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Abstract

Antimicrobial resistance is the domain of more concerns in health care system
because it is leading to the failure of chemotherapy. Resistant bacteria have been
reported as high priority pathogen by world Health Organization in 2017 A.D.
The worldwide prevalence of resistant is touching significant number in countries
along Indian and Atlantic Ocean. The basic mechanism to develop resistance
against antibiotics is genetic mutation that enables bacteria to produce proteins
such as penicillinase to destroy antibiotics or activation of efflux pump and
biofilm formation. Flora has been pioneer source of medicine since evolution of
life. Whenewer, there is new pathological condition in the world, secondary
metabolites and essential oils of plants have played crucial role either in the
domain of anti-microbes or receptor’s agonist and antagonists. In the area of
antimicrobial resistance, secondary metabolites or essential oils are potent
adjuvants for antibiotics. Essential oils are more effective against gram positive as
compare to negative bacterium because these allow the passage of lipophilic
substance in to cytoplasm while negative bacteria do not allow the passage of
lipophilic substance due to presence of extra lyophilic layer. Essential oils and
secondary metabolites reduce the minimum inhibitory concentration of antibiotics
and overcome the adaptive mechanism of resistance. In this paper we will discuss
genus Mentha as source of adjuvants of antibiotics to overcome antimicrobial
resistance.

INTRODUCTION

Antimicrobial resistance is one of the major health
challenges faced by the health care system today.
Around 10 million deaths per annum have been
forecasted by experts by the year 2050A.D (Huang et
al., 2021).Increasing microbial resistance is attracting
attention due to its severity, and the challenges it
poses to healthcare system soon. It gears up the
interest of scientists to find a novel antimicrobial
agent either from natural or synthetic source. The

global prevalence of methicillin resistant bacteria is
rising significantly and approaching to threatening
number in the developing as well as in developed
countries. The mortality rate caused by resistant
bacteria especially from methicillin is 14% (Moreno
Cardenas and Cicek, 2023). Methicillin resistant
bacteria reported as high priority pathogen in the
report of 2017 by World Health Organization.
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The global burden of antimicrobial resistance is
alarming situation for the chemotherapy. MRSA
prevalence across different countries has been

presented in Figure 1 (Moreno Cardenas and Cicek,

2023).
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Figure 1. The Global Prevalence of MRSA

The antimicrobial resistance has been reported
against all type of antibiotics but it is prominent in
the case of beta lactam antibiotics. It is due to the
presence of beta lactamase enzyme in the bacterial
cytoplasm. Beta lactam ring which is responsible for
the action of antibiotics. The ring is ultimately is
affected by beta lactamase enzyme and it leads to
alterations in specific structure of antibiotics due to
which it becomes unable to perform its specific
action (Askarinia et al., 2019). Staphylococcus aureus
(Gram-positive bacterium) leading pathogen among
of antimicrobial resistance. First MRSA resistant
strain was reported in Europe (Jevons). There are
two major Methicillin resistant strains that have been
reported. One is HMRSA (Hospital acquired
methicillin resistant) and second one is community
acquired infections resistant (Khosravi et al,
2012),(Cheung and Otto, 2012). The main
mechanism to develop resistance is mutation in its
genetic makeup (RodriguezNoriega et al., 2010).
Multi-drug resistance phenomenon is adapted by the
bacteria by two ways first one is activation of efflux
pump (Andersson et al, 2016). Second is the
formation of biofilm (Huang et al., 2021).

Although there have been advancements in medical
technology, bacteria are persistent in developing
resistance. However, multiple antibiotics have been

developed in to overcome this hurdle. Although all
antibiotics have different mechanisms to overcome
the bacterial resistance, but there are several cases
where only specific antibiotics work and preferred.
Nevertheless, the purpose of using them remains
same which is to revert resistance phase and
ultimately to kill bacteria. A good example of this is
Vancomycin which is specifically prescribed to kill
the MRSA. Vancomycin once incorporated into the
body it attaches with precursor of bacterial cell wall
which is D-alanyl-D-alanine leading to inhibition of
formation of cell wall of bacteria (Howden Benjamin
et al., 2010). But unfortunately, VISA and hVISA
developed resistance against vancomycin by
increasing thickness of cell wall ,it reduced
glycopeptide cross-linking pins-down and seized
vancomycin that ultimately effected its action (Okwu
et al., 2019). This may be because of change in
composition of peptidoglycan due to increase D-ala-
D-ala residues, these residues have greater affinity for
vancomycin and don’t allow it to reach at its target
site.

