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Introduction

Abstract

Since fewer or occasionally no antimicrobial agents are
effective against such bacteria, the global rise of multi-
drug resistant bacteria has turned into a health crisis. The
objective of the presented work is to determine the
antibacterial efficacy of Thymus vulgaris extracts against
bacteria that have developed multidrug resistance,
including staphylococcus, E. coli, and Klebsiella. T.
vulgaris, a prominent aromatic plant with around 100
species worldwide, is frequently utilized both for culinary
and medicinal purposes. Becaise of the numerous
therapeutic benefits of its essential oils, commonly referred
to as thyme oil, the genus Thymus contains significant
medicinal herbs that come highly recommended. Because
of their biological and pharmacological characteristics,
thymus species are regarded as medicinal plants. Its
primary ingredients, carvacrol and thymol, are responsible
for its characteristics. Among all herbs, fresh thyme
possesses the most antioxidants. Thymus vulgaris L. is
frequently utilized in folk medicine for treating a wide
range of illnesses, including gastro enteric and
bronchopulmonary disorders. In vitro tests against
Staphylococcus sp., E. coli strains, and Streptococcus pp.
revealed antimicrobial activity of thyme essential oil and
the compound thymol. Strongest antimicrobial effects have
been observed in thyme essential oil.
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Antimicrobial drug resistance is a global issue that combat this phenomenon; one of the references of
affects both developing and developed nations, such strategy is monitoring trends in the
hospitals, and the general public (1). The antimicrobial ~ resistance  with  the  use
WHO launched the first international policy to of standardized = microbiological  techniques.
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Infections with resistant bacteria have a negative
impact on treatment outcomes, illness duration,
costs, and disease spread. Multidrug-resistant
(MDR) bacteria are a serious warning to all areas
of medical science since they can lead to treatment
failure, which poses serious risks, especially when
it comes to critically ill patients [2,3]. The most
difficult organisms to treat include those that are
extensively drug-resistant (XDR), such as
Pseudomonas aeruginosa, Acienetobacter
baumannii, Escherichia  coli, Mycobacterium
tuberculosis, Klebsiella pneumonia, and
methicillin-resistant ~ Staphylococcus  aureus
(MRSA) carrying NDM-1 (New Delhi metallo-
beta-lactamase-1) vancomycin resistant MRSA
and vancomycin resistant enterococci (VRE) [4].
According to renowned microbiologist A.
Fleming, "There is potentially no chemotherapy
drug to which the bacteria cannot react by
somehow acquiring fastness under suitable
circumstances.” As a result, there is a good risk
that the organism might later acquire a resistance
to newly developed medications. Those drugs are
also quite expensive. The strongest antimicrobial
activities were discovered in thyme essential oils
[2]. They appear to have a wide range of antibiotic
activity against the microflora which causes
hospital acquired infections in various cases.
Essential oils could be a valuable weapon against
MDR bacteria due to their wide-ranging and
complicated activity and their synergistic effects.
Additionally, there is no evidence of the
development of resistant bacteria following their
use, which is extremely encouraging for the
human disease's treatment [5].

Multidrug Resistance (MDR) bacteria

The WHO today views antimicrobial resistance as
one of the main dangers to the public health all
over the world, particularly in light of the
expansion of MDR bacterial pathogens
worldwide. As a result of the exposure to
such medications, the MDR pathogens
could develop resistance to various antimicrobials
through horizontal gene transfer and gene
mutation. The spread and emergence of MDR
bacteria throughout the world was caused by
insufficient surveillance, antibiotics’ misuse, and
badly controlled antibiotics regulation in the
clinical medicine and livestock industry, despite
the fact that resistance acquisition is a natural
process [7]. No less than 23,000 deaths each year

in the US alone and no less than 33,000 in Europe
are directly attributable to resistance to antibiotics,
which is a serious health issue [8]. Even
though estimates are complicated to make in this
subject, it is expected that the number of deaths
would rise from the current frightening level to no
less than 10 million by the year 2050 [9].

