ROS, neutralizes free radicals, and bolsters the 
body’s natural antioxidant defenses by enhancing 
vital antioxidant enzymes like glutathione and su-
peroxide dismutase9. The combined antioxidant and 
anti-diabetic properties of both metformin and sily-
marin have been explored in past research10.

The present research aimed to study the pos-
sible protective effects of Silymarin on testicular 
I/R injury in a rat model evaluated through histo-
pathology and biochemical parameters.

Materials and Methods

This study explored the effects of Silymarin 
on ischemia-reperfusion injury in male Wistar al-
bino rats. In total, 21 rats, each 12 weeks old and 
with an average weight of 235 g, were utilized in 
accordance with the institution’s guidelines and 
the National Research Council’s standards for the 
Care and Use of Laboratory Animals. Ethical ap-
proval for the investigation was provided by the 
Dicle University Animal Studies Ethical Commit-
tee (approval number: 2023/08, date: 30.03.2023).

The rats were housed under controlled condi-
tions with a temperature ranging from 20-23°C 
and a 12-hour light/dark cycle. They were fed stan-
dard pellets and had unrestricted access to water. 
The animals were randomly divided into three dis-
tinct groups: Group 1 (sham), Group 2 (IR), and 
Group 3 (IR+Silymarin). In Group 1, all surgical 
interventions except for testicular torsion-detorsion 
were conducted to establish baseline values for all 
measured parameters. The testicle was removed 
through a scrotal incision and then repositioned in 
its typical location within the scrotum, with no tor-
sion applied. Group 2 underwent testicular torsion 
and detorsion without medication, while Group 3 
received a single dose of 300 mg/kg of Silymarin 
[Catalog No.: S0292-106, Company Name: Sigma 
Aldrich] intraperitoneally just before the ischemia.

In Groups 2 and 3, ischemia-reperfusion in-
jury was intentionally inflicted on the rat testes 
through a specific technique. This involved ex-
tracting the testis via an inguinoscrotal incision, 
twisting it 720 degrees clockwise, and then af-
fixing it to the scrotum for two hours using a 5.0 
prolene suture. The objective was to create a con-
trolled model of testicular torsion to assess the ef-
fects of ischemia and the subsequent reperfusion. 
After ischemia, the testis was untwisted and left 
in its normal position for four hours to evaluate 

reperfusion damage. Ultimately, orchiectomy was 
carried out to obtain testicular tissue for histologi-
cal analysis, and blood was collected through car-
diac puncture for biochemical evaluation.

All surgical interventions were performed un-
der appropriate anesthesia and sterile conditions. 
The rats were anesthetized with a combination of 
two drugs, xylazine hydrochloride (Rompun 2%, 
Bayer, Turkey) and ketamine hydrochloride (Al-
famine 10%, Ege Vet, Istanbul, Turkey), at dosag-
es of 10 mg/kg and 50 mg/kg respectively, admin-
istered intraperitoneally. Xylazine hydrochloride 
functioned as a calming agent and muscle relax-
ant, while ketamine hydrochloride provided dis-
sociative anesthetic effects. 

Biochemical Evaluation
After obtaining blood samples through cardi-

ac puncture, they were promptly transported to 
the biochemistry laboratory on ice. The samples 
were then spun at 4,000 revolutions per minute 
for 5 minutes, resulting in the isolation of the se-
rum. Tests were conducted to measure the levels 
of TAS, TOS, MDA, GSH, and MPO. Utilizing 
an Abbott Architect C16000 auto analyzer, (Sie-
mens Diagnostics, Tarrytown, NY, USA), the 
TAS and TOS concentrations were determined 
using commercially available kits provided by Rel 
Assay Diagnostics from Gaziantep, Turkey, and 
via automated colorimetric techniques as formu-
lated by Erel11,12. The TAS results are expressed 
in units of micromolar trolox equivalent per liter, 
and the TOS results are reported in micromolar 
hydrogen peroxide equivalent per liter. The MDA 
content was gauged using a spectrophotometric 
procedure that relies on the color alteration result-
ing from the reaction between thiobarbituric acid 
and MDA, as previously outlined13. In a similar 
manner, MPO activity was assessed spectropho-
tometrically, as previously cited14. To evaluate the 
activity of glutathione peroxidase (GSH-Px), the 
methodology recommended by Paglia and Valen-
tine15 was employed. This technique examines the 
enzyme’s ability to facilitate the transformation of 
reduced glutathione (GSH) into its oxidized form 
(GSSG) in the presence of hydrogen peroxide.

