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ABSTRACT 
Background: Mentha arvensis has been used for medicinal purposes by Asian countries for ages. It is used to cure various 
ailments such as diarrhea, asthma, piles, cancer, dementia, hyperglycemia, and aging.  
Aim: This study aims to evaluate the antioxidant and anti-mutagenic (geno-protective) properties of four different solvent 
extracts (methanol, ethanol, acetone, and distilled water).  
Methodology: The antioxidant properties were determined by DPPH and reducing power assays, while the DNA damaging 
assay was used to evaluate the anti-mutagenic activity.  
Results: Among the four extracts, the methanol extract of Mentha arvensis showed 30.48 ± 0.95 mg QE/gm of flavonoid, and 
the aqueous extract showed the highest total phenolic content (142.2±0.83 mg QE/gm) and total alkaloids content (78.2±0.21 
mg TE/gm) compared to the other three solvent extracts. The ethanol extract of Mentha arvensis exhibited the maximum value 
for total tannin content (17.41±0.38 mg ETA/g CE) and reducing power (41.17±0.87 mg ETA/gm). It also exhibited significant 
geno-protective activity.  
Conclusion: These results indicate that among the four solvent extracts, the ethanolic extract of Mentha arvensis has the 
highest value for phenolic content. Moreover, all four solvents, except distilled water, showed valuable anti-mutagenic behavior. 
The HPLC results corroborate our findings, suggesting that these plants have great potential for use as antioxidant and anti-
mutagenic agents. 
Keywords: Mentha arvensis, Antioxidant agents, Anti-mutagenic agents, Geno-protective activity. 

 

INTRODUCTION 
In recent years, issues related to oxidative stress have become an 
increasingly important topic in clinical and medicinal research. 
Studies have demonstrated that diseases such as cancer, 
diabetes, obesity, hypertension, apoptosis, neurodegenerative 
disorders, heart failure, and aging are all caused by oxidative 
stress1,2.  As a result, there has been a significant shift towards the 
use of organic and herbal medicines. These treatments are 
affordable, easily accessible, and generally have fewer adverse 
effects than modern medicines. Consequently, many contemporary 
medical professionals are turning to natural herbs as an ideal 
treatment option3,4. 
 Free radicals are produced by metabolic processes. They 
can damage almost all biomolecules present in the body, including 
nucleic acids, proteins, lipids, and DNA, which may lead to very 
serious diseases. Mostly, free radicals are present in reactive 
oxygen species (ROS) and can have adverse effects on the 
circulatory system, either by oxidative degradation of lipids or by 
causing vessels to become so narrow that they may cause 
myocardial infarction5,6. Singlet oxygen does not act as a free 
radical nor follow a free radical pathway. When nascent oxygen 
reacts with the assistance of double bonds, it forms an 
endoperoxide. This endoperoxide then reduces into an alkoxyl 
radical, and a complex chain reaction starts. These free radicals 
can destroy normal body cells or cause mutations in the cells7.  
 The balance between oxidant and antioxidant activity is 
maintained by our body. When there is an imbalance, the body's 
defense system is unable to prevent disease-causing agents, and 
as a result, the whole body mechanism is disturbed. To overcome 
this imbalance, we have to use some antioxidant and anti-
mutagenic agents. Some plants and herbs have good antioxidant 
and anti-mutagenic activity. These plant extracts are absorbed on 
the surface of pathogenic bacteria and dissolve their cell walls, 
resulting in bacterial cell death8. They play an important role in 
reducing cell mutation by preventing DNA damage and work well 
against carcinogenic diseases9.  