Plants have been an important source of drug
discovery since evolution of medical domain. So,
Plants are expected the most feasible source of novel
antibiotics. Some of these are actively acting as
antibiotics, some as adjuvants, showing their effects
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synergistically and cost effective also (Ke et al., 2012).
The activity of allicin against large number
pathogenic bacteria mimics the activity of antibiotics
(Sheppard et al., 2018). Genus Mentha might be a
potent source to overcome the microbial resistance.
The constituents of genus Mentha have shown
potency to decrease the minimum inhibitory
concentration of several antibiotics and these may be
exploited as direct antibiotics or adjuvants of a
antibiotics in the near future (Yousefian et al., 2023).

Mentha

Origin of term Mentha:

The term Mentha refers to a specific genus that is
also called Mints, was purposed by Greek
philosopher (Theophrastus) on the base of Greek
character called Minthe. The word Minthe
represents the Greek mythology probably indicates
different ancient contents. According to book
Didactic Epic of Halieutika (On Fishing), She was a
Goddess and wife of Aidoneus (Yousefian et al.,

2023), (Mair, 1928).

Taxonomical Classification

Taxonomical classification of genus Mentha firstly
was described by French botanist Antoine-Laurent de
Jussieu, in 1789AD. He proposed the family
Lamiaceae (flowering plant family) comprises of 7000
species and these were arranged into 260 genera
(Brahmi et al., 2017). Umbrella of Lamiaceae family
comprises of 10 subfamilies. Thar are Lamioideae,
Nepetoideae, Ajugoidea, Symphorematoidea,
Prostantheroideae  Scutellarioideae  Viticoideae,
Cymarioideae, Peronematoideae, Premnoideae (Li et

al., 2016).

Morphology of different Species

Representative plants of each species have their own
characteristic morphology. Peculiar appearance of
leaves and stems makes difference between the
different species of genus mints. Some major
differences are presented in Table 1 (Yousefian et al.,

2023).

Table 1. Comparative characteristic features of some major Mentha species

Mentha species Morphology

M. spicata L.

Stem: Hair may be present or not,

Leaves: contrasting arrangements, ovoid tapered in appearance and light green in
color, often hairless on both sides, serrated margins.

M. arvensis L.

Stem: straight-rising branched stem

Leaves: contrast arrangement, scarcely hairy, shortly sessile, elliptic ovate or egg
shaped, light green color, sharp margins.

M. longifolia L.

Stems: stems with branches, the stems are straight upward 0.5-1 m height and
delicate hair cover stems

Leaves: Pale white hairs are present, round or ovoid shaped in with protruding
edges and color is in the shade of green

M. piperita

Stems: Tetra sided, pastel purple, upward branching, negligible hair

Leaves: opposite, peculiar petiolate are there, fin and regular overlapping, pale

green color

M. Mozaffarianii Jamzad

Stems: 4 angled, epidermis (surface) bear hair

Leaves: Hairs are present on the surface

Family Nepetoideae:

Different studies have reported different number of species of family Nepetoideae of genus Mentha (Yousefian et
al., 2023). It comprises of 18 to 30 parent and 15 hybrid species of Genus Mentha have been reported but 5
species are of prime importance due to their active components against microbes including Mentha spicata, Mentha
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aquatic, Mentha arvensis, Mentha longifolia, Mentha suaveolens (Kapp, 2015), (Silva, 2020). Hybrid species come in to
existence due to combinations of different parent species (Yousefian et al., 2023). As it is presented in Table 2.

Table 2. Taxonomic overview of Parent and Hybrid species within genus Mentha L.

