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Abstract 

Context: Diabetes mellitus is a chronic metabolic disorder characterized by hyperglycemia and insulin resistance, often linked to oxidative stress. Curcuma 

longa (turmeric) and Centella asiatica (gotu kola) are traditionally recognized for antidiabetic and antioxidant properties. 

Aims: To identify major active compounds and evaluate the antioxidant and antidiabetic activities of these extracts individually and in combination. 

Methods: Extracts were standardized using TLC densitometry according to the Indonesian Herbal Pharmacopoeia. Antioxidant activity was assessed via DPPH 

scavenging and malondialdehyde (MDA) inhibition, while antidiabetic effects were evaluated through α-glucosidase inhibition and in vivo testing in alloxan-

induced diabetic rats. Insulin resistance was measured by the highest tolerated level of insulin (HTLI). 

Results: Both extracts met pharmacopeial quality standards. The 1:1 combination exhibited markedly stronger α-glucosidase inhibition (IC50 = 45.45 μg/mL) 

than C. longa (135.03 μg/mL), C. asiatica (88.07 μg/mL), and acarbose (113.92 μg/mL). Antioxidant activity was also greater in the combination (IC50 = 40.68 

μg/mL). In vivo, combination treatment reduced blood glucose comparably to glibenclamide and improved insulin sensitivity, with HTLI reaching 1.634 mg/dL 

versus 1.308 mg/dL for metformin. MDA levels were significantly reduced, indicating lower lipid peroxidation. A moderate correlation between antioxidant and 

enzyme inhibition (r = 0.685) suggests a mechanistic link between oxidative stress and carbohydrate metabolism.  

Conclusions: The combination of C. longa and C. asiatica demonstrated synergistic antioxidant and antidiabetic effects, meeting quality standards, which 

supports its potential as an adjunctive therapy for diabetes management.  

Keywords: antidiabetic; antioxidant; Centella asiatica; Curcuma longa; synergistic effect. 

 

Resumen 

Contexto: La diabetes mellitus es un trastorno metabólico crónico caracterizado por hiperglucemia y resistencia a la insulina, a menudo asociada al estrés 

oxidativo. La Curcuma longa (cúrcuma) y la Centella asiática (gotu kola) son tradicionalmente reconocidas por sus propiedades antidiabéticas y antioxidantes.  

Objetivos: Identificar los principales compuestos activos y evaluar las actividades antioxidantes y antidiabéticas de estos extractos, tanto individualmente como 

en combinación. 

Métodos: Los extractos se estandarizaron mediante densitometría por TLC según la Farmacopea Herbal de Indonesia. La actividad antioxidante se evaluó 

mediante la eliminación de DPPH y la inhibición del malondialdehído (MDA), mientras que los efectos antidiabéticos se evaluaron mediante la inhibición de la 

α-glucosidasa y pruebas in vivo en ratas con diabetes inducida por aloxano. La resistencia a la insulina se midió mediante el nivel máximo tolerado de insulina 

(HTLI). 

Resultados: Ambos extractos cumplieron con los estándares de calidad de la farmacopea. La combinación 1:1 mostró una inhibición de la α-glucosidasa 
notablemente mayor (CI50 = 45,45 μg/mL) que la de C. longa (135,03 μg/mL), C. asiatica (88,07 μg/mL) y acarbosa (113,92 μg/mL). La actividad antioxidante 

también fue mayor en la combinación (CI50 = 40,68 μg/mL). In vivo, el tratamiento combinado redujo la glucemia de forma comparable a la glibenclamida y 

mejoró la sensibilidad a la insulina, con un HTLI de 1,634 frente a 1,308 para la metformina. Los niveles de MDA se redujeron significativamente, lo que indica 

una menor peroxidación lipídica. Una correlación moderada entre la inhibición antioxidante y enzimática (r = 0,685) sugiere un vínculo mecanicista entre el 

estrés oxidativo y el metabolismo de los carbohidratos. 

Conclusiones: La combinación de C. longa y C. asiatica demostró efectos antioxidantes y antidiabéticos sinérgicos, cumpliendo con los estándares de calidad, 

lo que respalda su potencial como terapia complementaria para el manejo de la diabetes. 

Palabras Clave: antidiabético; antioxidante; Centella asiatica; Curcuma longa; efecto sinérgico. 
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INTRODUCTION 

About 589 million individuals worldwide were liv-
ing with diabetes in 2024, corresponding to a global 
prevalence 1 in 9 among adults aged 20–79 years are 
living with diabetes, and this number is projected to 
rise to 853 million by 2050 (IDF, 2025). Prediabetes is 
also increasingly prevalent, particularly among older 
populations, with 48.8% of U.S. adults aged ≥65 years 
affected in 2020 (CDC, 2020). These figures highlight 
the urgent need for effective, safe, and accessible treat-
ments to manage diabetes and its complications. 

The increased incidence and consequences of dia-
betes mellitus have led to an increase in the need for 
treatment medicines that are both cost-effective and 
have few adverse effects. Herbal medicines have 
emerged as promising alternatives, with recent litera-
ture indicating that over 60% of pharmaceutical drugs 
have natural product origins (Newman and Cragg, 
2020). Among these, turmeric (Curcuma longa L., Zingi-
beraceae) and gotu kola (Centella asiatica (L.) Urb., 
Apiaceae) have been used traditionally for their medic-
inal properties. 

Curcumin, the major active compound in C. longa, 
possesses potent antioxidant activity, neutralizes free 
radicals, reduces oxidative stress, enhances insulin 
sensitivity, regulates blood glucose levels, and modu-
lates fat metabolism and inflammation. Similarly, C. 
asiatica contains triterpenoid compounds such as asi-
aticoside and asiatic acid, which contribute to antioxi-
dant defense, protect against oxidative damage, and 
reduce adipogenesis and lipid accumulation, thereby 
assisting in glycemic control and weight management. 
Oxidative stress plays a crucial role in the pathogenesis 
of diabetes, and numerous studies have shown that an-
tioxidants can enhance insulin sensitivity and reduce 
hyperglycemia (Ceriello, 2000). 

To ensure reproducibility and efficacy in herbal 
studies, the standardization of extracts is essential. 
Thin-Layer Chromatography (TLC) densitometry was 
employed in this study to quantify curcumin in C. 
longa and asiaticoside in C. asiatica, ensuring consistent 
active compound content in accordance with the Indo-
nesian Herbal Pharmacopoeia (Nurhayati et al., 2020; 
Wahyuni et al., 2018). Previous research indicates that 
C. longa extract and its constituents significantly reduce 
fasting blood glucose levels and improve insulin re-
sistance in diabetic animal models (Leksmi et al., 2014; 
Sunday and Udoh, 2020), while C. asiatica extract has 
shown comparable effects, largely attributed to asiati-
coside (Fitrianda et al., 2017). 

There is increasing evidence that combining multi-
ple herbal extracts can lead to synergistic effects, 
wherein the pharmacological efficacy of each compo-
nent is enhanced when used together. Such 

combinations often yield greater antioxidant, anti-in-
flammatory, and antidiabetic effects than individual 
herbs. Additionally, they may lower the required dose 
of each component, potentially reducing the risk of 
toxicity. Although no specific synergy study has been 
conducted on C. longa and C. asiatica, the traditional 
use of their combination in herbal preparations sug-
gests potential complementary mechanisms worthy of 
investigation.  

Considering the antidiabetic and antioxidant prop-
erties of C. longa and C. asiatica, this study aimed to 
evaluate the effects of their single and combined ex-
tracts in reducing blood glucose levels and oxidative 
stress in streptozotocin-induced diabetic mice. We hy-
pothesized that co-administration of standardized C. 
longa and C. asiatica extracts would exert synergistic 
antioxidant and antidiabetic effects exceeding those of 
the individual extracts.  