 Mentha arvensis belongs to the Lamiaceae family, which is 
distributed all over the world and has 25-30 species. Besides being 
used as an edible and flavoring agent, it is used in cosmetics and 
has many applications in the pharmaceutical and clinical industry10. 
Oil extracted from mint species has a strong ability against reactive 
oxygen species and microbes, hence preventing Staphylococcus 
aureus, Escherichia coli, Candida albicans, and Salmonella 
enteritidis11,12. It inhibits arachidonic acid breakdown and prevents 
platelet aggregation caused by the metabolism of arachidonic acid, 
and can enhance glutathione peroxidase, which prevents heart 
diseases13. It is used against some gram-negative bacteria, 
including E. coli, Pseudomonas aeruginosa, and Klebsiella 
pneumoniae14. It has beneficial effects against hypertension and in 
patients with heart disease. It is presumed that it acts on 
cyclooxygenase and lipoxygenase enzymes, which are the basic 
factors for heart diseases. Both of these enzymes are targets for 
drugs used in cardiovascular and inflammatory diseases13. 
Experiment: Chemical Reagents: Four different chemicals, 
namely methanol (90%), ethanol (90%), acetone (90%), and 
distilled water, were used as solvents for the extraction of the 
sample plant. Each sample plant was extracted separately using 
all of these solvents.    
Preparation of Extracts from Sample Plants: The leaves of the 
collected sample plant were washed with fresh water and dried in 
the shade for three weeks to prevent protein or DNA denaturation 
due to heat exposure. The dried plant leaves were pulverize into a 
fine powder using a pestle and mortar. The plant extract was 
collected using the cold extraction method, with four samples of 
20-grams of plant powder each extracted separately in glass 
conical flasks solvent using different solvents (methanol-90%, 
ethanol-90%, acetone-90%, and distilled water). The mixture of 
plant powder and solvents was kept for five days at room 
temperature and then filtered using Whatman filter paper to 
remove debris. The extract was then evaporated in open air and 
further by using the water bath method. 
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Determination of Total Phenolic Content: The Folin-Ciocalteu 
assay was used to measure the total phenolic content in the 
sample plant extracts, including methanolic, ethanolic, acetone, 
and distilled water extracts. In this assay, the FC reagent oxidizes 
phenolic compounds to phenolate while the FC reagent itself is 
reduced (gains ions from phenol) to produce a blue molybdenum-
tungsten complex. Phenols are rapidly oxidized in alkaline 
conditions to give appreciable concentrations of phenolate ions. 
However, the acidic FC reagent and the blue complex formed are 
unstable in alkaline conditions. Therefore, a moderate pH of 
around 9-10 was used to achieve reasonably rapid production. An 
excess amount of FC reagent was used so that it could survive the 
alkaline conditions long enough to react with all the phenolate. 
Gallic acid was used as the standard15. 
Determination of Saponins: For determination of total saponin 
content in the sample plant extract, a method described by Hiai et 
al., (1976) was followed and taken as the standard for calibration 
curve16.  The results were expressed as mg of Aescin Equivalents 
(AE) per gram (mg of AE per g) and compared with the standard. 
Determination of Alkaloids: Total alkaloid compounds were 
extracted according to Sabri et al. (1973)17. The extract was 
dissolved in 1.5 ml of chloroform,  followed by the addition of 20 ml 
of 0.02N H2SO4. The resulting solution was warmed to vaporize 
the chloroform, cooled and finally titrated with 0.02N NaOH using 
methyl red as an indicator. The amount of alkaloid was calculated 
per ml of H2SO4. 
Determination of Flavonoids: Aluminum trichloride (AlCl3) 
colorimetric method was modified from the procedure reported by 
Woisky and Salatino (1998)18. A calibration curve was prepared 
using quercetin. Quercetin (10 mg) was dissolved in 80 % ethanol 
to make a stock solution and further dilutions of 25, 50 and 100 
µg/ml were made. For the analysis, 0.5 ml of the diluted quercetin 
solution was mixed with 1.5 ml of 95% ethanol, 0.1 ml of 10% 
aluminum chloride, 0.1 ml of potassium acetate, and 2.8 ml of 
distilled water. The mixture was kept for 30 minutes at room 
temperature, and the absorbance was measured using a 
spectrophotometer. 
Determination of Tannins: Tannins have the capacity to 
precipitate proteins while binding with phenolic acids. Therefore, 
the Hemoglobin precipitation method was used. For this purpose, a 
volume of each plant extract was diluted to give a concentration of 
total polyphenols approximately 450 micrograms/milliliter and 
mixed with an equal volume of haemolysed sheep blood. After 10 
minutes, this solution was centrifuged for 20 minutes and the 
absorbance of the supernatants was measured at 550 nm. Tannins 
were quantified as tannic acid equivalents per gram of extract (mg 
TAE/g of CE)19. 
DPPH Scavenging Assay: The 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) activity of the sample plant extracts was evaluated. Each 
plant extract (0.1 ml) was added to 3.9 ml of a 0.06 mM methanolic 
solution of DPPH. The solution was placed in the dark for almost 
60 minutes, and the absorbance was measured at 517 nm20. The 
Trolox calibration curve was plotted as a function of the percentage 
of DPPH radical scavenging activity. The final results were 
expressed as millimoles of Trolox equivalents (TE) per gram. 
Reducing Power Assay: The reducing power activity was 
determined using the method adopted from Oktay et al. (2003). In 
this method, 1.5 ml of plant extract was mixed with phosphate 
buffer (2.5 ml, 0.2 mole per liter, pH 6.6) and K3Fe(CN)6 (2 ml, 
1%)21. The mixture was kept at 50°C for 20 minutes, and then 2 ml 
of 10% trichloroacetic acid (TCA) was added. The mixture was 
centrifuged at 10,000g for 10 minutes. To the upper layer of the 
centrifuged solution (2 ml), deionized water (2.5 ml) and FeCl3 (0.5 
ml, 0.1%) were added. The absorbance was measured at 700 nm. 
An increase in absorbance of the mixture indicated an increased 
reducing power. The measurement was taken with a standard 
curve of ascorbic acid (AA) solution. The final results were 
expressed in terms of milligrams of quercetin equivalents (QE) per 
gram. 

