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ORIGINAL ARTICLE 

Hepatoprotective Effects and Testicular Toxicity of 
Centella asiatica L. Aqueous Extract in Diabetic Rats 

ABSTRACT   
 

INTRODUCTION: Centella asiatica has been widely studied as an herbal substitute for 

treating diabetes mellitus (DM). This study aimed to investigate the effects of C. asiatica 

on the liver and testes in a rat model of type 2 diabetes mellitus (T2DM). MATERIALS 

AND METHODS: Forty adult male Sprague-Dawley rats were induced with diabetes 

using a single intraperitoneal injection of streptozotocin-nicotinamide (STZ-NA). Three 

days after induction of diabetes, the rats were treated with either 250 or 500 mg/kg 

body weight/day of C. asiatica aqueous extract (CAAE) for 48 days. Serum, liver, and 

testes were collected for analysis. Parameters measured included fasting blood glucose 

(FBG), body and organ weights, gonadosomatic and hepatosomatic index, testicular 

steroidogenesis activity (HSD17B3, testosterone levels, sperm count), and liver 

biochemical markers. Additionally, antioxidant and lipid peroxidation levels, together 

with sperm count were assessed in the liver and testes respectively. RESULTS: CAAE 

treatment improved FBG levels and mitigated weight loss in the STZ-NA group. 

Oxidative stress markers were ameliorated in both organs after CAAE treatment. Liver 

serum biochemical markers showed improvement, while testicular steroidogenic 

function declined. Sperm count decreased compared to the STZ-NA group. 

CONCLUSION: CAAE ameliorates hyperglycaemia and oxidative stress in the liver and 

testes but may cause testicular dysfunction in DM. In conclusion, the study 

demonstrated that C. asiatica is able to reverse STZ-NA-induced oxidative stress and 

hyperglycaemia but exacerbates testicular dysfunction. 

evaluate our study outcome.  
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INTRODUCTION 
 
Diabetes mellitus (DM) is a chronic metabolic disease 

that affects the world's population. In Malaysia, the 

prevalence of DM is estimated to be 31.3% and could 

affect 7 million people aged 18 years and older by 2025.1 

Type 2 diabetes mellitus (T2DM) is mainly associated 

with a disturbance of glucose homeostasis in the body 

due to insulin resistance. Insulin resistance exacerbates 

the development of oxidative stress, leading to impaired 

cell and organ function, resulting in morbidity and 

mortality.2,3 Increased oxidative stress and free radical 

formation tend to contribute to the development of 

diabetic complications affecting organs such as the testes, 

liver, kidneys, and eyes.4-8 

 

In the liver, insulin resistance impairs its overall function, 

resulting in increased glucose production and breakdown, 

causing elevated blood glucose levels and dysregulation of 

liver enzymes.9 Insulin resistance and oxidative stress 

serve as the key trigger in causing testicular dysfunction, 

decreased gonadotropin secretion and abnormal sperm 

parameters, ultimately contributing to infertility.10-12  
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Current T2DM treatments mainly consist of prescribing 

oral hypoglycaemic agents (OHA) with or without insulin 

along with lifestyle modification. However, the long-term 

use of OHAs poses risks such as hypoglycaemia, 

gastrointestinal discomfort, weight gain, allergic reactions, 

and vitamin B12 deficiency.13 These side effects may lead 

to non-adherence to treatment, necessitating exploration 

of alternative therapies.  

 

Centella asiatica, or ‘pegaga,’ offers diverse pharmacological 

benefits including antioxidant, anti-inflammatory, 

antidiabetic, hepatoprotective, wound healing, sedative, 

and anxiolytic effects.14-17 These properties stem from 

phytochemical compounds like triterpene glycosides 

(madecassic acid, asiatic acid), madecassoside, and 

asiaticoside,18 which are beneficial to human health. C. 

asiatica increases insulin secretion,19 aiding in pancreato-

protection and alleviating diabetic nephropathy and 

neuropathy20 through compounds like asiaticoside, 

brahmoside, and brahminoside.21 However, potential side 

effects at standard doses remain unclear, including 

conflicting impacts on male reproductive function.22,23 

 

The current study aimed to determine the effects of C. 

asiatica aqueous extract (CAAE) on liver and testicular 

function in a T2DM rat model. This study could fill the 

knowledge gap on the role and limitations of C. asiatica as 

an alternative treatment for T2DM. 

 

MATERIALS AND METHODS 
 
Centella asiatica Aqueous Extract (CAAE) Preparation 
 
Fresh vacuum-packed C. asiatica powder was obtained 

from Secret Barn Sdn. Bhd., Sungai Petani, Kedah, and 

verified by a taxonomist at the Institute of Bioscience, 

Universiti Putra Malaysia (Voucher No: MFI 0212/21). 

