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Abstract. The diversity of compounds in mangosteen peel (Gareiniamangosiana L.) is suspected to
have hypoglycemic activity. The objective of this study to analyze the blood glucose level and
seminiferous testicular tubules tissue structure of streptozotocin-induced diabetic rats. The
experiment animals were twelve male wistar strain white rats (Raffus norvegicus), 2-3 months old,
weighing 120-150 g, put into four different groups i.e. (1) negative control treatment (Py), (2)
streptozotocin (STZ) induced intraperitoneal as much as 80 mg/kg in 0.1 M buffer citrate with
positive control pH 4.5 (Py), (3) 83.3 mg/kg mangosteen pericarp powder (P2), and (4) 0.09 mg/'kg
glibenclamide (Ps) for 36 days. The analysis of the blood glucose levels and seminiferous testicular
tubules tissue structure using HE staining, identification with the optilab microscope. The study
found that diabetic tubules testes structure experienced degeneration, the spermatogenic cells were
not much identified, lumen tubules testes diameter 70325 pm (Py), spermatogonia cells were
identified, the spemmatogenesis developed, lumen tubules testes diameter 570,53 pm (P:). The
mangosteen solution and glibenclamide could lower the blood glucose level and improve the
spermatogenesis of the diabetic rats. The mangosteen pericarp solution did not damage the renal
tissue structure, unlike the glibenclamide. It was concluded that the mangosteen solution has the
potential as natural anti-diabetic substance.

1. Introduction

The biodiversity of plants can potentially be utilized as medicinal herbs. It has widely been known that
people commonly use all parts of the plant for different types of treatments. The major principle of
treatments using herbs, in this sense, is making use all parts of the plant such as the leaves, flowers, fruits,
seeds, and roots in fresh or usually called simplicia. Additionally, making use of the plant as a whole result
in a much better effect due to the complex compounds contained in different parts of the plants interacting
with one another.

Concerning this, one of the plants which can grow well in tropical countries is mangosteen (Garcinia
mangaostana). Mangosteen is a tropical fruit which can directly be consumed in its fresh form or processed
into commercial products for various purposes such as food supplements, cosmetics, and pharmaceutical
products. This fruit has been widely used as traditional medicine in many@puntries like India, Myanmar,
Thailand, Malaysia, Taiwan, The Philippines, Indonesia, and Sri-Lanka [1,2].
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Mangosteen, especially the pericarp (fruit peel), contains xanthone and its derivatives active compounds

[2]. Xanthone is a kind of polyphenol compound with a tricyclic aromatic ring. This compound has
numerous biological activities in the human body [3]. The activities are antioxidant, analgesic, anti-
proliferative, anti-inflammatory, anti-carcinogenic, and anti-microbial activities [2.4-6].
Some published studies found that the mangosteen pericarp can be used to reduce blood glucose levels [1,7—
9]. Regarding this, it is known that hyperglycemia manifestations can occur in various body organs such as
the eyes, teeth, heart, skin, reproductive organs, and some other organs. Hyperglycemia causes a decrease
in male fertility, with decreased function of Leydig cells and seminiferous tubules testes. Therefore, the
research objective of this study iﬂo analyze the blood glucose levels and seminiferous testicular tubules
tissue structure of streptozotocin-induced diabetic rats.

2.  Materials and methods

2.1 Materials

The mangosteen fruit used in this study was purchased ifgh traditional market in Madiun, Indonesia. The
pericarp was firstly separated from the skin, washed, and cut into small pieces were dried using an oven at
60 - 70°C for two days. After they were dry, the pieces were smoothed using a blender to make a
homogeneous powder with + .65 mm in size. The compounds used were streptozotocin (STZ) and
glibenclamide (Sigma, Aldrich, USA).

2.2 Streptozotocin @ution

100 mg of STZ was dissolved in 3 ml of citrate butfer with pH 4.5 which consisted of 0.1 M sodium citrate
solution and 0.1 M sodium chloride solution [10,11]. It was then put on a vortex until it was homogeneous
and stock STZ solution was produced. The stock STZ solution was then stored at 4° C and injected at a dose
of 40 mg/kg volume, and the takes were adjusted with the rats' weight.

2.3 Experimental animals

The experimental animals used in this research were male rag(Rattus norvegicus), 2-3 months old, 150 —
200 g weight, obtained from a rat farm in Blitar, Indonesia. rats were put into four treatment groups
with each group consisting of six rats: Group 1 (Py) was the control group; Group 2 (P)) was the STZ-
induced diabetic rats group; Group 3 (P.) was the diabetic rats treatment group being given mangosteen
pericarp powder as much as 3.3 mg/kg: and Group 4 (P3) the diabetic rats treatment group being given (.09
mg/kg glibenclamide. The rats were put inside maintenance cages with a temperature between 25 - 27° C,

50 — 60% humidity. The rats were fed with milk A pellet every morning for 36 days.

