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Abstract: This study aimed to investigate the effect of the ethanol extract of 

sambung nyawa (Gynura procumbens) leaves, mahogany (Swietenia mahagoni 
jacq) seeds, and their combination on the motility, viability, morphology, 
and concentration of spermatozoa, spermatogonia, spermatocytes, and 

spermatids in hyperglycemic mice induced with 10% dextrose. A total of 48 
male mice were used as experimental animals, and the extracts were 

administered orally for 35 days. On day 36, spermatozoa and testicular 
tissues were collected for analysis. The results showed that the extracts at 
various doses had the potential to reduce blood glucose levels and improve 

the motility, viability, morphology, and concentration of spermatozoa and 
germ cells in hyperglycemic mice. Result:The combination of sambung 
nyawa leaves and mahogany seeds at a dose of 150:150 mg/kg BW was 

found to be the most effective in reducing blood sugar levels and improving 
sperm parameters. Therefore, these extracts have the potential to be used as 

alternative herbal ingredients with similar effects to metformin in reducing 
diabetes and improving fertility. 
 

Keywords: Dabetes mellitus Gynura procumbens leaves; mahagany (Swietenia 
mahagoni jacq); Mus musculus L. sperm quality; Spermatogenic cells 

  

Introduction  
 
One of the chronic diseases which is the most 

important public health problem that still cannot be 
resolved is Diabetes Mellitus (DM). Every year DM 
sufferers have increased. Indonesia ranks seventh in the 
list of 10 countries with the largest number of DM 
sufferers in the world (Harista & Lisiswanti, 2017).      
DM is defined as a disease or chronic metabolic disorder 
characterized by high blood glucose levels accompanied 
by impaired carbohydrate, lipid and protein metabolism 
due to impaired insulin function. Impaired insulin 
function can be caused by a lack of response of body cells 
to insulin (Putri & Tjitraresmi, 2018). 

DM may cause impotence, ejaculation disorders, 
and damage spermatogenesis due to the increase in 
Reactive Oxygen Species (ROS) which can damage 
mitochondrial membranes, thereby inducing apoptosis 
of spermatozoa cells (Condorelli et al., 2018). Increased 
ROS in the body can damage enzymes that function as 
antioxidants and free radicals, causing oxidative stress. 
Oxidative stress acts as a mediator of damage to the 
plasma membrane, thereby reducing the function of 
spermatozoa. In addition, the damage to blood vessel 
endothelium may cause microangiopathy, which causes 
disruption of nutrient provision through the blood 
vessels to spermatozoa-forming tissues. 

https://doi.org/10.29303/jppipa.v10i6.7180
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DM patients usually use pharmacological therapy 
consisting of oral hypoglycemic drugs, insulin 
injections, and other antidiabetic injections. The 
disadvantages of these drugs are that they are not cost 
effective and have side effects. Therefore, most people 
have started to turn to alternative medicine by using 
plants. Thus, a study on the potential of Indonesian 
medicinal plants that have antidiabetic activity without 
causing side effects of hypoglycemia, which at the same 
time can improve the quality of spermatozoa, needs to 
be done. One of the plants that is often used by the 
community to treat DM is the Sambung nyawa (Gynura 
procumbens) plant. This plant contains chemical 
compounds such as flavonoids, tannins, saponins, 
steroids, polyphenol compounds, essential oils and 
sterols (Timotius & Rahayu, 2020). According Jobaer et 
al. (2023) Gynura procumbens contains phytol, lupeol, 
stigmasterol, friedelanol acetate, amyrin, and a mixture 
of stigmasterol and sitosterol. Gynura procumbens as 
antidiabetic. 

Research conducted by Kamaruzaman et al. (2018) 
used ethanol extract of sambung nyawa leaves to treat DM 
and infertility in mice by observing testicular histology 
and androgen hormone levels. The doses used were 150, 
175, and 250 mg/kg BW, while the positive control was 
given with 65 mg/kg BW metformin. The experimental 
animals were 42 white rats induced by streptozotocin as 
much as 50 mg/kg BW orally. The results showed that 
administration of sambung nyawa leaves ethanol extract 
at a dose of 250 mg/kg BW was significantly able to treat 
infertility in diabetic male mice through upregulation of 
proteins associated with spermatozoa maturation. 

Another herbal plant that has antidiabetic activity 
is the mahogany (Swietenia mahagoni jacq) seeds. 
Mahogany seeds contain saponins, flavonoids, and 
alkaloids as well as swietenin which function as 
hypoglycemic agents (Ahmad et al., 2019). According 
Asmara (2018), ethanolic extract of Swietenia mahagony 
seed contains tetranortriterpenoid or limonoid group. 
Study conducted by Fiorenza et al. (2022) used 25 male 
rat (Rattus norvegicus) that were conditioned to be 
diabetic using alloxan, which were then given with 
mahogany seed extract at a combined doses of 250, 500, 
and 1000 mg/kg BW for 14 days. The results showed a 
significant decrease in blood glucose levels at a dose of 
500 mg/kg BW (Fiorenza et al., 2022).     Consumption of 
mahogany seeds can be used as a complementary 
therapy in nursing to reduce blood sugar (Ardiansyah et 
al., 2021).  

Mahagany seed tea (Swietenia mahagoni) has an 
effect on reducing MDA levels in type 2 diabetes 
mellitus rats induced by alloxan, with a dose of 15 
grams/kg BW which is the optimal dose in reducing 
glucose levels and MDA levels (Auliah & Asri, 2019). 

