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ABSTRACT 

The present study was designed to evaluate antidepressant activity of aqueous and methanol 

extracts of Mentha arvensis. DPPH, Hydroxyl and Nitric Oxide radical scavenging test 

techniques were used to investigate preliminary in-vitro antioxidant activity. Then, 

antidepressant efficacy was investigated in mice models using locomotor tests, forced swim 

tests, and tail suspension tests at dose levels of 125, 250, and 500 mg/kg. The reference drug, 

fluoxetine, was administered orally at a dosage of 10 mg/kg. The findings showed that, 

aqueous and methanol extracts of Mentha arvensis have promising anti-oxidant activity. The 

antidepressant effect of the aqueous and methanol extracts of Mentha arvensis was found to be 

excellent and in a dose-dependent. In conclusion, Mentha arvensis plant extracts exhibited 

significant antioxidant and antidepressant activity. 
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INTRODUCTION 

Depression is a severe public health concern that affects millions of individuals throughout 

the world. Severe depression often leads to suicidal tendencies, with approximately 0.8 

million people committing suicide each year (1). Disturbances in neurotransmitter function, 

notably serotonin, noradrenaline, and dopamine, are a primary cause of depression. 

According to several scientific studies, a decrease in brain serotonin is one of the most 

important etiological elements in the development of depression.  Serotonine reuptake 

inhibitors (SSRIs), which enhance serotonin's extracellular availability, are the most often 

prescribed antidepressant medicines. It's also been suggested that the noradrenergic and 

dopaminergic systems are involved, and that they work in unison with the serotonergic 

system (2). In individuals with significant depression, changes in brain monoamine 

neurotransmitters such as norepinephrine, serotonin, and dopamine have been reported. 

It has been suggested that oxidative stress has a role in the development of depression. 

According to research, patients with significant depression have poor antioxidant enzyme 

activity, such as superoxide dismutase and glutathione peroxidase, as well as increased lipid 

peroxidation, according to research (3). Antidepressant therapy dramatically increases 

antioxidant enzyme levels and reduces lipid peroxidation in patients (4-7). As a result, lipid 

peroxidation and the response of antioxidant enzymes appear to be linked to the onset of 

serious depression. In light of this, the antioxidant activity of MA extract was assessed 

utilising several test techniques. 

Several antidepressant compounds are available in the market including serotonergic, 

noradrenergic and/or dopaminergic systems, requires to consume for longer periods to get 

relief; however chronic usage leads to severe side effects. Medicinal plant remedies might be 

a viable alternative to antidepressant medication. In Indian traditional system of medicine, 

herbs or herbal based products are widely used to treat depressive disorders. Medicinal plants 

such as Withania somnifera, Bacopa monniera, Hypericum perforatum, Cordyceps sinensis, 

and Perilla frutescens etc have been reported to have antidepressant activity (2, 6). Mentha 

arvensis is an indigenous plant belongs to the family Lamiaceae commonly known as 

‘Pudina’ and ‘Mint’ in English has been studied extensively for different pharmacological 

activities such as antiseptic, diuretic, antispasmodic, stimulant, stomachic, carminative, 

emmenagogue, expectorant and tonic. It is useful in the disease of liver, spleen, asthma, pains 

in the joints. The dried plant is refrigerant, stimulant. It is useful in jaundice and given to stop 

vomiting (8). Furthermore, the anti-depressant effect of the plant MA has yet to be 
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thoroughly verified. Therefore, the present work was designed to investigate the 

antidepressant activity of ‘Mentha arvensis’ using locomotor test, tail suspension test and 

forced swim test in the experimental animals. 

   

MATERIALS AND METHODS 

Collection of Plant material  

The plant material was collected from the local market, Mumbai and authenticated by Dr 

Ganesh Iyer, Department of Botany, Ruia College Matunga, Mumbai. The voucher specimen 

(No. 2010/01) was submitted in the herbarium of the Institute. The whole plant material was 

washed properly and air dried under shade. After drying, the plant material was grinded to a 

fine size. 

Preparation of plant extract 

The plant material was defatted with petroleum ether and then successively extracted with 

methanol using soxhlet extractor. The aqueous extract of plant material was prepared by 

maceration technique. Both the extracts were filtered through vacuum filter and the filtrates 

were concentrated in vacuum evaporator. Dried extracts were used for the further studies. 