Immunohistochemical Examination
Testicular tissues were extracted for histological 

examination, and dissected samples were further 
scrutinized for histological assessment. The sam-
ples were submerged in zinc-formalin, and then 
dehydrated through a series of graded alcohols be-
fore being embedded in paraffin wax. Sections of 
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5 µm thickness were cut from the paraffin blocks 
and stained with hematoxylin-eosin dye along with 
immune staining. The testicular sections were de-
waxed, rehydrated through graded alcohol, and 
rinsed in distilled water. To inhibit endogenous 
peroxidase activity, 3% hydrogen peroxide (H2O2) 
was applied to the slides. After washing in PBS, 
sections were incubated with an anti-blood brain 
barrier (catalog No.: 836804, Biolegend, San Di-
ego, CA, USA). Annexin V (catalog No.: 0902012, 
Boster Biology Tech., 1/100) and Bax (catalog 
No.: 15970 and 17069, Biorbyt, 1/100) overnight 
at +4°C. Sections were biotinylated and allowed to 
react with streptavidin peroxidase solution (Ther-
mo Fisher, Waltham, MA, USA) for 15 minutes. 
After another wash with PBS, diaminobenzidine 
(DAB) chromogen was employed to detect color 
changes. The reactions were halted with PBS, and 
the sections were counterstained with hematoxylin 
dye. The slides were then mounted and visualized 
using a Zeiss Imager A2 light microscope (Apple-
tonwoods, Birmingham B38 8SE, UK). All images 
were analyzed and quantified through ImageJ soft-
ware. The intensity of protein expression staining 
was assessed using Image J software (version 1.53, 
http://imagej.nih.gov/ij), with measurements based 
on the method outlined by Crowe and Yue16. Sper-
matogenesis was histologically rated for each sam-
ple across ten fields according to the method estab-
lished by Johnsen17. A Johnsen score of 10 signifies 
optimal spermatogenesis activity, while a score of 
1 denotes a total absence of germ cells. The his-
tological evaluations were conducted by two inde-
pendent, blinded experts (Table I).

Statistical Analysis
The data were statistically analyzed using IBM 

SPSS 25.0 software (IBM Corp., Armonk, NY, 
USA). To determine the distribution of the data, 

the Shapiro-Wilk and Kolmogorov-Smirnov tests 
were applied. In cases where the data followed a 
normal distribution, the results were expressed as 
the mean and standard deviation, and the ANOVA 
test was utilized. If the distribution was not nor-
mal, the data were reported as the median along 
with the interquartile range (IQR). For compari-
sons across multiple groups, the non-parametric 
Kruskal-Wallis test was employed, and due to the 
limited sample size within the groups, the post-
hoc Dunn test was conducted. A p-value lower 
than 0.05 was considered indicative of statistical 
significance.

Results

The levels of MDA were consistent among 
all groups, with average values of 1.36±0.55, 
1.26±0.15, and 1.06±0.25 in groups 1, 2, and 3, 
respectively (p=0.260). Similarly, there were no 
notable differences in the levels of MPO and GSH 
across the three groups (p=0.486 and p=0.803, 
respectively). Contrarily, the TAS levels exhibit-
ed significant variations between groups 2 and 3 
(p =0.002), and groups 1 and 3 (p=0.006), with 
an overall p-value of 0.001. The TOS levels also 
differed significantly between groups 2 and 3 
(p=0.009), as well as groups 1 and 2 (p=0.007), 
displaying an overall p-value of 0.004. The tissue 
evaluations uncovered substantial differences in 
the Johnson score, which is used to gauge testicu-
lar damage. A distinct contrast was seen between 
Group 1 and Group 2, and also between Group 2 
and Group 3, with an all-encompassing p-value 
lower than 0.01. The same significant disparities 
were found for the percentages of Bax and An-
nexin V immunostaining (p<0.01 for each), re-
flecting the inflammation and apoptosis brought 

Table I. Johnsen scoring for spermatogenesis.

Johnsen biopsy parameters Score

Regular, dense spermatogenesis and tubule structure 10
Dense spermatozoa in the lumen but irregularity in the spermatogenic line 9
The small number of spermatozoa present in the lumen 8
No spermatozoa in the lumen but spermatids are present 7
The low number of spermatids 6
No spermatozoa and spermatids but dense spermatocytes 5
Low number of spermatocytes 4
Only Spermatogonia available 3
There are no germ cells 2
No germ cells or Sertoli cells 1
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about by ischemia-reperfusion and the protective 
effects of the treatment (Table II).