MATERIAL AND METHODS 

Plant materials and preparation 

Rhizomes of Curcuma longa L. and aerial parts 
(leaves and stems) of Centella asiatica (L.) Urb. were col-
lected from a local garden in Manoko, Lembang, West 
Java, Indonesia. The plant species were taxonomically 
identified at the Herbarium, Department of Biology, 
Faculty of Mathematics and Natural Sciences, Univer-
sitas Padjadjaran (GPS: -6.9270° S, 107.7700° E). Plant 
materials were washed, cut into smaller pieces, and 
dried in a laboratory oven at 40°C until a constant 
weight was achieved. Dried samples were ground us-
ing a mechanical grinder and sieved through mesh No. 
12 and 18 to obtain a uniform particle size. 

Chemicals and reagents 

All chemicals and reagents used were of analytical 
grade and obtained from Sigma-Aldrich (USA), Merck 
(Germany). These included ethanol (96%), methanol, 
chloroform, 2,2-diphenyl-1-picrylhydrazyl (DPPH) for 
antioxidant assay, α-glucosidase enzyme from Saccha-
romyces cerevisiae, p-nitrophenyl-α-D-glucopyranoside 
(pNPG), and acarbose (positive control) for α-gluco-
sidase inhibitory activity. For lipid peroxidation anal-
ysis, reagents such as thiobarbituric acid (TBA), tri-
chloroacetic acid (TCA), hydrochloric acid (HCl), and 
butylated hydroxytoluene (BHT) were used in the 
malondialdehyde (MDA) assay. Induction of insulin 
deficiency was performed using alloxan monohydrate 
dissolved in normal saline to induce diabetes in rats, 
while insulin resistance was induced by administra-
tion of a 25% fructose solution. Additional chemicals 
included sodium carboxymethyl cellulose (Na-CMC) 
as a suspending agent, glibenclamide as a reference an-
tidiabetic drug, potassium oxonate, glucose reagent, 

https://jppres.com/


Kusriani et al. Curcuma longa and Centella asiatica combo for diabetes 

 

https://jppres.com  J Pharm Pharmacogn Res (2026) 14(1): 3 

 

Tris-glycine chloride buffer, and ferrous sulfate hep-
tahydrate (FeSO₄·7H₂O). All reagents were of analyti-
cal grade.  

Animal models and ethical approval 

All animal procedures were approved by the 
Health Research Ethics Committee, Bhakti Kencana 
University (Approval No. 091/09.KEPK/UBK/VI/ 
2024) and conducted in accordance with international 
guidelines for animal care and use. Rats were ran-
domly assigned to experimental groups to minimize 
selection bias under controlled temperature (22 ± 2 °C), 
humidity (55 ± 10%), and a 12-hour light/dark cycle, 
with free access to standard feed and water. At the end 
of the study, euthanasia was performed using CO₂ in-
halation followed by cervical dislocation to minimize 
suffering. 

Extraction 

The powdered C. longa rhizome and C. asiatica pow-
ders (each 1000 g) were extracted by maceration using 
96% ethanol at a ratio of 1:10 (w/v) for 24 hours per 
cycle, and the process was repeated three times with 
fresh solvent for each cycle. The resulting extract was 
concentrated under reduced pressure using a rotary 
evaporator. Each extract, as well as its combinations, 
was then tested for antidiabetic and antioxidant prop-
erties. 

Determination of curcumin and asiaticosid levels 

Curcumin determination using TLC densitometry 

A stock solution of 200 ppm was made by dissolv-
ing 10 mg of standard curcumin in 50 mL of ethanol. 
Then, standard solutions of various concentrations 
were prepared. 500 mg of C. longa extract was dis-
solved in 5 mL of ethanol for the sample solution. Sam-
ple and standards were applied (5 μL in triplicate) onto 
a TLC plate. The plate was developed in a chamber 
with a chloroform:methanol (95:5) mixture as the mo-
bile phase. The plate was dried and scanned with a 
densitometer. The curcumin content in the sample was 
calculated using the peak area and the linear regres-
sion equation from the standard curve (Ministry of 
Health RI, 2017; Wahyuni et al., 2018). 

Asiaticoside determination with TLC densitometry 

A stock solution containing 2500 ppm of a standard 
asiaticoside was made by dissolving 5 mg of the asiati-
coside in 2 mL of methanol pa. After that, the stock so-
lution was diluted to create asiaticoside solutions in 
different concentrations. With a stationary phase of sil-
ica GF254 and a mobile phase of ethyl acetate: formic 
acid: water (8:1:1) optimized beforehand, the asiati-
coside concentration was ascertained using TLC-

densitometry. C. asiatica herb extract was applied, 5 µL 
of each extract in triplicate, which is how spotting was 
done. The plates were heated on a hotplate after being 
eluted and sprayed with 10% H2SO4, a universal sol-
vent. The heating process was performed to enhance 
the visibility of the spots compared to their appearance 
before spraying and heating. The asiaticoside spots 
were measured using a densitometer. The asiaticoside 
content in the extract was calculated using a calibrated 
standard curve (Ministry of Health RI, 2017; Pratiwi et 
al., 2023). 

Antioxidant activity assay 

The DPPH radical scavenging activity was deter-
mined according to the method of Molyneux (2004) 
with slight modification. A 0.1 mM DPPH solution was 
prepared in methanol. Various concentrations of the 
extract (20–100 µg/mL) were mixed with an equal vol-
ume of DPPH solution and incubated for 30 min at 
room temperature in the dark. The absorbance was 
measured at 517 nm using a UV–Vis spectrophotome-
ter. The percentage of inhibition was calculated, and 
IC50 values were obtained by linear regression of con-
centration versus % inhibition (Jhansi and Kola, 2019; 
Molyneux, 2004). 

Alpha-glucosidase inhibitory activity 

The inhibitory activity of the extracts against α-glu-
cosidase was evaluated using a modified method, 
which employed α-glucosidase from Saccharomyces 
cerevisiae and pNPG as the substrate, with acarbose 
serving as the positive control. Extract samples (C. 
longa, C. asiatica, and their combination) were prepared 
at concentrations of 50–350 µg/mL. In a 96-well plate, 
50 µL of sample solution was mixed with 50 µL of α-
glucosidase (0.5 U/mL in phosphate buffer, pH 6.8) 
and incubated at 37°C for 10 min. Subsequently, 50 µL 
of 5 mM pNPG was added, and the mixture was incu-
bated for an additional 30 min at 37°C. The reaction 
was terminated by adding 100 µL of 0.2 M Na₂CO₃. 

The absorbance of the released p-nitrophenol was 
measured at 405 nm using a microplate reader. A blank 
(without enzyme) and a control (enzyme without in-
hibitor) were processed under identical conditions. 
The percentage inhibition was calculated as per equa-
tion [1]. 

 
[1] 

IC50 values were determined by linear regression of 
percentage inhibition versus concentration using five 
concentrations of each sample. Acarbose served as a 
positive control and was analyzed under the same con-
ditions for comparison. 