Anti-mutagenic Activity: Preparation of Phosphate (PO4) 
Buffer 50 mM: A phosphate (PO4) buffer was prepared by 
dissolving 0.18 g of NaH2PO4 and 0.55 g of Na2HPO4 in 100 mL 
of distilled water. 
Preparation of DNA solution: (Calf thymus) CT-DNA at a 
concentration of 0.5 µg/μL was taken and diluted two-fold to a 
concentration of 0.5 µg/3 µL with 50 mM phosphate buffer at pH 
7.4. The reaction was carried out in micro Eppendorf tubes. 
Preparation of 30% H2O2

: A 30% H2O2 solution was prepared 
from a 36% H2O2 solution. 
Reaction Mixture preparation: Approximately 3 µL of diluted 
ctDNA was added to the micro Eppendorf tube, followed by the 
addition of 20 µL of the selected synthetic compounds' stock 
solution to the final reaction mixture. Subsequently, 3 µL of TAE 
buffer and 4 µL of 30% H2O2 were added in succession. 
Control 1 preparation: 10 µL of diluted ctDNA and 12 µL of 
phosphate buffer were added to a micro Eppendorf tube. 
Control 2 preparation: 10 µL of diluted ctDNA, 12 µL of H2O2, and 
FeSO4 were added to a micro Eppendorf tube. 
Procedure: 1X Tris-Acetate-EDTE (TAE) buffer was prepared by 
dissolving 10 ml of 50 X buffer in 490 ml of distilled water. Then, a 
1% solution of agarose gel in 1X TAE buffer was prepared by 
dissolving 1 g of agarose in 100 ml of 1X TAE buffer. The mixture 
was heated in an oven for 1 minute to form a homogeneous 
mixture. It was then slightly cooled to a bearable temperature, and 
20 µl of staining ethidium bromide dye was added. The mixture 
was shaken and poured into the gel tray of a gel electrophoresis 
system and allowed to solidify for 30 minutes. After solidification, 
1X TAE (gel running buffer) was poured to a level that both 
electrodes were dipped in buffer. After incubation, 3 µl of loading 
dye (Bromophenol blue) was added to each reaction mixture, and 
these samples were loaded into the wells made with the help of a 
comb on a 1% agarose gel containing TAE buffer and ethidium 
bromide. Each reaction mixture with a column was run horizontally 
in TAE buffer at 100 volts for 45 minutes in a gel electrophoresis 
system. The gel was photographed under UV light using a gel 
document system (SynGene, England). For each run, a molecular 
marker, a negative control, and a positive control were loaded, as 
well as various antioxidant treatments. 
HPLC methods: Various antioxidant and anti-mutagenic 
compounds present in the plant extracts were determined using 
the High-Performance Liquid Chromatography (HPLC) technique. 
The procedure settings used were as described by previous 
studies.22,23 
 For the HPLC analysis, a Shim-pack column (C-18) with a 
length of 100 mm was used. Two mobile phases, A and B, were 
used with gradient elution. Gradient A contained water and 
ascorbic acid in a ratio of 94:6 and had a pH of 2.27, while gradient 
B contained 100% acetonitrile. The solvent gradient was run at 
15% B from 0-15 minutes, 45% B from 15-45 minutes, and 100% B 
from 30-45 minutes. The flow rate of the column was set to 1 
mL/min. A UV-visible detector with a range of 280 nm was used for 
detection, and the range of the bipolar solvent was set to 1250 mV 
with 10 samples per second. The base area of the curve 
represented the value of different compounds. 
 

