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ABSTRACT  

 

Antioxidants can eliminate free radicals by donating electrons to oxidants. Preclinical and clinical 

studies show that Centella asiatica L. Urban has antioxidant activity. Ethanol was the best solvent for 

extracting antioxidant compounds from Centella asiatica L. Urban. The concentration of ethanol 

solvents affects the compounds extracted and their antioxidant activities. The study used sleep-deprived 

rats with glutathione (GSH) concentration parameters to identify ethanol-based solvent systems for the 

optimum recovery of antioxidant activities and the in vivo antioxidant activity of the most active extract. 

C. asiatica L. Urban powder was macerated with 30, 50, 70, and 96% ethanol, respectively. Using a 

phosphomolybdate reagent, the extract's antioxidant activity was assessed. In vivo, antioxidant activity 

was tested on the extract with the highest in vitro antioxidant activity. Ethanol-based solvent systems 

show different recovery antioxidant activities of C. asiatica L. Urban. The antioxidant activity was most 

recovered in 70% ethanol, with an IC50 value of 76.76±25.29 µg/mL. Ethanol 70% C. asiatica L. Urban 

extract given to sleep-deprived rats at 300 mg/kg was not significantly different in glutathione levels 

from those group rats that received the positive control solution (vitamin C). The C. asiatica L. Urban 

70% ethanol extract can increase glutathione levels in sleep-deprived rats. 
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INTRODUCTION  

The plant Centella asiatica L. Urban has been utilized for therapeutic purposes for a long time (Gohil 

et al., 2010). Preclinical and clinical studies show that C. asiatica L. Urban has wound healing activity, 

can be used as a brain stimulant, has cognitive improvement and neuroprotective, antiepileptic, and 

anticonvulsant activities, antioxidant, anti-gastric ulcer, anti-inflammatory properties, anti-proliferative 

activity, cardioprotective activity, and antidiabetic activity (Arribas-López et al., 2022; Biswas et al., 

2021; Junsi & Siripongvutikorn, 2022; Matthews et al., 2019; Mishra et al., 2022; Ramli et al., 2020; 

Zweig et al., 2021). There are antiviral, antifungal, and antibacterial properties in C. asiatica L. Urban 

(Biswas et al., 2021). There were 139 secondary metabolites isolated from C. asiatica L. Urban 

(Kunjumon et al., 2022). A compound class of phytochemical constituents has been identified as 

flavonoids, alkaloids, flavones, glycosides, phenolic acids, saponins, triterpenic acids, sesquiterpenes, 

monoterpenes, diterpenes, polyacetylenes, amino acids, ketone, sugar, sterols, essential oils, minerals, 

volatiles, and fatty oils (Biswas et al., 2021). The active ingredients of triterpenoid saponin were asiatic 

acid, asiaticoside, madekossida, and centelloside (Irham et al., 2019). 

The solvent was one of the critical parameters that affected the number of bioactive compounds and 

activity extracted (Mohapatra et al., 2021; Ng et al., 2020). Solvents also affect cell wall permeability 

via chemical and physical changes (Oreopoulou et al., 2019). The solvent with different polarities had a 

significant effect on antioxidant activities. The maceration of C. asiatica L. Urban has been carried out 

using methanol, distilled water, ethyl acetate, and n-hexane as solvents; ethanol has not yet been used 

(Gunathilake et al., 2019; Ng et al., 2020). The ethanol concentration primarily affects the solvent's 

polarity and extraction efficiency (Trujillo et al., 2020). Ethanol is a non-toxic organic solvent that is 

relatively cheap, reusable, environment friendly, and commonly used in the preparation of food or 

nutraceuticals (Gunathilake et al., 2019; Joshi & Adhikari, 2019). The use of ethanol is expected to 

increase the extraction efficiency of compounds from C. asiatica L. Urban that have antioxidant activity; 

however, it has been shown that the use of ethanol at high concentrations reduces antioxidant activity 

(Gunathilake et al., 2019). Thus, it's critical to ascertain how ethanol concentration affects C. asiatica 

L. Urban's antioxidant activities. 

 Antioxidant activity is defined as the ability to reduce free radicals. Free radicals are highly reactive 

because their outer electrons are unpaired. Free radicals can impair cells by damaging lipids, proteins, 

and deoxyribonucleic acid (DNA), which can lead to various chronic and degenerative diseases. 