%𝐈 =
 𝑨𝒄𝒐𝒏𝒕𝒓𝒐𝒍 − 𝑨𝑺𝒂𝒎𝒑𝒍𝒆 

𝑨𝒄𝒐𝒏𝒕𝒓𝒐𝒍
× 𝟏𝟎𝟎% 
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Insulin deficiency assay 

White male Wistar rats aged 2–3 months and 
weighing 150–250 g (obtained from Bandung Institute 
of Technology) were used in this study. Prior to testing, 
the animals were adapted to new cage environments, 
including feeding routines. Rats were fasted for 12 
hours to stabilize baseline blood glucose (T0), then in-
duced with alloxan monohydrate (200 mg/kg BW, in-
traperitoneal) dissolved in normal saline. After 3 days, 
fasting blood glucose was measured from the tail vein 
using a validated glucometer; rats with glucose levels 
greater than 200 mg/dL were considered diabetic (T1) 
(Igodharo et al., 2017). Eight groups (n = 5 per group) 
were assigned: normal control, negative control (Na-
CMC), positive control (glibenclamide), single extracts 
(C. longa and C. asiatica at 50 mg/kg BW), and combi-
nation extracts (1:1, 2:1, 1:2 ratios). All treatments were 
given orally for 14 days. Blood glucose was measured 
on days 0, 3, 7, and 14 (Banda et al., 2018). 

Insulin resistance 

Insulin resistance was induced by administering 
Lipofundin® mixed with 25% fructose at 0.42 mL/20 g 
BW orally once daily for 14 days (Susilawati et al., 
2024). After induction, insulin sensitivity was evalu-
ated using the Insulin Tolerance Test (ITT). Rats were 
fasted for 6 hours, then injected intraperitoneally with 
insulin (0.75 U/kg BW). Blood glucose levels were 
measured at 0, 15, 30, 45, and 60 minutes using an Easy 
Touch® glucometer (Susilawati et al, 2024). The rate 
constant for glucose disappearance (KITT, %/min) 
was calculated as equation [2].  

 

where 
 

[2] 

Glucose data were log-transformed and plotted 

against time, and the slope was determined by linear 
regression. The highest tolerance level of insulin 
(HTLI) was recorded as the maximum blood glucose 
level before and after therapy and used in conjunction 
with KITT to assess insulin sensitivity. 

MDA measurement 

After 14 days of treatment, rats were euthanized, 
and liver tissues were collected for oxidative stress 
analysis. A 20% liver homogenate was prepared in 
0.01 M Tris-HCl buffer (pH 7.4). Lipid peroxidation 
was determined using the thiobarbituric acid reactive 
substances (TBARS) assay adapted from Nagababu et 
al. (2010) and Espín et al. (2017). Briefly, homogenates 
were incubated with FeSO₄ to initiate peroxidation, 
treated with the TBA reagent, and heated at 100 °C for 
10 minutes. After cooling and centrifugation, the ab-
sorbance of the supernatant was measured at 532 nm 
using a UV–Vis spectrophotometer. MDA concentra-
tion was calculated from a standard curve using 
1,1,3,3-tetraethoxypropane and expressed as nmol 
MDA per gram of liver tissue. 

Statistical analysis 

All data were expressed as mean ± standard devia-
tion (SD). Statistical analyses were performed using 
one-way ANOVA followed by Tukey’s post hoc test to 
determine significance between groups. A p-value of 
less than 0.05 was considered statistically significant. 
In addition, Pearson’s correlation analysis was per-
formed to evaluate the relationship between antioxi-
dant activity and antidiabetic parameters (α-gluco-
sidase inhibition, insulin deficiency, and insulin re-
sistance). 

A schematic summary of the experimental design is 
presented in Fig. 1. 

 

 

Figure 1. Schematic summary of study design. 

𝑲𝑰𝑻𝑻 =
𝟎.𝟔𝟗𝟑

t1/2

 t1/2

𝑳𝒏𝟐

𝑺𝒍𝒐𝒑𝒆 𝒐𝒇 𝒍𝒏 (𝒈𝒍𝒖𝒄𝒐𝒔𝒆 𝒅𝒆𝒄𝒍𝒊𝒏𝒆)
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Table 1. Characterization of Curcuma longa rhizome and Centella asiatica herb. 

Characterization parameters 
IHP requirement 

(% w/w) 

IHP result 

(% w/w) 

IHP requirement (% 

w/w) 

IHP result 

(% w/w) 

Loss on drying <10 7.33 ± 0.28 <10 7.83 ± 1.25 

Total ash content <8.2 6.67 ± 1.41 <11.6% 4.56 ± 0.51 

Acid-insoluble ash content <0.9 0.83 ± 0.57 <2.3% 1.93 ± 1.00 

Water-soluble extract content >11.5 18.33 ± 1.52 >15,4% 26.5 ± 1.80 

Ethanol-soluble extract content >11.4 7.66 ± 1.15 >4.4% 27.86 ± 1.02 

Moisture content <10 5 ± 0.1 <10 1.33 ± 1.44 

Data are presented as mean ± standard deviation (n = 3). IHP: Indonesian Herbal Pharmacopoeia; SD: Standard deviation.  

 

RESULTS  

Characterization and extract yields 

To ensure the quality and identity of raw materials, 
standardization of C. longa and C. asiatica crude drug 
materials were performed according to the Indonesian 
Herbal Pharmacopoeia. The evaluation included or-
ganoleptic characteristics, moisture content, ash val-
ues, and extractive values to confirm compliance with 
pharmacopeial requirements. Both crude drug materi-
als met the standard quality parameters (Table 1) and 
yielded 19.8% and 16.6% crude extract, respectively. 

TLC densitometry-based quantitative analysis of 
curcumin and asiaticoside content 

Quantification of marker compounds is crucial for 
standardizing extracts. Therefore, the curcumin con-
tent in C. longa and the asiaticoside content in C. asiatica 
were determined using validated TLC-densitometry 
methods, as described by Wahyuni et al. (2018) with 
slight modifications. Standard curcumin and sample 
solutions were prepared in methanol and spotted (5 μL 
each, in triplicate) on silica gel 60 F254 plates (Merck). 
The chromatographic development was performed us-
ing chloroform:methanol (95:5 v/v) as the mobile 
phase. After development, the plates were visualized 
under UV light at 254 nm, and the curcumin bands 
were identified by comparison with the standard (Rf ≈ 
0.65). The plates were scanned using a TLC scanner 
(CAMAG TLC Scanner 4), and the peak areas were rec-
orded. A calibration curve was constructed (y = 6.915x 
+ 482.9; R² = 0.996), and the curcumin content was cal-
culated as 11.642%, meeting the Indonesian Herbal 
Pharmacopoeia standard of ≥11.17% (Ministry of 
Health of the Republic of Indonesia, 2017). 

Similarly, asiaticoside content in C. asiatica extract 
was analyzed using TLC-densitometry following 
Pharmacopoeia guidelines (Pratiwi et al., 2023). Stand-
ard asiaticoside and sample solutions were applied (5 
μL each, in triplicate) on silica gel 60 F254 plates. The 

plates were developed in ethyl acetate:formic acid:wa-
ter (8:1:1 v/v/v). After development, the plates were 
sprayed with 10% H₂SO₄ and heated at 105°C for 5 
minutes to visualize the bands. Detection was per-
formed at 366 nm after derivatization. Asiaticoside was 
identified based on Rf ≈ 0.32, as compared to the refer-
ence standard. The calibration curve (y = 3.4784x + 
2345.4; R² = 0.9996) was used to calculate the asiati-
coside content, which was 0.984%, above the minimum 
requirement of 0.90% (Ministry of Health of the Repub-
lic of Indonesia, 2017). 

Antioxidant activity assay with the DPPH method 

To evaluate antioxidant potential, the radical scav-
enging activity of single and combined extracts was as-
sessed using the DPPH assay. This method measures 
the ability of the samples to neutralize free radicals, ex-
pressed as IC50 values. This study found that combin-
ing extracts of C. longa rhizome and C. asiatica herb re-
sults in stronger antioxidant activity than using the in-
dividual extracts alone (Table 2). 

