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Abstract The objective of this study is to investigate the

antiviral, anti-inflammatory, and antioxidant effects of the

ethanol extract of Mentha piperita L. leaves (MPE). M.

piperita L. leaves were extracted by reflux with ethanol.

Total phenolic acid and total flavonoid content were

determined. The antiviral activity of MPE against the res-

piratory syncytial virus (RSV) and the anti-inflammatory

activity were evaluated in vitro. The levels of key pre-

inflammatory mediators and cytokines including nitric

oxide (NO), tumor necrosis factor alpha (TNF-a), inter-
leukin (IL)-6, and prostaglandin E2 (PGE2) were deter-

mined. The antioxidant activities were also evaluated using

a colorimetry method. MPE contained high levels of phe-

nolic acid and flavonoid, showed antiviral activity against

RSV with a high selectivity index, and significantly

decreased the production of NO, TNF-a, IL-6, and PGE2 in
lipopolysaccharide-stimulated RAW 264.7 cells. Mean-

while, MPE showed potential free-radical scavenging

activities. These results indicate that Mentha piperita L.

might be a good source of medicinal plants.

Keywords Mentha piperita L. � Antiviral � Anti-
inflammatory � Antioxidant

Introduction

Inflammation is a complex biological response to harmful

stimuli such as pathogens, damaged cells, or irritants and is

a protective response involving immune cells, blood ves-

sels, and molecular mediators [1]. Although inflammation

is a defense mechanism, a series of biochemical events

involving the local vascular system, the immune system,

and various cells within the injured tissue propagate the

inflammatory response [2]. A dose relationship exists

between the viral infection and inflammation. Chronic

inflammation can also be the result of a viral infection.

Viruses induce disease deterioration directly and indirectly

by activating inflammatory signaling pathways and

cytokines, stimulating the growth of infected cells, and

inhibiting apoptosis [3].

The human respiratory syncytial virus (RSV) is a syn-

cytial virus that causes respiratory tract infections, occa-

sionally leading to hospitalization during infancy and

childhood [3]. The mechanism underlying RSV-induced

diseases remains elusive. Experimental evidence has

demonstrated that overexpression of inflammatory

responses induced by the host plays an important role in the

development of clinical manifestations of the RSV infec-

tion. In patients with primary RSV infection, alveolar

macrophages and epithelial cells are likely to be infected,

resulting in increased production of pro-inflammatory

cytokines including interleukin (IL-1b), tumor necrosis
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factor (TNF-a), IL-6, prostaglandin E2 (PGE2), and

chemokines (IL-8) [4]. Although these pro-inflammatory

cytokines are involved in the host defense mechanism, their

excessive production can lead to mutagenic effects on the

host genome during persistent infection [5]. Thus, phar-

macological reduction of inflammatory mediators is a

preferred target in the development of therapeutic inter-

ventions aimed at limiting the inflammatory response due

to RSV infection. Therefore, the search for more effective

and safer anti-inflammatory and antiviral agents has

become an important area of study the past two decades.

Mentha piperita L. (Peppermint), a hybrid mint, is a

cross species between watermint and spearmint and

belongs to the family Lamiaceae. This plant is native to

Europe, Canada, and the USA and has been widely culti-

vated in other parts of the world. This Mentha species is

famous for its flavoring and medicinal properties and is

used in food, cosmetics, and medicines. It has been shown

to be helpful in symptomatic relief from illnesses such as

colds, cramps, indigestion, nausea, sore throat, toothache,

or even cancer [6]. Many pharmacologic studies also have

shown that M. piperita L. possesses antioxidant, cytotoxic,

antiallergenic, antiviral, and antibacterial activities with

few side effects [7, 8]. Essential oils extracted by steam

distillation from the aerial parts of the plant have been

reported to have anti-inflammatory, antibacterial, and

antifungal properties [9, 10]. As described above, the var-

ious bioactivities of peppermint have been attributed to its

different constituents. However, only a few studies have

focused on the non-volatile constituents. Therefore, the

present study was conducted to investigate the in vitro

antiviral activity of the ethanol extract from Mentha

pipertia L. leaves against RSV and to determine the anti-

inflammatory and antioxidant activities of this ethanol

extract.

