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ABSTRACT 

Several medicinal plants are traditionally used in the treatment of a variety of ailments including cancer. However, many of these 
herbs have not been scientifically assessed for its efficacy or safety. The mutagenic effect of aqueous and methanolic extracts 
obtained from aerial parts (leaves and stem) and roots of Hydrocotyle bonariensis were assayed using the Salmonella typhimurium 
assay or Ames test. The pre-incubation method was used on S. typhimurium TA 98 and TA 100 bacterial strains in the presence and 
absence of metabolic activator S9 system. The results showed that all aqueous extracts of the aerial parts and roots of H.bonariensis 
were not mutagenic towards TA98 and TA100 strain with and without S9 activation using all concentration. On the other hand, the 
methanolic extracts of aerial parts and roots were also not mutagenic in the absence of metabolic activation against both strains. 
However, with metabolic activation, only methanolic extracts of H.bonariensis leaves and stems showed mutagenic effect at the 
highest concentration (50mg/ml) towards TA98 strain but both were not mutagenic for TA100 in all concentration studied. In 
conclusion, H.bonariensis extracts were not mutagenic on both S. typhimurium strains and has the potential to be used as part of 
traditional medicine. 
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INTRODUCTION 

owadays, it is more than 80% of the world’s 
population use plants as their primary source of 
medicinal agents1 because of the high cost of 

Western pharmaceuticals. From a cultural and 
perspective view, the traditional medicines are generally 
more acceptable as compared to synthetic medicines2. 
Furthermore, majority of the world population especially 
in developing countries are still relies and depends on 
herbal medicines to meet their health needs because 
sometimes the synthetic medicine itself cannot reduce 
the hard to cure illnesses of the patients3. Previous 
studies stated that, even though plant extracts are widely 
used to treat various kind of diseases but in nature many 
plants synthesize toxic substances in order to defence 
itself against infections, insects and herbivores 4. It is also 
showed that some substances that present in some 
medicinal plants are potentially toxic and carcinogenic 5 
and some of it may have a genotoxic potential 6-8. Hence, 
it is very important to evaluate the safe use of herbs 
before utilize it as part of herbal medicinal.  

Hydrocotyle bonariensis L. (Apiacae) or locally known as 
Pegaga Embun is a perennial prostrate herb and is found 
mostly in tropical and subtropical regions of the world 9. It 
is a rhizomatous perennial herb common to the barrier 
islands of Southern United states and valued for treating 
various kinds of diseases such as tuberculosis, relieving 
the pain of rheumatism and arthritis, to increase brain 
capacity and for longevity 10. Previous study has been 
reported that this herb has its medicinal use as emetics, 
diuretics and laxatives 11. Besides that, studied done by 12 
showed that, leave of the plant is rapidly gaining 

popularity by some local people in Western Nigeria 
because it can treat various symptoms of ophthalmic 
diseases. However, there is still no scientific proof has 
been sighted in the literature to support this statement, 
since there are no scientific data have been reported 
before.  

Therefore, the aim of this study was to evaluate the 
mutagenic effect of H.bonariensis in different extracts by 
studying their mutagenic effect on two histidine requiring 
S. typhimurium in the absence and presence of a liver 
metabolizing system since there is still little report on 
mutagenic effect on this plant. 

MATERIALS AND METHODS 

Plant material 

The whole plant of Hydrocotyle bonariensis was originally 
collected in Kota Marudu, Sabah, Malaysia. The plants 
were washed three times before cut into different parts 
which contain the aerial parts (leaves and stems) and 
roots before dried at room temperature. Voucher 
specimens (UKMB 30009) were deposited at the 
Herbarium University National Malaysia, Bangi, Faculty of 
Science and Technology. 

Extraction method 

The fresh aerial parts (leaves and stems) and roots of 
H.bonariensis were dried at room temperature and 
reduced to ground powder by using the microfiner 
grinder. The aqueous extract was performed as described 
by 13 with some modification. One hundred fifthy grams 
(150 g) of the powdered aerial parts and roots were 
soaked separately in 1.5 L of distilled water and stored 
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overnight at 4°C in order to prevent microbial activity of 
the samples. 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. For the 
methanolic (MeOH) extract it was performed as described 
previously14 with some modification where both samples 
(150 g each) were soaked separately in 1.5 L of solvent for 
three days. The mixtures was then filtered out using 
Whatman filter paper under vacuum and the solvent was 
evaporated using a rotary evaporator (Buchi Rotavapor R-
114, Switzerland) at 50°C. Then, it was freeze-dried (Heto 
LyoLab 3000, Denmark) to obtain the crude extracts 
before kept at 4°C in a Schott bottle prior to the 
bioassays.  