The 1:1 combination of C. longa and C. asiatica ex-
tracts demonstrated the strongest DPPH radical scav-
enging activity, with an IC50 value of 40.68 μg/mL. 
This value was significantly lower than those of the in-
dividual extracts (60.15 μg/mL for C. longa and 
67.67 μg/mL for C. asiatica) (p<0.05), indicating a syn-
ergistic antioxidant effect. According to the classifica-
tion described by Kedare and Singh (2011), substances 
with IC50 values below 50 μg/mL are considered to 
have ‘very strong’ antioxidant activity. For compari-
son, the positive control, vitamin C, exhibited an IC50 
of 4.22 μg/mL. 

Alpha-glucosidase inhibitory activity 

The α-glucosidase inhibitory activity was tested in 
vitro to determine the potential of the extracts to con-
trol postprandial hyperglycemia by delaying carbohy-
drate digestion. The α-glucosidase inhibitory activity 
assay  showed  that  C.  longa  and  C.  asiatica  extracts 
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Table 2. Antioxidant activity using the DPPH reduction method. 

Sample IC50 (µg/mL) 

Curcuma longa extract 60.15 ± 1.16 

Centella asiatica extract 67.67 ± 0.90 

Combination (Curcuma longa: Centella asiatica) (1:1) 40.68 ± 0.75 

Combination (Curcuma longa: Centella asiatica) (2:1) 47.14 ± 0.64 

Combination (Curcuma longa: Centella asiatica) (1:2) 56.75  ± 0.54 

Vitamin C 4.22  ± 0.32 

IC50 values were analyzed with linear regression. Data are presented as the mean ± SD of triplicate measurements. 

IC50: Half-maximal inhibitory concentration. 

 
 

 

Figure 2. α-Glucosidase inhibitory activity (IC50) of Curcuma 

longa rhizome, Centella asiatica herb extracts, and their 1:1 

combination compared with acarbose.  

Values are expressed as mean ± SD (n = 3). Statistical significance 

was considered at p<0.05. The 1:1 combination group showed a 

significantly lower IC₅₀ value compared with individual extracts and 

acarbose (p<0.05). IC50: Half-maximal inhibitory concentration. 

 
exhibited IC50 values of 135.03 μg/mL and 
88.07 μg/mL, respectively. Interestingly, the 1:1 com-
bination of both extracts resulted in a significantly 
lower IC50 value of 45.45 μg/mL (p<0.05), suggesting a 
synergistic effect. For comparison, the positive control, 
acarbose, showed an IC50 of 113.92 μg/mL. Both ex-
tracts and their combinations inhibited α-glucosidase 
in a dose-dependent manner, with combinations 
showing stronger effects than single extracts (Fig. 2). 

Antidiabetic activity in insulin insulin-deficient 
model 

The antidiabetic activity of the C. longa and C. asiat-
ica extracts was induced with alloxan (200 mg/kg BW) 
to simulate diabetes, and their fasting blood glucose 
levels were measured before and after treatment (Fig. 
3). Fasting blood glucose levels at baseline (T0) ranged 
from 103.3 mg/dL to 136.3 mg/dL across all groups. 
After alloxan induction (T1), glucose levels increased 
significantly in all diabetic groups, with the negative 
control reaching 575.3 mg/dL. On day 14 (T14), treat-
ment with C. longa and C. asiatica extracts reduced 

blood glucose levels to 132 mg/dL and 101.3 mg/dL, 
corresponding to reductions of 71.4% and 80.6% from 
T1, respectively. The 1:1, 2:1, and 1:2 combinations fur-
ther decreased glucose levels to 112.3, 97.3, and 
94.7 mg/dL, respectively, which were statistically 
comparable to the glibenclamide group (104 mg/dL). 
Notably, the 1:2 combination demonstrated the highest 
percentage reduction (81.2%) from T1 to T14. These re-
sults indicate a synergistic antihyperglycemic effect of 
the combination treatments, particularly the 1:2 ratio of 
C. longa and C. asiatica. 

Insulin resistance method 

To assess insulin sensitivity, insulin resistance was 
induced using a high-fructose and lipid emulsion 
model. The HTLI was measured before and after treat-
ment to reflect the rate of insulin-mediated glucose 
clearance. After induction, HTLI levels significantly 
declined in all diabetic groups, with the negative con-
trol group showing the lowest value (0.0195). Treat-
ment with C. longa and C. asiatica extracts moderately 
improved HTLI levels to 1.308 and 1.335, respectively. 
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Figure 3. Blood glucose 

levels in alloxan-induced 

diabetic rats at T0 (baseline), 
T1 (after alloxan induction), 

T7 (7 days), and T14 (14 

days) post-treatment. 

Values are mean ± SD (n=5). Data 

are presented as mean ± SD 

(n=5). Different letters above the 

bars indicate significant 

differences among groups (one-

way ANOVA followed by Tukey’s 

post-hoc test, p<0.05). 

 
 

 

Figure 4. HTLI values after 

induction and after treatment 

in the insulin resistance 

method. 

Data presented as mean ± SD 

(n=5). ANOVA and Tukey’s test: 

Different letters indicate 

significant differences (p<0.05). 
αSignificantly different (p<0.05) 

from positive control (metformin); 
ßsignificantly different (p<0.05) 

from negative control; 

*significantly different (p<0.05) 

from the normal group. 

 
Notably, the 1:1 and 1:2 combination treatments re-

stored HTLI values to 1.634 and 1.633, which were sig-
nificantly higher than the positive control group 
treated with metformin (1.308) (p<0.05). 

These results indicate that the extract combinations, 
particularly in 1:1 and 1:2 ratios, enhanced insulin sen-
sitivity more effectively than metformin, as reflected 
by higher HTLI values post-treatment. A higher HTLI 
value indicates a better response to insulin and im-
proved glucose tolerance, suggesting enhanced insulin 
sensitivity (Fig. 4). 

Malondialdehyde inhibitory activity 

 Liver MDA levels were measured in all experi-
mental groups of the metabolic syndrome mouse 
model using TCA and TBA reagents, with absorbance 
recorded at 532 nm. MDA, a key end product of lipid 
peroxidation, is widely used as a biomarker of oxida-
tive stress. All treatment groups exhibited significantly 
lower liver MDA levels compared to the untreated di-
abetic group (p<0.05), though no significant differ-
ences were observed between single and combination 
extract treatments (Fig. 5). Among the combination 
groups, the 1:1 ratio yielded an MDA level of 
3.98 µg/mL, which was approximately 231.7% higher 

than the normal group, indicating partial but not com-
plete restoration to baseline oxidative status. 

Pearson correlation analysis between antioxidant 
and antidiabetic parameters 

To further explore the relationship between antiox-
idant and antidiabetic activities of the tested herbal ex-
tracts, Pearson correlation analysis was performed be-
tween antioxidant IC50 values (DPPH method), alpha-
glucosidase inhibitory IC50, and HTLI values. The re-
sults are summarized in Table 3. 

The correlation matrix indicates a moderate posi-
tive correlation between antioxidant activity and al-
pha-glucosidase inhibition (r = 0.685), suggesting a po-
tential synergistic mechanism of action. However, the 
correlation between antioxidant activity and insulin 
sensitivity is weak (r = 0.084), implying that other fac-
tors, such as direct modulation of insulin signaling 
pathways, may play a more critical role in improving 
insulin sensitivity. This analysis supports the hypothe-
sis that the antioxidant and antidiabetic effects ob-
served are partially linked through enzyme inhibition, 
while improvements in insulin sensitivity are likely 
mediated through different mechanisms. 
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Figure 5. Liver MDA levels in 
diabetic rats treated with test 

solutions.  

