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Abstract: The aim of this study was to evaluate the changes induced in testicular tissue by administration of dandelion 
(Taraxacum officinale) extract and its effects on the release of enzymatic antioxidants SOD-2 by immunohistochemical 
methods in rats with experimental diabetes. Degenerative changes in the seminiferous tubule structure were observed 
in the testicular sections of the diabetes group. Separations between the basement membrane and the seminiferous 
epithelium, disruptions in the structure and localization of spermatogenic cells toward the lumen of the seminiferous 
tubules, thickening of the basement membrane and tunica albuginea, changes in the shape of Sertoli cells, and shrink-
age of the nucleus of Leydig cells were observed. While no immunopositivity was observed in spermatogonium and 
primary spermatocytes in the diabetes group, weak SOD-2 immunoreactivity was observed in other cells of the sper-
matogenic series and moderate SOD-2 immunoreactivity was observed in the diabetes+dandelion group. In conclu-
sion, it was found that histopathological changes occurred in the testicular tissue and SOD-2 immunoreactivity de-
creased in diabetes, a chronic metabolic disease. It was concluded that dandelion administration may have beneficial 
effects on decreased SOD-2 immunoreactivity. 
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Karahindiba (Taraxacum officinale) Ekstraktı Uygulanan Diyabetik Ratların Testis Dokusunda Histolojik ve 
İmmunohistokimyasal İncelemeler 

Öz: Bu çalışma deneysel diyabet oluşturulan ratlarda Karahindiba (Taraxacum officinale) ekstraktı uygulamasının testis 
dokusunda meydana getirdiği değişimleri ve enzimatik antioksidanlardan SOD-2 salınımı üzerindeki etkilerini immuno-
histokimyasal yöntemlerle ile değerlendirmek amacı ile yapıldı. Diyabet grubu testis kesitlerinde seminifer tübül 
yapısında yer yer dejeneratif değişiklikler izlendi. Bazal membran ile tübül epiteli arasında ayrışmalar, tübül lümenine 
doğru spermatogenik hücrelerin yapısında ve yerleşiminde bozulmalar, bazal membran ve tunika albugineada 
kalınlaşmalar, sertoli hücrelerinde şekil değişikliği ve leyding hücre çekirdeğinde küçülmeler olduğu belirlendi. Diyabet 
grubunda spermatogonyumlar ve primer spermatositlerde immun pozitiflik gözlenmezken, spermatogenik seriye ait 
diğer hücrelerde zayıf, diyabet+karahindiba gurubunda orta derecede SOD-2 immunoreaktivitesi gözlendi. Sonuç 
olarak kronik metabolik bir hastalık olan diyabet hastalığında testis dokusunda histopatolojik değişimlerin meydana 
geldiği ve SOD-2 immunoreaktivitesinin azaldığı belirlendi. Karahindiba uygulamasının azalmış olan SOD-2 immuno-
reaktivitesi üzerinde olumlu etkileri olabileceği kanısına varıldı. 
Anahtar kelimeler: Diyabet, karahindiba, SOD-2, testis 

Introduction 

The testis are a pair of exocrine organs with an aver-
age weight of 12-15 g, secreting holocrine type se-
cretion. It is generally reported that the right testicle is 
larger and heavier than the left testicle (Krause, 
2005). There are approximately 20-1000 seminifer-
ous tubules in each testicle. There are two types of 
cells in the structure of seminiferous tubules. These 
are spermatogenic (germ) cells and Sertoli 
(supporting) cells. Another type of cell found in the 
intestinal space (intestinal connective tissue) be-
tween the seminiferous tubules are Leydig cells.  