Figure 1 illustrates the hematoxylin and eosin 
staining of testicular tissues. In the samples from 
the sham group, the structure of the testicular 
tissue appeared normal, with the membranes of 
the seminiferous tubules and the spermatogenesis 
line presenting a natural appearance. The Leydig 
cells were found within the interstitial space. In 
contrast, the IR group exhibited degeneration and 

apoptosis in the spermatogenic cells, a thicken-
ing of the seminiferous tubule membranes, and 
the emergence of fibrosis in the interstitial area. 
Additionally, pycnotic changes were noted in the 
Leydig cell nuclei. On the other hand, the group 
receiving IR+Silymarin treatment showed signs 
of recovery in the histopathological damage 
caused by IR. This was marked by the preserva-
tion of seminiferous tubule integrity, the regular 
arrangement of cells in the spermatogenesis line, 

Table II. Biochemical and immunohistopathological parameters of all groups.

*Percentage. Malondialdehyde (MDA), Myeloperoxidase (MPO), Glutathione (GSH), Total Antioxidant Status (TAS), Total 
Oxidant Status (TOS).

 Group 1 Group 2 Group 3 p-value Meaningful 
     comparisons 
     (intergroup)

Blood
  MDA 1.36±0.55 1.26±0.15 1.06±0.25 0.260 
  MPO 12.01±2.83 11.83±0.76 10.47±2.70 0.486 
  GSH 183.44±66.94 166.45±43.82 167.78±40.69 0.803 
  TAS 0.65±0.08 0.62±0.12 0.99±0.27 0.001 2 and 3 (p=0.002); 
     1 and 3 (p=0.006)
  TOS 14.20±8.49 136.58±104.19 22.42±18.26 0.004 2 and 3 (p=0.009); 
     1 and 2 (p=0.007)
Tissue     
  Johnson score 9 (9-10) 3 (1.25-3) 7 (6-8) <0.01 1 and 2; 2 and 3
  Bax immunostaining* 12.73% 39.22% 21.01% <0.01 1 and 2; 2 and 3
  Annexin V  13.88% 42.50% 32.90% <0.01 1 and 2; 2 and 3
   immunostaining*

Figure 1. Hematoxyline eosin staining. a, Sham 
group, (b), IR group; (c), IR+Silymarin group. S: 
spermatogenic cell line, Arrow: Leydig cells, ar-
rowhead: seminiferous tubule basement membrane. 
Scale bar: 100 µm, magnification: 10x.
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and a near-normal appearance of interstitial blood 
vessels and Leydig cells after the IR injury.

Figure 2 displays the immunoreactivity of 
Bax in testicular tissues. In the sham group, 
there was a lack of Bax expression in the epi-
thelium of seminiferous tubules, spermatogen-
ic cells, and the interstitial space. However, IR 
damage triggered the apoptotic pathway, lead-
ing to a noticeable increase in Bax expression. 

This immune response to Bax was intensely 
present in spermatogenic cells, the interstitial 
area, and the seminiferous tubule membranes. 
The use of Silymarin, due to its antiapoptotic 
properties, led to a reduction in proapoptotic 
Bax expression, thereby promoting cell sur-
vival. Consequently, a decline in Bax immune 
reactivity was observed in the seminiferous tu-
bules, spermatogenic cells, and Leydig cells.

Figure 2. Bax immunostaining. a, Sham group, (b), 
IR group; (c), IR+Silymarin group. S: spermatogenic 
cell line, Arrow: Leydig cells, arrowhead: seminifer-
ous tubule basement membrane. Scale bar: 100 µm, 
magnification: 10x.

Figure 3. Annexin V immunostaining. a, Sham 
group, (b), IR group; (c), IR+Silymarin group. S: 
spermatogenic cell line, Arrow: Leydig cells, ar-
rowhead: seminiferous tubule basement membrane. 
Scale bar: 100 µm, magnification: 10x.
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Figure 3 shows the immunoreactivity of An-
nexin V in testicular tissues. In the sham group, 
there was mostly a lack of Annexin V immune 
response, with negative reactions detected in the 
epithelium of seminiferous tubules, spermato-
genic cell lines, and Leydig cells. However, in the 
IR group, intense expression of Annexin V was 
seen in spermatogenic cells, the interstitial area, 
and the seminiferous tubule membranes, as a re-
sult of the apoptotic pathway being activated by 
IR. Thanks to Silymarin’s antiapoptotic proper-
ty, there was a noticeable reduction in Annexin 
V immune reaction, a marker typically associated 
with apoptotic cells. This led to a decrease in An-
nexin V expression in the seminiferous tubules, 
spermatogenic cells, and Leydig cells.