Values are expressed as mean ± SD. Data 

presented as Mean ± SD (n=5). ANOVA 

and Tukey’s test: Different letters 

indicate significant differences (p<0.05). 
αSignificantly different (p<0.05) from 

positive control; ßsignificantly different 

(p<0.05) from negative control; 

*significantly different (p<0.05) from the 

normal group. 

 
 

Table 3. Pearson correlation between antioxidant and antidiabetic parameters. 

Parameters Antioxidant IC50 Alpha-glucosidase IC50 HTLI 

Antioxidant IC50 1.000 0.685 0.084 

Alpha-glucosidase IC50 0.685 1.000 -0.668 

HTLI 0.084 -0.668 1.000 

Statistical significance was set at p<0.05. HTLI: Highest tolerated level of insulin. 

 
Histology of pancreas with HE staining 

Histological examination of pancreatic tissues (Fig. 
6) revealed marked structural damage in the islets of 
Langerhans of untreated diabetic rats, with evident 
shrinkage and disruption of β-cell architecture. In con-
trast, treatment groups showed varying degrees of islet 
preservation. The turmeric extract and the 1:1 combi-
nation group notably demonstrated more intact islet 
morphology with increased β-cell presence compared 
to the diabetic control. 

Quantitative cell counts supported these observa-
tions: the normal group had 148 β-cells and 82 α-cells, 
while the negative control had only 70 β-cells and 44 α-
cells. The turmeric group restored β-cells to 100%, 
while the 1:1 and 2:1 combinations showed 95% and 
105% β-cells, respectively, approaching near-normal 
levels. Among the treatment groups, the 2:1 combina-
tion produced the highest β-cell count, suggesting im-
proved regeneration potential. 

DISCUSSION 

This study confirmed that C. longa and C. asiatica ex-
tracts met the Indonesian Herbal Pharmacopoeia 
standards, with curcumin and asiaticoside contents of 
11.6% and 0.98%, respectively. These results confirm 
the suitability of both plants as sources for standard-
ized herbal antioxidant therapy. 

The DPPH assay revealed that the antioxidant ac-
tivity of each extract, as measured by IC50 values, was 

strong (C. longa = 60.15 ± 1.16 μg/mL; C. asiatica = 67.67 
± 0.90 μg/mL), while combinations, especially in a 2:1 
ratio, showed significantly enhanced activity (IC50 = 
47.14 ± 0.64 μg/mL). This suggests a synergistic effect 
between curcumin and asiaticoside, which may en-
hance radical scavenging capacity.  

The 2:1 combination demonstrated an antioxidant 
activity approaching that of vitamin C (IC50 = 4.22 ± 
0.32 μg/mL), a benchmark antioxidant, highlighting 
its potential therapeutic relevance. The enhanced effect 
likely arises from the complementary antioxidant 
mechanisms of both compounds. These findings align 
with previous studies that demonstrated DPPH scav-
enging activity of C. asiatica (Harun-Or-Rashid et al. 
2023) and curcumin-rich C. longa (Razavi et al., 2021). 
The enhanced effect in our study likely stems from the 
complementary antioxidant mechanisms of both com-
pounds. 

Curcumin exerts its antioxidant effects by scaveng-
ing reactive oxygen species (ROS) through hydrogen 
or electron donation from its phenolic OH group, sta-
bilizing free radicals (Ghasemzadeh and Ghasemza-
deh, 2011). It also chelates transition metal ions (Fe²⁺, 
Cu²⁺), thereby preventing the Fenton reaction and sub-
sequent ROS generation (Menon and Sudheer, 2007). 
Additionally, it inhibits oxidative enzymes and regen-
erates endogenous antioxidants, such as vitamins C 
and E (Gupta et al., 2013). 
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Figure 6. Histological analysis of pancreatic tissues stained with hematoxylin-eosin (HE).  

Panels A–H show representative islet morphology from each group (A); magnification 100×. The bar graph illustrates the quantitative counts of β-

cells and α-cells per microscopic field. Quantified based on image analysis from HE-stained sections. Values indicate cell count per field of view (B). 

 

Several processes are involved in the antioxidant 
action of asiaticoside, a triterpenoid that is present in 
C. asiatica. It stabilizes these dangerous compounds by 
directly scavenging free radicals such as ROS and reac-
tive nitrogen species (RNS) by donating electrons 
(Cheng et al., 2004). Additionally, by activating the nu-
clear factor erythroid 2-related factor 2 (Nrf2) signaling 
pathway and upregulating the expression of important 
enzymes such as glutathione peroxidase (GPx), cata-
lase (CAT), and superoxide dismutase (SOD), Asiati-
coside modifies endogenous antioxidant defense sys-
tems (Jiang et al., 2022). Furthermore, it prevents oxi-
dative stress-induced lipid, protein, and DNA damage 
by raising glutathione (GSH) levels and decreasing 
MDA levels. These combined mechanisms make asiati-
coside a promising agent in mitigating oxidative dam-
age and related pathologies. 

The IC50 values of the individual extracts fall within 
the strong antioxidant category, whereas the combina-
tion exhibited significantly greater activity, classified 
as very strong. (Table 2). This enhancement suggests a 
synergistic interaction, likely mediated by curcumin 
and asiaticoside, which act through radical scavenging 
and inhibition of lipid peroxidation, thereby reducing 
oxidative stress. Additionally, the combination of C. 
longa rhizome and C. asiatica demonstrated antioxidant 
activity comparable to that of vitamin C, a well-estab-
lished and powerful antioxidant, highlighting the po-
tential for natural antioxidant formulations in health 
applications (Jhansi and Kola, 2019).  

The α-glucosidase enzyme plays a pivotal role in 
carbohydrate metabolism by catalyzing the final step 
in the digestive process of carbohydrates into absorba-
ble monosaccharides. Inhibiting this enzyme 
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effectively delays glucose absorption and reduces 
postprandial blood glucose spikes, a strategy widely 
employed in the management of type 2 diabetes using 
drugs such as acarbose (Chuengsamarn et al., 2012).  In 
this study, the individual extracts of C. longa (IC50 = 
135.03 ± 5.66 μg/mL) and C. asiatica (IC50 = 88.07 ± 3,31 
μg/mL) exhibited moderate inhibitory activity against 
α-glucosidase (Fig. 2). However, the 1:1 combination of 
both extracts showed a significantly stronger inhibi-
tory effect, with an IC50 of 45.45 ± 6,76 μg/mL—ap-
proximately 60% lower than that of acarbose (IC50 = 
113.92 ± 4,77 μg/mL). This suggests that the combina-
tion has a synergistic effect, potentially due to the in-
teraction of bioactive compounds such as curcumin 
and asiaticoside. Curcumin has been reported to in-
hibit carbohydrate-digesting enzymes and suppress 
postprandial hyperglycemia, likely by interfering with 
enzyme active sites and exerting antioxidant protec-
tion on pancreatic β-cells (Menon and Sudheer, 2007). 
Asiaticoside, a major compound in C. asiatica, also con-
tributes to enzyme inhibition while modulating oxida-
tive pathways through Nrf2 activation and enhancing 
endogenous antioxidant systems (Jiang et al., 2022; 
Loushambam and Singh, 2024). The superior activity 
of the combination may result from complementary 
modes of action: curcumin contributes through en-
zyme binding and radical scavenging, while asiati-
coside enhances cellular antioxidant responses and 
may indirectly reduce enzyme activity by mitigating 
oxidative stress. These findings are consistent with 
previous reports showing enhanced bioactivity from 
polyherbal formulations (Jhansi and Kola, 2019). Thus, 
the 1:1 combination of C. longa and C. asiatica not only 
outperformed their individual extracts but also 
demonstrated higher potency than the reference drug 
acarbose. This supports their potential development as 
a natural α-glucosidase inhibitor, either as a 
standalone therapy or as an adjunct to existing antidi-
abetic medications. 