Antioxidants can eliminate free radicals; they can donate electrons to oxidants to inhibit their activity 

(Gulcin, 2020).  

 This study aimed to extract C. asiatica L. Urban used various ethanol concentrations to assess the 

antioxidant properties of extracts in vitro and in vivo. The phosphomolybdate reagent was utilized to 

ascertain the in vitro antioxidant activity (Alam et al., 2013). Antioxidant activity in vivo was assessed 

by quantifying glutathione (GSH) levels. It has been demonstrated that C. asiatica L. Urban methanol 

extract raises GSH levels in vivo; however, 70% ethanol extract has not yet been determined (Arora et 

al., 2018). GSH in the body has a thiol group or sulfhydryl group derived from cysteine residues, so it 

can function as an antioxidant capable of lowering nitrogen, reactive oxygen, and electrophiles 

(Lushchak, 2012). 
 

 

MATERIALS AND METHOD  

Materials 

C. asiatica L. Urban was obtained from Bogor, Indonesia, and its identity was determined in the 

Herbarium Bogoriense, National Research and Innovation Agency, quercetin (Sigma Aldrich, 

Singapore), ascorbic acid/vitamin C (Merck, Indonesia), and every reagent that was utilized was 

analytical grade. 
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Preparation of the extract 

The herb was dried, and a powder was prepared. A total of 400 g of dry powder was pretreated with 

petroleum ether (1:4) for 24 h. The fat-free residue was divided equally by weight and then macerated 

with 30, 50, 70, or 96% ethanol at 1:10 (v/v), respectively. Then, filtrates were concentrated at 40 °C 

using a rotary evaporator until a dried extract was obtained. The dried extracts were weighed to obtain 

yield extract (%), which is determined by weighing the extract in comparison to the weight of C. asiatica 

L. Urban's raw material (Ng et al., 2020). 

 

Preparation of reagents and solutions 

To prepare the phosphomolybdate reagent solution, a total of 3.33 mL of sulfuric acid was diluted in 

100 mL of aquadest, then 0.4 grams of sodium phosphate and 0.5 grams of ammonium molybdate were 

added. 30 mM sodium phosphate, 0.6 M sulfuric acid, and 4 mM ammonium molybdate were all present 

in the reagent solution. Before use, the reagent was always freshly produced (Murtala et al., 2021). 

To prepare the quercetin standard solution, 50 mg of quercetin was weighed and dissolved in 50 mL 

(1,000 µg/mL) of methanol. The following concentrations were then prepared: 50, 60, 70, 80, and 90 

µg/mL. 

The test solutions were prepared by making stock solutions of extract that had been extracted with 

30, 50, 70, and 96% ethanol. The extract was weighed at 50 mg and dissolved in 25 mL of methanol 

(2,000 µg/mL). Each was then diluted at 600, 400, 200,100, and 100 µg/mL, respectively. 

 

Qualitative in vitro tests of phenolic compound and antioxidant activity 

One milliliter of ethanol extract solution was mixed with three drops of a 5% ferric chloride solution. 

When the extract's color changed to a deep green or bluish-black color, it meant that polyphenolic 

chemicals were present (Shaikh & Patil, 2020). 

To determine the flavonoid components, 1 mL of the extract was heated in 1–2 mL of 50% methanol, 

added 0.5 g of magnesium powder, and then added with 5–6 drops of chloride acid. Flavones were 

detected by the formation of an orange-red color and a red color in the extract, respectively (Shaikh & 

Patil, 2020). 

To perform the free radical scavenging test, 0.5 mL of ethanol extract solution and 15 mM DPPH 

reagent solution were added, respectively. When the samples' color changed from purple to yellow, 

antioxidant activity was confirmed  (Ayoola et al., 2008). 