2.4 Streptozotocin intraperitoneal injection
The STZ injection was completed using intraperitoneal injection method: the disposable needle was placed
at 45° angle, and the Streptozotocin solution was slowly injected.

2.5 Measuring the blood glucose levels

Cutting the tip of the rats’ tail was completed using surgical scissors. Some blood from the tip of the tail
was then dropped for a Blood Glucose Test. The measurement of glucose levels was conducted three times:
before the STZ injection, 24 hours after the STZ induction, and 72 hours after the STZ induction.

2.6 Experimental design

The rats were treaai according to their respective groups. Py control group was given aquadest; P treatment
group was given a single dose of STZ; and P treatment group was given a single dose of STZ and the
measurement of glucose level after 72 hours of STZ induction reached a minimum of 250 mg/dl [12]
followed by a treatment of 83.3 mg/kg mangosteen pericarp powder for 36 days: P; treatment group was
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also given a single dose of STZ and the measurement of glucose level after 72 hours of STZ induction
reached a minimum of 250 mg/dl followed by the administration of 0.09 mg/kg glibenc lamide for 36 days.

2.7 Organ collection and staining

All the experimental rats were dissected on the 37 day, and their testes organs were examined. The organs
then experienced fixations in 4% PFA solution. The histology slides were then conducted in compliance
with a suggested procedure[13-15], and the kind of staining used was Hematoxylin-Eosin.

2.8 Data analysis

The measurement of blood glucose levels was completed using blood glucose tests. Changes of the tissue
structures and size of the lumen tubules testes were observed using an optilab microscope. The test results
of blood glucose tests and lumen tubules testes measurements were statistically analyzed using ANOVA
using SPSS ver. 19 software program.

3.  Findings
3.1, Tubules testes tissue structure
The analyses of the tubules testes tissue structure changes can be seen in Figure 1.
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Figure 1. Tubules testes tissue structure of the white rats, staining HE, 400x
1. Leydig cell; 2. interstitial; 3. lumen; 4. spermatozoon
Py The spermatogonia cell structure suits the development levels starting from the
spermatogonia, spermatocyte, spermatid, and spermatozoa
Pi The tubules testes structure experienced degeneration, the spermatogenic cells
were not much identified, the spermatid cells were not identified, and the
spermatozoa cells were identified in a tiny amount, there was fatty degeneration,
and the lumen tubules structure was widened
P2 The spermatogonia cells were identified, the spermatogenesis developed from the
basal membrane towards the lumen tubules, and the
P;  The spermatogonia cells were identified, the spermatogenesis developed, fatty
vacuoles were identified, and the lumen tubules contained spermatozoa

3.2, Blood glucose level and lumen tubules testes diameter

Table 1 below shows the glucose level and lumen tubules testes diameter on day 37 of rats from the control
group, the STZ-induced treatment group, and the STZ-induced and 83.3 mg/kg mangosteen pericarp powder
administered treatment group, as well as the STZ-induced and 0.09 mg/kg glibenclamide administered
treatment group.

Table 1. The blood glucose levels and lumen tubules testes diameter measurement results

Experimental group Blood glucose Lumen tubules
level (mg/dl) testes diameter
(pm})
Normal control (Po) T2.98 471.59
Diabetic control (STZ induction) (P)) 141.46" T03.08
STZ + serbuk pericarp manggis 83,3 111.44" 570.25
mg/kg (P2)

_ﬂTZ + glibenklamid 0,09 mg/kg (P3) 08.16™ 552.53

: significantly different (p < 0.05) when compared to the normal control
= significantly different (p < 0.05) when compared diabetic control (5TZ)
ANOV A analysis, followed LSD (p < 0.05)

The analyses of blood glucose level and testes lumen tubules diarneqI ofge STZ induced diabetic rats
using the mangosteen pericarp powder treatment, and glibenclamide showed significant differences (p <
0.05) when beif: compared to the control group. Mangosteen pericarp powder treatment affects decreasing
blood glucose levels and increasing the process of sper@togenesis in the seminiferous tubules testes. This
is indicated a decrease in glucose levels and a decrease in the diameter of the seminiferous tubules testes.

3.3, Tubules renal tissue structure
The analyses of the tubules renal tissue structure changes can be seen in Figure 2.
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Figure 2. Tubules renal tissue structure of the white rats, staining HE, 100x

Py Normal kidneys tubules

Pi Hemorrhagic renal tubules, fatty vacuoles were identified, necrosis
P2 Normal renal tubules, necrosis was not found

Py There is fatty vacuoles were identified, necrosis

4. Discussion

Changes in the tubules tissue structures (Figure 1) of the STZ-induced diabetic rats were identified: (1)
there was fatty degeneration of the testes; (2) the germinal cells were not identified: (3) the lumen tubules
was widened because of the compromised spermatogenesis. The provision of 83.3 mgkg mangosteen
pericarp powder later caused the spermatogenesis to take place in such a way that inside the tubules testes
the spermatozoa cells were then identified. The provision of 0.09 mg/kg glibenclamide caused normal
spermatogenesis, but there were some fatty vacuoles identified. The intraperitoneal provision of a single
dose of 80 mg/kg STZ required 56 hours long with 291 mg/d] glucose level on average. The research study
results of [16,17] showed that the intraperitoneal provision of 40-65 mg/kg STZ single dose caused
hyperglycemia within 72 hours. The number of epithelial and germinal cells in the tubules testes experienced
degeneration. The tubules testes of the STZ-induced white rats experienced an improvement in the fatty
vacuoles droplets on the Leydig cells and Sertoli cells [18]. The tubules testes structures experienced
disruptions and decreases in the number of germinal cells [11].