Swietenia mahogany contain several classes of active 
compounds were identified qualitatively in the extract, 
which are flavonoids, phenolics, terpenoids, steroids, 
glycosides, and saponins. Mahogany seed extract 
contains alkaloids, flavonoids, saponins and 
triterpenoids. 96% ethanol extract and water extract of 
mahogany seeds have potential as antidiabetic 
compounds based on their ability to inhibit α-
glucosidase in vitro (Nurcholis et al., 2019).   That  70%  
ethanol  extract  of mahogany  seed  has  a  characterize  
extract  that  meets  the  standards  and  contains  several  
active phytochemical compounds as potential 
antidiabetic agents (Gede et al., 2022). According Sinurat 
& Budi (2023) reported that giving dry extract of 
mahogany seeds (Swietenia mahogani Jacq) was effective 
in reducing blood sugar levels in male Wistar rats given 
a high fructose diet. Yudhani et al. (2021) reported 
Swietenia macrophylla seeds as antidiabetic candidate is 
supported by many studies that have documented their 
non-toxic and hypoglycemic effects (Yudhani et al., 
2021). However, data on the combined extract of 
sambung nyawa leaves and mahogany seeds which 
function to reduce blood sugar levels and improve 
sperm quality and spermatogenic cells in hyperglycemic 
mice have not been reported. 

The purpose of this study was to examine the effect 
of the provision of sambung nyawa (Gynura procumbens) 
leaves ethanol extract, mahogany (Swietenia mahagoni 
jacq) seeds and the combination of both extracts in 
various doses on increasing motility, viability, 
morphology and concentration of spermatozoa, 
spermatogonia, spermatocytes and spermatids of 
hyperglycemic mice (Mus musculus L.). The subjects of 
this study were mice (Mus musculus L.) induced by 10% 
dextrose. Dextrose is a sugar in a simple chemical 
structure with the same chemical formula as glucose. If 
given in excess, dextrose can cause hyperglycemia, 
which is characterized by the destruction of pancreatic 
beta cells and the inhibition of insulin synthesis and 
secretion. This research is important for developing 
herbal medicine for DM and improving the quality of 
spermatozoa. Research on the potential for sambung 
nyawa (Gynura procumbens), mahogany seeds (Swietenia 
mahagoni jacq) and their combination to reduce blood 
glucose levels and improve the quality of hyperglycemic 
mouse spermatozoa (Mus musculus L.) has never been 
carried out. 
 

Method  
 

This research was an experimental study using 
completely randomized design. The experimental 
animals used were male mice (Mus musculus L.) aged 2 
months weighing 27-30 grams, obtained from Pusvetma 
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Surabaya, Indonesia, a total of 48 mice. In this study 
there were twelve treatments, each of which was 
repeated four times. 
 
Extract production 

Sambung nyawa leaves were air-dried to become 
simplicia. Mahogany seeds were dried as well. The 
simplicia of sambung nyawa leaves and mahogany seeds 
were each mashed using a blender. The powder of 
sambung nyawa leaves and mahogany seeds, each of 100 
grams, was wrapped in cloth then tied and each soaked 
in 1000 ml of 80% ethanol in a jar for three days. Stirring 
was done every day. After three days, each filtrate was 
concentrated using a rotary evaporator. 
  
Experimental animals preparation 

Two months old male mice weighing 27-30 grams 
totaling 48 mice were acclimatized for seven days. The 
mice were given with standard feed and given access to 
water ad libitum. The mice were fasted for eight hours 
prior to testing the initial blood glucose level and 
weighed to calculate the treatment dose. 
 
Extract treatment 

To create a state of hyperglycemia in the 
experimental animals, after being adapted for seven 
days, all treatments except the control group (non-
diabetics) were induced with 10% dextrose for seven 
days which was given as a drink. Then, the blood 
glucose levels of the mice were examined on day eight 
after induction. If the blood glucose level was > 150 
mg/dl, the mice were declared as diabetic (Kemila, 
2009., Hardiyani, 2013). These mice were used in the next 
stage of the research, namely administration of 
metformin, sambung nyawa (Gynura procumbens) leaves 
extract, mahogany (Swietenia mahagoni jacq) seeds extract 
and the combination of both extracts. 

The mice were divided into six groups, group A: 
control (non-diabetic), B. Diabetic, C. Metformin, D. 
Sambung nyawa leaves extract, E. Mahogany seed extract, 
and F. A combination of sambung nyawa leaves extract 
and mahogany seeds extract. The dose used was 
metformin 112 mg/kg BW, control (without treatment), 
Groups D and E were each divided into three parts: 
doses D1,E1: 200 mg/kg BW, D2,E2: 250 mg/kg BW, and 
D3.E3: 300 mg/kg BW. Group F was divided into three 
parts with doses of 100:100 mg/kg BW, 125:125 mg/kg 
BW, and 150:150 mg/kg BW. 

The extract was given orally using a sonde with a 
volume not exceeding the mice intragestic (0.5 ml). The 
extract was given to the mice once a day for 35 days at a 
dose that was calculated according to mg/kg body 
weight of the mice. On day 36, all mice were 
anesthetized with ether, dissected and the testes were 

isolated to make histological preparations, and the 
spermatozoa were collected from the cauda epididymis. 
The sperm was stained with Eosin Y to observe viability, 
sperm were stained with Safranin-Crystal Violet to 
observe morphology. Testicular histology preparations 
were stained according to laboratory standards. 
 
Observation 
Observation of blood glucose levels 

Blood glucose levels were measured three times, 
after adaptation (healthy mice), on the seventh day after 
being induced with 10% dextrose for 7 days to determine 
if the mice were diabetic or not, and on the 36th day after 
the administration of the extract and metformin. 
 