Experimental animals  

Swiss albino mice of either sex weighing between 20-25 g were used in the study. The 

animals were procured from Haffkine Biopharmaceuticals, Parel, Mumbai and housed in 

polypropylene cages at an ambient temperature of 25±1 °C, with a 12:12 h light and dark 

cycle. They had free access to standard pellet diet and water ad libitum. Animals were 

acclimatized for at least one week before using them for experiments and exposed only once 

to every experiment. The experimental protocols were approved by the Institutional Animal 

Ethical Committee (IAEC) of Institute of Chemical Technology, Mumbai. 

Determination of anti-oxidative components 

Quantitative determination of total flavonol, phenolic content and flavonoid were carried out 

(9). 

Total phenolic content  

Total phenolic content of aqueous and methanol extracts of Mentha arvensis was estimated 

from gallic acid calibration curve as described by method of Nagmoti D et al (10). 1.0 ml 

diluted Folin and Ciocalteu’s reagent (1:1) was added to 100 µl of different concentration of 

gallic acid (2-10 µg/ml). Test extracts of 100 µl at the concentration of 10 mg/ml were added 

to the mixture and incubated for 5 min. After that, Na2CO3 (7%) was added to each test tube, 
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followed by 90 min incubation at room temperature. Absorbance of the samples were taken at 

750 nm using a UV-Visible spectrophotometer (SHIMADZU UV-1650PC) and compared to 

a gallic acid calibration curve. The total phenolic content is expressed as gallic acid 

equivalent (GAE) in milligrams per gram of dry extract. The data is presented as the average 

of triplicate analyses.     

Total flavonol content 

Rutin equivalents were used to calculate total flavonol content, which was represented as mg 

rutin acid/g of extract. The calibration curve was constructed using different concentrations 

of Rutin (0.5-0.015 mg/ml) in ethanol with a total volume of 2 ml. In ethanol, a 20 mg/ml 

aluminium trichloride solution was made and added to each test tube, followed by 6 ml 

sodium acetate (50 mg/ml) and incubation for 2.5 hours at 20 °C. Instead of Rutin, 2.0 ml (10 

mg/ml) extract in ethanol was used for the test sample. Each tube's absorbance was measured 

at 440 nm (9). 

Total flavonoid content 

Total flavonoid content of MA-ME and MA-AQ was studied by slightly modified technique 

of Tunalier et al (9). To 1.0 ml of various concentration of Rutin and test sample (10 mg/ml), 

1.0 ml of Aluminium trichloride (20 mg/ml) in ethanol was added and volume was made up 

to 25 ml with ethanol. All the test tubes containing reaction mixture were incubated at 25 °C 

for 40 min and absorbance was read at 415 nm. Blank samples were prepared from 1.0 ml 

plant extract and one drop acetic acid, and diluted to 25 ml. All determinations were carried 

out in triplicate and the mean values were used. 

In- vitro anti-oxidant activity 

DPPH radical scavenging activity  

The antioxidant activity of the plant extracts was determined by 2,2-diphenyl-1-picryl-

hydrazyl-hydrate (DPPH) radical scavenging assay method (10). A 0.5 ml methanolic 

solution of the plant extracts at various concentrations (50-1000 µg/ml) was added to 0.5 ml 

of 0.1 mM methanolic solution of DPPH and incubated in dark environment for 30 min at 

25°C. At 517 nm, the absorbance of the reaction mixture was measured 

spectrophotometrically. As a control, a 0.1 mM DPPH solution in methanol was employed. 

Radical scavenging activity was represented as the inhibition percentage of free radical by the 

sample and was calculated using the formula 

% inhibition = (Abs control – Abs test) X 100 --------- equation (1) 

                         (Abs control) 
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Nitric oxide radical scavenging activity 

Plant extracts' nitric oxide radical scavenging ability was measured in terms of nitric oxide 

radical produced from sodium nitroprusside. The Griess reaction detects nitrite ions produced 

by the reaction of sodium nitroprusside with oxygen. In brief, aqueous solution of sodium 

nitroprusside (1.0 ml; 10 mM) in phosphate-buffered saline (pH 7.4) was mixed with 1 ml of 

test extracts at various concentrations (50-1000 µg/ml) dissolved in methanol. Control was 

processed in similar condition except test sample. The reaction mixture was incubated at 

25°C for 30 min. After incubation, 1 ml of solution was withdrawn and mixed with 1 ml of 

Griess reagent (1% sulphanilamide, 2% phosphoric acid and 0.1% naphthyl ethylenediamine 

dihydrochloride). The absorbance of the pink chromophore produced during the diazotization 

of the nitrite with sulphanilamide and the subsequent coupling with naphthyl ethylenediamine 

dihydrochloride was measured at 546nm (10). All the tests were performed in triplicate. 