 

Antioxidant activity test 

The antioxidant activity tests were carried out in a test tube after adding one milliliter of 

phosphomolybdate reagent and one milliliter of extract solution. At 95 0C, the mixture has been 

incubated for 60 minutes. The solution was kept at room temperature. Subsequently, 1 mL was taken 

out of the mixture, and 5 mL of methanol was added. For an optimum incubation time of 30 minutes, 

the mixture shall be allowed to stand. Using a UV-Vis spectrophotometer (Jasco-V730) at a wavelength 

of 703.5 nm, the absorbance of the mixture was determined (Alam et al., 2013). The samples were 

determined to have antioxidant activity when the color changed from yellow to green (Abifarin et al., 

2019; Murtala et al., 2021). 

 

In vivo testing 

Analysis of glutathione (GSH) levels 

Before in vivo testing, a research permit was obtained from the Ethics Commission Faculty of 

Mathematics and Natural Sciences, Universitas Pakuan, Indonesia, No. 036/KEPHP-UNPAK/11-202. 

Adult male white Sprague-Dawley rats weighing 180–200 g had been used in this research. The rats 

were kept in standard cages at 24 ± 1 °C with a 12/12 light/dark cycle, ad libitum for access to water 

and food. Acclimatization was carried out for one week. Four treatment groups were randomly given to 

the rats, with six rats in each group. Group 1 was the negative control and was given 1 mL of aquadest. 
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Group 2 was the positive control and was given ascorbic acid 100 mg/day in 1 mL (Zasowska-Nowak 

et al., 2021). 

Rats in Groups 3 and 4 were given an ethanol extract of C. asiatica L. Urban at doses of 300 mg/kg 

BW and 500 mg/kg BW in 1 mL, respectively (El-Sebaey et al., 2019). After acclimatization, animals 

were treated with sleep deprivation using gentle handling procedures. This procedure involved brushing 

fur with a cotton tip applicator, inserting objects into the cage, tapping the cage, and rotating the cage. 

The test rat group was divided into two batches (Ramanathan et al., 2010). The treatment of each batch 

was carried out by the same person with the same intensity and duration of treatment. The procedure 

was carried out for 6 hours (08.00–14.00) for six days and 2 hours on day 7 (08.00–10.00). The handling 

procedure is carried out for 5 minutes every 30 minutes (Ramanathan et al., 2010; Villafuerte et al., 

2015).  

One hour after sleep-deprived procedures finished, all group rats were given aquadest, vitamin C 

solution, or C. asiatica L extract, respectively. Administration was performed once (a single dose) using 

a gastric probe. Two hours after aquadest or ascorbic acid solution or extract has been administered, 

these animals have been sacrificed. Their livers and kidneys were removed and quickly cut open on ice 

after being cleaned with previously cold saline. For estimation of GSH content, a mixture of liver (25%) 

and kidney (10%) homogenates has been prepared and used. Protein in 0.5 mL of mixed tissue 

homogenate was precipitated with a 20% trichloroacetic acid (125 µL) dilution, incubated for 5 minutes, 

and then cooled the mixture on ice. After adding 0.6 mL of 5% TCA to the mixture, it was centrifuged 

at 1,000 rpm for 10 minutes. Next, a 0.2 M phosphate buffer (pH 8.0) solution was mixed with 0.1 mL 

of the supernatant until 1 mL was obtained. Then 2 mL of freshly made DTNB solution in 0.2 M 

phosphate buffer was added to supernatant. After 1F0 minutes, the the yellow color of solution was 

measured using a spectrophotometer at a wavelength of 412 nm (Sheeja & Kuttan, 2006). 

 

Statistical analyses 

All measurements were performed in triplicate. The average standard deviation of the results was 

provided. To assess the importance between groups, statistical analyses have been carried out with 

ANNOVA. A significance level of 0.05 was chosen for the p-value.  

 

RESULT AND DISCUSSION  

The herbal powder was pretreated with petroleum ether to remove fat before being macerated with 

various concentrations of ethanol. The yield extract is presented in Table 1. 

