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INTRODUCTION
Diabetes mellitus (DM) is a non-infectious chronic 

metabolic disease characterized by hyperglycemia. In 2021, it 

was estimated that 536.6 million people live with DM globally. 
Their age ranged from 20 to 70 years old. The global number of 
people with DM was predicted to increase by 46% in 2045 which 
was equivalent to 783.2 million people. The prevalence of DM in 
Southeast Asia in 2015 was recorded at 415 million cases. This 
number was predicted to rise to 642 million in 2040 [1]. Research 
of Basic Health (Riskesdas) by Indonesia’s Health Ministry in 
2018 recorded an increase in the prevalence of people with DM 
in Indonesia’s reproductive age to 8.5% from previously 6.9% in 
2013 [2].
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ABSTRACT
Diabetes mellitus (DM) is a chronic metabolic disease that can lead to infertility due to hypogonadism and erectile 
dysfunction. The increase in apoptosis caused by hyperglycemia is the main driver behind testicle weight reduction 
and histological changes in the testicle. Previous research showed that the administration of fraction I of Physalis 
angulata (Pa) had the best glucose-reducing activity compared to the other fractions on myoblast cells. This study 
investigated the effects of fraction I of Pa on damaged testicles in DM condition. This study used Wistar rats as 
an animal model of DM. Animals were induced by a single dose of streptozotocin (STZ) 60 mg/kgBW. Fractions 
of Pa were given once a day for 2 months at a dose of 8.5 (Pa 1), 34 (Pa 2), and 136 mg/kgBW (Pa 3). Testicular 
histology images were viewed using histology preparations with Hematoxylin and Eosin staining, whereas Bax, Bcl-
2, and superoxide dismutase (SOD1) mRNA expression was tested using real-time polymerase chain reaction. The 
results showed that the fraction of Pa improved seminiferous tubule’s diameter and its epithelial thickness in DM 
model animals. Administration of Pa fraction in the treatment group showed an increase in seminiferous epithelial 
thickness, mRNA expression of Bcl-2, and SOD1 and decreased luminal diameter of the seminiferous tubules and 
Bax mRNA expression compared to the DM group. This study shows that the administration of a fraction of Pa at a 
dose of 136 mg/kgBW provides an optimal protective effect on testicular repair caused by hyperglycemia conditions 
compared to other doses. There is no preceding study on the effects of a fraction of Pa extract on damaged testicles 
in DM condition, making this study a valuable contribution to the field. 
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antihyperglycemic activity on myoblast cells. To date, no 
studies have investigated the effects of the active fraction of 
Pa on the testes of diabetic rats. This study utilized specimen 
materials in the form of fractions, which contain fewer 
bioactive compounds and mixtures compared to specimens in 
extract form. This study can serve as a fundamental source 
of information on the utilization of natural materials to 
control blood glucose levels in hyperglycemic conditions and 
as an effort to provide protection against testicular damage 
caused by hyperglycemia, which holds potential for further 
development as an alternative supplement aimed at protecting 
male reproductive organs under diabetic conditions, so this 
research has become a new study in herbal medicine and male 
reproductive health.

MATERIALS AND METHODS
This research has been approved by the Medical 

and Health Research Ethics Committee Faculty of Medicine, 
Public Health, and Nursing (FMPHN) Universitas Gadjah 
Mada, Indonesia, through letter number EC: KE/FK/1703/
EC/2023. This research employed a quasi-experimental 
design: post-test-only controlled group. There were 5 groups: 
control, DM group (DM), DM treated with Pa 8.5 (Pa 1), 34 
(Pa 2), and 136 mg/kgBW (Pa 3), respectively, each group 
consisted of 5 male adult rats weight 200–250 g giving a total 
of 25 rats used in this research. The dosage determination in 
this study was based on the ability of myoblast cells to reduce 
blood glucose levels at a concentration of 100 µg/ml. The dose 
was then converted for rats, resulting in a minimum dose of 
8.5 mg/ml [8].

The making of a model animal with DM I
Adult male rats were conditioned with no food for 

12 hours and then induced with a single dose of streptozotocin 
(STZ) 60 mg/kgBW via the intraperitoneal route. Blood glucose 
level was measured 72 hours after induction of STZ. Model 
animal with DM I was successfully made if blood glucose level 
> 300 mg/dl.