Percentage inhibition was calculated using equation 1. 

Hydroxyl radical scavenging activity  

The modified Klein et al (11) and Dhir A (12) et al. methods were used to examine the 

hydroxyl radical-scavenging activity of MA-ME and MA-AQ. A test sample of 50 -1000 µg 

were taken in test tubes. Then, 1 mL of iron EDTA solution (0.13% ferrous ammonium 

sulfate and 0.26% EDTA), 0.5 mL EDTA (0.018%) and 1.0 ml of DMSO (0.85%) (in 0.1M 

phosphate buffer, pH 7.4) were added to the test tubes. The test tubes were firmly closed after 

the addition of 0.5 ml of 0.22% ascorbic acid and incubated on a water bath at 85 ºC for 15 

min. After incubation, ice-cold trichloroacetic acid (17.5%) was added to each test tube 

followed by 3.0 ml of Nash reagent (7.5 g of ammonium acetate, 300 µl glacial acetic acid 

and 200 µl acetyl acetone were mixed and made up to 100 ml with distilled water). After 15 

min incubation at room temperature, absorbance of the reaction mixture was measured. 

Percentage hydroxyl radical scavenging activity was calculated using equation 1. 

Animal Experimental Design 

Antidepressant activity of the ‘Mentha arvensis’ plant extracts was evaluated in swiss albino 

mice of either sex using locomotor test, forced swim test and tail suspension tests. Plant 

extracts and fluoxetine were formulated in a 0.25% Na-CMC. All the groups of animals were 

divided into different 8 groups of 6 each and treated orally (once in a day) with 0.25% Na-

CMC or Fluoxetine 10 mg/kg or test extracts (MA-AQ or MA-ME) at 125, 250 and 500 

mg/kg. All the assessments were performed on acute (single dose) and after 7th dose of 

vehicle or fluoxetine or plant extracts administration.  
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Table 1: The protocol for the vehicle, standard drug and plant extracts administration 

to the mice 

Groups Treatment Dose No. of Animals 

I Control 0.25% Na-CMC 06 

II Fluoxetine 10 mg/kg; p.o. 06 

III MA-AQ 125 mg/kg; p.o. 06 

IV MA-AQ 250 mg/kg; p.o. 06 

V MA-AQ 500 mg/kg; p.o. 06 

VI MA-ME 125 mg/kg; p.o. 06 

VII MA-ME 250 mg/kg; p.o. 06 

VIII MA-ME 500 mg/kg; p.o. 06 

 

Locomotor activity 

Locomotor activity in mice was measured according to the slightly modified methods of 

Rajkumar V et al (13) and Dhir A et al (12). Actophotometer instrument was used to 

calculate locomotion of the animals. Locomotion was expressed in terms of total photobeam 

counts per 10 min per animal. Before performing the test, all the animals were acclimatized 

for 2 min to the observation chamber. An array of 16 infrared emitter and detector pairs 

measured animal activity along a single axis of motion, the digital data being displayed on the 

front panel meters as ambulatory movements. Between testing, the activity cages and floor 

surfaces were completely cleaned with 70% ethanol. 

Forced swim test  

The Forced swim test is a validated neurobiological model of depression (14). Test was 

carried out with slightly modified methods of Zhou D et al (15) and Bhurat M et al (16). Mice 

were forced to swim individually in a glass jar (dimension: 25 × 12 × 25 cm3) filled with 

water to a height of 15 cm at 30°C. After an initial 2 min period of vigorous activity, each 

animal assumed a typical immobile posture. A mouse was considered to be immobile when it 

remained floating in the water without struggling, making only minimum movements of its 

limbs necessary to keep its head above water. During the next 4 minutes of a total 6-minute 

test, the total time of immobility was recorded. Immobile time was defined as the time spent 

by the mouse to float in the water without struggling. After the test, all the mice dried with 

clean towel and finally returned to their cage. 