 

Table 1. Extract yields of C. asiatica L. Urban extract using various concentrations of ethanol 

Type of solvent Extraction Yield ± SD (%) 

30% ethanol 17.38 ± 1.64 

50% ethanol 16.21 ± 0.60 

70% ethanol 

96% ethanol 

15.75 ± 0.96 

9.89 ± 1.47 

 

Extraction yields showed the ability of the solvent to obtain a crude extract from dried powders and 

then use it for further utilization (Azmin & Nor, 2020). Table 1 shows a 30% ethanol extract of C. 

asiatica L. Urban was found to have a higher yield than the others. The increasing extracting yield of C. 

asiatica L. Urban by different concentrations of ethanol solvent was in the following 30% ethanol > 

50% ethanol > 70% ethanol > 96% ethanol. The extract shall yield an indicative amount of compounds 

that have been recovered from the solvent (Oreopoulou et al., 2019; Yeop et al., 2019). The results of 

extraction yields are proportional to the polarity of the solvent (Ng et al., 2020). The difference in ethanol 

concentration causes a difference in polarity. The lower concentration of ethanol has a higher polarity 

because water has a higher polarity than ethanol and can produce a higher extract yield of C. asiatica L. 
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Urban. The solvent will diffuse into plant material during extraction and dissolve compounds according 

to their polarity (Azmin & Nor, 2020). The 30% ethanol solvent was found to be an efficient solvent for 

extracting yields. The results are according to Ng et al., 2020, who showed that a solvent with a higher 

polarity may extract extracts with a higher yield. Generally, the polarity of the solvent can impact to 

yield of extracts.  

The results of preliminary qualitative tests for polyphenols and flavonoids showed that C. asiatica L. 

Urban powder and ethanolic extracts contained polyphenols and flavonoids. The preliminary free radical 

scavenger test (with the DPPH reagent) and antioxidant activity test (with the phosphomolybdate 

reagent) showed that powder and ethanol extracts had both antioxidant and free radical scavenging 

activity. Polyphenols and flavonoids were significant compounds that provided antioxidant activity in 

C. asiatica L. Urban and give a strong correlation to antioxidant activity. The main compounds of 

polyphenols and flavonoids in C. asiatica L. Urban ethanolic extracts are apigenin, rutin, kaempferol, 

luteolin, quercitrin, quercitin, castilliferol, and chlorogenic acid (Azmin & Nor, 2020; Jhansi & Kola, 

2019; Ramli et al., 2020).  

 Reactive oxidative species (ROS), which cause cell damage, are released when there is an imbalance 

between oxidants and antioxidants, leading to oxidative stress. ROS can consist of peroxide, hydroxyl 

ions, and nitric oxide, which form during living metabolism and can cause various diseases like aging, 

cancer, inflammatory diseases, and cardiovascular diseases. Antioxidants are effective agents to 

eliminate the action of ROS in the body (Jhansi & Kola, 2019; Ramli et al., 2020). Sources of antioxidant 

agents can come from herbs, C. asiatica L. Urban was one of them (Idris & Mohd Nadzir, 2021). The 

results of the antioxidant activity assay of C. asiatica L. Urban is shown in Table 2. In vitro, antioxidant 

activity was determined using the phosphomolybdate reagent, which is a mixture of sulfuric acid, 

ammonium molybdate, and sodium phosphate. The green phosphomolybdate complex is created by the 

reduction of Mo (VI) to Mo (V) at an acidic pH. This oxidation-reduction reaction is the basis of the 

phosphomolybdate method (Alam et al., 2013). The 70% ethanol extract was shown to have the strongest 

antioxidant activity compared to the other extracts. The antioxidant activity of 70% ethanol extract > 

96% ethanol extract > 50% ethanol extract > 30% ethanol extract of C. asiatica L. Urban (Table 2).  The 

different solvent concentrations show different antioxidant activities. The polarity of the solvent 

contributed had an impact to the solubility of compounds during extraction. Flavonoids, polyphenol 

compounds, and other antioxidant agents have different solubility in different ethanol polarities (Azmin 

& Nor, 2020). This matter causes different ethanol concentrations, resulting in different antioxidant 

activities. The extract with the highest antioxidant activity was then determined for in vivo testing. 