Observation of spermatozoa quality and testicular histology 

Spermatozoa in the cauda were removed and 
placed in a watch glass which was then treated with 
Sperm Washing Media, then observed for sperm 
motility, viability, morphology and concentration. 
Motility was calculated on 100 sperm with the criteria of 
sperm moving fast straight forward, sperm moving 
slowly straight forward, sperm moving in place, and 
sperm not moving (dead). Viability was calculated based 
on 100 red colored and transparent sperm, morphology 
was calculated based on sperm normality and 
abnormality, while concentration was calculated using a 
Neubauer haemocytometer. In testicular histology 
preparations, the observations were made by counting 
the number of spermatogonia, spermatocytes and 
spermatids. 
 
Data analysis 

Data obtained were then analyzed using the One-
Way Anova test with a confidence level (p <0.05) to find 
out whether each treatment given had an effect on 
reducing blood sugar levels and increasing motility, 
viability, morphology, concentration of spermatozoa, 
spermatogonia, spermatocytes and spermatids. If the 
results were significant, the test was continued with the 
LSD (Least Significance Different) test to find out the 
differences in each treatment. 
 

Result and Discussion 
 

The increase in blood glucose levels after 10% 
dextrose was induced for 7 days. T test was conducted 
to determine the presence of differences in initial glucose 
levels with glucose levels after being given treatment 
with the results that initial blood glucose levels were 
significantly different (p <0.05) from diabetic glucose 
levels. This showed that after 10% dextrose was induced, 
healthy mice would experience an increase in blood 
glucose levels. After statistical analysis using Anova, the 
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blood glucose level data from the treatment showed p < 
0.05, which means that the extract of sambung nyawa 
(Gynura procumbens) leaves, the extract of mahogany 
seeds (Swietenia mahagoni jacq) and the combination of 

both extracts had a significant effect on reducing blood 
glucose levels in mice.  
Furthermore, the LSD test showed result as in Table 1 
and a decrease in blood  sugar levels as shown in Figure 
2.     

 
Tabel 1. Initial blood glucose levels (healthy), after 10% dextrose induction (diabetic) and after  treatment. 

Treatment                       Blood glucose levels in Mice (mg/dl) 

               Initial                 Diabetic                                                 after treatment 

Diabet 128.75 192.00 148.25 
Metformin 128.00 188.25 134.75 

Control 117.75 158.50 131.75 
SNA 200mg/Kg BW 119.50 167.75 142.50 

SNB 250mg/Kg BW 122.75 196.75 137.00 
SNC 300mg/Kg BW                  127.50 203.50 135.50 
BMA 200mg/Kg BW 120.25 167.00 141.75 

BMB 250mg/Kg BW 131.00 208.25 139.50 
BMC 300mg/KgBW 128.00 180.00 136.25 
CA 100:100 mg/KgBW 129.00 180.00 138.00 

CB 125:125 mg/KgBW 134.25 197.50 134.25 
CC 150:150 mg/KgBW 122.00 206.00 130.00 

Notes:  
Diabet : Mice were induced by 10% dextrose without extract 
SNA 200 : Diabetic mice received sambung nyawa leaves extract at a dose of 200 mg/kg BW 

SNB 250 : Diabetic mice received sambung nyawa leaves extract at a dose of 250 mg/kg BW 
SNC 300 : Diabetic mice received sambung nyawa leaves extract at a dose of 300 mg/kg BW 
BMA 200 : Diabetic mice received mahogany seed extract at a dose of 200 mg/kg BW 

BMB 250 : Diabetic mice received mahogany seed extract at a dose of 250 mg/kg BW 
BMC 300 : Diabetic mice received mahogany seed extract dose of 300 mg/kg BW 
CA 100 :100 : Diabetic mice received a combination extract of sambung nyawa leaves : mahogany seeds at a dose of 100:100 mg/kg 

BW 
CB 125 :125 : Diabetic mice received a combination extract of sambung nyawa leaves : mahogany seeds dose of 125:125 mg/kg BW 

CC 150 :150 : Diabetic mice received a combination extract of sambung nyawa leaves : mahogany seeds at a dose of 150:150 mg/kg 
BW 
 

Blood sugar levels of hyperglycemic mice after treatment 
The blood glucose levels of control mice, diabetic 

mice receiving metformin, Sambung nyawa extract, 
mahogany seeds and their combination at various doses 
were significantly different from the blood glucose 
levels of diabetic mice induced by 10% dextrose as seen 
in Table 2. 

The results of the study proved that the 
administration of sambung nyawa (Gynura procumbens) 
leaves extract, mahogany (Swietenia mahagoni jacq) seeds 
extract and their combinations at various doses reduced 
blood glucose levels and increased the quality of 
spermatozoa of hyperglycemic mice (Mus musculus L.). 
This occurred due to the presence of secondary 
metabolites contained in the sambung nyawa leaves 
extract and the mahogany seeds. The secondary 
metabolites contained in the sambung nyawa leaves 
extract are flavonoids, tannins, saponins, essential oil 
steroids and sterols, while mahogany seeds contain 
saponins, flavonoids, and alkaloids, terpenoids, 

anthraquinones, volatile oils, and swietenin (Naveen et 
al., 2014). 