Materials and methods

Materials

Dulbecco’s modified essential medium and other cell-cul-

ture reagents including fetal bovine serum (FBS) were

obtained from GIBCO (NY, USA). Lipopolysaccharide

(LPS), 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetra-

zolium bromide (MTT), sodium 30-[1-ohenylamino-car-

bonyl-3,4-tetrazolium]-bis[4-methoxy-6-nitro]benzene sul-

fonic acid (XTT), 1,1-diphenyl-2- picryl-hydrazyl (DPPH),

and butylated hydroxytoluene (BHT) were purchased from

Sigma-Aldrich (St. Louis, USA). All other chemicals and

solvents used in this study were of reagent grade quality.

Plant material and preparation of the extract

The whole, fresh M. piperita L. was collected from Jian-

gyin City, Jiangsu Province, and was identified by Dr.

Zhenliang Sun (Shanghai Fengxian District Central

Hospital). Dried M. piperita L. leaves (500.0 g) were

ground in a rotary mill and sieved (10 mesh) to obtain a

fine powder as the pretreated sample. The dried powdered

leaves were firstly extracted with absolute ethanol at 90 �C
for 2 h, and the residue was then re-extracted twice. The

filtrate was evaporated under reduced pressure to yield a

dark brown extract. The extract was then dissolved in hot

distilled water and washed with petroleum ether (fraction

30–60 �C) to remove non-polar impurities. The extract was

then concentrated to dryness under vacuum, yielding a

residue of 4.27 g. The obtained ethanol extract from M.

piperita L. leaves (MPE) was dissolved in methanol or

dimethyl sulfoxide (DMSO) for evaluation of bioactivity.

Total phenolic acid content assay

The total phenolic content in the MPE was measured by a

colorimetric assay according to a previously published

method [11]. One milliliter of MPE (2 mg/mL) was diluted

in 23 mL distilled water, followed by the addition of

0.5 mL Folin–Ciocalteu reagent and 1.5 mL of Na2CO3

(2%). The samples were vortexed and then kept at room

temperature for 60 min. Absorbance was measured at

760 nm and recorded. The results were expressed as lg
gallic acid equivalents (GAE) per milligram of MPE.

Total flavonoid content assay

Total flavonoid content was measured according to a pre-

viously described method [12]. One milliliter of MPE

(2 mg/mL) was added to a solution of 0.05 M NaNO2

(0.14 mL), and the solution was mixed well and incubated

at room temperature for 6 min. Afterwards 0.14 mL

Al(NO3)3 (0.1 M) was added, and then, the mixture was

shaken vigorously and kept at room temperature for

another 5 min. Finally, 1 mL NaOH (0.1 mM) was added,

and the absorbance was then measured against a prepared

standard at 510 nm. Total flavonoid content was expressed

as lg rutin equivalents per milligram of MPE.

Cells and viral cultures

The human larynx epidermal carcinoma (Hep-2) cell line

was provided by the Cell Bank of Shanghai Institute of Cell

Biology of the Chinese Academy of Sciences (Shanghai,

China). The RSV long strain was grown and titrated in

Hep-2 cells, which were then cultured in DMEM (Gibco,

Gaithersburg, MD, USA) supplemented with 10% FBS,
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2 mM L-glutamine, and a 100-U/mL penicillin and strep-

tomycin solution (Sigma, St, Louis, MO, USA). Antiviral

and cytotoxicity assays were performed in a medium only

containing 2% FBS. All cells were cultured at 37 �C in a

humidified atmosphere of 5% CO2.