Bacterial strains 

Tester strains (TA 98 and TA 100) which are histidine 
requiring mutant as previously described by 15 was 
obtained from Molecular Toxicology (Moltox) Inc. 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 and it 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 previous method16. The test is 
based on the plate incorporation method, using S. 
typhimurium tester strains (TA100, TA98) with and 
without an exogenous metabolic system: S9 fraction in S9 
mix. The S9 Microsome fraction were purchased from 
Molecular Toxicology (Moltox) Inc. and stored at −80 ◦C. 
The test strains from frozen cultures were grown 
overnight for 12–16h at 37 ◦C in the Oxoid Nutrient Broth 
No. 2. All concentrations studied of each 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 µl of 
bacterial culture (approximate cell density 2×108–5×108 
cells/ml) and then poured onto a plate containing glucose 
minimum agar. The plates were incubated at 37 ◦C for 48 
hours. After 2 days of incubation, his+ revertant colonies 
were counted. The influence of metabolic activation was 
tested by adding 500 µl 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). 

 

 

Statistical analysis 

Data were collected and expressed as 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. 

RESULTS AND DISCUSSION 

H. bonariensis aerial parts and roots in aqueous and 
methanolic extract 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 1-4. 
The Ames test is recommended for initial screening of 
medicinal plants since studies have shown that the 
proportion of carcinogens identified as mutagens ranges 
from about 50 % to 90 % 17. Compound tested with Ames 
test have mutagenic effect when there is more than 2-
fold increase in the number of revertant colonies over 
negative control15. In this study, all positive controls that 
were used in this experiment resulted in significant 
increase (>2-fold) of mean number of revertant when 
compared with negative control. Table 1 and Table 2 
tabulate that both aqueous extracts of the sample 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 in both strains. Since 
there is no mutagenic effect showed in both extracts 
when tested without the metabolic activation (-S9), 
therefore, for test with metabolic activation (+S9), only 
three concentration was tested which is the lowest 
concentration (3.125 mg/ml), the middle (12.5 mg/ml) 
and the highest concentration (50 mg/ml) as shown in 
Table 1-4. The results showed that, when the samples 
was tested with metabolic activation (+S9), only 
methanolic extracts of H.bonariensis aerial parts (leaves 
and stems) showed mutagenic effect at the highest 
concentration (50mg/ml) towards TA98 strain as it 
showed significance difference (p<0.05) over negative 
control which is 36.7 ± 6.4 as shown in Table 3. The 
presence of mutagenic and antimutagenic effects of 
plants have been related to the presence of certain 
phytochemical subtances in the plants itself 17. However, 
both aerial parts and roots were non-mutagenic for 
TA100 in all concentration studied when tested with 
metabolic activation (+S9). The absence of a mutagenic 
response by H.bonariensis against S. typhimurium 
bacterial strains in the Ames assay is a positive step 
towards determining the safe use of this plant utilized in 
traditional medicine. However, the absence or no 
mutagenic effect cannot be considered as safe to be in all 
natural products, since previously studied showed that 
other medicinal plants assayed with Ames test, with or 
without the S9, have resulted positive for mutagenicity.18-

20 Therefore, for this herb, further investigation on 
phytochemical screening should be done to screen the 
bioactive compounds that might be presence in this herb. 
The evaluation of bacterial mutagenicity is of particular 
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importance as an initial test for complex mixtures 
because of the possibility that one or more components 
can be positive21, 22. A positive response in any single 
bacterial strains either with or without metabolic 
activation is sufficient to designate a substance as a 
mutagen23. On the other hand, a protective action of 
plants or their metabolites on genetic material has been 
reported, leading to its repair or to preserve its integrity 
24-27. 

Table 1: Mutagenic effects of Aqueous extract of H. 
bonariensis aerial parts (leaves and stems) without 
metabolic activation S9 (-S9) and with metabolic 
activation S9 (+S9) 

Strains Concentration Mean±SEM (-S9); Mean±SEM (+S9) 

TA98 

Positive control 318.0 ± 2.3* 401.5 ± 49.5* 

Negative control 15.7 ± 0.3 15.5 ± 1.5 

3.125 mg/ml 12.0 ± 1.0 13.7 ± 1.8 

6.25 mg/ml 16.3 ± 3.9 - 

12.5 mg/ml 11.7 ± 1.7 15.3 ± 1.5 

25 mg/ml 15.3 ± 1.2 - 

50 mg/ml 15.0 ± 1.5 18.0 ± 2.3 

TA100 

Positive control 814.3 ± 43.1* 1641.5 ± 118.5* 

Negative control 127.0 ± 8.5 212.5 ± 6.5 

3.125 mg/ml 127.3 ± 20.5 234.0 ± 9.9 

6.25 mg/ml 135.7 ± 20.9 - 

12.5 mg/ml 
25 mg/ml 
50 mg/ml 

130.3 ± 27.1 
127.7 ± 10.9 
109.0 ± 11.2 

231.7 ± 0.3 
- 

234.3 ± 5.5 

Negative control = Sterile distilled water, Positive control; strain TA 98 (-
S9 = 2-NF, +S9 = 2-AA), strain TA 100 (-S9 = NaN3, +S9 = 2-AA); 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 H. 
bonariensis roots without metabolic activation S9 (-S9) 
and with metabolic activation S9 (+S9) 