These cells are responsible for testosterone produc-
tion and also support spermatogenesis. Leyding cells 
are round shaped cells with pale cytoplasm and eu-
chromatic nuclei (Dongmei, 2011). Diabetes mellitus 
(DM), defined as a chronic disease, occurs when the 
pancreas is unable to produce insulin or the insulin 
produced cannot be used effectively. According to 
the 2019 data of the International Diabetes Federa-
tion (IDF), the number of adults with DM worldwide is 
reported to be 463 million. It is estimated that this 
number may increase and reach up to 700 million in 
the 2045s. Population growth, aging, change in life-
style brought about by urbanization, increase in obe-
sity and decrease in physical activity are among the 
main causes of diabetes (International Diabetes Fed-
eration, Diabetes atlas, 2019). Although it was 
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thought that diabetes did not have a significant effect 
on the male reproductive system, this view has 
changed as a result of studies. It has been reported 
that testosterone level, sperm count and motility, and 
testicular weight are decreased in men with DM, his-
tological changes in testicular tissue cells occur and 
there are findings of abnormal spermatogenesis 
(Yigitturk et al., 2017; Ersoy and Kizilay, 2018; 
Oroojan et al., 2021). In addition, it has been reported 
that apoptosis increases in diabetic testicular tissues 
and therefore impaired spermatogenesis occurs 
(Ersoy and Kizilay, 2018; Oroojan et al., 2021). While 
it has been suggested that the subfertility rate in dia-
betic men is 51% (La Vignera et al., 2009), it was 
reported that the infertility rate was 35% in a study 
conducted on 857 male individuals with type 2 diabe-
tes (Bener et al., 2009).  

The dandelion plant belongs to the genus Taraxacum 
and is a member of the Asteraceae family. In addition 
to being used by Arab doctors for liver and spleen 
disorders (Sarı et al., 2020), dandelion has also been 
used in Chinese medicine in the treatment of diseas-
es such as upper respiratory tract infections, hepati-
tis, bronchitis and pneumonia by mixing with other 
herbs (Martinez et al., 2015). Molecules that prevent 
oxidation of other molecules in the tissue are called 
antioxidants (Sies, 1997). Antioxidants are divided 
into two as enzymatic and non-enzymatic (Sharma et 
al., 2012). Superoxide dismutase (SOD) is included 
in enzymatic antioxidants. SOD is an important en-
zyme for the antioxidant defense system and catalyz-
es the dismutation of superoxide radical and converts 
two superoxide anions into molecular oxygen and 
H2O2 (Fridovich, 1975). The aim of this study was to 
investigate the changes induced by dandelion 
(Taraxacum Officinale) administration in the testicular 
tissue of rats with experimental diabetes mellitus and 
its effects on the release of antioxidant enzymes 
SOD-2 by immunohistochemical methods. 

Material and Methods 

Material 

Approval for the study was obtained from Kafkas 
University Animal Experiments Local Ethics Commit-
tee (Decision No: KAÜ HADYEK/2023-136). In the 
study, 28 3-month-old male Spraque Dawley rats 
were used. The rats were housed in standard cages 
at an ambient temperature of 22±2°C, 12 hours of 
light and 12 hours of darkness and fed ad-libitum.  

Methods 

In the study, 4 groups were formed from randomly 
selected rats with 7 rats in each group. Control 
Group: No application was made. Dandelion Group: 
Rats in this group were administered 2.4 g/kg dande-
lion extract by oral gavages for 14 days. Diabetes 
Group: Streptozotocin (STZ) (dissolved in 50 ml citric 

acid + 40 ml disodium hydrogen phosphate buffer 
solution and pH: 4.5) was administered 50 mg/kg i.p. 
as a single dose. Diabetes+Dandelion Group: Strep-
tozotocin (STZ) (dissolved in 50 ml citric acid + 40 ml 
disodium hydrogen phosphate buffer solution and pH: 
4.5) 50 mg/kg i.p. and after diabetes was induced, 
2.4 g/kg dandelion extract was administered by oral 
gavages for 14 days. Blood samples were taken from 
the tail vein of rats fasted for 8 hours before the start 
of the study to determine fasting blood glucose levels 
using a glucometer (Yasee, GLM-76, Taiwan). Blood 
glucose levels of rats fasted for 8 hours 72 hours 
after STZ administration were measured and those 
with glucose levels of 200 mg/dL were included in the 
study. At the end of the study, testicular tissues were 
removed and fixed in 10% formol solution for histo-
logical and immunohistochemical examinations. They 
were then subjected to routine histological tissue 
follow-up procedures and blocked in paraffin. Hema-
toxylin-eosin and PAS stains were applied to 5 µm 
sections taken from parfin blocks to examine the gen-
eral structure of the testicular tissue. 