Tail suspension test 

Tail suspension test was performed according to the previously reported method of Rajkumar 

V et al (13) and Zhou D et al (15) with minor modifications. Mice were suspended on the 

edge of a lever 58 cm above the table top by using adhesive tape placed 1 cm from the tip of 
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the tail. Mice suspended by the tail showed initial struggling, followed by periods of 

immobility that increase in duration across the 6 min test. Immobility was measured during a 

six-minute period, with the first two minutes eliminated. Immobility was defined as the 

absence of any limb or body movements, except for those caused by respiration or when they 

hung passively and completely motionless. The duration of immobility was recorded during 

the total 6-min test. 

 

Statistical analysis 

In-vitro data is expressed as mean±SD of triplicate determinations. Linear regression analysis 

was used to calculated IC50 value. In-vivo experimental data is expressed as mean±SEM and 

was analyzed using software GraphPad Prism 4. A one-way analysis of variance (ANOVA) 

followed by Dunnett’s multiple comparison t-test was used to calculate statistical difference 

for in-vivo tests. A value of p<0.05 was considered as significant.  

 

RESULTS AND DISCUSSION 

Natural antioxidants have recently been in great demand, notably in the food business, due to 

various advantages over synthetic antioxidants (17). Plants high in secondary metabolites 

such as phenolic and polyphenolic chemicals have been scientifically proven to have 

antioxidant capabilities and can protect against oxidative stress (18-20). Furthermore, because 

of their radical scavenging characteristics, these chemicals can alter a wide spectrum of cell 

biological activities. The intake of antioxidants such as polyphenols has been effective in the 

prevention of variety of illnesses (21). Flavonoids are the class of compounds that have been 

proven for potent antioxidant activity based on phenolics hydroxyl group. A substantial 

positive association between flavonoids and antioxidant activity has also been demonstrated 

by several scientific research. Therefore, we calculated the amount of total phenolic, 

flavonoid, and flavonols in plant extracts in this study (MA-AQ and MA-ME). The present 

data suggest that, total phenolic contents of the MA-AQ and MA-ME was found to be 

71.8±1.8 and 51.9±0.7 mg of gallic acid equivalent per gm of extract respectively. Flavonols 

content were found to be absent in MA-AQ. However, MA-ME showed flavonol content, 

36.1±1.0 mg of rutin equivalent per gram of extract. The Total flavonoid content was found 

to be 20.6±2.6 and 91.3±5.3 mg of rutin equivalent per gm of extract for MA-AQ and MA-

ME respectively. The content of total phenols and flavonoids in MA-ME and MA-AQ 

indicates the presence of anti-oxidative components. 
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Table.2: Quantitative analysis of antioxidative components of MA-AQ and MA-ME  

Extracts Total phenolsa Total flavonoidsb Total flavonolsc 

MA-AQ 71.8± 1.8 20.6±2.6 Ab 

MA-ME 51.9±0.7 91.3±5.3 36.1 ±1.0 
Each value is expressed as mean±SD (n=3); ‘Ab’ indicates absent 
a Total phenols expressed as gallic acid equivalents per gm of extract; b Total flavanoids expressed as rutin 

equivalents per gm of extract; c Total flavanols expressed as rutin equivalents gram of extract. 

The significant quantity of anti-oxidative components in the MA-ME and MA-AQ 

encouraged us to carry out further studies. Therefore, we evaluated anti-oxidant activities of 

these plant extracts using different assay methods. DPPH radical scavenging assay is a widely 

used method to evaluate the antioxidant property of various compounds. The rate of reduction 

in absorbance of the DPPH attributed due to hydrogen donation capability of antioxidants. 

The antioxidant activity for MA-ME and MA-AQ by DPPH radical scavenging assay method 

is shown in Figure 1. In accordance to the DPPH assay results, MA-ME extract was found to 

be a good scavenger of free radicals. MA-ME and MA-AQ showed considerable antioxidant 

activity in a concentration dependent manner, with IC50 362.24 µg/ml (R2 =0.948) and 335.66 

µg/ml (R2 =0.959) respectively. Both the extracts were shown to be effective DPPH free 

radicals scavenger. 