The extraction method was adapted from Kumari et al. 

2016 with slight modification involved mixing the powder 

with distilled water (1:6 ratio), immersing in a 95°C water 

bath for 20 minutes, macerating in an orbital shaker 

(Thermo Fisher Scientific, SHKE4000) for 48 hours at 

room temperature, and filtering using Whatman No. 1 

filter paper. The filtered solution was freeze-dried and 

stored at -20°C.22   

Experimental Animals 

 
Forty healthy male adult Sprague-Dawley rats (150-250 g) 

were housed at 25±3°C with good ventilation and a 12-

hour light-dark cycle. They had access to standard pellets 

and water ad libitum throughout the experiment. The MSU 

Ethics Committee guidelines (MSU-RMC-02/FR01/11/

L3/004) were followed.  

 

Induction of Diabetes 

 
To induce diabetes, rats were injected intraperitoneally 

with 65 mg/kg streptozotocin-nicotinamide (STZ-NA) in 

cold 0.1M sodium citrate buffer (pH 4.5) after 16 hours of 

fasting with water provided ad libitum.23 Nicotinamide (100 

mg/kg) was administered before the STZ injection to 

minimize β-cell destruction. After 72 hours, blood glucose 

levels were measured from the tail vein using an ACCU-

CHECK Active Glucose Monitor (Roche, Germany). Rats 

with blood glucose levels >16.7 mmol/L on day 7 were 

considered diabetic and used for further experiments.23  

 

Experimental Design 
 
Forty rats were divided into 5 groups of 8 (Figure 1). 

After confirming diabetes, each group received a fixed 

daily ration, pre- and post-weighed after 24 hours to 

determine food consumption. Daily consumptions were 

recorded and fresh provisions replenished. Treatment 

doses were based on Deshpande et al. (2015).24 

 

Oral Glucose Tolerance Test (OGTT) and 
Intraperitoneal Insulin Tolerance Test (IPITT)  
 

OGTT and IPITT were performed 48 days post-

treatment. Rats were fasted overnight before each test. 

For OGTT, rats received glucose (2 g/kg), and blood 

glucose levels were measured from the tail vein at 0, 30, 

60, 90, 150, and 210 minutes. For IPITT, conducted 48 

hours later for recovery, same set of rats received insulin 

(0.75 units/kg), and blood glucose levels were measured at 

0, 15, 30, 60, 90, and 120 minutes.  
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 centrifugation, and liver function parameters namely total 

bilirubin, and total protein were measured using 

established biochemical assays. Quality control measures 

were implemented, and data were analysed statistically. 

 

Tissue Somatic Index 
 
Before sacrifice, initial and final rat weights were recorded 

to calculate the gonadosomatic index (GSI) and 

hepatosomatic index (HSI). GSI and HSI assesses organs’ 

size and weight. After sacrifice, testes and liver were 

weighed using an electronic scale (Shimadzu, BL2200H, 

Japan), fixed in 10% formalin, snap-frozen in liquid 

nitrogen, and stored at -20°C for future analysis. The 

tissue somatic index was calculated using the following 

formula: 

Figure 1. Animal grouping for study design  

Sample collection 
 
Blood samples were collected from overnight-fasted rats 

via cardiac puncture 48 days post-treatment. The samples 

were centrifuged at 2200 rpm for 10 minutes (Hettich 

EBA20, Germany) for plasma and serum analyses. Liver 

and testes were excised, weighed, washed in ice-cold 

saline, and stored at −80 °C. Tissue homogenates were 

prepared by homogenizing 0.1 g of tissue in 1 ml of 

phosphate-buffered saline (pH 7.4) and centrifuged at 

5,000 g for 5 minutes at 4 °C to obtain the clear 

supernatant for specific assays. 

 

Assessment of Serum Parameters 
 
Testosterone levels were assessed using an ELISA kit 

(CSB-E05100r). 50µL each of supernatant, HRP-

conjugate, and antibody solution were added to each well 

in duplicates, mixed, and incubated for 1 hour at 37°C. 

Wells were aspirated, washed with 200µL of wash buffer, 

and left to stand for 10 seconds. Then, 50µL each of 

Substrate A and Substrate B were added, incubated for 15 

minutes at 37°C, and mixed with 50µL of stop solution. 

Optical density was measured at 450nm. 

