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Abstract: Centella asiatica L. or locally known as Pegaga nyonya is a weekly aromatic smelling herb that belongs to a 
genus of the plant family Apiaceae (Umbelliferare). It has been used widely in folk medicine for hundreds of years to treat 
a wide range of illness. In this study, the mutagenic potential of C. asiatica aerial parts (leaves and stems) and roots in 
aqueous extracts were determined using the Ames test. The method involved was pre-incubation on Salmonella 
typhimurium TA 98 and TA 100 bacterial strains in the presence and absence of metabolic activator S9 system. The 
extracts were evaluated using two-fold value of the number of revertant’s colony in negative control plate as cut-off point, 
to determine the mutagenicity effects. The results showed that all aqueous extracts of the aerial parts and roots of 
C.asiatica were non mutagenic because it shown no significance difference (p<0.05) when compared to negative control 
towards TA98 and TA100 strain with and without S9 metabolic activation for all concentration studied. In conclusion, C. 
asiatica aerial parts and roots aqueous extract were non mutagenic on both S.typhimurium strains and can be used as part 
of traditional medicine. 
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INTRODUCTION 

 Plants have been employed for medical treatments for 
more than 60,000 years. Nevertheless, they are frequently 
employed without scientific knowledge or its biological and 
therapeutic properties. So, scientific studies of the chemical 
properties, biological activities or evaluation of its genotoxic 
properties have been emerging as a health priority [1-4]. 
Reference [5] stated that even though plant extracts have 
been used in the treatment of diseases but in nature many 
plants synthesize toxic substances in order to defence itself 
against infections, insects and herbivores and these 
compounds could have potentially deleterious effects in 
humans. Nowadays, majority of the world’s population in 
developing countries are still rely on herbal medicines to 
meet their health needs in cases where synthetic medicine 
could not relieve patients who suffer from hard-to-cure 
illnesses [6]. It has been estimated that more than 80% of the 
world’s population utilizes plants as their primary source of 
medicinal agents [6]. People in Malaysia itself are 
commonly consumed various type of vegetable in their diet 
intake as it has diverse medicinal properties and some of it 
may also exert anticarcinogenic and antimutagenic activities. 
But, no one realize that those herbs may potentially posses 
mutagenic effect. Therefore, it is very important to evaluate  
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the safe use of the herbs before used as part of herbal 
medicinal. 

 Therefore, in this research green leafy vegetables that is 
widely consumed as herb in different parts of the world 
namely Centella asiatica or locally known as Pegaga 
Nyonya was selected in attempt to elucidate the mutagenic 
effect of the plant. Pegaga (Centella asiatica Linn.) is a 
perennial creeping plant with cup- shaped of leaves, glabrous 
stems and rooting at nodes. The leaves are thin, soft and 
green in colour. The whole plant including leaves, stem and 
root are consumed as vegetable or ‘ulam’, juice and 
therapeutic agents among the Malays and as a cooling drink 
by the Chinese [7-10]. Pegaga is generally used in health 
food and cosmetic products and also is associated with 
wound healing agents [11]. The health benefit of pegaga is 
thought to be due to several saponin constituents including 
triterpene acids (asiatic acid and madecassic acid) and their 
respective glycosides (asiaticoside and madecassoside). 
Previous study also showed that the total triterpenoids 
namely asiatic acid, madecassic acid, asiaticoside and 
madecassoside have been shown to significantly influence 
the synthesis of collagen, improve wound healing and 
ficronectin in human skin fibroblasts culture [7, 11]. Besides 
that, Pegaga extract also has anti-ulcer effects especially with 
reference to its Asiatic acid and asiaticoside content [12-14]. 
The asiaticoside of this plant has been reported to possess 
strong antioxidant properties [15], act as antimicrobial [16] 
and anti- inflammatory [17]. 
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 Assessment of mutagenicity is very important as an 
initial test for more complex mixture because there is a 
possibility that one or more components can be positive. To 
evaluate mutagenic activity, many techniques are used and 
the primary technique is the Ames test which is also known 
as the Salmonella/ microsome test, is one of the primary test 
systems used in investigating the mutagenic effect of 
chemicals or extracts. It is one of the most reliable short-
term bacterial test systems, inexpensive and provides results 
very quickly [18, 19]. Although there were many research on 
this herb before, there are still little report on its 
mutagenicity effect. Therefore, the aim of this study was to 
evaluate the mutagenic effect of C.asiatica in aqueous 
extract in the absence and presence of the metabolic 
activation (S9). 

METHODOLOGY 

Plant Preparation 

 The whole plant of C.asiatica was originally collected 
from Melaka which is one of the main supplier of this herb 
in Malaysia. Then, the sample was washed three times 
before cut into different parts which are aerial parts (leaves 
and stems) and root. The samples were then dried at room 
temperature. Voucher specimens (UKMB 30014) were 
deposited at the Herbarium University National Malaysia, 
Bangi, Faculty of Science and Technology. 

