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Abstract: Diabetes mellitus is a metabolic disorder marked by high blood 
glucose levels (hyperglycemia) that is caused by insulin deficiency. It also 
affects male infertility. Pakkat, young rattan, contains various 
phytochemicals, which can affect blood glucose levels, spermatogenesis, and 
testosterone production. Objective: To assess the effectiveness of Pakkat 
extract in regulating blood glucose levels, testosterone hormone, and 
spermatogenesis in alloxan-induced diabetic rats. This experimental study 
used 25 diabetic male Wistar rats and was grouped into five groups including 
negative control (distilled water), positive control (metformin), Treatment 1 
(125 mg/KgBW Pakkat extract), 2 (250 mg/KgBW Pakkat extract), and 3 (500 
mg/KgBW Pakkat extract) for 14 days. All data were analyzed by One-way 
ANOVA followed by a Post-Hoc Test. Pakkat extract at 125 mg/kgBW dose 
effectively reduced glucose levels (P-Value < 0.001) after 14 days. It also 
significantly increased spermatogenesis (P-Value < 0.001) and testosterone 
levels (P-Value < 0.001) in alloxan-induced diabetic rats. Thus, it can be 
concluded that any doses of Pakkat (Calamus L. Blume) extract significantly 
improve blood glucose levels after 14 days of administration. However, a 
higher dosage is required to increase spermatogenesis and testosterone 
hormone in diabetic conditions. 
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Introduction  
 

Diabetes mellitus (DM) is a metabolic disorder that 
is commonly found in Indonesian society, and many of 
them may not realize they have DM (Hestiana, 2017). 
People suffering from diabetes mellitus have an insulin 
resistance condition that is unable to use insulin, leading 
to dysregulation of insulin hormone. This condition is 
due to pancreatic β cell dysfunction and impaired 
glucose utilization in target cell responses such as 
tissues, muscles, and organs (Nugroho et al., 2017). The 
chief complaints of DM includes frequent urination at 
night, frequent thirst, frequent hunger, and weight loss 

(Rahmasari & Wahyuni, 2019). Diabetes mellitus is 
classified into insulin-dependent, non-insulin-
dependent, gestational, and other types of diabetes 
mellitus (Awuchi et al., 2020; Cooke & Plotnick, 2008). 
Based on the World Health Organization (WHO) data, 
around 150 million people worldwide suffer from 
Diabetes Mellitus (Isnaini & Ratnasari, 2018). 
Furthermore, the WHO also reported that the 
prevalence of DM would reach 300 million people in 
2025 (Condorelli et al., 2018). On the other hand, the IDF 
(International Diabetes Federation) 2019 also reported 
that Indonesia was the seventh country in Southeast 
Asia with the highest number of people suffering from 
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diabetes mellitus, which was 10.7 million (Prihanto & 
Imbar, 2022; Nasution & Zara, 2025; Kitabichi et al., 
2009). Riskesdas (Basic Health Research) reported that 
North Sumatra province had around 160 thousand 
people suffering from diabetes mellitus (Purwoningsih 
& Purnama, 2017; Jusup, 2016; Caspersen et al., 2012; 
Lubis et al., 2023). 

Diabetes mellitus has some risk factors, including 

genetic/hereditary factors, obesity, age, lack of activity, 
mind/stress, and food (Rahmasari & Wahyuni, 2019). 
When these risk factors are not properly controlled, 
diabetes mellitus can cause some complications that 
affect either microvascular or macrovascular. One of 
these complications involves the spermatogenesis 
process in males and the secretion of testosterone 
hormone (Arundani et al., 2021; Bhavya & Sanjay, 2022). 
Furthermore, diabetes mellitus is also reported to cause 
sexual dysfunction, such as impotence, decreased libido, 
and infertility (Condorelli et al., 2018; Wang et al., 2017). 

Indonesians have a high demand for Pakkat, 
especially in the Medan area, because of its good taste 
and ease of processing. Pakkat has various 
phytochemicals responsible for antidiabetic activity, 
including saponins, tannins, flavonoids, triterpenoids, 
alkaloids, and glycosides (Mayasari, 2022; Nasution et 
al., 2022; Rahmawati et al., 2021). Saponins and tannins 
can inhibit glucose absorption. Saponins also regenerate 
the damaged pancreas to increase the number of 
pancreatic beta cells and lead to improved insulin 
secretion (Kunu et al., 2020). Moreover, saponins can 
also inhibit α-glucosidase enzyme activity and lead to 
reduced blood glucose levels. On the other hand, 
flavonoids inhibit phosphodiesterase, which will cause 
an increase in cAMP in pancreatic beta cells and 
ultimately increase insulin secretion to reduce glucose 
levels. Tannins modulate insulin signaling by activating 
the insulin-mediated signaling pathway, which 
functions to increase glucose transport and reduce 
glucose absorption in the intestine (Aprillia & Safitri, 
2020; Tjahjono et al., 2025; Nugroho et al., 2012; Hidayat 
& Wulandari, 2022), which will ultimately reduce 
glucose levels (Kunu et al., 2020). Finally, triterpenoid 
stimulates insulin secretion (GULT-4) and glucose 
uptake (Utomo et al., 2021; Premanath & Nanjaiah, 
2015). 