Cytotoxicity assay

Cytotoxicity of MPE on the Hep-2 cells was measured by

the XTT method according to the manufacturer’s instruc-

tions [13]. Briefly, 1 9 104 cells/well cells were seeded

into 96-well culture plates and incubated overnight at

37 �C under 5% CO2. The medium was replaced by dif-

ferent concentrations of MPE (5, 10, 50, 100, and 200 lg/
mL) in triplicate. After 72-h incubation, the cytotoxicity of

MPE was determined using the XTT kit. Cytotoxicity was

expressed as the 50% cytotoxic concentration (CC50),

which is the concentration of sample that inhibited the

growth of cells up to 50%.

Antiviral activity assay

Hep-2 cell cultures were prepared in 96-well plastic plates

and incubated at 37 �C in a CO2 (5%) incubator for 2 days.

The medium was then removed from the cell when the cell

culture became confluent. A virus suspension (0.1 mL)

containing 50% tissue culture-infective dose (TCID50) and

maintenance medium (0.1 mL) with an appropriate con-

centration of the test sample were added to the Hep-2 cell

monolayers in 96-well plates, using the maximal non-cy-

totoxic concentration as the highest concentration. The

plates were incubated at 37 �C in a humidified CO2

atmosphere for 3 days. The cell morphology was inspected

daily and observed for microscopically detectable alterna-

tions, including loss of the monolayer, rounding, shrinking

of the cells, granulation, and vacuolization in the cyto-

plasm. The cytopathic effect (CPE) was scored according

to the following score: 0 = 0%, 1 = 0–25%, 2 = 25–50%,

3 = 50–75%, and 4 = 75–100%. The concentration

required to cause visible changes in 50% of intact cells

(CC50) was estimated from the constructed graphs. The

reduction in virus multiplication was calculated as a per-

centage of the virus control (% virus control = CPEexp/

CPEvirus control 9 100). The concentration of MPE that

reduced the CPE by 50% with respect to virus control was

estimated from graphs and defined as 50% inhibited con-

centration (IC50) expressed in lg/mL. The selectivity index

(SI) was calculated from the ratio CC50/IC50 [14]. Ribar-

ivin was used as the positive control.

Anti-inflammatory activity assay

Cell culture

The murine macrophage cell line RAW 264.7 was pur-

chased from Shanghai Institute of Cell Biology (Shanghai,

China). RAW 264.7 cells were cultured in DMEM sup-

plemented with 100 U/mL penicillin, 100 lg/mL strepto-

mycin, and 10% FBS. Cells were incubated in a 5% CO2

atmosphere at 37 �C and were subcultured every day.

Cell viability assay

Cell viability was determined using the MTT method

according to a previous study [9]. Cells were seeded and

treated with the indicated concentrations of MPE with LPS

for 22 h and then were incubated with a solution of 5 mg/

mL MTT for the next 2 h. DMSO (1% final concentration)

was added to each well, and formazan was dissolved by

gentle shaking. The plates were evaluated in a microplate

reader at 540 nm.

Determination of nitric oxide (NO) production

To determine NO levels, RAW 264.7 cells were seeded at a

density of 2 9 105 cells/well in a 96 well plate and grown

for 2 h to adhere. Then, they were treated with various

concentrations of MPE for 1 h and incubated for 24 h in

fresh DMEM with or without LPS (1 lg/mL). The Griess

reagent was used to determine nitrite levels. Briefly, an

equal volume of culture supernatant (100 lL) was mixed

with the Griess reagent, and absorbance was measured at

540 nm using a microplate reader.

Determination of TNF-a, IL-6, and PGE2

The secretion of TNF-a, IL-6, and PGE2 was measured by

ELISA [15]. Briefly, RAW 264.7 cells (1 9 104 cells/well)

were seeded in 24-well plates, stimulated with LPS (1 lg/
mL), and incubated with different concentrations of MPE

for 24 h. Then, TNF-a, IL-6, and PGE2 levels in the cul-

ture medium were determined with an ELISA kit according

to the manufacturer’s instructions. All experiments were

performed in triplicate.