Strains Concentration Mean±SEM (-S9); Mean±SEM (+S9) 

TA98 

Positive control 319.0 ± 2.5* 401.5 ± 49.5* 

Negative control 14.3 ± 1.2 15.5 ± 1.5 

3.125 mg/ml 12.0 ± 2.0 16.0 ± 3.8 

6.25 mg/ml 10.7 ± 1.5 - 

12.5 mg/ml 9.7 ± 1.2 17.0 ± 2.1 

25 mg/ml 10.7 ± 0.7 - 

50 mg/ml 9.7 ± 0.3 15.7 ± 3.3 

TA100 

Positive control 794.0 ± 53.4* 1641.5 ± 118.5* 

Negative control 127.0 ± 8.5 212.5 ± 6.5 

3.125 mg/ml 111.0 ± 6.8 239.0 ± 4.6 

6.25 mg/ml 106.0 ± 6.8 - 

12.5 mg/ml 
25 mg/ml 
50 mg/ml 

105.0 ± 5.2 
114.3 ± 3.7 
111.7 ± 7.1 

223.7 ± 2.9 
- 

244.0 ± 9.2 

Negative control = Sterile distilled water, Positive control; strain TA 98 (-
S9 = 2-NF, +S9 = 2-AA), strain TA 100 (-S9 = NaN3, +S9 = 2-AA); The 
results are the means ± SEM of three separate experiments (n=3);*p < 
0.05 vs. negative control. 

Table 3: Mutagenic effects of Methanolic extract of H. 
bonariensis aerial parts (leaves and stems) without 
metabolic activation S9 (-S9) and with metabolic 
activation S9 (+S9) 

Strains Concentration Mean±SEM (-S9); Mean±SEM (+S9) 

TA98 

Positive control 378.3 ± 36.8* 420.0 ± 14.0* 

Negative 
control 17.0 ± 0.6 14.0 ± 1.0 

3.125 mg/ml 16.3 ± 3.3 16.7 ± 1.8 

6.25 mg/ml 16.3 ± 2.4 - 

12.5 mg/ml 18.0 ± 1.5 19.7 ± 4.3 

25 mg/ml 15.0 ± 1.5 - 

50 mg/ml 18.3 ± 2.2 36.7 ± 6.4* 

TA100 

Positive control 814.7 ± 40.7* 1395.0 ± 15.0* 

Negative 
control 135.0 ± 3.8 208.0 ± 3.0 

3.125 mg/ml 122.3 ± 12.3 224.7 ± 4.8 

6.25 mg/ml 124.3 ± 7.4 - 

12.5 mg/ml 
25 mg/ml 
50 mg/ml 

129.0 ± 14.2 
121.7 ± 15.9 
135.0 ± 12.2 

228.0 ± 1.0 
- 

242.0 ± 11.1 

Negative control = Sterile distilled water, Positive control; strain TA 98 (-
S9 = 2-NF, +S9 = 2-AA), strain TA 100 (-S9 = NaN3, +S9 = 2-AA); The 
results are the means ± SEM of three separate experiments (n=3); *p < 
0.05 vs. negative control. 

Table 4: Mutagenic Effects of Methanolic extract of H. 
bonariensis roots without metabolic activation S9 (-S9) 
and with metabolic activation S9 (+S9) 

Strains Concentration Mean±SEM (-S9); Mean±SEM (+S9) 

TA98 

Positive control 319.0 ± 2.5* 420.0 ± 14.0* 

Negative control 14.3 ± 1.2 14.0 ± 1.0 

3.125 mg/ml 11.0 ± 1.0 15.7 ± 0.9 

6.25 mg/ml 9.7 ± 1.2 - 

12.5 mg/ml 8.7 ± 1.2 16.0 ± 1.5 

25 mg/ml 9.0 ± 1.2 - 

50 mg/ml 12.0 ± 2.1 18.7 ± 1.9 

TA100 

Positive control 794.0 ± 53.4* 1395.0 ± 15.0* 

Negative control 127.0 ± 8.5 208.0 ± 3.0 

3.125 mg/ml 131.3 ± 5.8 219.0 ± 10.4 

6.25 mg/ml 121.7 ± 9.2 - 

12.5 mg/ml 
25 mg/ml 
50 mg/ml 

135.0 ± 7.2 
110.0 ± 4.6 
134.0 ± 4.9 

208.3 ± 6.7 
- 

224.0 ± 1.2 

Negative control = Sterile distilled water, Positive control; strain TA 98 (-
S9 = 2-NF, +S9 = 2-AA), strain TA 100 (-S9 = NaN3, +S9 = 2-AA); The 
results are the means ± SEM of three separate experiments (n=3); *p < 
0.05 vs. negative control. 

CONCLUSION 

In conclusion, both extracts of H.bonariensis aerial parts 
and roots have no mutagenic effect on both Salmonella 
typhimurium strains, with and without the presence of 
metabolic activation and therefore, this herb has the 
potential to be used as part of traditional medicine.   
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