Parent and Hybrid species of the genus Mentha L.

Hybrid

Parent species

M. x carinthiaca Host

. % dalmatica Tausch

. % dumetorum Schultes

. % gracilis Sole

. % maximilianea F. W. Schults
. % piperita L.

M. x rotundifolia (L.) Huds.
M. x smithiana R. Graham
M. x verticillata L.

M. x villosa Huds.

M. x villosa-nervata Opiz

LKL

Mentha arvensis L. x Mentha suaveolens Ehrh.
Mentha arvensis L. x Mentha longifolia (L.) L.
Mentha aquatica L. x Mentha longifolia (L.) L.
Mentha arvensis L. x Mentha spicata L.

Mentha aquatic L. x Mentha suaveolens Ehrh.
Mentha aquatica L. x Mentha spicata L.

Mentha longifolia (L.) L. x Mentha suaveolens Ehrh.
Mentha aquatic L. x Mentha arvensis L. x M. spicata
Mentha aquatica L. x Mentha arvensis L.

Mentha spicata L. x Mentha suaveolens Ehrh.
Mentha longifolia (L.) L. x Mentha spicata L.

Optimum conditions to grow

Damp environment is the most feasible situation for
growth of plant that are related to Genus Mentha
such as at the banks of river and other natural water
resources. In contrast, some species require
temperate zone (Silva, 2020). These are herbaceous
aromatic perennial plants, that grow underground
as well as over ground (Yousefian et al., 2023). They
have ability to endure the climatic conditions that
makes them feasible for cultivation in the world for
economical as well as industrial or medicinal
interests (Yousefian et al., 2023).

General uses

Essential oils are economically and industrially
valuable and have tremendous applications in field

of medical science (Zhao et al., 2023). In book

To treat GIT
disorders

(Boating,
Nausea)

Antioxidant

Anti bacterial

Canon of Medicine by Ibn Sinna, importance of
Mints for medical purposing has been described
(Hajar, 2013). The records have been found which
indicate the use of aromatic herbs for medicinal uses
in old ages (Silva, 2020). Traditionally, Mints have
been used because of their properties like anti-
oxidant (phenolic acid, flavonoids, vitamin C
(Ascorbic acid), carotenoids, free radical scavengers),
anti-bacterial, analgesic, anti-viral, anti-cancer
(Yousefian et al., 2023), (Silva, 2020). These different
activities of Mentha have been reported of different
species in different type of solvent that had been
used during extraction. The activity of these varies as
the concentration or nature of solvent changes
(Eftekhari et al., 2021). The general uses of genus
Mentha has been enlisted in Figure 2.

Figure 2. General use of genus Mentha

http://fmhr.org

| Ishtiaq et al., 2025 |

Page 384



Volume 3, Issue 7, 2025

Frontier in

Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

The medicinal properties of different extracts of
different species are depends upon the type of
solvents that are used during extraction. These are
commonly used in series from non-polar to polar. In
this almost components are present in extract either
they are polar or non-polar. So, we are able to find

out all the possible numbers of activity. Table 3
represents the specific activity of extract with
reference to solvent (Yousefian et al., 2023),

(Eftekhari et al., 2021).

Table 3. Various therapeutic effects reported for Mentha species

Therapeutic effects Mentha species

Solvent for Extraction/ Oil

Analgesic . spicata
. piperita

. Spicata

LK

Antioxidant

. pulegium
. piperita L.
Antibacterial . spicata
. arvensis
pulegium

piperita
aquatica
spicata
piperita
piperita
arvensis

Antiviral

Cytotoxic
Anticancer
. longifolia
. Spicata

. viridis

Methanol
Methanol
Methanol
Ethanol
Water
Essential oil

Water

Volatile oil
Ethanolic extract
Essential oil

Essential oil
Essential oil
Essential oil
Essential oil
Essential oil
Methanol
Menthol
Menthol

The medical significance of essential oils cannot be
denied. This is stated on grounds of their use in the
medical therapy that has been in historical records
during ancient civilization (Silva, 2020). Volatile or
essential oils are produced by the plants as a
defensive mechanism against herbivores. These
possesses  different physical properties. Except
camphor, all essential oils are colorless liquids and
have low density (except cinnamon oil and clove oil).
They are extracted by the crushing and distillation of
the plant parts. Chemically, essential oils are
terpenes (a-pinene, limonene, carvone),
monoterpenes (linalool, carvacol, geraniol), and
sesquiterpenes (caryophyllene, farnesol, humulene).