Antioxidant activity assay

Assay of DPPH radical scavenging activity

DPPH radical scavenging activity was determined

according to a previously published method with slight

modifications [16]. A DPPH radical solution was prepared

by dissolving it in methanol (4 mg/mL). Various

Bioactivity of Mentha piperita L. 1677

123



concentrations of MPE (1 mL) were added to a 4-mL

DPPH solution. The absorbance was measured at 517 nm

after incubation for 30 min at room temperature. BHT was

used as the positive control. The DPPH radical scavenging

effect was calculated as follows:

DPPH radical Scavenging rate %ð Þ
¼ Ablank � Asample

� �
=Ablank � 100

� �
;

where Ablank is the absorbance of DPPH without sample

and Asample is the absorbance in the presence of MPE.

Assay of hydroxyl radical scavenging activity

Hydroxyl radical scavenging activity was determined

according to the method of Liu et al. [17]. Briefly, a

reaction mixture comprising 1.0 mL of FeSO4 (9.0 mM),

1.0 mL of MPE at different concentrations, and 1.0 mL of

9.0 mM H2O2, each added sequentially, was incubated for

30 min at 37 �C, and the absorbance was recorded at

510 nm. BHT was used as the positive control. The

hydroxyl radical scavenging capacity was calculated

according to the following equation:

Hydroxyl radical scavenging effect %
¼ Acontrol � Asample

� �
=Acontrol � 100

� �

where Acontrol and Asample represent the absorbance of the

blank control group and sample group at 510 nm,

respectively.

Assay of superoxide anion scavenging activity

Superoxide radical scavenging activity was measured

based on a previously published method [17]. Briefly,

2 mL of 0.05 M Tris–HCl buffer (pH 8.2) was incubated at

25 �C for 20 min. Different concentrations of MPE (1 mL)

and 0.4 mL 1,2,3-phentriol were then added, and the

mixture was shaken rapidly at room temperature. The

absorbance value of the mixture was measured at 325 nm

per 20 s against a blank. The ability of the solution to

inhibit pyrogallol autoxidation was calculated using the

following equation:

Scavenging rate % ¼ Sblank � Ssample

� �
=Sblank � 100

� �
;

where Ssample represents the slope of the sample group and

Sblank is the slope of blank control group. A decrease in

Ssample indicated an increase in scavenging activity, and

BHT was used as the positive control.

Assay of reducing power

Different concentrations of MPE in a phosphate buffer

(2.5 mL, 0.2 mol/L, and pH 6.6) were added to 1%

potassium ferricyanide (2.5 mL) to evaluate its reducing

power. After incubation at 50 �C for 20 min, 1 mL 0.1%

FeCl3 and 2.5 mL distilled water were added to the mix-

ture. Then, it was centrifuged at 4000 rpm for 10 min.

Absorbance was recorded at 700 nm. Increased absorbance

of the reaction mixture indicated increased reducing power.

BHT was used as the positive control.

Statistical analysis

All results were recorded as mean ± SD. Differences

between the experimental groups were determined by the

Student’s t test, and a p value less than 0.05 was considered

statistically significant.

Results and discussion

Determination of the total phenolic content

by Folin–Ciocalteu assay

Phenolic compounds, including simple phenols, phenolic

acids, hydroxycinnamic acid derivatives, and flavonoids,

are bioactive metabolites widely found in plants [18].

Phenolic compounds are known to directly contribute to

the antioxidant activity of natural extracts, and therefore, it

is important to determine the total phenolic content in

MPE. In the present study, an equation obtained from the

standard substance was given as follows:

absorbance = 0.0075 9 Gallic acid (lg/mg) and

R2 = 0.9995. The total phenolic content was expressed as

GAE, 325.84 ± 14.17 lg/mg, indicating that approxi-

mately one-third of the compounds present in the MPE

were phenolic compounds. The above results suggested

that the bioactivities of the MPE might be attributed to the

high phenolic content of the plant.