In insulin deficiency, the body is unable to effec-
tively regulate blood glucose levels. Alpha-glucosidase 
inhibitors play a role in slowing the digestion of carbo-
hydrates into glucose in the intestine, thereby helping 
to reduce post-meal blood glucose spikes (Matsui and 
Yoshimoto, 2021). Curcumin contributes to pancreatic 
β-cell protection by enhancing endogenous antioxi-
dant defenses, exerting glucose-lowering effects, and 
stimulating insulin secretion through its antioxidant 
and anti-inflammatory mechanisms. The antioxidant 
content in both supports beta cell regeneration (Li et 
al., 2020; Menon and Shudeer, 2007). Rats with blood 
glucose levels exceeding 200 mg/dL were considered 
diabetic, indicating successful induction by alloxan, 
which selectively destroys pancreatic beta cells, im-
pairing insulin production (Banda et al., 2018). After 7 
and 14 days of treatment with the extracts, a significant 

reduction in blood glucose levels was observed in the 
groups treated with C. longa and C. asiatica extracts, ei-
ther individually or in combination, as well as in the 
group treated with glibenclamide (positive control) 
(Fig. 3). This reduction in blood glucose is attributed to 
the presence of bioactive compounds in the extracts, 
curcumin has been shown to lower blood glucose lev-
els in diabetic animals by improving pancreatic func-
tion and asiaticoside exhibited significant antidiabetic 
effects, as reported in previous studies where it re-
duced blood glucose levels in alloxan-induced diabetic 
rats (Fitrianda et al., 2017; Leksmi et al., 2014; Sunday 
et al., 2020). 

Insulin resistance is a hallmark of type 2 diabetes 
mellitus, characterized by the inability of peripheral 
tissues to respond adequately to insulin, resulting in 
compensatory hyperinsulinemia and impaired glucose 
homeostasis. The HTLI is a functional parameter that 
quantifies the body’s capacity to utilize exogenous in-
sulin to maintain normoglycemia; thus, higher HTLI 
values indicate improved insulin sensitivity (Susi-
lawati et al., 2024). In this study, alloxan-induced dia-
betic rats exhibited a significant decline in HTLI, with 
the negative control group showing a p-value of 0.0195 
compared to the normal group (1.646), confirming the 
successful induction of insulin resistance. Treatment 
with metformin, used as the positive control, moder-
ately improved insulin sensitivity, increasing the HTLI 
to 0.500. Interestingly, the administration of single ex-
tracts of C. longa and C. asiatica resulted in higher HTLI 
values (0.690 and 0.764, respectively) than metformin 
(Fig. 4). These findings align with previous reports 
demonstrating the insulin-sensitizing effects of curcu-
min through anti-inflammatory and antioxidant path-
ways (Menon and Sudheer, 2007) and the β-cell protec-
tive actions of asiaticoside (Jiang et al., 2022). 

Notably, the combination extracts produced further 
enhancement in insulin sensitivity. The 1:1 ratio exhib-
ited the highest HTLI value (p=0.887), followed by 2:1 
(p=0.764) and 1:2 (p=0.735). These values were all 
greater than the standard drug, indicating that the 
combined administration of C. longa and C. asiatica re-
sulted in a synergistic effect. This synergy may be at-
tributed to the complementary mechanisms of action: 
curcumin improves peripheral insulin sensitivity 
through the PI3K/Akt pathway, while asiaticoside 
contributes to β-cell regeneration and antioxidant de-
fense. The data strongly support the potential of this 
herbal combination as a promising natural adjuvant in 
improving insulin sensitivity and managing insulin re-
sistance, surpassing the efficacy of either individual ex-
tract or standard treatment with metformin (Fig. 4). 

The mice were euthanized on the final day of the 
trial, and their livers and pancreas were isolated. He-
patic MDA levels were measured to evaluate oxidative 
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stress and lipid peroxidation status. As shown in Fig. 
5, MDA levels were significantly elevated in the nega-
tive control group (alloxan-induced diabetic rats), in-
dicating oxidative damage to liver tissues. All treat-
ment groups, including C. longa, C. asiatica, and their 
combinations, demonstrated a significant reduction in 
hepatic MDA compared to the untreated diabetic 
group (p<0.05), suggesting effective antioxidant ac-
tion. However, no statistically significant difference 
was observed between the combination and the single-
extract groups (p>0.05), indicating that both curcumin 
and asiaticoside, the main bioactive compounds, al-
ready exert potent antioxidant effects independently. 

MDA levels, a measure of cell damage caused by 
lipid peroxidation, were found to be significantly 
higher in mice in the potassium oxonate induction 
group on average. Potassium oxonate induction in 
mice can increase MDA levels in tissues through en-
hanced oxidative stress and lipid peroxidation. Lipid 
peroxidation occurs as a result of the generation and 
propagation of free radicals, which primarily target 
unsaturated fatty acids within the cell membrane. This 
process leads to the formation of MDA, a major by-
product that significantly contributes to membrane 
damage (Espín et al., 2017). These findings align with 
earlier reports that curcumin (Menon and Sudheer, 
2007) and asiaticoside (Mahapatra et al., 2021) can at-
tenuate lipid peroxidation by scavenging ROS and sta-
bilizing cell membranes. 

Histological analysis of pancreatic tissues was con-
ducted using hematoxylin and eosin (H&E) staining to 
evaluate the structural integrity of the islets of Langer-
hans. As shown in Fig. 6, notable morphological differ-
ences were observed between treatment groups. The 
normal control group exhibited well-preserved and 
compact islets, while the negative control group 
(alloxan-induced) showed disrupted architecture with 
vacuolated and shrunken islets, indicating significant 
β-cell damage. In contrast, the metformin-treated 
group displayed partial restoration of islet structure. 
This suggested that therapy had improved the Langer-
hans islet.  Histological examination with H&E stain-
ing provides a clear visualization of the pancreatic tis-
sue architecture, including the islets of Langerhans, 
where alpha (α) and beta (β) cells are located (Kusriani 
et al., 2023). Among the herbal treatments, C. longa ex-
tract showed the highest β-cell preservation, with a 
42% increase in β-cell count compared to the negative 
control, suggesting its strong cytoprotective effect. 
This finding is consistent with previous studies, which 
report that curcumin protects pancreatic tissue and en-
hances β-cell regeneration through its antioxidant and 
anti-inflammatory mechanisms (Menon and Sudheer, 
2007). Although C. asiatica alone showed modest im-
provements in islet morphology, the 1:1 combination 

of C. longa and C. asiatica yielded islet integrity compa-
rable to metformin, highlighting a potential synergistic 
effect. The histological findings align with biochemical 
data on glucose reduction, further supporting the ther-
apeutic potential of these extracts in preserving pan-
creatic function under diabetic conditions. 