 
Table 2.LSD test of blood glucose levels in mice 

Treatments Mean ± SD 

Combination 150:150 mg/kg BW 130.00 ± 5.71a 

Control 0 mg/kg BW 131.25 ± 2.98a 

Metformin  132.50 ± 11.17a 

Combination 125:125 mg/kg BW 134.25 ± 3.30a 

Sambung nyawa 300 mg/kg BW 135.25 ± 7.59a 

Combination 100:100 mg/kg BW 135.75 ± 5.90a 

Mahogany seeds 300 mg/kg BW 136.25 ± 7.67a 

Sambung nyawa 250 mg/kg BW 137.00 ± 8.36a 

Mahogany seeds 250 mg/kg BW 137.5 ± 4.20a 

Sambung nyawa 200 mg/kg BW 138.25 ± 3.30a 

Mahogany seeds 200 mg/kg BW 138.75 ± 5.37a 

Dextrose 10%  148.25 ± 11.17b 

  Note: Different letters in different rows indicate  
  significant differences (p=0.05) between groups 
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Figure 1. Comparison of the average reduction in blood glucose levels in mice 

 

In this study, healthy mice were conditioned to 
become diabetic by induction with 10% dextrose for 7 
days which was given as a substitute for drinking water. 
The mechanism of action of 10% dextrose is to damage 
pancreatic beta cells through the formation of free 
radicals and interfere with insulin secretion due to 
glucose stimulation through the inactivation of 
hexokinase. As a result, the pancreatic beta cells cannot 
secrete insulin, so that blood glucose levels increase. 

Metformin lowers blood glucose levels by 
increasing the body's sensitivity to insulin produced by 
the pancreas through the activity of the AMP- activated 
protein kinase enzyme. It does not stimulate increased 
insulin production, and has no direct effect on pancreatic 
beta-cells. Improved pancreatic beta cells can resume 
their insulin secretory function, so that glucose levels are 
reduced. Metformin is a well-established 
antiperglycemic drug that can lower blood glucose 
levels in diabetic patients. Decreased blood glucose 
levels can also be caused by the presence of flavonoid, 
saponin, tannin and swietenin compounds. Flavonoid 
acts as antioxidant compound that suppresses free 
radicals in the body so that they can repair damaged 
pancreatic beta cells which can then increase insulin 
secretion (Donny Risnanda et al., 2020).  

Saponin plays a role in pancreatic regeneration, 
causing an increase in the number of pancreatic beta 
cells and islets of Langerhans which will increase insulin 
secretion, so that the blood glucose levels will decrease 
(Astuti et al., 2017). Tannin can reduce free radicals by 
increasing the glucose digestion in the blood through 
insulin activity, resulting in the decrease of blood 
glucose (Al-Ishaq et al., 2019), while Swietenin acts by 
activating insulin responsive genes that can stimulate 
insulin to form and translocate GLUT (glucose 
transport) to the cell membranes in peripheral organs, so 
that peripheral glucose absorption and use increases, 

then blood glucose will enter the cells and the decrease 
of blood glucose finally occurs (Shiming et al., 2021). 
 
Spermatozoa motility 

ANOVA test showed that extract of sambung nyawa 
(Gynura procumbens) leaves, the extract of mahogany 
(Swietenia mahagoni jacq) seeds and their combination 
had a significant effect (p<0.05) on increasing 
spermatozoa motility in diabetic mice. Furthermore, the 
LSD test was carried out with results as shown in Table 
3. 
 
Table 3. LSD test on the motility of mice spermatozoa. 
  Types of extract Mean ± SD 

Diabetic 10% Dextrose 48.5 ± 3.1a 

Mahogany seeds 200 mg/kg BW 61.5 ± 1.29b 

Sambung nyawa 200 mg/kg BW 61.75 ± 2.5b 

Mahogany seeds 250 mg/kg BW 62 ± 2.58b 

Sambung nyawa 250 mg/kg BW 62.25 ± 2.21b 

Mahogany seeds 300 mg/kg BW 62.75 ± 2.5b 

Sambung nyawa 300 mg/kg BW 63.25 ± 2.5b 

Combination 100 : 100 mg/kg BW 63.5 ± 3.1b 

Combination 125 : 125 mg/kg BW 64.25 ± 4.34b 

Metformin 112 mg/kg BW 65.25 ± 5.61b 

Control 0 mg/kg BW 66 ± 4.96b 

Combination 150 : 150 mg/kg BW 66.5 ± 4.04b 

Note:Different letters in different rows indicate significant 

differences (p=0.05) between groups 

 
Table 3 shows that the spermatozoa motility of mice 

induced by 10% dextrose was significantly different 
(p<0.05) from the spermatozoa motility of control mice, 
diabetic mice receiving metformin, Sambung nyawa  
extract, mahogany seeds and a combination of both 
extracts in various doses. The motility of mice 
spermatozoa decreased when induced by 10% dextrose, 
then increased or recovered after being treated with 
metformin, sambung nyawa (Gynura procumbens) leaves 
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extract, mahogany (Swietenia mahagoni jacq) seeds extract 
and a combination of both extracts. In this study, the best 
increase in mice spermatozoa motility was obtained by 
administering a combination extract of sambung nyawa 
leaves and mahogany seeds at a dose of 150:150 mg/kg 
BW. 

This study found that the sperm motility of diabetic 
mice induced by 10% dextrose was significantly 
different. The low motility of diabetic mice is because 
diabetes has an adverse effect on the specific activity of 
lactate dehydrogenase (LDH) in the testes. LDH 
enzymes are found in testicular germ cells, from primary 
spermatocytes to spermatozoa. LDH has a very vital role 
in sperm motility. LDH functions to catalyze the 
conversion of lactate to pyruvate in the Sertoli cell 
cytosol. The resulting pyruvate then enters the 
tricarboxylic acid cycle in the mitochondria. In the 
tricarboxylic acid cycle, the process of oxidative 
phosphorylation will produce ATP (Hakim et al., 2008). 
ATP is used in sperm motility. Thus, if LDH activity is 
disrupted, the ATP produced decreases, with the result 
of the decrease of sperm motility in the diabetic mice. 
After the administration of sambung nyawa leaves 
extract, mahogany seeds extract and their combinations, 
there was an increase in sperm motility. Possibly, the 
active substances in the extract were able to increase the 
LDH enzyme activity.  

