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Abstract---The purpose of this study was to determine the effect of giving Averrhoa bilimbi leaf extract on sperm
quality of diabetic mice. This research is a pure experimental (true experimental) with a post-test-only control group
design approach. This research was conducted by giving Averrhoa bilimbi leaf extract as a treatment for 42 days in
male mice. Sperm quality parameters observed included viability, abnormalities, motility in sperm. In all variables,
the results of the data showing a normal distribution with a p-value > 0.05 were then carried out with a parametric
test using one-way ANOVA. Averrhoa bilimbi leaf extract can increase the number of spermatogenic cells in male
mice with hyperglycemia.
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Introduction

Diabetes mellitus is a metabolic disease characterized by an increase in blood glucose levels exceeding normal
(hyperglycemia) and impaired carbohydrate, fat, and protein metabolism associated with a lack of sensitivity and/or
insulin secretion and progressive changes in the structure of pancreatic beta cells. Uncontrolled DM sufferers can
cause severe damage to body tissues, such as nerves and blood vessels. According to Perkeni 2015, a person is said
to be hyperglycemic if the fasting blood glucose level (GDP) is >100 mg/dl. Blood glucose checks can be done on
blood glucose during fasting and blood glucose during fasting. Temporary blood glucose is a blood glucose test that
is carried out every time of the day regardless of the last food eaten and the person's body condition, while fasting
blood glucose is an examination of blood glucose levels that is carried out after the patient has fasted for 8-10 hours.
DM sufferers need treatment. throughout his life to reduce symptoms, prevent disease progression, and prevent
complications from developing (Kali¢anin & Velimirovi¢, 2012; Kasturi et al., 2008). This causes a decrease in the
diameter of the seminiferous tubules, a decrease in the number of Leydig cells and Sertoli cells. This decrease in
number causes disruption of reproductive hormone function which will later cause disruption of spermatogenesis
resulting in abnormalities of spermatozoa quality (concentration, morphology, motility). This study aims to analyze
the effect of giving wuluh starfruit extract to reduce blood glucose levels in wistar rats. This research is also useful
for providing information to the public about the efficacy of star fruit in lowering blood glucose levels, further
researching the benefits of star fruit as medicine to enrich traditional medicine, pharmacology, pharmacy, and
biochemistry (Sisein, 2014; Vicari & Calogero, 2001; Gulgin, 2012).
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Methods

This type of research is pure experimental (true experimental) with a post-test-only control group design approach.
This research was conducted by giving wuluh starfruit leaf extract as a treatment for 42 days to male mice induced
by alloxan. The sample to be used in this study was calculated using the Federer formula (1991). After the treatment
was given for 42 days, the spermatogenic cells were observed which included: a. spermatogonia, b. spermatocytes, c.
spermatids, d. tubular diameter (Kurup & Mini, 2017; Tan, et al., 2005). Data analysis using the SPSS for windows
version 21.0 program which includes a normality test on all variables in each group on all observations, using the
Kolmogroov-Smirnov test to determine whether the research data is normally distributed or not with a P-value >
0.05, as well as homogeneous data with a test homogeneity with P-value > 0.05. In all variables, the results of the
data showing a normal distribution with a p-value > 0.05 were then carried out with a parametric test using one-way
ANOVA.

Results
The results showed that the administration of starfruit leaf extract had different effects on each observation variable
of body weight and spermatogenic cells in male mice (Mus musculus L.). Observations can be shown in tables,

graphs, pictures, and analysis results.

Table 1
Mean and standard deviation of body weight, and spermatogenic cells, control groups P1 and P2.

Variable Treatment Mean + SD p
First Weight Control 27.75 + 1.886 732
P1 27.38 £ 1.061 732
P2 27.50 £ 1.926 732
Last Weight Control 30.00 + 1.309 .000
P1 25.38 £ 1.996 .000
P2 30.13 +£ 1.246 .000
Spermatogonia Control 30.25 + 2.866 .000
P1 20.63 £ 1.302 .000
P2 4150+ 1414 .000
Spermatocytes Control 57.38 + 2.615 .000
P1 41.63 +£3.110 .000
P2 62.25 £ 1.389 .000
Spermatids Control 88.75+£5.120 .000
P1 65.88 + 4.643 .000
P2 94.63 + 3.462 .000

Based on the results of the analysis using the ANOVA test regarding the value of the average difference in body
weight, and spermatogenic cells, the control group, P1, and P2 showed that administration of the extract caused a
significant increase in final body weight (P<0.05), as well as an insignificant increase in spermatogenic cells in the
P2 group (P<0.05) (Budiani et al., 2017; Fathoni et al., 2018).
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Figure 1. Effect of extract on final body weight

Where the value of an in Control and P2 shows insignificant results. While the letters a and b indicate a significant
difference between the control group and P1 with a P-value <0.05.