Some Indonesian people prefer to consume drugs 
from natural ingredients rather than chemical 
compounds because chemical-based drugs have a long-
term effect on the body. Diabetic patients potentially 
receive antidiabetic long-term medicines, that is, 
chemical-based drugs. It becomes crucial to monitor 
blood glucose levels, clinical manifestations, and 
prevention of some complications (Utomo et al., 2021; 
Skovsa, 2014; Dwiannur et al., 2024). Hence, all authors 
were interested in evaluating the effect of Pakkat 

(Calamus L. Blum) ethanol extract on the quality of 
spermatogenesis and testosterone hormone levels in 
diabetic conditions. 
 

Method 
 
Study Design 

This quantitative experimental study was 
conducted using male Wistar rats at the Pharmacology 
Laboratory of Universitas Prima Indonesia between 
March and May 2023. Ethical clearance was granted by 
the Health Research Ethics Committee of Universitas 
Prima Indonesia, under approval number 
041/KEPK/UNPRI/II/2023. 
 
Extraction Process 

Pakkat was initially collected, dried in an oven at 
30-50˚C, and then aerated. After that, the dried Pakkat 
(Calamus L. Blume) was ground into simplicial powder 
and then macerated using a 96% ethanol solution in a 
ratio of 1:7. After the maceration process, the filtrate was 
evaporated by a rotary evaporator to obtain 
concentrated Pakkat ethanol extract and stored in the 
refrigerator (Afifah, 2017; Suhartomi et al., 2020; Afita et 
al., 2022). 
 
Treatment 

This study used male Wistar rats as experimental 
animals weighing 175–200 g and aged about two 
months/years. All eligible male Wistar rats were 
acclimatized for a week. Afterwards, all rats were 
intraperitoneally injected to induce diabetic conditions 
with 150 mg/ kg BW of 10% alloxan monohydrate 

solution. Four days after induction, all rats were 
measured for blood glucose levels, and diabetes was 
defined as a blood glucose level higher than 200 mg/ dl. 
Then, all rats were grouped into five groups consisting 
of five rats. These five groups included negative control, 
positive control, Treatment 1, 2, and 3, which received 
distilled water, metformin, 125, 250, and 500 mg/kg BW, 
respectively. Each group received treatment once daily 
for two weeks. Blood was withdrawn from the lateral 
vein in the tail, and this blood was used to measure 
blood glucose level by a glucometer (Autocheck®) 
(Mutia & Suhartomi, 2022; Utomo et al., 2021). 
 
Blood and Organ Harvest 

All rats were sacrificed by ketamine injection 
followed by dissection after two weeks of treatment. 
After that, blood was withdrawn by intracardiac 
puncture to be stored in a red-colored blood tube, and 
then all reproductive organs (testes and cauda 
epididymis) were dissected, washed in normal saline, 
and fixed in 10% Buffered Formalin Solution (BFS) 
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(Chiuman et al., 2021; Utomo et al., 2021; Ongko et al., 
2019; Rosa et al., 2022). 
 
Serum Testosterone Measurement 

Testosterone hormone was measured from blood 
serum by the ELFA (Enzyme Linked Fluorescent 
Immuno-Assay) method and expressed as ng/ml units. 
Blood serum was obtained from the centrifugation 
process. ELFA assay is more sensitive and reliable than 

ELISA (Enzyme-Linked Immunosorbent Assay) (Naully 
& Khairinisa, 2018). 
 
Histology Study 

The spermatogenesis process was evaluated by 
microscopic observation of testes and seminiferous 
tubule tissue. The spermatogenesis process was 
evaluated by the Johnsen scoring system, that was 
described in Table 1 (Berlina et al., 2019). 