Glucose metabolism is of great important for sperm 
cells, either type 1 diabetes or type 2 diabetes could have 
detrimental effects on male fertility, especially on sperm 
quality, such as sperm motility, sperm DNA integrity, 
and ingredients of seminal plasma. Diabetes may 
influence the epigenetic modification during sperm 
spermatogenesis and that these epigenetic dysregulation 
may be inherited through the male germ line and passed 
onto more than one generation, which in turn may 
increase the risk of diabetes in offspring (Ding et al., 
2015).  

 
Spermatozoa Viability 

ANOVA test showed that sambung nyawa (Gynura 
procumbens) leaves extract, mahogany (Swietenia 
mahagoni jacq) seeds extract and the combination of both 
extracts in various doses had a significant effect (p<0.05) 
on increasing the viability of spermatozoa in diabetic 
mice and LSD analysis was carried out with the results 
as shown in table 4. Table 4 shows that the spermatozoa 
viability of mice induced by 10% dextrose was 
significantly different (p<0.05) from the spermatozoa 
viability of control mice, diabetic mice receiving 
metformin, Sambung nyawa extract, mahogany seeds and 
their combinations at various doses. Viability of mice 
spermatozoa decreased when induced by 10% dextrose, 
then increased after being treated with metformin, 

sambung nyawa (Gynura procumbens) leaves extract, 
mahogany (Swietenia mahagoni jacq) seeds extract and 
their combinations. In this study the best increase in 
mice spermatozoa viability was reached by the 
administration of combined extract of sambung nyawa 
leaves and mahogany seeds at a dose of 150:150 mg/kg 
BW. The higher the dose of the extract given, the better 
the viability of the spermatozoa. 
 
 Table 4.LSD test on the viability of mice   spermatozoa 

 Types of extract Mean ± SD 

Diabetic 10% Dextrose 62 ± 5.09a 

Mahogany seeds 200 mg/kg BW 68.25 ± 4.64b   
Sambung nyawa 200 mg/kg BW 68.5 ± 2.64b 

Mahogany seeds 250 mg/kg BW 68.75 ± 2.98b 

Sambung nyawa 250 mg/kg BW 69 ± 3.36b 

Mahogany seeds 300 mg/kg BW 69.25 ± 3.5b  
Combination 100:100 mg/kg BW 70.25 ± 4.64b 

Metformin 112 mg/kg BW 71 ± 2.58b 

Sambung nyawa 300 mg/kg BW 71.25 ± 4.03b 

Combination 125: 125 mg/kg BW 71.75 ± 4.78b 

Control 0 mg/kg BW 72.5 ± 5.44b 

Combination 150: 150 mg/kg BW 73 ± 3.16b 

Note: Different letters in different rows indicate significant 
differences (p=0.05) between groups 

 
This study showed that sperm viability of diabetic 

mice induced by 10% dextrose was significantly 
different from that of control and treatment. Diabetic 
mice have high ROS. Sperm are vulnerable to attack by 
reactive oxygen species (ROS) due to their high 
unsaturated fatty acid content and lack of DNA repair 
mechanisms. ROS produce lipid peroxide from 
unsaturated fatty acids (PUFA/PolyUnsaturated Fatty 
Acid) which can be found in high amounts in sperm cell 
membrane phospholipids in the form of 
malondialdehyde (MDA) (Papadopoulou et al., 2022). 
High ROS results in high lipid peroxide which results in 
damage to the sperm plasma membrane (Dutta et al., 
2019). This resulted in decreased sperm viability of 
diabetic mice. After the administration of sambung nyawa 
leaves extract, mahogany seeds extract and a 
combination of both substances, sperm viability 
increased because the active ingredients in the extract 
were able to ward off ROS. 
 
Morphology 

ANOVA test showed that sambung nyawa (Gynura 
procumbens) leaves extract, mahogany (Swietenia 
mahagoni jacq) seeds extract and the combination of both 
extracts in various doses had a significant effect (p<0.05) 
on increasing the morphology of spermatozoa in 
diabetic mice and LSD analysis was carried out with the 
results as shown in table 5. The research results 
regarding the potential of sambung nyawa leaves (Gynura 
procumbens) extract, mahogany (Swietenia mahagoni jacq) 
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seeds extract and their combinations. The morphology 
of mice spermatozoa decreased when induced by 10% 
dextrose, then increased after being treated with 
metformin, sambung nyawa (Gynura procumbens) leaves 
extract, mahogany (Swietenia mahagoni jacq) seeds extract 
and their combinations. In this study, the best 
improvement in the morphology of mice spermatozoa 
was achieved by administering a combination of 
sambung nyawa leaves extract and mahogany seeds 
extract at a dose of 150:150 mg/kg BW. The higher the 
dose of the extract given, the better the morphology of 
the spermatozoa. 
 
Table 5. LSD test on the morphology of  spermatozoa 

Types of extract Mean ± SD 

Diabetic 10% Dextrose 63.25 ± 2.98a 
Mahogany seeds 200 mg/kg BW 72 ± 3.65b 
Sambung nyawa 200 mg/kg BW 72.5 ± 5.19b 

Metformin 112 mg/kg BW 73.25 ± 4.03b 
Sambung nyawa 250 mg/kg BW 73.25 ± 4.34b 

Mahogany seeds 250 mg/kg BW 73.25 ± 5.05b 
Mahogany seeds 300 mg/kg BW 74.5 ± 4.2b 
Sambung nyawa 300 mg/kg BW 76.5 ± 5.8b 

Combination 100 : 100 mg/kg BW 77 ± 3.91b 
Combination 125 : 125 mg/kg BW 77.75 ± 4.57b 
Control 0 mg/kg BW 78.5 ± 4.93b 

