Journal of Research High School Vol. 2024 (1) 38 — 49
ISSN 2688-3651 [online]

Exploring the Antibacterial Potential and Phytochemical Composition
of Five Indigenous Indian Medicinal Plants: Effective Strategies
Against Multi-Drug Resistant and ESKAPE Pathogens

Simran Kaur Dang'”

!The Shri Ram School, Haryana, India
*Corresponding Author: simrandang021 1 @gmail.com

Advisor: Dr. Ankita Dave, daveankita331@gmail.com
Received June 16, 2023; Revised October 14, 2023; Accepted, November 17, 2023

Abstract

This paper presents the findings of a secondary research study conducted to investigate the antibacterial potential and
phytochemical composition of four indigenous Indian medicinal plants, namely Salvadora persica (Miswak),
Caesalpinia pulcherrima (Peacock flower), Thymus vulgaris (Thyme), and Saussurea lappa (Kuth). The study aimed
to explore the efficacy of these plants against multi-drug resistant and ESKAPE pathogens, which pose a significant
threat to public health. A comprehensive review of scientific literature was conducted to gather relevant information
on the antimicrobial properties and phytochemical constituents of the selected plants. The antibacterial activity of the
plant extracts was evaluated against a panel of multi-drug resistant bacteria and ESKAPE pathogens, including
Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter species. The results revealed that all four medicinal plants exhibited notable
antibacterial activity against the tested pathogens. Salvadora persica demonstrated potent activity against
Enterococcus faecium and Staphylococcus aureus, while Caesalpinia pulcherrima displayed significant activity
against Klebsiella pneumoniae and Acinetobacter baumannii. Thymus vulgaris exhibited broad-spectrum activity
against multiple pathogens, including Pseudomonas aeruginosa and Enterobacter species. Saussurea lappa also
demonstrated promising antibacterial effects against various ESKAPE pathogens. Furthermore, the phytochemical
analysis of the plant extracts revealed the presence of several bioactive compounds, such as alkaloids, flavonoids,
phenolic compounds, and terpenoids, which are known for their antimicrobial properties. These compounds likely
contribute to the observed antibacterial activity of medicinal plants.

Keywords: ESKAPE, Medicinal plants, Antimicrobial activity, Antibiotic resistance, Bioactive compounds,
Alternative medicines, Multidrug-resistant

1. Introduction

The discovery of the first antibiotic - penicillin - was a revolutionary step in medical sciences, providing a
dramatically new approach to infection control and healthcare (Bud, 2007). However, the misuse of these drugs has
led to antibiotic resistance. Antibiotic resistance occurs when bacteria change in response to the use of these
medications, a challenge that is now associated with high morbidity and mortality due to diseases that were otherwise
easily treated (Frieri et al., 2017). Antibiotic resistance has been increasingly prevalent wherever these medications
are used for humans and animals without prescription. Further, with the lack of standard treatment guidelines in some
countries, resistance is becoming increasingly emergent due to overprescription by doctors and veterinarians as well
as misuse by patients (Bud, 2007).

38



Journal of Research High School Vol. 2024 (1) 38 — 49
ISSN 2688-3651 [online]

Today, the rapid development of multi-drug resistant (MDR) pathogens poses a significant challenge to the
treatment of infectious diseases, which could grow as threatening as during the pre-antibiotic era (Brown & Wright,
2016). The ESKAPE pathogens (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter spp.) are characterized by resistance to
multiple first-line and last-resort antibiotics (Denissen et al., 2022). The known antibiotic resistance mechanisms of
these bacteria include drug inactivation or alteration, modification of drug binding sites, reduced intracellular drug
accumulation, and biofilm formation (Santajit & Indrawattana, 2016). These bacteria are recognized by the World
Health Organisation as a significant danger to human health (Oliveira et al., 2020). Responsible for nosocomial
infections — those that develop while a person is receiving medical attention - they place a significant burden on the
health care system and economies. They are associated with high morbidity and mortality, increased treatment costs,
diagnostic uncertainties, and distrust in traditional medicines (Santajit & Indrawattana, 2016).

However, medicinal may be a solution to antibiotic resistant. For centuries, Ayurveda has been utilized in India
as a treatment for various ailments and illnesses and has popularised the therapeutic uses of plants, initially in the form
of crude extracts or powders and further as purified forms (Anand et al., 2019; Khare et al., 2021). Extracts of such
plants have been proven to inhibit the growth of pathogens and have no or least toxicity to host cells, opening avenues
for the discovery of novel drugs with antibacterial effects. The availability of such alternative medicine and its
potential as a solution in a post-antibiotic era necessitates further research and reviews regarding various ayurvedic
plants and their interactions.

Although primary research on the antibacterial action of Indian medicinal plants against MDRs has been
conducted, there is no present compiled review of their efficacy against the ESKAPE pathogens specifically.
Additionally, the secondary metabolites produced by these plants are of particular interest due to their antibacterial
properties, both in complex mixtures and as a single active component in their purified forms (Anand et al., 2019;
Khare et al., 2021). However, they have not been evaluated across various studies, meaning they cannot be isolated
for use in drug development.