The research findings reported in [19] showed that diabetes mellitus on male caused damage in the
reproduction system resulting in the decrease of androgen synthesis and Leydig cells in seminiferous
tubules. Luheinizing Hormone (LH) plays a significant role in the regulation of Leydig cells due to the fact
that there is insulin receptor inside Leydig cells [20]. Insulin is an important element in the regulation of
reproduction organ functions [21]; insulin can improve the secretion of GnRH from the hypothalamus. The
results of a research study conducted by [22] showed that the decrease in the level of insulin on experimental
animals could also reduce the secretion of LH. The statement made by [23], testosterone biosynthesis is
regulated by the secretion of LH and the steroidogenesis in Leydig cells is regulated by the production of
cytokine and growth factor. Leptin is one of the factors directly related to the reproduction function on
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insulin resistance [24-26], and leptin receptor is located in Leydig cells which can inhibit human chorionic
gonadotropin (HCG) stimulation and testosterone secretion [27].

Streptozotocin as a diabetogenic compound in experimental animals is cytotoxic specific to pancreatic
beta cells[28,29]. The research conducted by [29] found that STZ was a diabetogenic agent which caused
necrosis and apoptosis of pancreatic beta cells so that the insulin production was decreased. Damages in
pancreatic beta cells of the STZ-induced experimental animals were used as the model animals with diabetic
type [ [30]. Streptozotocin 1s alkylation agent which breaks down the DNA sequence in Langerhans cells in
rats. The research findings showed that the toxic effect of STZ was mediated by nitrate oxide (NO) which
was produced during the STZ metabolism [31] STZ caused apoptosis of germinal cells caused by oxidative
stress [32,33]. Metabolic abnormalities of diabetes mellitus are similar to the diabetes mellitus type I in
humans [34].

Used STZ on their experimental animals as the diabetogenic agent causing the decrease in the number
of quantity, motility, concentration, and volume of spermatozoa [35-40]. Diabetes mellitus on 5TZ-induced
mice caused the decrease on the qual@ffof sperm and capacity of fertilization [41]. The research findings of
[36,42,43] explained that there was an increase in the apoptosis of germinal cells of seminiferous tubules
happened in the STZ-induced experimental animals.

Damages in the pancreatic beta cells caused by the induction of STZ resulted in the deficiency of insulin
so that the regulation of insulin to pituitary and gonads was affected [44]. The decrease in GnRh secretion
is due to the insulin deficiency which causes it to the decline of FSH and LH [35.45.46]. According to [47]
the STZ-induced experimental animals experienced the decrease in the function of Leydig cells and
testosterone levels due to the damage in the pancreatic beta cells.

The treatment of providing mangosteen pericarp powder did not pass through the extraction process, but
the experiments used the whole part of the mangosteen pericarp (crude material). This was based on the
principle of using traditional medicine. Xanthone is one of the secondary metabolites contained in the
mangosteen pericarp. The compound metabolism of plants inside the body is a complex metabolism
Phytotherapy is a treatment using various combinations of compound constituents [48]. Therefore, it needs
a holistic approach or studies towards the herbal medicine [49].

Mangosteen is one of the natural ingredients used as traditional medicine. The chemical compound in
mangosteen is very complicated. Each chemical compound can work in synergy and is complimentary for
one another in such a way that each compound can provide a good potential to lower the blood sugar level,
as well as repair the spermatogenesis of the tubules. The complexity of mangosteen pericarp compounds
interacts with one another so that they provide a more effective and efficient potential compared to the
glibenclamide as a single compound. Tubules renal tissue structure of the white rat's treatment mangosteen
pericarp powder did not experience necrosis compared to glibenclamide treatment rats. The use of a
combination of medicinal plants can increase the activity in the body so that it can improve the effectiveness
of herbal medicines [50]. The use of plants in medicine is much safer and has a side effect that is lower than
the use of synthetic compound [51].

5. Conclusion q

Mangosteen pericarp powder was found to be useful to lower the blood glucose level and to increase the
process of spermatogenesis in the seminiferous tubules testes. There is a need of analysis of the interaction
between mangosteen pericarp complex compounds as well as metabolism analysis of the complex
compounds in the body parts so that later mangosteen pericarp can be used as an effective and efficient
traditional medicine for diabetes mellitus.
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