The Pearson correlation analysis presented in this 
study supports the hypothesis that antioxidant activity 
may contribute to enzyme inhibition, which in turn 
plays a role in regulating postprandial blood glucose 
levels. The moderate correlation between DPPH IC50 

and alpha-glucosidase IC50 (r = 0.685) aligns with ear-
lier research suggesting that oxidative stress and car-
bohydrate metabolism are interconnected. In contrast, 
the lack of strong correlation between antioxidant lev-
els and HTLI values (r = 0.084) highlights the complex, 
multifactorial nature of insulin resistance, where anti-
inflammatory and cellular signaling pathways beyond 
oxidative status may dominate (Jiang et al., 2022; Susi-
lawati et al., 2024). The combination of C. longa and C. 
asiatica extracts demonstrated synergistic antioxidant 
and antidiabetic effects, with their combination exhib-
iting superior performance in both in vitro and in vivo 
assays compared to single extracts and standard drugs. 
These results suggest a promising potential for the in-
tegration of herbal therapy in diabetes management. 

Although this study demonstrated the antidiabetic 
and antioxidant potential of the combination of C. 
longa and C. asiatica, further investigations are needed. 
Future studies should focus on long-term toxicity eval-
uations to ensure safety, conduct clinical trials in hu-
mans to confirm efficacy, and perform mechanistic 
studies, such as gene expression analysis, to elucidate 
the molecular pathways involved in the observed ef-
fects. 

CONCLUSION 

The combined extracts of Curcuma longa and Cen-
tella asiatica met pharmacopeial quality standards and 
demonstrated higher antioxidant capacity and 
stronger α-glucosidase inhibitory activity than indi-
vidual extracts. These findings suggest a synergistic ef-
fect that may contribute to improved glycemic control, 
supporting the potential use of these compounds in di-
abetes management. Future studies focusing on long-
term safety, clinical evaluation, and mechanistic in-
sights are warranted to facilitate the translational ap-
plication of this combination therapy. 

CONFLICT OF INTEREST 

The authors declare no conflicts of interest. 

https://jppres.com/


Kusriani et al. Curcuma longa and Centella asiatica combo for diabetes 

 

https://jppres.com  J Pharm Pharmacogn Res (2026) 14(1): 12 

 

ACKNOWLEDGMENTS 

This research was funded by Hibah Penelitian Dalam Ne-
geri from the Ministry of Education and Culture of the Repu-
blic of Indonesia under contract number 106/E5/ 
PG.02.00.PL/2024 and 004/PEN.DRTPM/UBK-DRPM/VI/ 
2024 for Fiscal Year 2024. 

GENERATIVE ARTIFICIAL INTELLIGENCE (AI) 

The authors used ChatGPT (Open IA) to improve the lan-
guage and readability of the manuscript. The authors re-
viewed and edited the content and take full responsibility for 
its accuracy. No images were generated or manipulated us-
ing AI tools. 

REFERENCES 

Banda M, Nyirenda J, Muzandu K, Sijumbila G, Mudenda S (2018) 
Antihyperglycemic and antihyperlipidemic effect of aqueous 
extract of Lannea edulis in alloxan-induced diabetic rats. Front 
Pharmacol 9: 1099. https://doi.org/10.3389/fphar.2018.01099 

CDC (2020) Centers for Disease Control and Prevention. National 
Diabetes Statistics Report, 2020: Estimates of diabetes and its 
burden in the United States. Atlanta (GA): US Department of 
Health and Human Services; 2020. 
https://stacks.cdc.gov/view/cdc/85309 [Consulted 24 July, 
2024]. 

Ceriello A (2000) Oxidative stress and glycemic regulation. 
Metabolism 49(2 Suppl 1): 27–29. 
https://doi.org/10.1016/s0026-0495(00)80082-7 

Cheng CL, Guo JS, Luk J, Koo MWL (2004) The healing effects of 
Centella extract and asiaticoside on acetic acid-induced gastric 
ulcers in rats. Life Sci 74(18): 2237–2249. 
https://doi.org/10.1016/j.lfs.2003.09.055 

Chuengsamarn S, Rattanamongkolgul S, Luechapudiporn R, 
Phisalaphong C, Jirawatnotai S (2012) Curcumin extract for the 
prevention of type 2 diabetes. Diabetes Care 35(11): 2121–2127. 
https://doi.org/10.2337/dc12-0116 

Espín S, Sánchez-Virosta P, García Fernández AJ, Eeva T (2017) A 
microplate adaptation of the thiobarbituric acid reactive 
substances assay to determine lipid peroxidation 
fluorometrically in small sample volumes. Rev Toxicol 34: 94–
98. 

Fitrianda E, Sukandar EY, Elfahmi, Adnyana IK (2017) Antidiabetic 
activity of extract, fractions, and asiaticoside compound 
isolated from Centella asiatica Linn. leaves in alloxan-induced 
diabetic mice. Asian J Pharm Clin Res 10(10): 268–272. 
https://doi.org/10.22159/ajpcr.2017.v10i10.20419 

Ghasemzadeh A, Ghasemzadeh N (2011) Flavonoids and phenolic 
acids: Role and biochemical activity in plants and humans. J 
Med Plants Res 5(31): 6697–6703. 
https://doi.org/10.5897/JMPR11.1404 

Gupta SC, Sung B, Kim JH, Prasad S, Li S, Aggarwal BB (2013) 
Multitargeting by Curcuma longa, the golden spice: From 
kitchen to clinic. Mol Nutr Food Res 57(9): 1510–1528. 
https://doi.org/10.1002/mnfr.201100741 

Harun Or Rashid M, Akter M, Uddin J, Islam S, Rahman M, Jahan K, 
Sarker MMR, Sadik G (2023) Antioxidant, cytotoxic, 
antibacterial and thrombolytic activities of Centella asiatica L.: 
Possible role of phenolics and flavonoids. Clin Phytosci 9: 1. 
https://doi.org/10.1186/s40816-023-00353-8 

Igodharo OM, Adeosun AM, Akinioye OA (2017) Alloxan-induced 
diabetes, a common model for evaluating the glycemic-control 
potential of therapeutic compounds and plant extracts in 

experimental studies. Medicina 53(6): 365–374. 
https://doi.org/10.1016/j.medici.2018.02.001 

IDF (2025) International Diabetes Federation. IDF Diabetes Atlas 
2025. 11th ed. Brussels, Belgium: International Diabetes 
Federation. https://diabetesatlas.org/resources/idf-diabetes-
atlas-2025 [Consulted 16 September, 2025]. 

Jhansi D, Kola M (2019) The antioxidant potential of Centella asiatica: 
A review. J Med Plants Stud 7(2): 18–20. 

Jiang H, Zhou X, Chen L (2022) Asiaticoside delays senescence and 
attenuate generation of ROS in UV-exposure cells through 
regulates TGF-β1/Smad pathway. Exp Ther Med 24(5): 667. 
https://doi.org/10.3892/etm.2022.11603 

Kedare SB, Singh RP (2011) Genesis and development of DPPH 
method of antioxidant assay. J Food Sci Technol 48: 412–422. 
https://doi.org/10.1007/s13197-011-0251-1 

Kusriani H, Susilawati E, Nurafipah L, Nurkholifah (2023) 
Antidiabetic activity of combination of binahong (Anredera 
cordifolia Ten. Steenis), cherry (Muntingia calabura L.) and 
brotowali (Tinospora crispa L.) extracts. J Pharm Bioallied Sci 
15(2): 75–80. https://doi.org/10.4103/jpbs.jpbs_917_21 

Lekshmi PC, Arimboor R, Nisha VM, Menon AN, Raghu KG (2014) 
In vitro antidiabetic and inhibitory potential of Curcuma longa 
(Curcuma longa L.) rhizome against cellular and LDL oxidation 
and angiotensin converting enzyme. J Food Sci Technol 51(12): 
3910–3917. https://doi.org/10.1007/s13197-013-0953-7 