Where the letters a, b, and
value <0.05.
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Figure 2. Effect of extract on spermatogonia cells

¢ indicate a significant difference between the control group with P1 and P2 with a P-
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Figure 3. Effect of extract on spermatocyte cells

Where the letters a, b, and c indicate a significant difference between the control group with P1 and P2 with a P-

value <0.05.
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Figure 4. Effect of extract on spermatid cells

Where the letters a, b, and ¢ indicate a significant difference between the control group with P1 and P2 with a P-
value <0.05.

Figure 5. Cross-section of the seminiferous tubules of male mice testes
Description: (1) Spermatogonia, (2) Spermatocytes, (3) Spermatids, (4) Leydig cells, (5) Lumen of the seminiferous
tubules

Figure 6. Cross-sectional incision of male mice's testes
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Discussion

The results of the study on the weight of the mice after being given treatment showed a significant difference in the
control groups P1 and P2. The results of the study also showed that there was an increase in body weight in the P1
group where the P1 group was the lower group given alloxan. Growth hormone is a substance in the body that plays
an important role in building muscle, stimulating cell growth, and developing and accelerating optimal bone growth.
Growth hormone is produced more during sleep (especially at bedtime earlier). In this study, it is suspected that high
blood sugar levels interfere with natural sleep time which is at risk of lowering the amount of growth hormone by
about 70% of normal (Chari & Colagar, 2011).

In this study, mice given starfruit leaf extract showed a significant increase in the number of spermatogenic cells
and final body weight in the P2 group, this is evidenced by the results of the SPSS test using the One-Way ANOVA
test with a P value <0.05. Starfruit leaves have active compounds that are efficacious as antidiabetics, namely
flavonoids which have a mechanism of action that can inhibit glucose reabsorption from the kidneys (Garber et al.,
2009; Yanagimachi, 2005). Phytochemical compounds contained in the ethanol extract of belimbing wuluh leaves
have been identified which include saponins, tannins, steroids, flavonoids, and alkaloids. Total phenol and flavonoid
levels of star fruit extract can be determined and have the potential to be a source of natural antioxidants and anti-
inflammatory because it has very strong antioxidant activity and shows anti-inflammatory activity (Hasim et al.,
2019). In group P1 given alloxan showed a significant decrease in the number of spermatogenic cells with a P-value
<0.05. Decrease in the number of spermatogenic cells in the P1 group. High blood sugar levels can cause
disturbances in the physiological balance of ROS in the body, so antioxidants are needed to prevent ROS balance
disorders.

High blood sugar levels can result in a decrease in sperm quality and affect the formation of spermatogenic cells
in the seminiferous tubules (Auwal et al., 2013). The decrease in the number of spermatogenic cells occurs in the
meiotic stage. As is known, FSH affects meiotic division (AbdEI-Moniem et al., 2015). In this meiotic division,
namely at the prophase, I pakiten stage, where at this stage the crossing over process takes place which is susceptible
to external factors. Toxic nicotine compounds may inhibit the work of enzymes in the testes, namely cytochrome P-
450, and NADPH cytochrome P-450 reductase so that these nicotine compounds increase the toxicity of enzymes
which result in inhibition of the release of the FSH hormone.