 
Table 1. Jhonsen Score (Thanh et al., 2020) 
Score Description 

10 
Complete spermatogenesis and many spermatozoa, the germinal epithelium is arranged regularly and leaves an open 

lumen. 
9 Many spermatozoa, irregular epithelium characterized by peeling or elimination of the lumen 

8 Few spermatozoa per tubule 

7 No spermatozoa, many new spermatids 
6 No spermatozoa and only a few spermatids are present 

5 No spermatozoa or spermatids, many spermatocytes 

4 No spermatozoa or spermatids, few spermatocytes 

3 There are only spermatogonia. 
2 No germ cells, only Sertoli cells 

1 No seminiferous epithelium 

 
Data Analysis 

All data were analyzed by SPSS 27 and expressed 

as Mean ± Standard Deviation (Mean ± SD). Blood 
glucose levels and Johnsen scores were initially 
analyzed for data distribution and homogeneity. If data 
distribution was normal, it was analyzed by one-way 
ANOVA followed by Tukey HSD Post Hoc Test, instead 
of Kruskal–Wallis followed by Mann–Whitney (Santoso, 
2014, 2019). 

Result and Discussion 
 

This study evaluated several parameters, including 
blood glucose levels, testosterone hormone levels, and 
the spermatogenesis process. The blood glucose level 
was analyzed, and the results were described in Table 2. 

 
 

 

Table 2. Comparison of Glucose Levels of Rats in All Treatment Groups 

Group 
Glucose Level, mg/dL (Mean ± SD) 

Before induction After induction 7th Days 14th Days 

Negative control 106.40±14.64 420.80±173.51 452.80±57.77 556.00±46.15a 
Positive control 108.60±22.77 417.20±139.07 270.60±147.79 162.80±42.79b 
Treatment-1 100.00±17.34 472.60±80.20 401.20±217.29 216.60±128.74b 
Treatment-2 109.20±6.73 525.40±80.20 334.20±156.10 160.20±72.75b 
Treatment-3 104.00±17.59 483.52±135.85 286.60±10.94 514.60±42.10a 
P value 0.910 0.664 0.353 0.000 

P-value was obtained from One-Way ANOVA; the Difference superscript in the same column indicated a significant difference. 

 
Table 2 shows that there was no significant 

difference in blood glucose levels before induction, as 
indicated by a P-value of 0.910. Similarly, after 
induction, blood glucose levels remained statistically 
insignificant between groups (P-value = 0.664), both 
values being greater than 0.05. After seven days of 
treatment, no significant decrease in blood glucose levels 
was observed either (P-value = 0.353). However, after 14 
days of treatment, a significant decrease in blood glucose 

levels was noted (P-value < 0.05). The negative control 
group exhibited the highest average blood glucose level 
(556.00 ± 46.15 mg/dL), followed by the treatment 3 
group (514.60 ± 42.10 mg/dL), treatment 2 group (216.60 
± 128.74 mg/dL), and the standard group. The lowest 
blood glucose level was observed in the treatment 1 
group (160.20 ± 72.75 mg/dL). Additionally, the Jhonsen 
Score was assessed as another parameter, with the 
results for each group expressed in Table 3. 

 
 



Jurnal Penelitian Pendidikan IPA (JPPIPA) December 2025, Volume 11, Issue 12, 594-601  
 

597 

Table 3. Comparison of Jhonsen Score System in Testes Tissue of All Group 

Group 
Jhonsen Score 

P Value 
Mean SD 

Negative control 5.00 0.707 

< 0.001 
Positive control 6.20 0.837 
Treatment-1 7.00 0.707 
Treatment-2 6.80 1.304 
Treatment-3 8.20 0.837 

P-Value was obtained from One Way ANOVA; SD: Standard Deviation. 

 
Table 3 shows that the Johnsen Score was 

significantly different in all groups. It can be seen from 
the P-value which is lower than 0.05. Treatment-3 (500 
mg/kg BW of Pakkat extract) showed the highest 
Johnsen score, 8.20 ± 0.837, and the lowest was in the 
negative control group (5.00 ± 0.707). It clearly described 
that the highest dose of Pakkat extract (500 mg/kg BW) 
had the highest Johnsen score, indicating the best 

spermatogenesis process. In contrast to the Treatment-3 
group, the negative control group showed the lowest 
Johnsen score, indicating the worst spermatogenesis 
process. Moreover, the spermatogenesis process in testes 
tissue of all groups was also described through a 
microscopic view in Figure 1. The last parameter, 
testosterone levels, was also analyzed, and the results 
were described in Table 4. 