The "ESKAPE" pathogens, which include S.
aureus, Enterococcus faecium, K. pneumoniae, P.
aeruginosa, Acinetobacter baumannii, and
Enterobacter spp., were first mentioned in [10]
and are the six most common MDR bacterial
pathogens. Other opportunistic pathogens that can
develop MDR strains and produce serious
infections include E. coli, Burkholderia cepacia
and Enterococcus faecalis.

Three distinct but connected mechanisms—
tolerance, resistance, and persistence—allow
bacteria to circumvent the antimicrobial effects of
antibiotics [11]. Inherited mutations that impair
the effux pumps, drug target, or actual antibiotic
molecule are the root cause of resistance, which is
the capacity of bacteria to grow in presence of
high quantities of some antibiotic. [12] There are
resistant populations in all kinds of habitats,
including animals, water, inanimate surfaces,
people, food, and plants. [13] A considerable
increase in the minimal inhibitory concentration
(MIC) of antibiotics is needed to efficiently kill
resistant bacteria because they might grow when
antibiotic pressure is applied, their resistant
phenotype is inheritable, and they could grow
under antibiotic pressure [14].

Medical plant

In various nations, medicinal plants are employed
instead of manufactured drugs. As a result of the
growth in bacterial resistance to antibiotics, which
has become one of the major global health
concerns, scientists are currently focusing on
herbal extracts' potential to serve as microbial
agents. Different spices, herbs, and extracts are
used to flavor food, preserve it, and in the past, a
lot of them were also utilized medicinally [15].
Herbal remedies are a rich natural source of both
the chemical components of modern medications
and the medicinal goods utilized in conventional
therapy. All segments of the population use
medicinal plants extensively, either directly (in
home treatments) or indirectly (in contemporary
medicines) [16] . In addition to being
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commercially  significant, aromatic and
medicinal plants have been essential in easing
human suffering. [17] . In addition to providing
vegetables and fruits, fodder for cattle, and fuel,
medicinal plants are also used economically. The
primary reason why medicinal plants are
employed in medicines is because they include
combinations that work synergistically and/or to
neutralize negative effects [18]. Medicinal plants
are the best source of a wide range of medications,
according to the WHO. Compounds from herbal
plants are used in conventional treatments that
80% of the populace of developed nations uses
[19]. Early 19th-century opium morphine
separation sparked the recent discovery of useful
chemicals from plants utilized in medicine [20] .

Thymus vulgaris L plant

Figdre (i)-Thymus Vulgaris Iant ‘

Chemical Compostopn of Thyme Essentioal Oil

Oils are extremely complex natural mixtures that
can include between 30 and 60 different
components at wildly varying amounts. The
biological qualities of the essential oils are
typically determined by these key elements [22].
There are at least six chemotypes of Thymus
vulgaris that produce essential oils with various
chemical compositions; nevertheless, only the
‘thymol'-type, in which thymol is the major

Thymus vulgaris (Thyme) is a little perennial
medicinal plant that is a member of the Lamiaceae
family, one of the largest and most well-known
flowering plant families, with over 4000 species
220 and genera all over the world. It also goes by
the name "common thyme" and is native to the
Mediterranean region, North Africa, some regions
of Asia, and a few other carefully chosen regions
of the entire world, typically grow as a subshrub
between 5cm and 30cm tall, with a fibrous
ligneous root and small, greenish-grey leaves with
narrow edges [21] . It blooms from May to
September and has multiple stiff, branched stems
that are 10 to 20 cm tall. The flowers are white or
purple in color and have a distinct aroma (Figure
1). It is extensively grown as a culinary herb
because to its potent scent, which is caused by
thymol.

:

constituent, satisfies the definition in the European
Pharmacopoeia. Up to 2.5% of the dried herb's
composition is essential oil, which mostly consists
of thymol, p-cymene, carvacrol, linalool, pB-
myrcene, y-terpinene, and terpinen-4-ol. A
few substances are glycosides to some extent, the
chemical composition of more  significant
compounds. Figure 2 displays p-cymene, thymol,
and carvacrol [23] .