Combination 150 : 150 mg/kg BW 78.5 ± 0.1b 

Note: Different letters in different rows indicate significant 
differences (p=0.05) between groups 

 

Table 5 shows that the spermatozoa morphology of 
mice induced with 10% dextrose was significantly 
different (p<0.05) from the spermatozoa morphology of 
control mice, diabetic mice receiving metformin, 
Sambung nyawa extract, mahogany seeds and their 
combinations at various doses. In this study, 
spermatozoa with normal morphology and abnormal 
morphology were found. Abnormal morphology caused 
by free radicals can cause chronic effects, resulting in 
impaired cell function, damage to cell structures and 
disturbances in the reproductive system (Mannucci et 
al., 2022). Abnormalities in mice spermatozoa can be 
identified, including small heads, irregular heads, hooks 
bent backwards, no hooks, broken sperm tails, short 
tailed sperm, crooked tails, and double tails. 
Spermatozoa abnormalities due to free radicals can 
occur during the process of spermatogenesis or can also 
occur after spermatozoa leave the seminiferous tubules. 
In this study, the increase in spermatozoa count with 
abnormal morphology in diabetic mice induced by 10% 
dextrose, compared to controls, may be due to oxidative 
stress on germ cell maturation and function in the mice. 
Increased oxidative stress and ROS production in 
diabetes often parallels with the increased expression of 
Cytochrome P-4502E1 isoform (CYP2E1). CYP2E1 
generates reactive oxygen intermediates, such as 

superoxide radicals, which in turn can rapidly react with 
organic molecules to produce secondary free radicals 
and ROS. These conditions can change the antioxidant 
environment of the testes and epididymis, causing 
impaired germ cell development in the testes, with the 
result of the increase of sperm count with abnormal 
morphology. After the administration of sambung nyawa 
leaves extract, mahogany seeds extract and their 
combination, abnormal sperm counts in diabetic mice 
induced by 10% dextrose were not significantly different 
from controls. This may be because sambung nyawa 
leaves contain antioxidants (Kaewseejan et al., 2015) and 
mahogany seeds also contain antioxidants (Winata & 
Putri, 2019) which can provide protection against 
oxidative stress (Yaribeygi et al., 2020). 
 
Concentration 

ANOVA test showed that sambung nyawa (Gynura 
procumbens) leaves extract, mahogany (Swietenia 
mahagoni jacq) seeds extract and the combination of both 
extracts in various doses had a significant effect (p<0.05) 
on increasing the concentration of spermatozoa in 
diabetic mice and LSD analysis was carried out with the 
results as shown in Table 6. 
 
Table 6. LSD test on the concentration of spermatozoa. 
 Types of extract Mean ± SD 

Diabetic 10% Dextrose 73.75 ± 3.3a 

Mahogany seeds 200 mg/kg BW 80.75 ± 3.3b 

Sambung nyawa 200 mg/kg BW 81 ± 5.88b 

Mahogany seeds 250 mg/kg BW 81.25 ± 4.42b 

Sambung nyawa 250 mg/kg BW 82 ± 3.91b 

Mahogany seeds 300 mg/kg BW 82.25 ± 7.84b 

Sambung nyawa 300 mg/kg BW 83.25 ± 5.37b 

Combination 100 : 100 mg/kg BW 83.75 ± 5.5b 

Metformin 112 mg/kg BW 83.5 ± 4.69b 

Combination 125 : 125 mg/kg BW 85 ± 3.55b 

Control 0 mg/kg BW 85.5 ± 3.87b 

Combination 150 : 150 mg/kg BW 89.75 ± 2.5b 

Note: Different letters in different rows indicate significant 
differences (p=0.05) between groups 

 
That the concentration of mice spermatozoa 

decreased when induced by 10% dextrose, then 
increased or recovered after being treated with 
metformin, sambung nyawa (Gynura procumbens) leaves 
extract, mahogany (Swietenia mahagoni jacq) seeds extract 
and their combinations. In this study, the best increase 
in the concentration of mice spermatozoa was achieved 
by administering combined extract of sambung nyawa 
leaves and mahogany seeds at a dose of 150:150 mg/kg 
BW. The higher the dose of the extract given, the better 
the concentration of spermatozoa. Table 6 shows that the 
spermatozoa concentration of mice induced by 10% 
dextrose was significantly different (p<0.05) from the 
spermatozoa of control mice, diabetic mice receiving 



Jurnal Penelitian Pendidikan IPA (JPPIPA)  June 2024, Volume 10, Issue 6, 3118-3131  

 

3125 

metformin, Sambung nyawa extract, mahogany seeds and 
their combinations at various doses. 

Spermatozoa concentration is one of the important 
factors to support the success of fertilization. In this 
study, the sperm concentration of 10% dextrose-induced 
diabetic mice was significantly different from that of 
treatment and control mice. The low sperm 
concentration of diabetic mice may be due to the 
inhibition of spermatogenesis resulting from the high 
ROS in these mice. Furthermore, the administration of 
sambung nyawa leaves extract, mahogany seeds extract 
and their combination for 35 days could increase or 
restore sperm count of diabetic mice induced by 10% 
dextrose. The increase of spermatozoa count resulted 
from the presence of active compounds found in 
sambung nyawa leaves extract and mahogany seeds 
extract, one of which is essential oil. Essential oil acts as 
a very strong antioxidant compound providing a 
dominant protective effect from DNA damage caused by 
hydrogen peroxide H2O2.  