Extraction Method 

 The aqueous extract was obtained by employing the 
method of [20] with some modification. The fresh aerial 
parts and roots of C.asiatica were dried at room temperature 
and reduced to ground powder by using the microfiner 
grinder. One hundred fifty grams (150 g) of the powdered 
aerial parts (leaves and stems) and roots were soaked 
separately in 1.5 L of distilled water and stored overnight at 
4 °C to prevent microbial activity. The samples were then 
filtered out using Whatman filter paper under vacuum before 
freeze dried to obtain crude extract. Then, the dry extract 
was kept at 4 °C in a Schott bottle prior to the bioassays. 

Bacterial Strains 

 The S. typhimurium strains TA 98 and TA 100 was 
obtained from Molecular Toxicology (Moltox) Inc. are 
histidine requiring mutant as previously described by [18, 
19]. The genotypes of test strains were checked routinely for 
their histidine and biotin requirement, deep rough (rfa) 
character, UV sensitivity (uvrB mutation) and presence of 
the R factor (pKM101) plasmid. They were stored at -80°C. 
S. typhimurium TA 98 is frame shift strain which contain the 
his3052 mutation and S. typhimurium TA100 contain the 
base-pair substitution mutation hisG46. 

Mutagens 

 2-Nitrofluorene (2-NF), sodium azide (NaN3) and 2- 
aminoanthracene (2-AA) were purchased from Sigma-
Aldrich and dissolved in dimethyl-sulfoxide (DMSO). 
 

Mutagenicity Assay 

 The mutagenicity assay with S. typhimurium was 
performed as described by [18]. The test is based on the plate 
incorporation method, using S. typhimurium test strains 
(TA100, TA98) with and without an exogenous metabolic 
system: S9 fraction in S9 mix. The S9 microsome fraction 
was purchased from Molecular Toxicology (Moltox) Inc. 
and stored at −80 °C. The test strains from frozen cultures 
were grown overnight for 12–16h at 370 °C in the Oxoid 
Nutrient Broth No. 2. All concentrations studied of aqueous 
extracts were added to 2 ml of top agar, supplemented with 
0.5 mM L-histidine and 0.5 mM D-biotin, mixed with 100 µ 
l of bacteria culture and then poured onto a plate containing 
minimum agar. The plates were incubated at 37◦C for 48 h 
and his+ revertant colonies were counted after 2 days of 
incubation. The influence of metabolic activation was tested 
by adding 500 µ l of S9 mixture. Negative and positive 
control cultures gave number of revertants per plate that 
were within the normal limits found in the laboratory. Data 
were collected with a mean ± SEM of three plates (n = 3). 

STATISTISTICAL ANALYSIS 

 Data were collected and expressed as the mean ± SEM of 
three independent experiments (n=3) and analyzed for 
statistical significance from control. The data were tested for 
statistical differences by one-way ANOVA and the criterion 
for significance was set at p<0.05. 

RESULT AND DISCUSSION 

 The aqueous extract of C. asiatica aerial parts (leaves 
and stems) and roots was evaluated for its mutagenic 
inducing ability in Ames test using two S. typhimurium 
strains namely TA98 and TA100 in the absence and presence 
of S9-mix, respectively as shown in Table 1 and 2. 
According to [18], compound tested with Ames test have 
mutagenic effect when there is more than 2-fold increase in 
the number of revertant colonies over negative control. The 
result showed that both aerial parts and roots were not 
mutagenic on the tested strains even in the presence of 
metabolic activation for all concentration used as it showed 
no significance difference (p<0.05) when compared with 
negative control. Since the test without metabolic activation 
showed no mutagenic effect, for the test with metabolic 
activation (S9), only the lowest (3.125 mg/ml), middle 12.5 
mg/ml) and highest (50 mg/ml) concentration was tested. 
Clearly, the mean number of revertant following treatment 
with the aqueous samples extracts in both tester strains were 
at the background level similar to the negative control.  
 Overall, the highest numbers of mean revertant/plate 
were observed at the highest dose which is 50 mg/ml with 
and without the metabolic activation. It also showed that the 
metabolic activation (S9) induces the mean number of 
revertant colony on both strains but showed no mutagenic 
effect. Reference [21] stated that, the absence of the 
mutagenic effect was caused by the presence of chlorophyll 
and chlorophyllin that could inhibit selectively the activity of 
mutagens having polycyclic structures by forming complexes 
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Table 1. Mutagenic Effects of Aqueous Extract of C.asiatica Aerial Parts without Metabolic Activation S9 (-S9) and with Metabolic 
Activation S9 (+S9) 

Strain  Concentration 
No. of Revertant Colony 

Mean±SEM(-S9) 

No. of Revertant Colony 

Mean±SEM(+S9) 