Administering a fraction of Pa
The fraction I of Pa was sourced from The Center for 

Herbal Medicine FMPHN, Universitas Gadjah Mada, Indonesia. 
The fraction was dissolved in CMC-Na 0.5% solution and 
aquadest. Administration of the fraction to animal in groups Pa 
1, Pa 2, and Pa 3 was done once daily using a nasogastric tube. 
Control and DM groups were treated with a placebo containing 
CMC-Na 0.5% and aquadest.

Measuring blood glucose level
Blood glucose level was measured once every 2 weeks 

using a blood glucose strip from Easy Touch®  code 2886 by 
Bioptik Technology. The blood sample was taken from the 
Wistar rat’s vena caudalis.

Extracting testicles
The testes of rats were extracted after 2 months of 

treatment. Before the procedure, the rats were anesthetized 
with ketamine 50 mg/kgBW, xylazine 2 mg/kgBW, and 

Hyperglycemia-induced diabetes was the main cause 
of oxidative stress. The increasing reactive oxygen species 
(ROS) caused by hyperglycemia in people with DM created 
an oxidative imbalance that induce apoptosis [3]. Oxidative 
stress was reported to affect the physiological function 
of the male reproductive organ [4]. Apoptosis in testicle 
tissue caused a reduction in Leydig cells, Sertoli cells, and 
spermatogenic cells. It also increased the lumen diameter of 
the seminiferous tubule but decreased its epithelial thickness 
which caused hypo-spermatogenesis [5] and degraded sperm 
quality and quantity [6]. Current diabetes treatments have 
limitations and side effects and pose cardiovascular risks. 
Insulin has side effects of hypoglycemia and weight gain, 
sulfonylureas have direct effects on cardiovascular disorders, 
and pioglitazone increases the risk of heart failure. Increased 
cardiovascular risk can lead to various complications [7]. 
Therefore, an exploration of natural constituent alternatives 
is needed. A previous study stated that flavonoid content from 
active fraction I of Physalis angulata (Pa) extract has anti-
hyperglycaemia activity [8].

Apoptosis occurs in testicular tissue due to oxidative 
injury characterized by increased proapoptotic biomarkers 
such as Bax, Bad, and c-jun N-terminal kinase and decreased 
antiapoptotic biomarkers such as Bcl-2 and Bcl-xl. The 
mechanism of apoptosis occurs due to an increase in the Bax/
Bcl-2 ratio. Bax and Bcl-2 are essential in maintaining the 
integrity of the mitochondrial membrane pore. An increase 
in the Bax/Bcl-2 expression ratio indicates the occurrence of 
mitochondrial stress-induced apoptosis [9].

Testicular tissue is one of the tissues most susceptible 
to oxidative stress caused by increased ROS production. DM 
damages cell structure and function in testicular tissue, which 
can further interfere with spermatogenesis [10]. Increased ROS 
production in diabetic conditions decreases mitochondrial function 
in the testes, causing damage [11]. This can cause a decrease in 
Adenosine Triphosphate production due to dysregulation of the 
electron transport chain in mitochondria [12]. 

Antioxidants are reported to be able to repair 
hyperglycemia-induced oxidative damage to male reproductive 
organs [13]. Superoxide dismutase (SOD1) is a type of 
antioxidant that can protect cellular damage caused by 
oxidative stress through the conversion of free radicals to 
oxygen. Cellular damage due to oxidative stress through the 
conversion of free radicals into oxygen and hydrogen peroxide 
[14]. One herbal candidate that contains antioxidants and has 
an antidiabetic activity that has the potential to repair testicular 
damage due to hyperglycemia is Pa [15]. Pa is a plant that has 
anti-inflammatory, antiapoptotic, antioxidant [16], antidiabetic 
[17], and anti-infertility [18] activities. Pa contains alkaloids, 
saponins, flavonoids, and tannins with antidiabetic activity. 
Research on the administration of Pa extract at a dose of 150 
mg/kgBW was reported to have an antihyperglycemic effect 
shown by drastically lowering the blood sugar levels of DM 
model rats [19].

Research on the active fraction of Pa extract in 
hyperglycemia conditions has yet to be widely conducted. 
Wahyuningsih et al. [8] reported that the fraction I of four 
fractions from Pa contained flavonoids that had the best 
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acepromazine 0.5 mg/kgBW. Perfusion of NaCl 0.9% through 
the left ventricle. The pair of testes were separated for different 
purposes: one was kept in RNA preservation solution for 
examination of Bax mRNA expression, while the other was kept 
in neutral buffered formalin solution to be used in histological 
examination using hematoxylin-eosin dye. 