In addition, essential oil acts as a free radical 
scavenger which then facilitates the delivery of 
cholesterol to be converted to pregnenolone by 
cytochrome P450cc enzymes in the mitochondrial 
membrane of the Leydig cells. Pregnenolone functions 
as a biosynthesis of testosterone hormone. The increase 
in pregnenolone produced by the Leydig cells will 
trigger an increase in testosterone production. 
Testosterone functions to control the process of 

spermatogenesis in meiosis division and in the process 
of spermiogenesis, so that it can launch the process of 
spermatogenesis. As a result, the concentration of 
spermatozoa produced will increase (Guardo et al., 
2020).  

Testosterone plays a very important role in 
improving the quality of spermatozoa, including 
increasing the concentration of spermatozoa. Stable free 
radical compounds will optimize the work of Sertoli 
cells and Leydig cells, so that the process of 
spermatogenesis returns to normal and the 
concentration of spermatozoa produced will increase 
(Asadi et al., 2017). Sterols will trigger an increase in 
active ingredients in the body, which will be followed by 
an increase in the hormone testosterone in the blood so 
that the process of spermatogenesis increases. This 
substance improves the activity of anterior pituitary cell 
membrane so there will be enhanced release of LH and 
FSH. The increase in LH and FSH will affect the 
testicular organs. Testicular membrane activity will be 
better so that the LH receptor affinity on Leydig cells will 
increase. LH will bind to receptors and will stimulate the 
formation and secretion of testosterone. FSH produced 
by the pituitary stimulates Sertoli cells to form sex 
hormone binding globulin (SHBG), which functions to 
bind testosterone produced by Leydig cells. This process 
will increase testosterone levels in the testes which is a 
requirement for the initiation of spermatogenesis 
process (Smith & Walker, 2014). 

 

Figure 2. Comparison of the average number of spermatogonium cells from mice receiving sambung nyawa leaves extract, 
mahogany seeds extract and combined extracts

 
Spermatogonia 

Figure 2 shows that mice induced with 10% 
dextrose had a low number of spermatogonia cells due 
to high sugar levels without being treated. Mice that 
received metformin had a higher number of 
spermatogonia cells compared to mice that received 
sambung nyawa leaves extract and mahogany seeds 
extract at a dose of 200 mg/kg BW and a dose of 250 

mg/kg BW. The higher the dose of sambung nyawa leaves 
extract and mahogany seeds extract and the combination 
of both, the higher the number of spermatogonia. The 
highest increase in the number of spermatogonium cells 
occurred in the administration of a combined extract of 
sambung nyawa leaves and mahogany seeds at a dose of 
150:150 mg/kg BW. 
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Spermatocytes 
Figure 3 shows that mice induced with 10% 

dextrose had a low number of spermatocytes due to high 
sugar levels without being treated. Mice that received 
metformin had a higher number of spermatocytes 
compared to mice receiving sambung nyawa leaves 
extract, mahogany seeds extract, and combined extracts 
at a dose of 200 mg/kg BW and a dose of 250 mg/kg BW. 

The higher the dose of sambung nyawa leaves extract and 
mahogany seeds extract and the combination of both, 
the higher the number of spermatocyte cells. The highest 
increase in the number of spermatocytes occurred in the 
administration of combined extract of sambung nyawa 
leaves and mahogany seeds at a dose of 150:150 mg/kg 
BW.

   

 
Figure 3.  Comparison of the average number of spermatocytes from mice receiving sambung nyawa leaves extract, mahogany 
seeds extract and combined extracts 

 
Spermatid 

Figure 4 shows that mice induced with 10% 
dextrose had a low number of spermatid cells due to 
high sugar levels without being treated. Mice that 
received metformin had a higher number of spermatid 
cells compared to those receiving sambung nyawa leaves 
extract, mahogany seeds extract and combined extracts 
at a dose of 200 mg/kg BW and mahogany seed extract 

at a dose of 250 mg/kg BW. The higher the dose of 
sambung nyawa leaves and mahogany seed extracts and 
the combined extracts, the higher the number of 
spermatid cells. A significant increase in the number of 
spermatid cells occurred in the administration of 
combined extract of sambung nyawa leaves and 
mahogany seeds at a dose of 150:150 mg/kg BW.

 

 
Figure 4. Comparison of the average number of spermatid cells of sambung nyawa leaves extract, mahogany seeds extract and 
combined extracts 
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Figure 4 shows that mice induced with 10% 
dextrose had a low number of spermatid cells due to 
high sugar levels without being treated. Mice that 
received metformin had a higher number of spermatid 
cells compared to those receiving sambung nyawa leaves 
extract, mahogany seeds extract and combined extracts 
at a dose of 200 mg/kg BW and mahogany seed extract 
at a dose of 250 mg/kg BW. The higher the dose of 
sambung nyawa leaves and mahogany seed extracts and 
the combined extracts, the higher the number of 
spermatid cells. A significant increase in the number of 
spermatid cells occurred in the administration of 
combined extract of sambung nyawa leaves and 
mahogany seeds at a dose of 150:150 mg/kg BW. 

This study found that the number of 
spermatogonia, spermatocytes and spermatids in 
diabetic mice induced by 10% dextrose was significantly 
different from those between control and treatment 
mice. The study conducted by Adelati et al. (2016) 

reported that high blood sugar levels in diabetes 
mellitus can disrupt the stages of spermatogenesis. 
According to  Maresch et al. (2019) reported that 
hyperglycemia lead to disruption in major glucose 
metabolism pathways resulting in accumulation of the 
respective end products within the reproductive tract, 
which can affect spermatogenesis (Maresch et al., 2019). 
Huang et al. (2024) state that the complex 
pathophysiological changes caused by diabetes may 
induce male infertility in multiple aspects, including 
hypothalamic pituitary-gonadal axis dysfungtion, 
spermatogenesis and maturation disorders, testicular 
interstitial cell damage erectile dysfungtion (Huang et 
al., 2024). In diabetic rats  the  mitochondria  of  
spermatogonia  show  vacuolar changes,  the  
transformation  of  spermatogonia  to  primary 
spermatocytes  is  decreased,  the  number  of  inactive 
spermatogonia is increased (Zubin et al., 2021).  