 

Table 2. Antioxidant activity of C. asiatica L. Urban extract which was extracted using various 

concentrations of ethanol 

Type of solvent 

extraction 

IC50 ± SD (µg/mL) 

quercetin 38.85 ± 13.06 

30% ethanol extract  459.74 ± 116.12 

50% ethanol extract  364.25 ± 78.13 

70% ethanol extract  76.76 ± 25.29 

96% ethanol extract  203.95 ± 68.54 

 

 Figure 1 shows GSH levels of rats that were treated with positive control solution, negative control 

solution, or C. asiatica L. Urban 70% ethanol extracts with different doses. It can be seen that sleep-

deprived rats that received 300 mg/kg of C. asiatica L. Urban extract had significantly different GSH 

levels compared to rats that received a negative control solution (aquadest). In addition, their GSH levels 

were not significantly different from those of rats that received a positive control solution (oral ascorbic 

acid). 
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Figure 1. Levels of GSH in a mixture of liver and kidney homogenates of sleep-deprived rats 
* Results are significantly different from the negative group (p < 0.05) 

 

GSH (glutathione) levels in tissues of treated rats with 70% ethanol extract of C. asiatica L. Urban 

was determined. GSH levels were determined by quantitating the sulfhydryl group (R-SH) present in 

GSH (Moron et al., 1979). GSH and DTNB react to form the GSH dimer and 2-nitro-5-mercaptobenzoic 

acid (Appala et al., 2016), a yellow compound (Khan, 2012) that can be detected at 411 nm, which falls 

within the yellow-green absorption spectrum of 400–435 nm (Shah et al., 2015; Verma & Mishra, 2018). 

GSH compounds were used as standards in this assay. 

Sleep deprivation, or a reduction in sleep time, can promote oxidative stress. When the body's 

antioxidant systems are overburdened by prooxidants like ROS, oxidative stress results (Villafuerte et 

al., 2015). Superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase (CAT) as 

antioxidant enzymes become less active when ROS production surpasses the antioxidant capacity of the 

cell and induces oxidative stress. This lowers GSH levels and increases ROS accumulation (Gulcin, 

2020). Antioxidants are expected to increase reduced GSH levels because oxidative stress can be 

overcome by the presence of antioxidants. The activity of C. asiatica L. Urban extract was traced, and 

the results are shown in Figure 1. The research demonstrated that giving sleep-deprived rats 300 mg/kg 

of C. asiatica L. Urban extract produced significantly different GSH levels than rats given aquadest 

(negative control) and similar GSH levels than rats given oral vitamin C (positive control). Vitamin C 

has antioxidant activity because it can donate electrons to free radicals and can increase GSH levels in 

the body (Biswas et al., 2021; Gulcin, 2020). GSH levels were not significantly increased by the 500 

mg/kg dose of the extract in comparison to the positive control but above the negative control's GSH 

levels. This is due to the extract's ingredients having saturated the receptors in the body and preventing 

them from producing the maximum effect (Pasaribu et al., 2012). Therefore, administering the 70% 

ethanol extract of C. asiatica L. Urban which contained antioxidant compounds for sleep-deprived rats, 

was found to increase GSH levels in the body.  

The increased GSH levels detected in rats administered C. asiatica L. Urban extracts were related to 

the overall activity of the natural materials in the extract. Natural materials can induce Nfr2 pathway 
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signals (Molaei et al., 2021) and play a role in the inactivation of nuclear factor erythroid 2 (Waz et al., 

2021). Nrf2 is an important factor in the transcription process that is encoded by the nuclear factor 

erythroid 2 leucine 2 (NFE2L2) gene and functions to regulate the expression of gene sequences in 

antioxidant response element (ARE) and influences the synthesis of GSH, GPx, the thioredoxin system, 

and enzymes related to phase 1 and phase 2 (Molaei et al., 2021). An increase in GSH levels in the body 

is advantageous because GSH has antioxidant activity; its thiol group or sulfhydryl group derived from 

cysteine residues allows it to reduce reactive oxygen or nitrogen compounds and electrophiles 

(Lushchak, 2012). 

 

CONCLUSION 

Of all the studied extracts, 70% ethanol extract C. asiatica L. Urban's had the highest antioxidant 

activity. The GSH levels of sleep-deprived rats treated with 300 mg/kg of the extract were found to be 

comparable to those of rats given vitamin C. Therefore, in sleep-deprived rats, the 70% ethanol extract 

of C. asiatica L. Urban may raise glutathione levels. 
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