Determination of the total flavonoids content

Flavonoids are a diverse group of phytonutrients found in

almost all fruits, and they have a general structure com-

prising a 15-carbon skeleton with two phenyl rings and a

heterocyclic ring. Pharmacological studies have demon-

strated that flavonoids derived from plants have various

bioactivities [19]. In the present study, the total flavonoid

content in the MPE was determined by the regression

equation calibration curve (Y = 0.0013x ? 0.0064 and

R2 = 0.9995) and was 118.92 ± 17.09 lg/mg, expressed

in rutin equivalents.

Antiviral activity

Cytotoxicity was measured using the XTT method. MPE

did not show any cytotoxicity against Hep-2 cells up to a
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concentration of 200 lg/mL. The high CC50 shows that it

is safe for use. The antiviral activity of the MPE against

RSV in Hep-2 cells was determined. As shown in Table 1,

MPE exhibited potent in vitro antiviral activity with an

IC50 value of 10.41 lg/mL and an SI value of 21.83.

Although the IC50 of MPE is lower than that of ribavirin,

its SI value was statistically higher than ribavirin, indi-

cating that M. piperita L. has a promising future as an

antiviral plant resource. Previous studies have also shown

that some phenolic compounds including caffeoyl acid

derivatives and flavonoid glycosides had potent anti-RSV

activities [20]. Our chemical analyses showed that MPE

had relatively high phenolic compound and flavonoid

content. These compounds may be related to the antiviral

activity of M. piperita L. against RSV. Therefore, a phy-

tochemical investigation and mechanistic study of the

antiviral activity ofM. piperita L. extracts may be useful as

a further study.

Effect of MPE on cell viability

The MTT method was used to determine the effect of MPE

on the viability of RAW 264.7 cells. As shown in Fig. 1A,

no significant difference was observed in cell proliferation

between the different groups and no cytotoxicity against

RAW 264.7 cells was observed, suggesting that MPE had

no adverse effects on RAW 264.7 cells.

NO is a pro-inflammatory mediator produced from

arginine and synthesized by nitric oxide synthase (iNOS).

NO exerts multiple modulatory effects on inflammations

and plays a key role in the regulation of immune responses

[21]. As shown in Fig. 1B, MPE could significantly

decrease the LPS-induced NO production in a concentra-

tion-dependent manner by 7.06, 18.85, and 41.88% at 25,

50, and 100 lg/mL, respectively.

TNF-a, IL-6, and PGE2 are well known as pro-inflam-

matory cytokines that play important roles in the patho-

genesis of diverse inflammatory and infectious disorders

[22]. As shown in Fig. 1C, D, E, the treatment of cells with

LPS alone substantially increased the secretion of these

cytokines. As seen in Fig. 1C, D, MPE suppressed TNF-a
secretion by 20.71, 34.74, and 42.95% at concentrations of

25, 50, and 100 lg/mL, respectively. In addition, MPE

reduced IL-6 levels by 27.00, 43.71, and 51.85% in LPS-

stimulated RAW 264.7 cells. We also found that MPE

could inhibit PGE2 production compared with untreated

control LPS-stimulated RAW 264.7 cells (Fig. 1E). These

results indicate that after LPS stimulation with MPE

intervention, TNF-a, IL-6, and PGE2 secretion was sig-

nificantly decreased compared with that in cells stimulated

with LPS.

Antioxidant activity assay

DPPH radical scavenging activity

DPPH is a stable organic free radical with an absorption

maximum at 517 nm. When DPPH radicals encounter a

proton radical scavenger, its purple color rapidly fades.

Therefore, the DPPH assay is useful for evaluating radical

of scavenging activity. As shown in Fig. 2A, MPE could

dose-dependently scavenge DPPH radicals. The maximum

scavenging rate (93.45%) was found at a concentration of

200 lg/mL. In addition, MPE showed higher scavenging

activity than BHT at 200 lg/mL. These results suggested

that MPE might act as an electron or hydrogen donor to

scavenge DPPH radicals.