Immunohistochemical investigations  

After routine deparaffinization and rehydration, the 
sections were rinsed in PBS (0.1 M, pH: 7.2) and 
incubated in 3% H2O2 prepared in 0.1 M PBS for 15 
min. They were then boiled in citrate buffer solution 
(pH: 6.0)for 10 min in a microwave oven at 800 watts. 
Incubated with Large Volume Ultra V Block solution 
(Large Volüme  Anti-polyvalent, HRP (RTU)- Thermo 
Scientific)  for 10 min. SOD-2 (SANTA CRUZ BIO-
TECHNOLOGY, INC. SOD-2 (B-1): sc-133254) pri-
mary antibody (1/500 dilution) was added to the sec-
tions and kept for 1 hour at room temperature in a 
humid environment. The sections were washed with 
PBS and incubated with Biotinylated Goat Anti B Pol-
yvalent and Streptavidin Peroxidase solutions (Large 
Volüme  Anti-polyvalent, HRP (RTU)- Thermo Scien-
tific)  for 15 min each. DAB-H2O2 (Diaminobenzidine 
hydrogen peroxide) (Large Volüme DAB Substrate 
System (RTU)- Thermo Scientific) Substrate Solution 
was added for chromogen application and modified 
Gill III hematoxylin solution was used for counter-
staining. The preparations were examined under a 
research microscope and photographed. Immuno-
histochemical evaluation was performed by looking at 
the staining characteristics of the target cells and the 
staining intensity of the stained target cells. Evalua-
tion was performed by two independent observers by 
assigning values from 0 to 3 according to the charac-
teristics of no staining (0), weak staining (1), moder-
ate staining (2), strong staining (3). SOD-2 immuno-
reactivity positive cells were counted and seminifer-
ous tubule measurements were made using image-j 
software program. Cell counting was performed by 
randomly selecting 5 slides from each group, from 4 
areas on each slide, i.e. 20 areas in total, and com-
pared between the groups. Seminiferous tubule di-
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ameter measurements were made from a total of 24 
tubules by randomly selecting 5 slides from each 
group and compared between the groups. 

Statistical investigations  

SPSS Statistic 22 package program was used for 
statistical analyzes. One-way analysis of variance 
was used to compare seminiferous tubule diameter 
measurements between groups and Kruskall Wallis H 
test was used to compare the number of cells posi-
tive for SOD-2 immunoreactivity between groups. In 
order to determine the source of the difference as a 
result of Kruskall Wallis H test, correction was made 
on the p value and comparison was made between 
paired groups.  

Results 

Statistical results 

Table 1 shows the comparison results of seminifer-
ous tubule diameter measurements between the 
groups. According to the results of the analysis, there 
was no significant difference between the groups in 
tubule diameter measurements (F=1.592, 
P>0.05).Table 2 shows the results of the Kruskall 
Wallis H test performed to compare the number of 
cells positive for SOD-2 immunoreactivity between 
the groups. As a result of the analysis, it was deter-
mined that there was a statistically significant differ-
ence in the comparison of immunopositive cell num-
bers between the groups (x2=16.279, P<0.01). To 
determine the source of the difference, P values were 
corrected and comparisons were made between 
paired groups. As a result, cell counts in the diabetes 
group were significantly lower than in the control and 
dandelion groups. 

 

Histopathologic results 

When the sections belonging to the control and dan-
delion groups were examined, seminiferous tubules, 
cells belonging to the spermatogenic series 
(spermatogonium, primary spermatocyte, secondary 
spermatocyte, spermatid and spermium), Sertoli cells 
and Leydig cells were observed in normal structure 
when the rat testicular tissues of the control group 
were examined (Figure 1). 

In the testicular sections of the diabetes group, de-
generative changes were observed in the seminifer-
ous tubule structure. It was determined that there 
were separations between the basement membrane 
and tubule epithelium, disruptions in the structure and 
localization of spermatogenic cells towards the tubule 
lumen, thickening of the basement membrane and 
tunica albuginea, changes in the shape of Sertoli 
cells and shrinkage in the nucleus of leyding cells 
(Figure 1, Figure 2). It was noteworthy that the histo-
logic structure in the diabetes+dandelion group was 
similar to the control group. The thickness of the 
basement membrane and tunica albuginea was close 
to the control group. The structure and localization of 
spermatogenic cells towards the tubule lumen were 
found to be at a low level (Figure 2). 

 

 

 

 

 

 

 

 

 Groups n Mean SS F P 

Control 24 668.219 90.85 

1.592 0.197 
Dandelion 24 669.531 167.60 
Diabetes 24 607.405 95.42 
Diabetes+dandelion 24 661.687 88.80 

Table 1. Comparison of seminiferous tubule diameter measurements between groups 

There was no significant difference between the groups in tubule diameter measurements (P>0.05). 