Histological examination
Testicle tissue was cut longitudinally, turned into 

a paraffin block then dyed with hematoxylin-eosin. The 
examination of testicle histomorphology was performed under 
a light microscope with 100× magnification. The measurement 
of seminiferous tubule was performed with the software Image 
J on randomly selected 25 observation fields for each sample.

Molecular examination
The isolation of testicle tissue’s RNA was performed 

following a protocol from FAVORGEN Tri RNA Reagent 
catalog number FATRR-001. cDNA was created following a 
protocol from SMOBIO ExcelRTTM Reverse Transcription Kit 
II cat. No: RP1400. Polymerase chain reaction mix was made 
based on protocol SensiFAST SYBR Lo-ROX Kit catalog 
number: BIO-94005 with an annealing temperature is 60°C. 
The primer specifications were designed using the primer 
designing tool website (https://www.ncbi.nlm.nih.gov/tools/
primer-blast/) (Table 1).

Analysis of the results
All statistical analysis was performed using SPSS 

27. ANOVA was used to analyze the mean differences of 
data among groups. A significant difference was determined 
by p < 0.05 value and followed by a post hoc test using least 
significant difference and Mann–Whitney test.

RESULTS AND DISCUSSION 

Blood glucose concentration
The blood glucose level in both DM and treated 

groups was significantly higher (p < 0.05) than the control 
group. Administration of Pa fraction insignificantly reduced 
blood glucose levels in the treated groups (p > 0.05) and the 
Pa 3 group showed the lowest level (377.06 ± 19.47 mg/dl) 

compared to the DM group (459.79 ± 18.90 mg/dl). However, 
Pa did not reduce blood glucose levels to the normal range. 
The mean blood glucose levels in diabetic rats treated with Pa 
fractions are presented in Table 2.

Body weight
The mean difference in body weight in the control 

group showed an increase of 16.6% by the end of the 
maintenance period, from 256.6 ± 18.89 to 299.17 ± 17.01 g. In 
contrast, the mean body weight difference in the DM group, Pa 
1, Pa 2, and Pa 3 showed reductions of 18.27%, 13.9%, 18.65%, 
and 13.7%, respectively, following treatment. The body weight 
in both the DM and treated groups reduced after treatment, 
and the weight loss in the treated groups was lower than DM 
group (Table 3). However, there was no significant difference 
in weight loss between the DM and treatment groups (p > 0.05). 

Seminiferous tubule’s lumen diameter
The lumen of the seminiferous tubules was filled with 

few spermatogenic cells and the lumen diameter looked larger 
in the DM group compared to the control group. The groups 
treated with a fraction of Pa (Pa 1, Pa 2, and Pa 3) showed that 
the lumen diameter of the seminiferous tubules in group Pa 3 
was narrower than Pa 1, Pa 2, and DM groups but it is wider than 
the control (Fig. 1). The statistical test revealed that the lumen 
diameter in treated groups [Pa 1 (39.34 ± 2.88 µm), Pa 2 (37.23 

Table  1. The primer specifications using NCBI Primer Blast 
software.

Target Primer sequence Size

Bax F: 5′ ACTAAAGTGCCCGAGCTGAT 3′

R: 5′ GGGTCCCGAAGTAGGAAAGG3′

124 bp

Bcl-2 F: 5′ GGCCTTCTTTGAGTTCGGTG 3′

R:  5′ CACAGAGCGATGTTGTCCAC 3′

84 bp

SOD1

β – actin 

housekeeping 
gene

F: 5′  GCATTCCATCATTGGCCGT  3′

R: 5′AATCCCAATCACACCACAAGC 3′

F: 5′ GCAGATGTGGATCAGCAAGC 3′

R: 5′ GGTGTAAAACGCAGCT CAGTAA3′

127 bp

100 bp

Table 2. The mean blood glucose level in rats before and after 
treatment.