 
Table 4. Table Analysis of Anova Test of Testosterone Parameters in All Treatment Groups 

Group 
Testosterone Level, ng/ dl 

P Value 
Mean SD 

Negative control 7.60 1.140 

< 0.001 
Positive control 4.40 1.517 
Treatment-1 5.80 1.483 
Treatment-2 5.60 1.140 
Treatment-3 15.20 3.271 

P-Value was obtained from One Way ANOVA; SD: Standard Deviation. 

 

 
Figure 1. Testes tissue in all groups; A. Negative control (score 5); B. Positive control (score 6); C. Treatment-1 (125 mg/ kg BW 

of Pakkat extract) (score 7); D. Treatment-2 (250 mg/ kg BW of Pakkat extract) (score 8); E. Treatment-3 (500 mg/ kg BW of 
Pakkat extract) (score 9). Stain: Hematoxylin and Eosin. Magnification: 400x 
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Table 4 describes significant changes in testosterone 
levels in the five treatment groups. It can be seen from 
the P-value < 0.001. The highest testosterone level was 
found in Treatment-3 (500 mg/kg BW of Pakkat extract), 
which was 15.20 ± 3.271 ng/dL. In contrast, the lowest 
testosterone level was found in the positive control 
group (metformin), which was 5.80 ± 1.483 ng/dL. It 
may be due to the presence of flavonoids as the 

phytochemicals in Pakkat extract. Flavonoids have been 
reported to inhibit the aromatase enzyme, thereby 
increasing testosterone hormone levels. 
 
Discussion 

The results of this study clearly showed that Pakkat 
extract had antidiabetic activity and also improved the 
spermatogenesis process as well as increased 
testosterone levels. It can be seen from the P-value from 
blood glucose level, Johnsen score, and testosterone 
level, which were lower than 0.05. 

Increased blood glucose levels on the fourth day 
were caused by decreased insulin secretion due to the 
destruction of pancreatic β cells, which was induced by 
alloxan administration. After fourteen days of extract 
administration, Pakkat extract significantly reduced 
blood glucose levels. This antidiabetic activity was 
caused by phytochemicals in Pakkat. Pakkat ethanol 
extract has been reported to contain some 
phytochemicals, including flavonoid, saponin, and 
tannin compounds, responsible for antidiabetic effects. 
Flavonoids reduce blood glucose levels by stimulating 
GLUT 2 in the intestines and stimulating insulin 
hormone secretion (Ayuni, 2020; Gulo et al., 2021; 
Kumalasari et al., 2020). Saponins can reduce glucose 
levels by inhibiting the alpha-glucosidase enzyme, 
which degrades complex glucose compounds into 
simple glucose compounds (Aprillia & Safitri, 2020). 
Tannins also reduce blood glucose levels by modulating 
insulin signaling through the P13K pathway (Haryoto & 
Devi, 2018). 

This study also revealed that Pakkat extract 
significantly improved the spermatogenesis process in 
testes tissue by providing a good microenvironment. 
Some phytochemicals in Pakkat extract have been 
reported to improve spermatogenesis, including 
flavonoids, saponins, and triterpenoids. Flavonoids 
have antioxidant activity that can protect the 
spermatozoa from free radical damage by inhibiting free 
radical formation and neutralizing existing free radicals 
(Gulo et al., 2021; Utomo & Lubis, 2021). Saponins and 
flavonoids support Leydig cell growth, which is 
responsible for testosterone hormone secretion, and this 
testosterone hormone may regulate the spermatogenesis 
process (Paramita et al., 2023; Imelda et al., 2014). 
Triterpenoids have a structure like androgen hormones, 
stimulating testosterone hormone secretion and 

increasing spermatogenesis (Wattimena et al., 2023; 
Antari & Damayanti, 2025). 

Furthermore, this study also showed that Pakkat 
ethanol extract increased testosterone levels, which was 
due to the presence of flavonoid and saponin in Pakkat 
extract. Flavonoids are also reported to suppress the 
anterior pituitary in secreting FSH (Follicle-Stimulating 
Hormone) and LH (Luteinizing Hormone) in 

spermatogenesis. FSH hormone increases the 
testosterone level, which affects the spermatogenesis 
process. Meanwhile, the LH hormone stimulates Leydig 
cells to secrete testosterone in the testes tissue. Finally, 
both saponins and flavonoids maintain the number of 
Leydig cells to preserve the testosterone level (Kunu et 
al., 2020; Paramita et al., 2023). 
 

Conclusion 
 
Overall, it can be concluded that a moderate dose 

(250 mg/kg BW of Pakkat extract) significantly reduced 
blood glucose levels after 14 days of treatment. A higher 
dose of Pakkat extract (500 mg/kg BW) was required to 
improve testosterone levels and the spermatogenesis 
process in testes tissue. 
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