RESULTS AND DISCUSSION 
Qualitative analysis of sample plant extracts from the two species 
revealed the presence of different antioxidant and anti-mutagenic 
compounds such as flavonoids, saponins, tannins, alkaloids, 
phenolic compounds, and terpenoids. In Mentha arvensis (Table 
1), the acetone leaf extract showed the highest positive response 
compared to other solvents such as ethanol, methanol, and 
distilled water. 
 Qualitative Analysis of Mentha arvensis 
DPPH free radical scavenging percentage of Mentha arvensis: 
The antioxidant potential of mint has been evaluated using 
different assays, such as DPPH (2,2-diphenyl-1-picrylhydrazyl) 
scavenging assay, reducing power assay, and total antioxidant 
capacity assay. The DPPH assay is based on the principle that 
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antioxidants can donate hydrogen atoms to the free radical DPPH, 
which results in the reduction of its absorbance. The antioxidant 
activity of Mentha arvensis was determined by a free radical 
scavenging assay. The results indicate that the sample plant 
exhibits dose-dependent antioxidant activity. The IC50 value was 
used as a parameter to interpret the results from the DPPH 
method. A lower IC50 value indicates higher free radical 
scavenging activity in the sample plant. The order of free radical 
scavenging activity of Mentha arvensis extracts in different 
solvents is as follows: ethanol > distilled water > acetone > 
methanol. The results of the antioxidant activity percentage are 
illustrated in Table 2. 
 
Table 1: Qualitative Phytochemical Analysis of Mentha arvensis 

S.No 
Phytochemical/
solvent Ethanol Methanol Acetone 

Distill 
Water 

1 Tanin + + + + 

2 Flavonoid _ ++ + + 

3 Terpanoids + + + + 

4 Alkaloids + + + ++ 

5 Phenols + + + ++ 

Note: ++Present in higher amount, - Not detectable, +Present in moderate 
amount 

 
Table 2: DPPH (µg/ml) free radical scavenging percentage of Mentha 
arvensis 

Sample Plant Ethanol Methanol Acetone Distill water 

Mentha Arvensis 92.62% 70.6% 73.77% 89.34% 

 

 
Figure 1: Graphical representation of percentage antioxidant activity of 
Mentha arvensis 