According to Johnson & Everitt (1988), primary spermatocytes at this stage are easily damaged, so the
opportunity for abnormalities in the chromosomal arrangement of primary spermatocytes due to the influence of
hormonal factors such as a decrease in FSH is very large, so the number of spermatocyte cells produced decreases.
Under normal conditions, the process of spermatogenesis will occur in the process of releasing gonadotropin
hormones from the hypothalamus, so that it will stimulate the anterior pituitary to release other hormones, namely
luteinizing hormone (LH) and follicle-stimulating hormone (FSH). These hormones play a role in the process of
spermatogenesis (Khourdaji et al., 2018). Luteinizing hormone will then stimulate Leydig cells to secrete the
hormones testosterone and dihydrotestosterone, while FSH will proceed to stimulate Sertoli cells in the seminiferous
tubules to assist the process of spermatogenesis. However, if there is insulin deficiency or insulin insensitivity in
diabetics, there will be changes in the endocrine hormone pathway in the negative feedback system to the anterior
pituitary. This mechanism begins with the activity of converting the hormone testosterone into the hormone estrogen
so that testosterone levels are getting lower. And this increase in estrogen triggers the anterior pituitary to reduce the
secretion of LH and FSH hormones which results in impaired male reproductive function (Trevifio et al., 2001,
Serrano et al., 1999).

Hyperglycemia disrupts the work of the hormone insulin so that a lot of glucose accumulates in the bloodstream.
Hyperglycemia and insulin deficiency can affect tissue structure or function. This hyperglycemia will increase
Reactive Oxygen Species (ROS) which can disrupt spermatogenesis in the seminiferous tubules. Besides diabetes
can disrupt spermatogenesis, it can also cause impaired function of the accessory sex glands. This event is associated
with increased ROS. In people with diabetes mellitus, increased ROS can damage the mitochondrial membrane so
that it loses the potential function of the mitochondrial membrane in inducing apoptosis of sperm cells (Dalimartha,
2004). The decrease in the number of spermatogonia cells, spermatocytes, and spermatids in the P1 treatment given
alloxan was also caused by the high levels of ROS in the testes, resulting in damage to the cell membranes of the
seminiferous tubules so that toxic free radicals can enter the seminiferous tubules. Increased levels of ROS will
produce oxidative stress due to high levels of ROS and antioxidants are not able to reduce levels of oxidants, causing
damage to cells, tissues, and organs.

This is in line with the histological abnormalities of the diabetic rat testes as evidenced by the research of Adelati
et al. (2016). There are differences in testicular spermatogenesis between rats with diabetes mellitus and normal rats.
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The results of this study indicate that DM disease interferes with the process of spermatogenesis. In general, diabetes
causes disturbances in sperm quality, especially movement or motility and number. High blood sugar in the body
causes disturbances in blood vessels, especially those leading to the penis (Corona et al., 2016). This disorder causes
blood flow to be not smooth to the penis so that nutrients for the development of spermatozoa in the seminiferous
tubules are disrupted (Parhizkar et al., 2013). Spermatozoa that are formed in the testes require a large amount of
energy from sugar that is absorbed by the body. Spermatozoa -men who have acute diabetes will usually experience
a decrease in quality. There was a decrease in the number and impaired motility. The number will decrease and the
movement will be disturbed.

The active substances found in star fruit leaves include saponins and flavonoids. Saponins function as anti-
hyperglycemic agents by preventing glucose uptake at the brush border in the small intestine. While flavonoids are
alpha glucosidases that function to delay carbohydrate absorption so that blood glucose levels will decrease.11
Flavonoids are one of the most common secondary metabolites found in plant tissue. Flavonoids belong to the class
of phenolic compounds with a chemical structure of C6-C3-C6 (Figure 1). The flavonoid framework consists of an
aromatic ring B and the middle ring is a heterocyclic containing oxygen.12,13 Figure 1. Flavonoid structure.14
Flavonoids work by denaturing proteins. This process also causes disturbances in the formation of cells, thereby
changing the composition of protein components. Impaired cell membrane function can cause an increase in cell
permeability, followed by bacterial cell damage (McCowen et al., 2001; lacobellis et al., 2020). This damage causes
bacterial cell death. Flavonoids function to maintain normal growth and defense against the effects of infection and
damage. Based on research conducted by Zurha et al. (2008), it was found that flavonoids have a strong antioxidant
effect. The mechanism of action of flavonoids as antioxidants is to suppress the formation of ROS (Reactive Oxygen
Species) by inhibiting enzymes in the formation of ROS and increasing regulation and protection of antioxidants.
Flavonoids can also protect lipid membranes from oxidative damage, so that lipid peroxidation can be inhibited and
increased levels of Malondialdehyde (MDA) can be prevented (Pushparaj et al., 2001; Pushparaj et al., 2000).

Conclusion

The conclusion that can be drawn from this study is that Averrhoa bilimbi leaf extract can increase the number of
spermatogenic cells in male mice with hyperglycemia.
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