Groups n Rank 
Mean 

Mean SS χ2 P pairwise  
comparision 

Control (a) 20 16.30 182.800 20.58 

16.279 0.001 c < a, b 
Dandelion (b) 20 14.70 181.400 26.55 

Diabetes (c) 20 3.00 85.200 9.15 

Diabetes+dandelion (d) 20 8.00 124.200 9.28 

Table 2. Comparison of the number of SOD-2 immunoreactivity positive cells between groups. 

There is a statistically significant difference in the number of SOD-2 immunoreactivity positive cells between the 
groups (P<0.01). 
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SOD-2 Immunoreactivity results 

SOD-2 immunoreactivity was determined in seminif-
erous tubules and interstitial area in control and dan-
delion groups. Strong SOD-2 immunoreactivity was 
detected in all cells of the spermatogenic series from 
the basal lamina of the seminiferous tubules and 
moderate granular cytoplasmic SOD-2 immunoreac-
tivity was detected in the interstitial area. While no 
immune positivity was observed in spermatogonia 
and primary spermatocytes in the diabetes group, 
weak SOD-2 immunoreactivity was detected in other 
cells of the spermatogenic series. While no immune 
positivity was observed in spermatogonia and prima-
ry spermatocytes in the diabetes+dandelion group, 
similar to the diabetes group, moderate SOD-2 immu-
noreactivity was observed in other cells of the sper-
matogenic series. It was noteworthy that there was 
no immunoreactivity in the interstitial area in diabetes 
and diabetes+dandelion groups (Figure 3). 

 

 

 

 

 

Figure 1. Rat testicular tissue. Control group (a, b), 
Dandelion group (c, d), Diabetes group (g, h), Diabe-
tes+dandelion group (e, f). Seminiferous tubule (st), 
seminiferous tubule diameter (2), tunica albuginea 
(asterisk), tunica albuginea thickening (1), basement 
membrane thickening (black arrow), leyding cell 
(yellow arrow head), sertoli cell (white arrow head), H
-E staining. Bar (a,c,e,g): 100 µm. Bar (b,d,f,h): 50 
µm. 

Figure 2. Rat testicular tissue. Control group (a, 
b), Dandelion group (c, d), Diabetes group (g, h), 
Diabetes+dandelion group (e, f). Seminiferous tu-
bule (st), impaired structure and localization of sper-
matogenic cells in the diabetes group (1), near con-
trol appearance in the structure and localization of 
spermatogenic cells in the diabetes+dandelion group 
(2). PAS staining. Bar (a,c,e,g): 100 µm. Bar 
(b,d,f,h): 50 µm. 
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Discussion and Conclusion 

It is suggested that diabetes is effective on male in-
fertility due to its effects on molecular mechanisms. 
Since the drug treatments of diabetes and diabetes-
related complications constitute a heavy burden for 
national economies, interest in the use of natural 
products with high antioxidant content that stabilize 
blood glucose in the treatment of diabetes has gradu-
ally increased (Lee et al., 2016). It is suggested that 
lipid peroxidation and free radical formation increase 
with blood glucose levels in diabetes, insufficiency 
occurs in the antioxidant defense system, and many 
complications may occur due to increased oxidative 
stress (Guneli et al., 2008; Sebai et al., 2015). In 
studies, it has been reported that due to the increase 
in oxidative stress, disorganization in spermatogenic 
series cells, cellular vacuolization, cells shedding into 
the seminiferous tubule lumen before completing 
their development, multinucleated giant cells in some 
seminiferous tubules and thickening of the basement 
membranes of tubules occur in diabetic testicular 
tissues (Öztürk et al., 2002; Sadik et al., 2011; Don-
mez et al., 2014). In addition, it has been reported 
that some of the spermatogenic cells in the testicular 

tissue of rats with experimental diabetes caused de-
generation, shrinkage in the nuclei and nucleus pyk-
nosis in some cells, structural changes in Sertoli 
cells, dilatation and hemorrhage in the vessels be-
tween tubules (İrtegün and Deveci, 2016). In our 
study, testicular tissues in the control and dandelion 
groups had normal histological appearance, but in 
the testicular tissues of the diabetes group, degener-
ative changes in the seminiferous tubule structure, 
separation between the basement membrane and 
tubule epithelium, disruptions in the structure and 
localization of spermatogenic cells towards the tubule 
lumen, thickening of the basement membrane and 
tunica albuginea, shape changes in Sertoli cells and 
shrinkage of Leyding cell nuclei were observed. Our 
results suggest that diabetes may cause structural 
changes and functional disorders in the testicular 
tissue and therefore there may be an important rela-
tionship between infertility and diabetes. 