 In Mentha arvensis, the ethanol extract showed the highest 
free radical scavenging activity of 92.62% (41 µg/ml), while the 
methanol extract showed a lower value of 70.6% (31.25 µg/ml). 
The aqueous extract of Mentha arvensis showed 89.34% (39.55 
µg/ml) while acetone extract showed 73.77% (32.66 µg/ml) DPPH 
free radical scavenging activity as shown in figure 1. The 
antioxidant effect of the sample plant extracts varies based on the 
quality of polyphenols. The mechanism of this reaction between 
the antioxidant and DPPH is dependent on the structural 
conformation of the antioxidants (Santos-Sánchez et al., 2019)24. 
Some polyphenols react rapidly with DPPH, which reduces the 
number of DPPH, equivalent to that of OH- groups of these 
antioxidants. 
Reducing Power Analysis: The increase in antioxidant activity 
was observed as the concentration of the analyzed samples 
increased, as noted through spectrophotometric absorbance 
measurements. In the case of Mentha arvensis, the ethanol extract 
had a reducing power of 41.17±0.87 (mg QE/gm). Our findings 
showed that the reducing power of extracts, various organic 
fractions, and essential oils were in agreement with the higher 
values of TPC, TFC, and other phytochemicals analyzed during 
qualitative analysis. There were significant differences (P ≤ 0.05) 
observed in the reducing power analysis at various concentrations 
(Table 3). 
Estimation of Total Flavonoids Content: The research revealed 
that the total flavonoid content of Mentha arvensis is highest in 
methanol, with a concentration of 30.48±0.95 mg QE/g. This value 
is consistent with the flavonoid content estimated by previous 
researchers25,26. Therefore, Mentha arvensis can be utilized as an 
effective antioxidant and anti-mutagenic agent (Table 3). 
Estimation of Total Phenolic Content: Results showed that in 
aqueous extract of Mentha arvensis has 142.2±0.83 (mg GE/ gm) 
phenolic content. The values resembles with total phenolic content 
estimated by previous studies using phytochemical screening of 
leaves.27,28. This indicates that Mentha arvensis has more potential 
for antioxidant activity since the total phenolic content in Mentha 
arvensis is comparatively high. Other three solvent extract of 
sample plant also show a considerable amount of phenolic content 
(Table 3). 
Total Alkaloid Content (mg of TE per g): The aqueous extract of 
Mentha arvensis was found to contain a significant amount of 
alkaloids, with a total alkaloid content of 78.2021 mg of TE per 
gram as shown in table 3. This value is consistent with previous 
findings in the literature, indicating the potential value of Mentha 
arvensis as a source of alkaloids.29,30. 
Tannins Contents: Tannin content of Mentha arvensis is highest 
in ethanol extract as 17.41±0.38mg ETA/g CE. This value 
resembles with that obtained by a research conducted by Malik et 
al. (2012)31,32. Leaves of Mentha arvensis has valuable amount of 
tannin, so this plant can also be used to add fragrance in drinks. 
The ethanol extract of Mentha arvensis has the highest tannin 
content, with a value of 17.41 ± 0.38 mg ETA/g CE, which is 
consistent with previous research33,34,35. The leaves of Mentha 
arvensis contain a significant amount of tannins, which makes it a 
potential candidate for use as a flavoring agent in beverages 
(Table 3). 

 
Table 4: Total flavonoid content in Mentha arvensis  

Mentha arvensis Solvents 

Methanol Ethanol Acetone Distilled Water 

Total reducing power value  (mg QE/ gm) 34.48±0.95 41.17±0.87 27.44±0.81 37.12±0.90 

Total Flavonoid Content  
(mg QE/ gm) 

30.48±0.95 7.40±0.67 25.11±0.60 27.4±0.63 

Total Phenolic Content  
(mg GE/ gm) 

85.11±0.69 111.22±0.80 92.81±0.71 142.2±0.83 

Total Alkaloid Content  
(mg of TE per g) 

51.4±0.42 69.34±0.29 42.22±0.30 78.20±.21 

Total Tannin content  
(mg ETA/g CE) 

9.31±0.31 17.41±0.38 7.21±0.42 12.6±0.51 
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Anti-mutagenic Activity Analysis: Genoprotective Activity: 
Samples of plant extracts in all four buffers, i.e., ethanol (90%), 
methanol (90%), acetone (90%), and distilled water, were loaded 
onto an agarose gel along with positive and negative controls. This 
depicts the genoprotective ability of the sample plant in specific 
buffers. Results indicate that Mentha arvensis has a relatively 
greater potential to protect DNA against oxidative damage. 
Ethanol, methanol, and acetone extracts were found to be effective 
for the genoprotective activity of Mentha arvensis, while the 
genoprotective activity was not found in distilled water as shown in 
the figure 2 (Table 4). 
 