2633 | MEERP LTD

JMRHS 6 (6), 2631-2638 (2023)



A Review on Study Efficiency of Thymus Vulgaris L Plant Extract on Multidrug Resistance Bacteria

10

P-cyimene

carvacrol

OFL

O

thy1mol

Figure (2): The chemical structure of Thymol, carvacrol and p-cymen.

Medicinal Application of thyme plant

Thymol, the primary componentin thyme
essential oil, is effective against the bacteria
Staphylococcus and  Salmonella.  Thyme's
antiseptic and tonic qualities make it a valuable
immune system booster in long-term infections,
particularly fungal ones, along witha potent
treatment for chest infections like whooping
cough, bronchitis, and pleurisy [24]. Thyme and
thyme oil were employed as antiseptics,
mouthwashes, disinfectants, and fumigants. For
small chest and throat infections, the pleasant-
tasting infusion can be swallowed, and sore
throats could be soothed by chewing on the fresh
leaves. Thyme is frequently used to cure children's
worms as well as asthma, hay fever, and other
herbal conditions. Thyme was touted as an
antimicrobial, an antiseptic, an anthelmintic, an
astringent, a disinfectant, a carminative, a tonic,
and a medicinal drug [25] . In situations of various
intestinal illnesses and infestations, such as
the ascarids,  hookworms, gram-negative  and
gram-positive bacteria, fungi, and yeasts such
as Candida albicans, thyme is tremendously
helpful. Thymol, the substance that makes it
active, is effective against enterobacteria and
coccid bacteria. Additionally, thyme
could enhance liver performance and stimulate
hunger. It will be utilized for treating infections of
the bronchi, urinary tract, and cartilaginous
tubes [26] . Thyme is effective in treating
laryngitis and inflammation. Thymol, the primary
ingredient in thyme's volatile oil, has anti-
enterobacterial properties [26] . It is utilized to
treat skin conditions such as dermatitis,
acne, sciatica, oily skin,and bug bites. White
Thyme oil, a rectified product that is kinder to the
skin, is also employed. Thyme can be applied to
the skin to treat neuralgia, rheumatic pain, and
stings and bites [25] .

Antibacterial activity of Thymus vulgaris L
plant

The chemical components of thyme, notably
thyme essential oil, determine its antimicrobial
activity [27] , proven the ability of thyme essential
oil to combat food-related fungus and bacteria.
The presence of terpene hydrocarbons (y-
terpinene) and phenolic compounds (thymol) in
thyme essential oil is associated to its
antimicrobial ability [28]. When combined with vy-
terpinene and thymol, p-Cymene, the third major
component of thyme, exhibits synergistic
antibacterial  effect [29] Thymol and
carvacrol have antifungal and
antimicrobial properties [28] . Additionally, the
antimicrobial ~ properties of thymol and
carvacrol are based on their capacity to
disintegrate bacterial outer membranes, which
alters pH homeostasis and the equilibrium of
inorganic ions, releasing lipopolysaccharides, and
increasing  the  cytoplasmic ~ membrane's
permeability to ATP12 [30] .

In vitro, thyme essential oil has the capacity to
stop E. coli growth [31]. Other researchers
discovered that thymol inhibits the growth of E.
coli and S. typhimurium [32] . Thymol, the main
componentin  thyme  essential  oil, has
antimicrobial activity, according to a paper [29] .
The strongest effect against microorganisms was
discovered by [33] to be shared by essential oils of
T. serpyllum and T. vulgaris, which correlate
directly with their thymol level. Additionally,
several varieties of thyme's essential oils are
utilized in vaporizers to combat a variety of yeasts
as well as human pathogenic Gram-negative and
Gram-positive bacteria.