Dandelion is a plant that can grow in many places 
such as meadows, lawns, roadsides, gardens, or-
chards and wasteland in difficult natural conditions 
(Moyer et al., 2009). It has been reported that dande-
lion has a diuretic effect, increases bile secretion, can 
be used as an appetizer and in the treatment of dys-
pepsia. In addition, this plant has been used in tradi-
tional medicine in the treatment of many skin diseas-
es such as eczema. It is reported to have positive 
effects in the treatment of diabetes, eye infection, 
insomnia, sore throat, lung disorders, jaundice, gout, 
kidney stone complaints, digestive system diseases, 
rheumatism and urinary tract infections (Sarı et al., 
2010; Kırpık et al., 2019). When the phytochemical 
properties of dandelion were examined, it was report-
ed that it contains organic acids, flavonoids, couma-
rins, terpenoids, carotenoids, phytosterols, sesquiter-
pene lactones, lignans, phenolic acids, inulin, fruc-
tose, fatty acids, vitamins A, B, C, D, potassium and 
mucilage. Sesquiterpenes and bitter substances in its 
structure increase its therapeutic properties (Schütz 
et al., 2006). Possible hypolipidemic and antioxidative 
effects of dandelion root and leaf were investigated. 
Plasma antioxidant enzymes and lipid levels were 
evaluated after the treatment period. As a result, it 
was suggested that it showed a positive effect on 
plasma antioxidant enzyme activities and lipid levels 
and therefore may have potential hypolipidemic and 
antioxidant effects (Choi et al., 2010). Dandelion 
methanol extract has been reported to inhibit the pro-
duction of nitric oxide (NO), pro-inflammatory cyto-
kines and prostaglandin E2 (PGE2) induced by lipo-
polysaccharide (LPS) in a dose-dependent manner 
(Park et al., 2011).In hyperglycemia, the imbalance 
between oxidative and antioxidative mechanisms in 
cells and tissues increases, resulting in an increase 
in reactive carbonyls (RCS) and reactive oxygen spe-
cies (ROS) (Tian and Zhen, 2019). Recent studies 
have shown that superoxide dismutase (SOD), cata-

Figure 3. SOD-2 immunoreactivity in rat testicular 
tissue. Control group (a, b), Dandelion group (c, d), 
Diabetes group (e, f), Diabetes+dandelion group (g, 
h). Seminiferous tubule (st), interstitial space (1), 
leyding cell (black arrowhead), sertoli cell (white ar-
rowhead), spermatogonium (black arrow), primary 
spermatocyte (yellow arrow), secondary spermato-
cyte (red arrow), spermatid (2), spermatozooon (3). 
Bar (a,c,e,g): 100 µm. Bar (b,d,f,h): 50 µm.  
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lase (CAT) and glutathione peroxidase (GPx) activity 
decreased, while malondialdehyde (MDA) and nitric 
oxide (NO) increased significantly in various tissue 
damages (Sharma et al., 2020). SOD levels were 
reported to be significantly decreased in streptozoto-
cin-induced diabetic rats (Sua et al., 2022). It has 
been suggested that antioxidants can be used for the 
treatment of diabetes in male rats (Al-Salmi and 
Hamza, 2022). In our study, it was determined that 
the histological structure in the diabetes + dandelion 
group was close to the control group. It was deter-
mined that there was weak SOD-2 immunoreactivity 
in the testicular tissues of diabetic rats and moderate 
SOD-2 immunoreactivity in the testicular tissues of 
rats treated with dandelion extract. Our results sug-
gested that dandelion may provide protection against 
diabetes-induced testicular damage by showing anti-
oxidant effect. 

In conclusion, diabetes is a metabolic disease with 
complications on testicular tissue. The use of natural 
treatment methods for the treatment of the disease 
and its complications has recently gained popularity. 
In our study, it was determined that histopathological 
changes in the testicular tissue of diabetic rats treat-
ed with dandelion extract were minimal and SOD-2 
immunoreactivity increased compared to the diabetes 
group. Our results suggested that dandelion may 
have a protective effect against diabetes-induced 
testicular damage by positively affecting antioxidant 
defense mechanisms. 
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