 
Figure 2: Bands obtained in DNA damaging assay 

 
Result interpretation: 
L: Ladder containing only DNA, where the band appears because 
it is protected. 
H2O2: Contains DNA and oxidative agent, resulting in DNA 
damage and a smear formation. 
1 Sample of Mentha arvensis in "acetone solvent" containing 
DNA and oxidative agent, as well as the sample. The appearance 
of a band indicates that the sample protects the DNA from 
oxidative damage. 
2 Sample of Mentha arvensis in "methanol solvent" where a 
band is formed, indicating that the sample protects the DNA from 
oxidative damage. 
3 Sample of Mentha arvensis in "ethanol solvent" where a 
band is formed, indicating that the sample protects the DNA from 
oxidative damage. 
4 Sample of Mentha arvensis in "distilled water solvent" results 
in a smear formation, indicating that the sample does not protect 
the DNA from oxidative damage. 
 
Table 4: Summary of genoprotective activity of Mentha arvensis  

Sample Plant Ethanol Methanol Acetone Distill Water 

Mentha Arvensis + + + - 

 

 
Figure 3: HPLC graph of Mentha arvensis in acetone solvent 

Chemical Characterization by HPLC: HPLC analysis of the leaf 
extracts of the sample plant, Mentha arvensis, in specific solvents 
revealed the presence of various antioxidant and anti-mutagenic 
compounds (Figure 3 and 4). The analysis confirmed the presence 
of polyphenolic compounds in the plant, which makes it useful 
against diseases caused by oxidative mutagenic agents (Table 5). 
The graph below illustrates the concentration of each compound 
and their respective details. 
 

 
Figure 4: HPLC graph of Mentha arvensis in ethanol solvent 

 
Table 5: Chemical compounds in leaf extracts of Mentha arvensis analysed 
by HPLC. 

Leaf 
extract 
solvent 

Retention 
Time 

Chemical 
compounds 

Area 
percentage 
(%) 

Amount 
(ppm) 

Ethanol 

2.760 Quercetin 21.8 72.049 

4.407 Gallic acid 2.4 5.471 

22.053 Ferulic acid 2.3 10.548 

12.467 Caffeic acid 4.2 12.145 

Acetone 

13.033 Vanilic acid 4.1 11.762 

2.967 Quercetin 0.3 0.7761 

4.100 Gallic acid 9.4 15.5356 

18.147 p-coumeric acid 6.2 3.681 

22.093 Ferulic acid 8.5 28.161 

14.493 Benzoic acid 5.0 24.413 

19.793 M- coumeric acid 5.5 3.0027 

24.687 Cinmic acid 7.6 12.1546 

 

CONCLUSION 
The results of the study suggest that Mentha arvensis has 
significant potential as a source of natural antioxidants and anti-
mutagenic compounds. The presence of various phytochemicals, 
including phenols, flavonoids, alkaloids, saponins, and tannins, 
among others, is evidence of this potential. However, further 
research is required to fully understand the therapeutic properties 
of these compounds and their potential applications in treating 
various diseases. 
 The DPPH scavenging assay and reducing power assay 
results confirm the plant's antioxidant potential, with the ethanol 
extract showing the highest activity. The anti-mutagenic activity of 
the plant in all solvents except for distilled water further supports 
the potential of Mentha arvensis in protecting DNA from oxidative 
damage.Moreover, the HPLC analysis of the plant's leaf extracts 
revealed the presence of various antioxidant and anti-mutagenic 
compounds, including polyphenols. The concentration of these 
compounds and their respective details were illustrated in the 
study. This chemical characterization further confirms the potential 
of Mentha arvensis as a source of natural antioxidants and anti-
mutagenic compounds. 
 Finally, the study highlights the need for further investigation 
into isolating antioxidant and anti-mutagenic compounds from the 
stem and roots of the plant. Such research could help develop new 



Antioxidant and Anti-Mutagenic Potential of Mint (Mentha Arvensis) and its Chemical Characterization by HPLC 

 
518   P J M H S  Vol. 17, No. 4, April, 2023 

therapeutic treatments for diseases caused by mutations, 
chromosomal aberrations, or DNA fragmentation. Overall, Mentha 
arvensis has demonstrated significant potential for use in both 
traditional medicine and modern healthcare as a source of natural 
antioxidants and anti-mutagenic compounds. 
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