Thyme Essential Oil

There are currently 928 species of genus Thymus
in Northern Africa, Europe, Southern America,
Asia, and Australia. Thyme is a member of the
Lamiaceae family. There is growing economic
interest in this aromatic and medicinal plant,
which includes the species T. vulgaris (common
thyme) and T. serpyllum (wild thyme) [34] . Other
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species with a large distribution in Mediterranean
basin include T. Willkomii, T. Satureioides
(Morocco), T. Moroderi (Spain), T. Carnosus
(Iberian), T. Grandulosus (North Africa and
Spain), T. Capitellatus, T. Villosus, T.
Camphoratus (Portugal), T. Longicaulis, T.
Poulegioides (Italy), T. lotocephalus, and T.
herba-barona. The essential oil from T. vulgaris
could include up to 30 monoterpenes, giving the
oils from same species’ plants a variable chemical
makeup and resulting in various chemotypes. For
instance, the species T. wvulgaris has oil
chemotypes in Southern France where the
predominant components are geraniol, alpha-
terpineol, thuyanol-4, carvacrol, linalool, and
thymol, while there is a record of a chemotype
with 1,8-cineol as the primary component in
Spain. [35] . Thyme oil is one of the top 10 most
popular oils worldwide, because it is utilized as a
natural food preservative, has powerful
antibacterial, antioxidant, and antifungal
properties, and adds flavor to a wide range of
meals and beverages, along with cosmetics and
personal care goods (cosmetics soaps, perfumes,
and oral solutions) [36] [37].

Antibacterial activity of Thymus Vulgaris L

The inclusion of thymol and carvacrol, two of the
thyme essential oils' phenolic components, is
thought to be responsible for their potent
antibacterial properties. Thymol and
carvacrol were the two compounds that exhibited
the strongest anti-Listeria monocytogenes effects

in a study by [38]. The strongest antibacterial
efficacy against E. coli O157:H7 and S. aureus
was observed in a study involving essential oils of
thyme [39].

Utilizing natural antimicrobial agents, like plant
essential oils as well as their components, is one
of the alternate methods for getting rid of
antibiotic-resistant bacteria [40] Comparing
such plants' antibacterial effects, is crucial for
selecting the best ones. The effects of thyme oils
were evaluated and compared in this work against
several pathogenic and resistant bacteria. Results
of the current investigation suggest that
certain pathogenic bacteria are sensitive to the
antimicrobial properties of thyme oil. Thyme has
long been utilized for treating a variety of medical
conditions, including UTls, dyspepsia,
dysmenorrhea, upper  respiratory  congestion,
coughing, bronchitis, gastritis, sprains, spasms,
dysmenorrhea, and stomach cramps, figure (3. 1).
Thymus  wvulgaris  could have  considerable
antimicrobial activity due to its component
(Carvacrol 2-11%, Thymol 10-64%, p-Cymene
10-56%, and  g-Terpinene  2-31%), as
demonstrated in this work. It seems sense that
thyme oil's mode of action could be comparable to
that of other phenolic compounds, which is widely
thought to involve disruption of cytoplasmic
membrane, proton motive force (PMF), electron
flow, active transport, and cell content coagulation
[41].

Coagulation Proton motive
force

H+

Leakage of

cytoplasmic

constituents: /

metabolites Cytoplasm

and ions

Cell wall iR Cytoplasmic

membrane

Membrane proteins

Figure:(3) - Essential oils components effects: cell wall degradation, damage to the cytoplasmic
membrane, damage to the membrane proteins, cytoplasm coagulation, leakage of cell contents, and
depletion of proton motive force

Conclusion

The results of the current investigation revealed
that T. vulgaris plant extract has high levels of
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flavonoids and essential oil as well as antibacterial
and antioxidant properties. More pathological and
clinical research is needed to fully understand the
unexploited potential of T. vulgaris plant, which
could be utilized as an easily accessible source of
the natural antioxidants and antibiotics in drugs
and food products. Experiments have shown that
thyme has the potential to treat a wide range of
diseases.
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