Throughout the development of resistance, the
bacterial genome is always beneficial for bacteria.

The rapid adaptation by change in genetic makeup
to given environment helps bacteria to develop
resistance. Bacteria always develop resistance after
the exposure of a certain chemical or antibiotics. For
example, in the case of vancomycin, same principal
has been adopted by bacteria. Vancomycin attaches
with the precursor of bacterial cell wall which is D-
alanyl-D-alanine that results into inhibition of
formation of cell wall of bacteria (Howden Benjamin
et al., 2010). The complex of vancomycin contains
many hydrogen bonds that are present between the
peptide component of vancomycin and D-Ala-D-Ala
residue (Conly and Johnston, 2002). It prevents
biosynthesis of late-stage peptidoglycan which results
into accumulation of UDP-linked Mur NAC-
pentapeptide precursor. But unfortunately, when
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vancomycin was used recurrently against MRSA, it
causes mutation in walkR, vrasR,
rpoB(ribosomal)genes and yvqF/vraSR system which
causes the production of vancomycin-intermediate
staphylococcus aures (VISA) (Conly and Johnston,
2002).

Mechanism of Action

The antibiotic activities of multiple essential oils
have been reported in the past depending upon the
different chemical constituents, each one carrying an
evident mechanism of action. However, here we will
classify the antimicrobial activity of oils on the basis
of different bacterial stains Gram positive and Gram
negative. In former bacteria, the essentials oils take
over the movement of hydrogen (H") ions which
affected the proton concentration. This ultimately
resulted in the decrease of synthesis of Adenosine
triphosphate (ATP). The ATP concentration within
the cell decreases causing lower intracellular ATP.
This reduction in the ATP, increases the
permeability of the cell wall followed by the leakage
of the cellular contents (Burt, 2004).

Later bacteria is comparatively much more resistant
than Gram positive due to the presence of an
additional outer layer which is hydrophilic in nature
and inhibits the penetration of lipophilic substances
such as the essential oils (Zaika, 1988). Although
essential oils have significant antimicrobial action
but theses cannot be wused as alternatives to

antibiotics since they only intensify and strengthen
the effects of the antibiotics (Horvath and KosCova,
2017). Normally bacteria develop resistance by
mutation in genetic makeup. The gene that is
responsible for mutation is called Meca gene on the
Staphylococcal Cassette Chromosome that expresses
in the form of Penicillin Binding Protein (Arora et
al., 2010), (Ratthawongjirakul and Thongkerd,
2016). These proteins are attached to beta lactam
ring of antibiotics and cause degradation of
antibiotics (Askarinia et al., 2019).

There is a plant extract that can be used for the
prevention of formation of biofilm i-e trans-
cinnamaldehyde that has prominent effect against
the biofilm formation of ureo-spathogenic E. coli. L-
menthone and menthol are the two antimicrobial
active components present in peppermint oil
(Mentha piperita) (Roy et al., 2018, Huang et al,
2021). Lmenthone and menthol have been
previously reported for the antimicrobial activities
they possess strong antimicrobial action (Zhao et al.,
2023), (Horvath and Koscova, 2017). The activity
spectrum against several species of bacteria represents
the specificity of Mentha species extracts against
specific bacteria (Eftekhari et al., 2021). Selective
antibacterial activity of Mentha species extracts
Against target Bacterial strains has been listed in

Table 4.