Hydroxyl radical scavenging activity

Hydroxyl radicals can easily cross cell membranes at

specific sites where they can react with a range of bio-

molecules, causing tissue damage and cell death. Thus,

removing hydroxyl radicals is important for antioxidant

defense in cells [23]. As shown in Fig. 2B, MPE showed

excellent radical scavenging performance in a concentra-

tion-dependent manner. The scavenging rate reached

79.27% at a concentration of 1.0 mg/mL, whereas that for

BHT was 89.38%. Although the scavenging activity of

MPE was lower than that of BHT, its scavenging activity at

1 mg/mL was nearly equal to that of 0.6 mg/mL of BHT,

indicating that MPE is a good scavenger for hydroxyl

radicals.

Superoxide anion radical scavenging activity

Superoxide anion radicals are very harmful radicals that

result in the formation of other reactive oxygen species

such as hydrogen peroxide or singlet oxygen in living

systems [23]. As can be seen from Fig. 2C, the scavenging

activity of MPE is dependent on its concentration and BHT

had higher superoxide anion scavenging ability. The EC50

of MPE and BHT was 1.52 and 0.89 mg/mL, respectively.

Although the activity of MPE was weaker than that of

BHT, MPE was still able to scavenge superoxide radicals

well at higher concentrations.

Reducing power

Reducing power is recognized as an indicator of potential

antioxidant activity. A higher absorbance value denotes a

stronger reducing power. As seen in Fig. 2D, the reducing

power of MPE initially increased as the concentration

increased and then became stable when the concentration

Bioactivity of Mentha piperita L. 1679
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increased beyond 0.4 mg/mL, indicating that MPE may

function as a good electron and hydrogen donor.

Immunization against RSV is currently unavailable, and

the few therapies that exist for the treatment of RSV

infections, such as palivizumab and ribavirin, are only

moderately effective or limited in efficacy [3]. Thus, there

is a need to develop effective antiviral agents for the

treatment of RSV infections. Recent studies have demon-

strated that herbal medicines and purified natural products

are rich resources for antiviral drug development. Previous

studies showed that some phenolic compounds and flavo-

Table 1 Antiviral activity of MPE against RSV

Sample IC50 (lg/mL)a CC50 (lg/mL)b SIc

MPE 10.41 ± 0.82 227.34 ± 9.37 21.83*

rRbavirin 2.73 ± 0.15 58.68 ± 3.98 21.49

aIC50 is the concentration of the sample required to inhibit virus-

induced CPE 50%
bCC50 is the concentration of the 50% cytotoxic effect
cSI = CC50/IC50

Significance is shown as * p\ 0.05, compared with ribavirin

Fig. 1 The effect of MPE on NO, TNF-a, IL-6, and PGE2 production
by LPS-stimulated RAW264.7 cells. (A) The effect of MPE on the

viability of RAW 264.7 cells. (B) The inhibitory effect of MPE on

NO production. (C) The inhibitory effect of MPE on TNF-a

production. (D) The inhibitory effect of MPE on IL-6 production.

(E) The inhibitory effect of MPE on PGE2 production. Results are

expressed as mean ± SD (n = 3), and statistical differences were

analyzed by Dunnett’s test (*p\ 0.05)
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noids have potent anti-RSV activities; for instance unci-

noside A and B, the two chromone glycosides isolated from

Selaginella uncinata, could potently inhibit RSV infections

[24]. Three bioflavonoids extracted from Radix wik-

stroemiae were found to have antiviral activities against

RSV [25]. In addition, some tannins such as chebulagic

acid and punicalagin also showed antiviral effects against

RSV infections, could inactivate RSV particles, and could

block viral entry-related events including binding and

fusion [26]. Our chemical analysis showed that MPE had

relatively high phenolic compound and flavonoid content.

These compounds may be related to the antiviral activity of

M. piperita.

Although inflammation is a complex protective

response, prolonged inflammation results in the pathogen-

esis of various inflammatory diseases. Macrophages play a

key role in the regulation of inflammation and the immune

response by releasing inflammatory mediators such as pro-

inflammatory cytokines (TNF-a, IL-1b, and IL-6), NO, and
PGE2, which recruit additional immune cells to the site of

infection or tissue injury [15, 27]. Previous reports have

shown that exposure of macrophages to a virus resulted in

the release of various pro-inflammatory cytokines [28].