 

Liver enzymes (Aspartate Aminotransferase (AST), 

Alanine Aminotransferase (ALT), and Alkaline 

Phosphatase (ALP)) were determined using diagnostic 

kits. Serum samples were analysed at the UPM Veterinary 

Centre (Case No.: R-2164). Serum was separated by 

Assessment of Antioxidant Activities 
 
Lipid peroxidation in organs’ tissue was measured using 

the ElabScience® Malondialdehyde (MDA) Colorimetric 

Assay Kit (E-BC-K025-S), with the TBARS method used 

to quantify MDA levels. Tissue homogenate in 10% 

phosphate buffer (pH 7.4) was prepared using an 

ultrasonic homogeniser (Ross, EQX-WT500-P2, USA), 

and post-mitochondrial supernatant (PMS) was obtained 

by centrifugation. Antioxidant activities were determined 

using the Catalase (CAT) Activity Assay Kit (E-BC-K031-

S), Total Superoxide Dismutase (T-SOD) Activity Assay 

Kit (WST-1 Method) (E-BC-K025-M), and Glutathione 

Peroxidase (GSH-Px) Activity Assay Kit (E-BC-K096-S), 

following the manufacturers' instructions. 

 

Assessment of Testicular Steroidogenic Enzymes Assay 

 
Testicular tissue was homogenized (10%) in phosphate 

buffer (pH 7.4) using an ultrasonic homogenizer, followed 

by centrifugation at 10,000 rpm for 20 minutes at 4°C           

to obtain PMS. Enzyme activity of 17β-hydroxysteroid 

dehydrogenase (HSD17B3) was measured using the 

Human HSD17B3 ELISA Kit (EH14680) from FineTest. 

Results were expressed as enzyme activity per protein unit 

or as a percentage of control for the tissue samples. 
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Determination of Sperm Count  
 
Epididymal sperm was diluted 1:20 to achieve optimal 

density for counting. Sperm count was determined using a 

haemocytometer under a Labomed LX-500 LED digital 

microscope (USA). 

 

Statistical Analysis 
 
Overall results were analysed using SPSS for Windows 

version 29.0 and GraphPad Prism 9 software. Values were 

expressed as Mean ± SD and analysed by one-way 

ANOVA. Tukey's post hoc test was used to detect 

differences between experimental groups. Statistical 

significance was set at p<0.05 and p<0.001, indicating 

different levels of significance. Results with p<0.001 were 

considered highly significant, while those with p<0.05 

were considered statistically significant. 

 

RESULTS 
 
Effects of CAAE on Metabolic Parameters 
 
Table 1 shows the body weight, food, and water intake 

data for the experimental animals. On Day 1 of treatment, 

the STZ-NA group exhibited significant changes (p < 

0.001) in all three parameters compared to the normal 

group. Low-dose CAAE treatment increased weight by 

20%, while high-dose CAAE and Glybenclamide (Gly) 

treatments showed a more substantial increase by 33.2% 

and 57% respectively. However, both food and water 

intake decreased by an average percentage of 13.86% in 

the CAAE group and 26.14% in the Gly-treated group 

when compared to the STZ-NA group. 

Figure 2. Effects of CAAE on serum parameters. Significance of fasting blood glucose 
(FBG); oral glucose tolerance test (OGTT), and intraperitoneal insulin tolerance test 
(IPITT) are presented as #p<0.001 vs Normal, **p<0.001 vs STZ-NA group; 
#p<0.001 vs Normal, *p<0.05 **p<0.001 vs STZ-NA group; #p<0.001 vs Normal, 
respectively.  

Effects of CAAE on the Liver 
 
Figure 3 illustrates the impact of CAAE on liver enzymes 

(AST, ALP, ALT), hepatic lipid peroxidation, antioxidant 

enzymes, and HSI. In the STZ-NA group, liver enzymes 

increased significantly by 73.9% compared to the normal 

group (p<0.001). CAAE treatment reduced liver enzyme 

levels, with the STZ-NA+Gly group approaching near-

normal levels. Malondialdehyde MDA increased in the 

STZ-NA group by 147.2% and decreased significantly 

with CAAE or Gly treatment. GPx activity improved by 

54.5% post-treatment, along with increased CAT, and T-

SOD activities. HSI values in the untreated diabetic group 

were significantly higher (73.7%) compared to the 

Normal group, with all treatment groups showing a 

significant descent (p<0.001). The STZ-NA+Gly group 

approached the normal group's HSI. Higher CAAE doses 

correlated with a gradual decrease in HSI. 