Li Y, Kong D, Fu Y, Sussman MR, Wu H (2020) The effect of 
developmental and environmental factors on secondary 
metabolites in medicinal plants. Plant Physiol Biochem 148: 80–
89. https://doi.org/10.1016/j.plaphy.2020.01.006 

Loushambam SS, Singh WS (2024) Centella asiatica and its bioactive 
compounds: a comprehensive approach to managing 
hyperglycemia and associated disorders. Discover Plants 1: 54. 
https://doi.org/10.1007/s44372-024-00070-7 

Mahapatra P, Ray A, Jena A, Nayak S, Mohanty S (2021) Influence of 
extraction methods and solvent system on the chemical 
composition and antioxidant activity of Centella asiatica L. 
leaves. Bioorg Chem Appl Biotechnol 33: 101971. 
https://doi.org/10.1016/j.bcab.2021.101971 

Menon VP, Sudheer AR (2007) Antioxidant and anti-inflammatory 
properties of curcumin. In: Aggarwal BB, Surh YJ, Shishodia S 
(eds) The Molecular Targets and Therapeutic Uses of Curcumin 
in Health and Disease. Advances in Experimental Medicine and 
Biology, vol 595. Boston, MA: Springer, pp. 105–125. 
https://doi.org/10.1007/978-0-387-46401-5_3 

Ministry of Health of Republik Indonesia (2017) Indonesian Herbal 
Pharmacopeae. 2nd ed. Jakarta: Kementerian Kesehatan RI. 

Molyneux P (2004) The use of the stable free radical 
diphenylpicrylhydrazyl (DPPH) for estimating antioxidant 
activity. J Sci Technol 26(2): 211–219. 

Nagababu E, Rifkind JM, Boindala S, Nakka L (2010) Assessment of 
antioxidant activities of eugenol by in vitro and in vivo. In: Uppu 
R, Murthy S, Pryor W, Parinandi N (eds), Free Radicals and 
Antioxidant Protocols. Methods in Molecular Biology, vol 610. 
Humana Press, pp. 165–180. https://doi.org/10.1007/978-1-
60327-029-8_10 

Newman DJ, Cragg GM (2020) Natural products as sources of new 
drugs over the nearly four decades from 01/1981 to 09/2019. J 
Nat Prod 83(3): 770–803. 
https://doi.org/10.1021/acs.jnatprod.9b01285 

Nurhayati R, Primaharinastiti R, Yuwono M (2020) Optimization 
method and stability test on phyllanthin content determination 
in Phyllanthus niruri extract using TLC-densitometry. J Farm 
Ilmu Kefarmasian Indones 7(2): 74–79. 
https://doi.org/10.20473/jfiki.v7i22020.74-79 

Pratiwi A, Sari R, Widyawaruyanti A (2023) TLC-Densitometry 
analysis method of asiaticoside assay and antioxidant activity 

https://jppres.com/
https://doi.org/10.3389/fphar.2018.01099
https://stacks.cdc.gov/view/cdc/85309
https://doi.org/10.1016/s0026-0495(00)80082-7
https://doi.org/10.1016/j.lfs.2003.09.055
https://doi.org/10.2337/dc12-0116
https://doi.org/10.22159/ajpcr.2017.v10i10.20419
https://doi.org/10.5897/JMPR11.1404
https://doi.org/10.1002/mnfr.201100741
https://doi.org/10.1186/s40816-023-00353-8
https://doi.org/10.1016/j.medici.2018.02.001
https://diabetesatlas.org/resources/idf-diabetes-atlas-2025
https://diabetesatlas.org/resources/idf-diabetes-atlas-2025
https://doi.org/10.3892/etm.2022.11603
https://doi.org/10.1007/s13197-011-0251-1
https://doi.org/10.4103/jpbs.jpbs_917_21
https://doi.org/10.1007/s13197-013-0953-7
https://doi.org/10.1016/j.plaphy.2020.01.006
https://doi.org/10.1007/s44372-024-00070-7
https://doi.org/10.1016/j.bcab.2021.101971
https://doi.org/10.1007/978-0-387-46401-5_3
https://doi.org/10.1007/978-1-60327-029-8_10
https://doi.org/10.1007/978-1-60327-029-8_10
https://doi.org/10.1021/acs.jnatprod.9b01285
https://doi.org/10.20473/jfiki.v7i22020.74-79


Kusriani et al. Curcuma longa and Centella asiatica combo for diabetes 

 

https://jppres.com  J Pharm Pharmacogn Res (2026) 14(1): 13 

 

of Centella asiatica (L.) Urban extract. Trop J Nat Prod Res 7(9): 
4003–4009. https://doi.org/10.26538/tjnpr/v7i9.23 

Razavi BM, Ghasemzadeh Rahbardar M, Hosseinzadeh H (2021) A 
review of therapeutic potentials of turmeric (Curcuma longa) 
and its active constituent curcumin on inflammatory disorders, 
pain, and related patents. Phytother Res 35(12): 6489–6513. 
https://doi.org/10.1002/ptr.7224 

Sunday EGE, Emmanuel EG, Udoh AE (2020) Rhizome extract of 
Curcuma domestica L. (Zingiberaceae) in alloxan-induced 
diabetic rats. GSC Biol Pharm Sci 11(2): 327–333. 
https://doi.org/10.30574/gscbps.2020.11.2.0147 

Susilawati E, Levita J, Susilawati Y, Sumiwi SA (2024) Erythrina 
suubrans (Hassk) Merr. (Fabaceae) inhibits insulin resistance in 
adipose tissue of high fructose-induced Wistar rats. Drug Des 
Devel Ther 10: 3825–3839. 
https://doi.org/10.2147/DDDT.S472660 

Wahyuni DSC, Artanti AN, Rinanto Y (2018) Quantitative analysis 
of curcuminoid collected from different location in Indonesia 
by TLC-densitometry and its antioxidant capacity. IOP Conf Ser 
Mater Sci Eng 349: 012015. https://doi.org/10.1088/1757-
899X/349/1/012015 

_________________________________________________________________________________________________________ 

 

 
AUTHOR CONTRIBUTION:       

Contribution Kusriani H Mulyani Y Santoso R Jafar G Ishmah FZ Nadhira AZ 

Concepts or ideas x x x    

Design x x x    

Definition of intellectual content x x x    

Literature search x x x x x x 

Experimental studies x x x x x x 

Data acquisition x   x x x 

Data analysis x x  x x x 

Statistical analysis x  x   x 

Manuscript preparation x   x x  

Manuscript editing x x x    

Manuscript review x x x x x x 

 

Citation Format: Kusriani H, Mulyani Y, Santoso R, Jafar G, Ishmah FZ, Nadhira AZ (2026) Pharmacological assessment of standardized Curcuma 

longa L. and Centella asiatica (L.) Urban extracts for diabetes management. J Pharm Pharmacogn Res 14(1): 2290. 

https://doi.org/10.56499/jppres_14.1.2290 

 

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the 

publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed 

by the publisher. 

 

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/ licenses/by/4.0/), which permits use, duplication, 

adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license and 

indicate if changes were made.  

https://jppres.com/
https://doi.org/10.26538/tjnpr/v7i9.23
https://doi.org/10.1002/ptr.7224
https://doi.org/10.30574/gscbps.2020.11.2.0147
https://doi.org/10.2147/DDDT.S472660
https://doi.org/10.1088/1757-899X/349/1/012015
https://doi.org/10.1088/1757-899X/349/1/012015
https://doi.org/10.56499/jppres_14.1.2290