Nitric oxide (NO) and reactive nitrogen species (RNS) are free radicals that are derived from 

the interaction of NO with oxygen or reactive oxygen species. Excessive NO production has 

negative consequences for the human body, including neurological disorders, inflammation, 

cancer, and other pathological issues (21). Figure 2 illustrates the Nitric oxide radical 

inhibition estimated by the use of Griess Illosvory reaction. MA-ME and MA-AQ showed 

substantial nitric oxide scavenging activity in a concentration-dependent manner, with IC50 

1478.6 µg/ml (R2 =0.9933) and 562.5 µg/ml (R2 =0.937) respectively. 

Hydroxyl radical are extremely reactive and capable of damaging almost every molecule 

found in living cells (22-25). Hence it is necessary to prevent the imbalance of the radicals in 

the body. The antioxidant compounds act by various mechanisms; either by prevention of 

chain initiation, binding of transition metal on catalysts, decomposition of peroxides, 

prevention of continued hydrogen abstraction, reductive capacity and radical scavenging (26).  

The antioxidant activity of MA-ME and MA-AQ evaluated by Hydroxyl Radical scavenging 

assay method is shown in Figure 3. Data represents, MA-ME and MA-AQ demonstrated 

substantial hydroxyl radical scavenging activity in a concentration-dependent manner with 

IC50 489.5 µg/ml (R2 =0.9155) and 138.1 µg/ml (R2 =0.9453) respectively.   
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Figure 1: Antioxidant activity of MA-AQ and MA-ME by DPPH radical scavenging 

activity 

 

 

 

 

 

 

Figure 2: Antioxidant activity of MA-AQ and MA-ME by nitric oxide scavenging assay 

method 

 

 

 

 

 

 

Figure 3: Antioxidant activity of MA-AQ and MA-ME by hydroxyl radical scavenging 

assay method 

Depression has been associated to abnormalities in neurotransmission including 5-HT, 

norepinephrine, and dopamine activity in the brain (27, 28). Both the FST and TST models of 

depression are frequently used to test novel antidepressant compounds because they are very 

sensitive and specific to all major antidepressant drug classes, including tricyclics, serotonin 

reuptake inhibitors, MAO inhibitors, and atypicals.  

The forced swimming-induced immobility in rats was suggested to be a condition akin to 

human depression, which might be treated with antidepressants. The monoamine hypothesis 

of depression is based on a lack of one or more monoamines, which is frequently used to 

explain the pathophysiology of mental depression. This hypothesis initially based on 

noradrenaline and serotonine deficiency, is recently extended to dopamine (12). The results 
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of this investigation showed that, acute MA-AQ and MA-ME treatment reduced immobility 

time in the FST considerably (p<0.001) when compared to control mice. Furthermore, MA-

AQ and MA-ME treatment for 7 days showed promising (p<0.001) dose-dependent 

antidepressant effect at the dosage levels tested (125, 250, and 500 mg/kg). The effect of 

MA-ME at 500 mg/kg (7 days treatment) was found to comparable to that of the fluoxetine at 

10 mg/kg, an SSRI type antidepressant drug (Figure 4 and 7). These findings imply that the 

MA-ME and MA-AQ significantly reduced immobility time through promoting swimming 

rather than climbing activity, validating their antidepressant effects. 

 

 

 

 

 

 

Figure 4. Effect of acute treatment of MA-AQ and MA-MA on immobility time in the 

FST 

Values in the results are represented as mean±SEM. A one-way analysis of variance (ANOVA) followed by 

Dunnett’s multiple comparison t-test was used to calculate statistical difference. *p<0.05, **p<0.01, 

***p<0.001 considered significantly different in 

comparison to control. 

 

 

 

 

 

 

Figure 5.  Effect of acute treatment of MA-AQ and MA-ME on immobility time in the 

TST 

Values in the results are represented as mean±SEM. A one-way analysis of variance (ANOVA) followed by 

Dunnett’s multiple comparison t-test was used to calculate statistical difference. *p<0.05, **p<0.01, 

***p<0.001 considered significantly different in comparison to control. 

When compared to the forced swim test, the tail suspension test is thought to have a higher 

pharmacological sensitivity. At 125, 250, and 500 mg/kg treatment levels, MA-AQ and MA-

ME produced a substantial (p<0.001) decrease in immobility time when compared to control 

animals. The efficacy of the MA-AQ and MA-ME was boosted in the 7 days dose regimen. 