Table 4: Antibacterial specificity of Mentha species extracts against specific bacterial strains

Mentha spp. Indicator pathogens

M. spicata Escherichia coli

Proteus mirabilis
Proteus aeruginosa,

Salmonella typhimurium

Escherichia coli
Klebsiella pneumoniae,

M. piperita

Proteus vulgaris
Herpes simplex virus
AlDs virus

M. arvensis Escherichia coli
Klebsiella pneumoniae
Staphylococcus aureus
M. pulegium Escherichia coli
Proteus aeruginosa

Staphylococcus aureus

http://fmhr.org

| Ishtiaq et al., 2025 |

Page 386



Volume 3, Issue 7, 2025

Frontier in

Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

Menthone is a majorly active component of
peppermint (Mentha piperita) that has shown
antimicrobial activity against Methicillin resistant
Staphylococcus aureus (MRSA). It is used as adjuvant
with other antibiotics to enhance their actions (Zhao
et al., 2023), (Horvath and Koscova, 2017). An
integrated approach of microbiology and lipidomics
has been adopted to describe the antimicrobial
activity of menthone. It alters the integrity of the
membrane potential and also causes a disruption in

the bacterial biofilm. The lipophilic sites of MRSA
were the primary targets for menthone. This
investigation has been authenticated by various
techniques such as the Ultra High Performance
Liquid Chromatography (UHPLC) and Mass
spectrometry. Three species (peppermint oil,
spearmint oil and cornmint oil) were put under
investigation to figure out their effects on MRSA
from which the peppermint oil proved to be the

most effective of all (Zhao et al, 2023).

Change in Lipid Composition of Methicillin-Resistant Staphylococcus aureus (MRSA)
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Figure 3. Lipid profile of cell membrane

Experimental studies have been carried out to find
out the Minimum Inhibitory Concentration (MIC)
which is the minimum concentration of a sample
able to prevent the further division of a pathogen
while causing minimum side effects, and the
Minimum Bactericidal Concentration (MBC) which
is an antibacterial agent in the lowest concentration
having the ability to kill a specific bacterium. To
become able to find these values for menthone, the
standard broth dilution method (CLSI M07-A8) was
used. The concentrations of 0.25ul/m were
prepared and applied. 0.1% dimethyl sulfoxide was
used as the negative control. Results manifested that

the MIC and MBC values were 3340pg/ml and

The concentration of menthone in peppermint oil
was reported to be 23.4% which was the highest
among all of the other species under consideration
which may indicate that antimicrobial activity of
Mentha piperita is primarily contributed by menthone

(Horvath and KosCova, 2017). Under the
considerations of all of these studies, we may confer
that the high concentration of menthone in
peppermint is the causative factor for most of it
effective antimicrobial activity as compared to other
species. However, further studies are required to
evaluate the given hypothesis. Table 5 elucidating the
different species along with the concentrations of
different antimicrobial active ingredients is presented

7080pg/ml respectively. Lipidomic of the MRSA (Horvath and Koscova, 2017).
were also affected by menthone (Zhao et al., 2023).
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Table No 5: Mentha species and concentrations of antimicrobial active ingredients

Oil Species L-Menthol (%) Menthone (%) Carvone (%) Limonene (%)
Peppermint Mentha piperita 40.7 23.4 _ _
Spearmint Mentha spicata _ _ 70 10
Carmint Mentha arvensis 28.8-34.7 16.3 _ _
Conclusion References

Antimicrobial resistance is major challenge in the
field of chemotherapy. Methicillin resistant strains
are posing threat to health care system. If it is not
fixed at this stage, it will lead catastrophic situation
ultimately to complete failure of chemotherapy.
Natural products have the potential to show their
antimicrobial activity especially essential oils. Genus
Mentha’s plant are the leading members of group of
plants having antimicrobial activities. The major site
of bacteria that has been targeted by the components
of essential oils of Genus Mentha is cell wall.
Integrity of cell wall has been compromised and
leads to leakage of cellular contents. Antimicrobial
activity of Genus Mentha against gram negative
bacteria is comparatively low due to presence of
hydrophilic layer that prevents the attachment of
essential oils on the bacterial surface. In short, we
can conclude that natural products can be used as
adjuvants with antibiotics to overcome the
antimicrobial resistance but these cannot substitute
antibiotic therapy.
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