Group Blood glucose (mg/dl)

 n Mean ± SD Pre Mean ± SD Post 

Control 5 87.16 ± 10.70 89.32 ± 4.33

DM 5 89.12 ± 5.77 459.79 ± 18.90 *

Pa 1 5 88.09 ± 4.93 421.76 ± 16.35 *

Pa 2 5 89.43 ± 4.13 389.11 ± 15.17 *

Pa 3 5 87.23 ± 9.62 377.06 ± 19.47 *

Pre: blood glucose levels before treatment. Post: blood glucose levels after 
treatment on day 61. SD = Standard deviation. * p < 0.05 in the Mann–Whitney 
test compared to the control group.

Table 3. The mean body weight in rats before and after treatment.

Group n Mean ± SD 
Pre (g)

Mean ± SD 
Post (g)

Mean difference 
pre and post ± SD 

(g)

Control

DM 

Pa 1 

Pa 2

Pa 3  

5

5

5

5

5

256.57 ± 18.89

275.79 ± 30.48

244.58 ± 54.63

266.00 ± 44.21

248.19 ± 24.20

299.17 ± 17.01

225.36 ± 24.08

210.59 ± 24.58

216.38 ± 31.92

214.00 ± 23.94

42.59 ± 26.16

−50.36 ± 32.90*

−34.00 ± 23.46*

−49.59 ± 22.77*

−34.00 ± 15.27*

Pre: rat body weight before treatment. Post: rat body weight after treatment 
on day 61. SD = Standard deviation. * p < 0.05 in the Mann–Whitney test 
compared to the control group.
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Bcl-2 mRNA expression
The expression of Bcl-2 mRNA was significantly 

increased in Pa 1 (0.84 ± 0.06), Pa 2 (0.87 ± 0.09), and Pa 3 
(1.01 ± 0.05) compared to DM group (0.6 ± 0.04) with p < 
0.001. Bcl-2 mRNA expression in the Pa 3 group exhibited a 
statistically insignificant difference to the control group (p > 
0.05) (Fig. 2B).

SOD1 mRNA expression
There was a significant decrease in the expression of 

SOD1 in the DM (1.1 ± 0.14) group compared to the control 
group (1.6 ± 0.2) (p-value = 0.01). The mean of SOD1 mRNA 
expression in the treated groups [Pa 1 (1.16 ± 0.11), Pa 2 (1.18 
± 0.17), and Pa 3 (1.46 ± 0.19)] were higher than DM group 
(1.1 ± 0.14) but only Pa 3 group was significantly higher (p < 
0.05). The expression of SOD1 in the Pa 3 group exhibited a 
statistically insignificant difference to the control group (p > 
0.05) (Fig. 2C). 

The administration of the fraction of Pa in this 
study showed the improvement of testicular damage in 
STZ-induced DM model rats. The fraction of Pa increased 
the size of epithelial thickness, mRNA expression of Bcl-2, 
and SOD1; however, it reduced the luminal diameter of the 
seminiferous tubules and the expression of Bax mRNA in 
a testicular diabetic rat model. Induction of STZ increased 
blood glucose levels in the DM, Pa 1, Pa 2, and Pa 3 groups 
with an average measurement of > 300 mg/dl. Previous 
research states that the administration of a single dose of 
STZ 60 mg/kgBW induces the occurrence of type 1 DM, 

± 2.77 µm) and Pa 3 (35.88 ± 2.37 µm)] were significantly 
narrower (p < 0.05) compared to DM (59.41 ± 3.93 µm).

Seminiferous tubule’s epithelial thickness
Seminiferous tubule epithelium in the DM group was 

thinner than the control group. Administration of the Pa fraction 
showed an increase in epithelial thickness compared to the DM 
group. The increase in seminiferous tubule epithelium thickness 
was found in the Pa 3 group. The statistical test showed that 
the epithelial layer of the seminiferous tubule was significantly 
thicker (p < 0.05) in the treated groups [Pa 1 (5.90 ± 1.50 mm), 
Pa 2 (6.30 ± 0.60 mm) and Pa 3 (6.50 ± 0.78 mm)] compared 
to DM (3.70 ± 0.73 mm) and epithelial layer in the Pa 3 group 
was thickest (Fig. 1).