 

    
(a) (b) (c) (d) 

    
(e) (f) (g) (h) 

    
(i) (j) (k) (l) 

Figure 5. Mice testicular histology: (a) Control; (b) Dexrrose; (c) Metformin; (d) BMA (200); (e) BMB (250); (f) BMC (300); (g) 
SNA (200); (h) SNB (250); (i) SNC (300); (j) CS (100:100); (k) CB (125:125); and (l) CC (150:150) 

 
Jana et al. (2012) stated that streptozotocin-induced 

diabetic mice produced significant reductions in 
testiculo-somatic, epididymal-somatic and seminal 
vesiculo-somatic indices which might be associated with 
low serum testosterone levels because testosterone is the 
main regulator of normal growth of these organs. 
According to Papadopoulou et al. (2022), in diabetic 
conditions insulin levels are low. Insulin plays a role in 
the maintenance of spermatogenesis and testicular 

endocrine function. Sertoli cells play a role in providing 
physical and nutritional support for germ cells. Germ 
cells cannot use glucose as an energy source, but use 
lactate as a substrate and ATP as an energy source that 
is used for the spermatogenetic process. Thus, the 
diabetic condition in mice interferes with the process of 
spermatogenesis which affects the number of 
spermatogonia, spermatocytes and spermatids. 
According to Laleethambika et al. (2019), besides 
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causing oxidative stress, insulin dysfunction and high 
availability of glucose, diabetes can also cause severe 
changes in testicular cells, along with mitochondrial 
DNA and nuclear fragmentation in spermatogenic cells. 
Cells will undergo apoptosis and necrosis in 
circumstances where the testicular environment 
experiences oxidative stress, resulting in a decrease in 
the number of spermatogonia, spermatocytes and 
spermatids. Testicular tissue section of mice shown in 
Figure 5. 

Diabetes  lead to abnormal apoptosis of testicular 
tissue cells and functional damage, and eventually 
spermatogenic dysfunction (Wang & Wang, 2021).  After 
the administration of sambung nyawa leaves extract, 
mahogany seeds extract and a combination of both 
extracts for 35 days, the number of spermatogonia, 
spermatocytes and spermatids increased. This suggests 
the possibility that the active substances in the extract 
can repair pancreatic beta cells so that insulin levels 
increase and oxidative stress decreases, so that ROS can 
be counteracted by the enzyme catalase, superoxide 
dismutase or by testicular glutathione. According Guo et 
al. (2021) reported that the hypoglycemic mechanism of 
Gynura procumbens involves repairing injured islet cells 
and stimulating the normal secretion of hormones, 
thereby inhibiting the production of glucose (Guo et al., 
2021). Results of studies conducted by Akmar & Noor 
(2020) that testis histology showed that GPAE (Gynura 
procumbens Aquaous Extract) treated groups produced a 
significant result whereby the seminiferous tubules were 
seen packed with sperm and successive stage of 
spermatogenesis were shown compared to control 
groups. Hormone analysis suggested that the  
luteneizing hormone  (LH), follicle  stimulating  
hormone  (FSH)  and  testosterone  hormone  of  the 
treated  groups  were  elevated  after seven days of 
treatment compared to the negative and positive control 
groups. Tan et al. (2016) state that the Diabetes plant, 
scientifically named Gynura procumbens, is a type of 
edible herb that exhibits notable anti hyperglycemic 
properties. This herb is frequently utilized in traditional 
medicine for the treatment of diabetes due to its 
hypoglycemic effects. Furthermore, research  has 
revealed that Gynura procumbens stimulates the activity 
of testicular lactate dehydrogenase, an enzyme crucial 
for spermatogenesis. In diabetic rats, this herb has 
demonstrated the ability to decrease the percentage of 
sperm mortality. These findings strongly indicate that 
Gynura procumbens may offer protective benefits for 
spermatogenic cells in individuals with diabetes (Tan et 
al., 2016).   

According Pusparanee et al. (2016) the extracts of 
Gynura procumbens have the potential to enhance 
androgen hormone levels, specifically testosterone, in 

diabetic rats. This improvement may contribute to the 
regeneration of testicular function and fertility. 
Furthermore, the administration of Gynura procumbens 
extracts leads to an increase in plasma testosterone levels 
in diabetic rats. These findings indicate that Gynura 
procumbens can positively influence testosterone levels in 
the context of diabetes (Pusparanee et al., 2016). The 
study conducted on male albino rats showed that the 
methanol extract of Swietenia mahagoni seeds had a 
positive effect on serum testosterone levels. That ethyl 
acetate extract of Swietenia mahagoni had a protective 
effect on testicular dysfunction induced by diabetes in 
rats. These findings suggest that Swietenia mahagoni may 
have a potential positive impact on testosterone levels in 
the context of diabetes, but further research is needed to 
confirm this effect in humans (Bera & Ghosh, 2018).  
Santi et al. (2021) reported that 96% ethanol extract of 
mahogany seeds (Swietenia mahagoni L.) can reduce 
blood glucose levels in mice induced by alloxan.   
 

Conclusion  

 
This study concluded that administration of the 

extracts of sambung nyawa (Gynura procumbens) leaves 
and mahogany (Swietenia mahagoni jacq) seeds and their 
combinations had the potential to reduce blood glucose 
levels and increase motility, viability, morphology, 
concentration, spermatogonia, spermatocytes and 
spermatid of hyperglycemic mice (Mus musculus L.) 
spermatozoa induced with 10% dextrose.   
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