Figure 3. Effect of CAAE towards the liver. Significance of AST, ALT and ALP; 
Lipid peroxidation and antioxidative enzymes activity levels; HSI are presented as 
#p<0.001 vs Normal, *p<0.05 vs STZ-NA group; *p<0.05 **p<0.001 vs STZ-NA 
group; #p<0.001 vs Normal, **p<0.001 vs STZ-NA group, respectively. 

Effects of CAAE Towards on Testes 
 
Figure 4 shows the outcomes of lipid peroxidation, 

antioxidant enzymes, testicular steroidogenesis activity, 

and GSI levels. In the STZ-NA group, MDA levels 

increased fourfold in value compared to the normal 

group, indicating oxidative stress, whereas CAAE 

treatments approached normal levels. Our study showed 

a significant increase in antioxidant enzyme activity 

observed in the CAAE-treated and STZ-NA+Gly groups 

compared to the negative control group. Testicular 

HSD17B3 levels significantly decreased by 38.3% in the 

STZ-NA group, improving slightly (p<0.001) with CAAE 

treatment. Testosterone levels decreased by 50.6% 
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(p<0.001) in STZ-NA, further reduced with CAAE, while 

Gly-treated group increased by 11.86% relative to STZ-

NA group. Sperm count decreased (p<0.01) in STZ-NA, 

with CAAE reducing it further, while Gly increased it. 

GSI decreased (p<0.01) in the STZ-NA group, with both 

CAAE treatments showing a similar decreasing trend. 

Figure 4. Effects of CAAE Towards the Testes. Significance of lipid peroxidation and 
antioxidative enzymes activity levels; HSD17B3; testosterone levels; Sperm count; GSI are 
presented as #p<0.001 vs Normal, *p<0.05 **p<0.001 vs STZ-NA group; ^p<0.05 vs 
Normal, **p<0.001 vs STZ-NA group; #p<0.001 vs Normal, *p<0.05 vs STZ-NA group; 
#p<0.001 vs Normal, *p<0.05 **p<0.001 vs STZ-NA group; #p<0.001 vs Normal, 
respectively. 

DISCUSSION  
 
Findings from this study demonstrated the protective 

effect of  CAAE on liver function and potential toxic 

effects on the testes in STZ-NA-induced male diabetic 

rats. Dosages of  250 mg/kg/day and 500 mg/kg/day 

were chosen based on effective doses reported in 

previous study.24 The treatment duration of  48 days was 

selected to evaluate the sub-acute progression of  diabetes 

and observe diabetic complications such as polyphagia 

and polydipsia.24 

 

Administering CAAE for 48 days improved fasting blood 

glucose levels, consistent with previous observations.25 

The hypoglycaemic effect of C. asiatica is attributed to 

active compounds such as asiatic acid,26 asiaticoside,27 

and madecassoside,28 known for their glucose-lowering 

activities. This was supported by the OGTT and IPITT 

results. The OGTT in the final week showed a rapid 

decline in hyperglycaemic peaks in the CAAE-treated 

group, indicating enhanced peripheral disposal of glucose 

load.29 Similarly, IPITT results demonstrated reduced 

blood glucose levels compared to the diabetic control 

group, suggesting improved insulin sensitivity possibly 

through enhancements in insulin receptors, glucose 

transporters, or enzymes involved in glucose 

phosphorylation.30  

 

Furthermore, C. asiatica stimulates insulin secretion from 

pancreatic β-cells,31 enhancing insulin availability and 

alleviating symptoms of diabetes mellitus like polydipsia 

and polyphagia. Additionally, improved blood glucose 

levels contribute to reduced fat and muscle catabolism for 

energy,30 thereby preventing excessive weight loss. 

 

In this study, diabetic rats showed decreased liver weight 

with increased serum liver enzymes. Elevated AST and 

ALT levels may result from increased demand for 

gluconeogenic substrate and compromised hepatocyte 

membrane integrity, that led to substrate leakage.32,33 

Administering CAAE for 48 days reduced serum AST 

and ALT levels. Given hyperglycaemia-induced liver 

injury,34 the hepatoprotective effect of CAAE likely stems 

from improved glucose control, as observed in this study. 