Bax mRNA expression 
Diabetes caused increased Bax mRNA in the DM 

group (1.97 ± 0.28) when compared to the control group (1.05 
± 0.16). Administration of the fraction of Pa showed lower Bax 
mRNA expression in the treatment group compared to the DM 
group. Administration of the fraction of Pa at a dose of 136 
mg/kgBW (Pa 3) showed the lowest decrease in expression 
compared to other doses. Bax mRNA expression in the group 
given the fraction of Pa extract showed a decrease in expression 
along with the increase in the dose given. Bax mRNA expression 
showed significant differences between treated groups [Pa 1 
(1.50 ± 0.2), Pa 2 (1.34 ± 0.1), and Pa 3 (1.19 ± 0.08)] and DM 
group (p < 0.001). Bax mRNA expression in the Pa 3 group 
exhibited a statistically insignificant difference to the control 
group (p > 0.05) (Fig. 2A).

Figure 1. Histology of lumen diameter and epithelial thickness of seminiferous tubules. Histological image of Wistar rat testicles with HE staining at 
100× magnification in the control group, DM group (DM), DM group + 8.5 mg/kgBW fraction of Pa (Pa 1), DM group + 34 mg/kg BW active fraction 
of Pa (Pa 2), and DM group + 136 mg/kgBW fraction of Pa (Pa 3). L = lumen, E = epithelial cells.
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The results showed that there was a difference in lumen 
diameter and epithelial thickness between DM, Pa 1, Pa 2, Pa 3, 
and control groups. This may be due to the content of quercetin 
which is a derivative of flavonoids in Pa. Quercetin plays a 
role in stimulating the production of testosterone hormones 
that can stimulate the development of primary and secondary 
spermatocytes. This causes an increase in the thickness of 
the tubule epithelium and a decrease in the diameter of the 
seminiferous tubules [24]. Another study reported a successful 
effort in improving the seminiferous tubule’s diameter and 
epithelial thickness by administering pomegranate extract, 
which contains flavonoids and has antioxidant properties 
[25]. Flavonoids presumably could modulate the activity of 
intracellular antioxidant enzymes. It was proven by increasing 
the activity of SOD after treated with flavonoid [26]. DM 
reportedly made the apoptosis rate in spermatogenic cells 
relatively higher compared to the control [27]. Thinning of the 
seminiferous tubule epithelium indicates cell degeneration of 
spermatogenic cells and germ cells. The decrease in epithelial 
diameter and seminiferous tubule diameter due to diabetes can 
interfere with the male reproductive system which causes a 
decrease in fertility [28].

The results of this study showed that the expression 
of Bax and Bcl-2 mRNA is in accordance with previous 
research which found that there was a decrease in Bax mRNA 
expression and an increase in Bcl-2 expression in treatment 
groups compared to STZ-induced DM model animals. DM rats 

which damages various organs, including the testes, with its 
diabetogenic properties [20]. 

A significant reduction in body weight was observed 
in the STZ-induced diabetic rat model group on day 12, 
compared to the control [21]. Another study conducted by 
Dzydzan et al. [22] reported a 9% decrease in body weight in 
diabetic rats after 14 days of treatment, whereas the control 
group exhibited a 33% increase. Weight loss in diabetic animal 
models is closely associated with enhanced gluconeogenic 
activity. This increase in gluconeogenesis results from 
impaired glucose uptake from carbohydrate sources due to 
STZ-induced pancreatic β-cell destruction [23]. STZ has been 
reported to damage pancreatic β-cells and reduce their cellular 
mass. The cytotoxicity of STZ toward β-cells is further 
aggravated by elevated oxidative stress, which contributes to 
mitochondrial dysfunction and exacerbates cellular damage 
[20].

The histological of the testis showed seminiferous 
tubule structures with tight inter-tubule spaces. The epithelial 
were thick with tightly arranged spermatogenic cells on 
the lining, and the lumens were filled with spermatozoa. 
Histological image from the DM control group (DM) showed 
relatively smaller seminiferous tubule structures with slightly 
loose inter-tubule spaces compared to the specimen from the 
control group. Among the groups treated with an active fraction 
of Pa, seminiferous tubules of Pa 3 had smaller lumen diameter 
and thicker epithelial compared to Pa 1 and Pa 2. 

Figure 2. Bax mRNA, Bcl-2 mRNA, and SOD1 mRNA expression in the testicular tissue of diabetic rat’s model. * show statistical differences p <0.05 compared to 
control and # show statistical differences p < 0.05 compared to DM group. The results are presented as mean ± SD. (A) Expression of Bax mRNA. (B) Expression of 
Bcl-2 mRNA. (C) Expression of SOD1 mRNA. 
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