Several studies have speculated that symptoms associated

with some respiratory complications are the result of

increased levels of pro-inflammatory cytokines rather than

direct effects of virus replication [29, 30]. This view is

further substantiated by the fact that the ethanol extract of

Echinacea purpurea can alleviate ‘‘cold and flu,’’ and

possibly other respiratory disorders by inhibiting viral

growth and the secretion of pro-inflammatory cytokines

[31]. Phytochemical investigation showed that eriocitrin,

rosmarinic acid, luteolin 7-O-rutinoside, and hesperidin

were major representative constituents of M. piperita, and

these compounds may play an important role in the anti-

inflammatory and antiviral effects. Therefore, a phyto-

chemical investigation is necessary to be performed in the

further study.

This study provides the first evidence that M. piperita L.

extract has antiviral activity against RSV in Hep-2 cells.

Previous studies have shown that M. piperita L. has

antiviral activity against influenza A, herpes simplex virus,

vaccinia virus, and human immunodeficiency virus-1

(HIV-1) [7]. Meanwhile, MPE was found to suppress NO,

TNF-a, IL-6, and PGE2 production in macrophages, sug-

gesting a linked pathway in viral infections. RSV infections

Fig. 2 Antioxidant activity of MPE. (A) Scavenging of DPPH

radicals. (B) Scavenging of hydroxyl radicals. (C) Scavenging of

superoxide radicals. (D) Reducing power. Each value is expressed as

mean ± SD (n = 3), and significance is shown as *p\ 0.05

compared with that of BHT

Bioactivity of Mentha piperita L. 1681
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are known to induce TNF-a secretion, which can exacer-

bate illness and cause significant weight loss [32]. There-

fore, M. piperita L. could enhance innate immunity, which

is beneficial to counteract RSV infection in addition to

directly interfering with viral entry without exacerbating

the illness during the management of RSV infection. In

addition, according to a previous study, the LD50 of pep-

permint extract is 24.36 g kg-1 d-1, which is equivalent to

284.2 times the daily dosage of a 70 kg body weight adult,

suggesting that peppermint is considerably safe for the

treatment of viral infections [33].

In many inflammatory disorders, there is excessive

phagocyte activation and production of hydroxyl, super-

oxide anion, and non-free-radical species (H2O2) that are

harmful to tissues. Release of these free radicals initiates

lipid peroxidation, resulting in membrane destruction and

subsequently provokes an inflammatory response by pro-

ducing mediators and chemostatic factors. The antioxidant

activity of MPE has the capacity to reduce cellular damage

that causes lipid peroxidation and inflammation and may

have a positive effect in preventing the progression of

many human diseases caused by free radicals. Determina-

tion of the phenolic compound and flavonoid content

showed that the phenolic compounds represented the major

chemical constituents of M. piperita L. A positive corre-

lation was seen between antioxidant activity and the

polyphenolic content of MPE, which may be the main

contributor to antioxidant activity of this plant. Polyphe-

nols may also contribute to the anti-inflammatory and

antiviral activity of M. piperita L. The biological activities

of these compounds in the treatment and management of

oxidants and inflammatory disorders as well as viral

infections are not achieved by a single group of com-

pounds. Some of these molecules might act synergistically

to exert the observed bioactivities.

The results obtained in this study support the traditional

use of peppermint resources. The ethanol extract from the

leaves of M. piperita L. was effective against RSV and

could suppress the production of TNF-a, IL-6, NO, and
PGE2. The anti-inflammatory activity could be beneficial

in fighting RSV infections. Furthermore, the ethanol

extract of M. piperita L. leaves with a high amount of

phenolic compounds exhibited notable antioxidant activity.

These bioactivities may be attributed to the synergistic

action of the constituents in M. piperita L. The results

obtained in this study may serve as a valuable research

reference for clinical research on the treatment of inflam-

mation and RSV infections.
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