Choi et al. (2016) also reported a similar hepatoprotective 

effect of C. asiatica, showing improvement in liver 

histoarchitecture and fibrosis in dimethyl nitrosamine-

induced liver injury in rats.35  

 

In T2DM, overproduction of reactive oxygen species 

(ROS) contributes to liver disease progression by 

depleting antioxidant enzyme activities such as glutathione 

peroxidase (GPx), catalase, and superoxide dismutase 

(SOD). CAAE has proved to mitigate the disruption of 

oxidative redox balance that caused liver damage                

in T2DM by enhancing liver antioxidant enzymes.35-37 

Administering CAAE reverses the depletion of 

antioxidant defence enzymes (CAT, GPx, and SOD) in 

the liver and reduces lipid peroxidation. C. asiatica possess 

potent antioxidant compounds that can prevent the free 

radical-induced peroxidation of liver damage by its 

scavenging ability.36 

 

Despite the hepatoprotective effect of CAAE, its effect 

on the testes remains controversial. Some studies have 

revealed the fertility-inhibiting effect of C. asiatica,38-40 

while other studies have reached opposite conclusions.41 
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In this study, administration of CAAE able to restored 

OS and lipid peroxidation in the testes. CAAE inhibits 

lipid peroxidation by scavenging free radicals,42 while 

preserving the integrity of the testicular cell 

membrane,41,43 and protecting against oxidative damage. 

It also restores depleted antioxidant enzymes such as 

SOD and GPx, which are critical for neutralizing free 

radicals and reducing oxidative stress.44 

 

Interestingly, CAAE caused greater testicular dysfunction 

despite restoration of oxidative status, as evidenced by 

the reduction in sperm count, testosterone, and 

HSD17B3 enzymes in this study. These results suggest 

that, despite its strong antioxidant potential, CAAE may 

have a direct toxic effect on the male reproductive 

system. This reinforces the damage caused by the lack of 

insulin in DM, which blocks the secretion of 

gonadotropins, leading to a deficiency of testosterone.45 

In addition, the key enzyme required for the conversion 

of androstenedione to testosterone, HSD17B3 was 

decreased, which may indicate a direct toxic effect of 

CAAE on Leydig cells.  

 

The Leydig cell is the primary androgen source that can 

be directly affected by the toxic effects of CAAE which 

disrupts spermatogenesis, reduces sperm count and 

overall sperm quality. C. asiatica caused decrement in 

these parameters, possibly due to lipocalin enzyme and 

sorbitol dehydrogenase activity.46-48 Analysis expression 

of the lipocalin members, Lcn8 and Lcn9, also showed 

disappearance of lipocalin protein in the C. asiatica-treated 

group, indicating possible effects on sperm maturation 

and epididymal function.46 Lipocalin proteins are 

significant in reproductive functions and sperm 

development in the male reproductive system.46,47 

Likewise, four weeks of treatment with C. asiatica, 

possibly due to damage to the Leydig and Sertoli cells 

involved in spermatogenesis.49 

 

The toxic effect of CAAE on testicular tissue aligns with 

Yunianto et al. (2017), who reported that the ethanol 

extract of C. asiatica induced apoptosis of spermatogenic 

cells in normal rats. This was evidenced by increased 

apoptotic germ cells per testicular tubule and significant 

decreases in FSH, LH, and testosterone levels.48 The 

observed toxicity may result from synergistic effects of 

the active substances in C. asiatica. Interestingly, asiatic 

acid has been shown to enhance spermatogenesis by 

inhibiting apoptosis in rats fed a high-fat diet.43 However, 

other compounds in C. asiatica may counteract asiatic 

acid's beneficial effects on spermatogenic function. 

 

It has been reported that diabetes-induced atrophy of 

male reproductive organs results from oxidative stress 

and apoptosis.50 In our study, the gonadosomatic index 

(GSI) was initially low in the diabetic group and further 

decreased with CAAE administration. Additionally, the 

reduced testosterone levels could contribute to negative 

effects on somatic and germ-forming cells in the testes, 

ultimately leading to decreased testicular weight. 

 

LIMITATION OF STUDY 
 
Phytochemical analysis is essential to identify active 

components and assess potential hepatoprotective and 

testicular effects. Including spermogram and histology 

observations will enhance study findings. Future 

investigations should incorporate electron microscopy to 

examine C. asiatica's impact on liver histo-architecture, 

offering insights into liver diseases like inflammation or 

cirrhosis. Advances in electron microscopy techniques, 

such as immunoelectron microscopy could elucidate 

complex molecular mechanisms and guide targeted 

therapeutic interventions. 

 

CONCLUSION 
 
In conclusion, CAAE alleviate hyperglycaemia in diabetic 

rats by improving insulin resistance and has a 

hepatoprotective effect by reducing oxidative stress and 

maintaining near-normal levels of liver enzymes. 

However, CAAE administration has toxic effects on the 

testes, worsening the outcome in male diabetic rats. 

Further studies should be conducted to identify the 

compounds responsible for these adverse effects so that 

safe administration of CAAE is possible without causing 

harmful side effects in the male population. 
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