The maximum effect of MA-AQ and MA-Me was shown at 500 mg/kg. Both MA-ME and 
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MA-AQ decreased immobility time with increasing swimming behavior in FST also decrease 

in immobility time in TST (Figure 5 and 8). The increase in swimming behaviour showed 

that 5 HT receptors may play a role in antidepressant mechanism of action. As a result, MA 

extracts show antidepressant effect, suggesting that serotonergic mechanisms are involved. 

 

 

 

 

 

 

 

Figure 6:  Effect of acute treatment of MA-AQ and MA-ME on locomotor activity 

Values in the results are represented as mean±SEM. A one-way analysis of variance (ANOVA) followed by 

Dunnett’s multiple comparison t-test was used to calculate statistical difference. *p<0.05, **p<0.01, 

***p<0.001 considered significantly different in comparison to control. 

 

 

 

 

 

 

 

Figure 7: Effect of 7 days treatment of MA-AQ and MA-ME on immobility time in the 

FST 

Values in the results are represented as mean±SEM. A one-way analysis of variance (ANOVA) followed by 

Dunnett’s multiple comparison t-test was used to calculate statistical difference. *p<0.05, **p<0.01, 

***p<0.001 considered significantly different in 

comparison to control. 

 

 

 

 

 

 

Figure 8: Effect of 7 days treatment of MA-AQ and MA-ME on immobility time in the 

TST 
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Values in the results are represented as mean±SEM. A one-way analysis of variance (ANOVA) followed by 

Dunnett’s multiple comparison t-test was used to calculate statistical difference. *p<0.05, **p<0.01, 

***p<0.001 considered significantly different in 

comparison to control. 

 

 

 

 

 

 

Figure 9:  Effect of 7 days treatment of MA-ME on locomotor activity by 

actophotometer 

Values in the results are represented as mean±SEM. A one-way analysis of variance (ANOVA) followed by 

Dunnett’s multiple comparison t-test was used to calculate statistical difference. *p<0.05, **p<0.01, 

***p<0.001 considered significantly different in comparison to control. 

In addition to FST and TST, locomotor activity was done to ensure the antidepressant 

activity of MA-AQ and MA-ME. The locomotor activity is a measure of the level of 

excitability of the CNS; increased activity results from excitation of the central nervous 

system. It indicates attentiveness and the decline indicates sedative action (29). Here, study 

results explored substantial (p<0.01) increase in locomotion by the MA-AQ and MA-ME at a 

single dose treatment of the mid dose (250 mg/kg) and high dose (500mg/kg). Low dose of 

MA-AQ and MA-ME showed marginal increase in the locomotion after single dose 

treatment, however results were found non-significant (p>0.05). Furthermore, 7 days 

treatment of MA-AQ and MA-ME resulted in considerable (p<0.001) increase in locomotion 

at all the treated dose levels expect MA-AQ at 125 mg/kg. The antidepressant effect of MA-

ME was found to be slightly greater than MA-AQ, after 7 days treatment (Figure 6 and 9). 

Fluoxetine, a standard antidepressant drug demonstrated prominent (p<0.001) decrease in 

immobilization in FST and TST at single and 7 days treatment regimen. It also exhibited 

considerable increase in locomotion in actophotometer test in both drug treatment regimens. 

Overall, study outcomes of FST, TST and locomotion test suggests the prominent anti-

depressant activity of MA-AQ and MA-ME. Antioxidant activity has been linked to a variety 

of pharmacological actions, including antidepressant activity, according to the literature (30, 

31).  Therefore, it can be suggested that the antidepressant activity of the plant extracts could 

be due the presence of anti-oxidative components and its free radical scavenging potential.   
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CONCLUSION 

Based on the findings of this study, it can be stated that the aqueous and methanolic extracts 

of 'Mentha Arvensis' (MA-AQ & MA-ME) possesses significant antidepressant effect, which 

may be related to the presence of anti-oxidative components such as total phenols and 

flavonoids. MA-AQ and MA-ME have anti-oxidant capabilities, which contribute to their 

antidepressant impact. However, further studies are required to explore the exact mechanism 

of action.  
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