Discussion

Testicular torsion is a critical urological sit-
uation in which the blood supply to the organ is 
significantly cut off, often leading to its degenera-
tion and shrinkage. The sole effective remedy after 
such an event is immediate surgical intervention2. 
Yet, even when surgery is conducted promptly, 
around 25% of cases can still experience testicular 
damage due to ischemia-reperfusion (I/R) injury. 
This I/R injury in the testicle is associated with an 
increase in the production of reactive oxygen spe-
cies (ROS), resulting in oxidative stress that sur-
passes the cell’s natural defenses to combat it2,3. 
Essentially, the oxidative stress instigated by I/R 
injury creates an imbalance in the restoration of 
cellular oxygen delivery and mitochondrial respi-
ration. Fortunately, the harshness of the oxidative 
stress and tissue injuries caused by torsion and 
detorsion can be mitigated through the application 
of exogenous antioxidants. In this context, various 
substances, including diclofenac, hesperidin, ome-
prazole, cordycepin, roflumilast, ibuprofen, arbu-
tin, thymoquinone, and syringic acid, have demon-
strated4,18-23 effectiveness in safeguarding the testes 
from ischemia-reperfusion-induced harm.

The research conducted by Okur et al4 discov-
ered that in rats exposed to I/R, cordycepin had 
a notable effect on testicular tissue, specifically 
lowering tumor necrosis factor-alpha (TNF-α) and 
MDA levels, boosting TAS, and cutting down TOS 
when compared to the I/R group that did not re-
ceive cordycepin. This points to a possible defense 
mechanism against damage caused by I/R to the 
testicles. In a study by Gökçe et al22, the testicu-
lar IR group was found to have increased levels 

of TOS, OSI, and MDA compared to the control 
group. However, treatment with Thymoquinone 
(TQ) managed to diminish these levels of MDA, 
TOS, and OSI, although it did not alter TAC and 
MPO activity. Furthermore, Ganjiani et al23 fo-
cused their investigation on the way crocin might 
safeguard against testicular torsion/detorsion in 
rats. Their findings revealed that crocin had a sub-
stantial role in lessening injuries, indicating po-
tential therapeutic applications for this particular 
medical condition. However, our study is unique 
in that it is the first to explore the shielding effects 
of Silymarin on testicular ischemia-reperfusion by 
assessing Johnsen’s scoring for spermatogenesis.

Silymarin, a flavonoid derived from Silybum 
marianum seeds, possesses various therapeutic 
attributes, including anti-inflammatory and an-
ti-cancer effects. Its powerful antioxidant capabil-
ities allow it to regulate intracellular glutathione 
and maintain the stability of the cell membrane8,9. 
These antioxidant qualities stem from its polyphe-
nolic structure, along with a methoxy group locat-
ed on one of its phenolic rings9,24. As an antioxi-
dant substance, Silymarin acts to neutralize free 
radicals and interacts directly with elements of the 
cell membrane8,9,24,25. This action helps to prevent 
oxidative harm to the lipid constituents of the cell 
membrane, which are essential for preserving its 
inherent fluidity. Belhan et al9 conducted a study 
on the impact of Silymarin on oxidative DNA 
damage and inflammatory markers in rats expe-
riencing testicular torsion/detorsion. The research 
demonstrated that Silymarin effectively reduced 
ischemia/reperfusion injury in testicular tissues, 
highlighting its potential as a therapeutic agent in 
protecting against oxidative stress and inflamma-
tion in such medical emergencies. Faraji et al26 de-
termined that Silymarin, recognized for its strong 
antioxidant properties, has the ability to offset the 
negative impacts of cadmium chloride on the tes-
tis histopathology, testosterone levels, indicators of 
oxidative stress, and enzymes responsible for an-
tioxidant defense in mice. Our research found no 
significant differences in MDA, MPO, and GSH 
levels among the three groups. However, TAS 
and TOS levels varied, indicating oxidative stress 
variations, especially between specific groups. 
The Johnson score, assessing testicular damage, 
also differed significantly. The protective effects 
of Silymarin treatment were shown in inflamma-
tion, apoptosis, and histopathology analyses, and 
further confirmed by immunostaining for Bax and 
Annexin V, demonstrating reduced inflammation 
and apoptosis after Silymarin administration.
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Limitations
Notwithstanding the significant insights 

gained, the research presented several limita-
tions. Firstly, the sample size was notably re-
stricted. Secondly, the study exclusively eval-
uated a solitary Silymarin dosage. Thirdly, it 
lacked longitudinal outcome metrics. Fourthly, 
it is imperative to acknowledge potential varia-
tions in individual responses to treatment. Fifth-
ly, being rooted in a rat model raises questions 
about direct applicability to human scenarios. 
Sixthly, there was an absence of a comparative 
analysis with other protective agents.

Conclusions

Silymarin, a flavonoid derived from Silybum 
marianum seeds, is utilized broadly due to its 
various remedial properties. The outcomes of the 
current investigation showed that Silymarin could 
be a valuable agent for reducing testicular tissue 
damage following I/R injury.
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