Positive control  339 ± 15.7*  420 ± 14.0* 

Negative control  11 ± 0.8  14 ± 1.0 

3.125 mg/ml  12 ± 1.2  11 ± 0.3 

6.25 mg/ml  11 ± 1.2  NT 

12.5 mg/ml  10 ± 1.2  15 ± 2.5 

25 mg/ml  13 ± 1.3  NT 

TA98 

50 mg/ml  12 ± 1.2  16 ± 1.9 

Positive control  803 ± 41.8*  1352 ± 28.0* 

Negative control  163 ± 7.5  208 ± 3.0 

3.125 mg/ml  141 ± 11.3  208 ± 9.3 

6.25 mg/ml  147 ± 11.3  NT 

12.5 mg/ml  126 ± 9.8  211 ± 5.2 

25 mg/ml  148 ± 7.2  NT 

TA100 

50 mg/ml  150 ± 9.7  234 ± 4.9 

Negative control = sterile distilled water, positive control; strain TA 98 (-S9 = 2-NF, +S9 = 2-AA), strain TA 100 (-S9 = NaN3, +S9 = 2-AA), NT=Not tested 
The results are the means ± SEM of three separate experiments (n=3). 
*p < 0.05 vs. negative control. 

 

Table 2. Mutagenic Effects of Aqueous Extract of C.asiatica Roots without Metabolic Activation S9 (-S9) and with Metabolic 
Activation S9 (+S9) 

Strain  Concentration 
No. of Revertant Colony 

Mean±SEM(-S9) 

No. of Revertant Colony 

Mean±SEM(+S9) 

Positive control  339 ± 15.7*  420 ± 14.0* 

Negative control  11 ± 0.8  14 ± 1.0 

3.125 mg/ml  13 ± 2.4  11 ± 0.8 

6.25 mg/ml  11 ± 0.3  NT 

12.5 mg/ml  12 ± 1.6  12 ± 0.6 

25 mg/ml  13 ± 2.7  NT 

TA98 

50 mg/ml  15 ± 2.3  13 ± 0.8 

Positive control  803 ± 41.8*  1352 ± 28.0* 

Negative control  163 ± 7.5  208 ± 3.0 

3.125 mg/ml  142 ± 8.3  213 ± 8.0 

6.25 mg/ml  142 ± 8.3  NT 

TA100 

12.5 mg/ml  132 ± 3.9  215 ± 12.1 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Table 2. contd…. 

Strain  Concentration 
No. of Revertant Colony 

Mean±SEM(-S9) 

No. of Revertant Colony 

Mean±SEM(+S9) 

25 mg/ml  119 ± 5.3  NT 
 

50 mg/ml  115 ± 14.7  224 ± 30.2 

Negative control = sterile distilled water, positive control; strain TA 98 (-S9 = 2-NF, +S9 = 2-AA), strain TA 100 (S9 = NaN3, +S9 = 2-AA). NT=Not tested 
The results are the means ± SEM of three separate experiments (n=3). 
*p < 0.05 vs. negative control. 
 

with them. Therefore, the precursors that could interact with 
sodium nitrite of this model such as 1- aminopyrene, a 
polycyclic aromatic hydrocarbons compound, might be trap 
by chlorophyll to forming complexes. This may describe the 
mechanism how the aqueous extracts of the sample in this 
study inhibited the mutagenesis of both bacterial tester 
strains. Besides that, the presence of antioxidant and 
phytochemicals in this herb also might cause the absence of 
the mutagenic acitivity [21]. The last few years, it has seen 
that a major increase in the use of herbal medicine in the 
developed world, therefore knowledge of the mutagenic and 
toxic effects of plants has also become very important [22]. 
It is because plants are used in many areas for a number of 
purposes and that is why many studies on plant extract that 
examine their mutagenic properties for safe consumption 
was also done [22]. Although the different parts of the 
aqueous extract of this herb showed non mutagenic effect 
but further investigation should be done in different active 
crude extracts such as methanolic extract because there are a 
number of studies done on other plant extracts showed 
mutagenic effects in different solvent. For instances, positive 
results have been reported from the Ames test using extracts 
of Crinum macowanii, Catharanthus roseus, Combretum 
mkhzense Diospyros whyteana, Plumbago auriculata, 
Ziziphus mucronata, and Chaetacme aristata [23], as well as 
the genus Helichrysum Mill. [24]. A hydroalcoholic extract 
of Ocotea duckei leaves was found to be mutagenic for the 
Salmonella typhimurium TA97a, TA100, and TA102 strains, 
with or without S9 mix [25]. Reference [3] found that 
Gnaphalium sp. and Valeriana procera extracts induced 
mutations of S. typhimurium TA98 with or without S9 mix 
and of TA100 with S9 mix, respectively. The tubers of 
Gloriosa superba were found to contain potent mutagenic 
properties in an Ames mutagenicity test on S. typhimurium 
[26]. 
 It was also shown that compounds present in the 
methanolic extracts of the leaves of Alchornea c 
astaneaefolia and A. glandulosa were mutagenic in an Ames 
test [27]. Since plants are primary food sources, identifying 
and examining their mutagenic, toxicity, or carcinogenic 
properties are very impotant to ascertain its safety level. 

CONCLUSION 

 In conclusion, the aqueous extracts showed non 
mutagenic effect on both strains with and without metabolic 
activation and are safely consumed and also can be used as 
part of traditional medicine. However, further investigation 
should be carried out in different active crude extracts such 

as methanolic extract since previous study showed a positive 
result in other plants extracts. 
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