To remedy this research gap and explore Indian ayurvedic plants as a solution to the aforementioned
socioeconomic problems, a secondary review of four Indian medicinal plants - Salvadora persica (Miswak),
Caesalpinia pulcherrima (Peacock flower), Thymus vulgaris (Thyme), and Saussurea lappa (Kuth) — has been
compiled. This paper aims to discuss the morphology, common uses, antibacterial action and phytochemistry of these
plants and compare them.

2. Exploring Indigenous Medicinal Plants
2.1 Salvadora persica

Section 1: Morphology and Common Uses

Salvadora persica, known as miswak or kharijal, is commonly found in the arid regions of India and often in
saline soils. It is an evergreen small tree or large shrub, rarely reaching more than 1 ft in diameter and 3m in height
ref. It has a soft, white-yellow wood with barks of old stem rugose and numerous drooping branches. It possesses a
pleasant small, of cress or mustard, and a warm and pungent taste. The tree produces flowers greenish-yellow in colour
and clusters of small, red edible fruits that are juicy but pungent (Khatak et al., 2010).

Research has reported multiple biological effects of S. persica including antibacterial, antiviral, antifungal,
antibiofilm and antioxidant ones associated with its phytochemistry. (Aljarbou et al., 2022). Due to its use as natural
toothbrush for teeth cleaning, literature reviews regarding its dental uses are ubiquitous. However, there is limited and
scattered information as to its action against antibiotic-resistant bacteria. To fill this research gap, secondary research
and data regarding its efficacy against the ESKAPE pathogens was compiled.

Section 2: Antibacterial Actions of S. persica

Al-Ayed et al., 2016 demonstrated the antimicrobial effects of this medicinal plants against the clinical isolates
of 10 MDR pathogens, amongst which were four ESKAPE pathogens: methicillin-resistant Staphylococcus aureus,
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Klebsiella pneumoniae, Pseudomonas aeruginosa, and Actineobacter baumannii. The antimicrobial testing of miswak
was carried out using the agar diffusion and minimal inhibitory concentration methods (MIC). The study showcased
that the methanol extracts of this medicinal plant had greater efficacy than its aqueous extract against tested ESKAPE
pathogens due to their greater inhibition zones: 7.6 mm — 13.6 mm for the most effective methanol extract (400 mg/L)
as compared to 6.2 mm — 12.0 mm for the most effective aqueous extract., The study recorded the second-highest
growth inhibition zone of 12.7 mm against Klebsiella pneumoniae. Overall, the authors concluded that S. persica is
more useful against Gram-negative (3.3 — 13.6 mm) rather than Gram-positive (1.8-8.3 mm) bacteria. Also supported
by other studies, this finding is suspected to be due to the different lipo-polysaccharides in their cell membranes and
is crucial knowledge for the use of S. persica in the development of anti-bacterial medication (Al-Ayed et al., 2016;
Alireza et al., 2014).

Alireza et al., 2014 similarly demonstrated the strong antibacterial action of methanol extracts of S. persica against
the Gram-negative ESKAPE pathogens Actineobacter baumannii, Pseudomonas aeruginosa, and Enterobacter
cloacae by demonstrating their low MIC values: 0.02, 0.04 and 0.08 mg/L, respectively. In this study, S. persica was
also found to be more effective than the antibiotics tested against (Kanamycin, Cefotaxim, Fosfomycin, Colistine,
Chloramphenicol, and Ticarcillin), widening the avenues for its use in the potential post-antibiotic era.

S. persica methanolic extract was tested and its efficacy was found highest against P. aeruginosa and S. aureus
and relatively lower with K. pneumoniae, with inhibition zones of 5.67, 5.00, and 2.00 mm respectively. Not only did
this study demonstrate the antimicrobial properties of this medicinal plant against these pathogens but it also did so
specifically for wound infections. The study also noted that the greatest incidence of postoperative wound infections
in a hospital in Sudan was the result of poor antibiotic selection and increased levels of contamination within the
hospital. Thus, the effectiveness of S. persica in for wound infections in hospital settings could be extremely useful in
lowering mortality rates and reducing economic burden in lieu of failure of antibiotics. (Tatke, 2017).

Section 3. Phytochemical Analysis of S. persica

Al-Ayed et al., 2016 conducted phytochemical analysis of aqueous and methanolic extracts from S. persica, which
revealed the presence of flavonoids, sterols, saponins, tannins, basic alkaloids and reducing components in alcoholic
extracts and saponins, tannins and reducing components in aqueous extract. Notably, the methanolic extract had a
wider variety of secondary metabolites that could be responsible for its greater antimicrobial activity in some studies.
(Al-Ayed et al., 2016).

Al-Ayed et al., 2016 identified a volatile compound, benzyl isothiocyanate (BITC), in extracts of S. persica that
showed a strong bactericidal effect against Gram-negative bacteria but only lowered the growth of Gram-positive
bacteria. The authors speculated that this phytocompound may penetrate through the outermost membrane of a
bacterium, interfere with its redox systems, and hamper its ability to maintain its membrane potential (Al-Ayed et al.,
2016).

Authors of (NOR) explored the antimicrobial action and ethnopharmacology of this medicinal plant. They
conducted a comparative study on the leaves, tender stems, and tree bark of S. persica, discovering that the
concentration of BITC is highest (73.5%) in S. persica tree bark extract rather than other extracts. Thus, the authors
implicated BITC as a potent bacterial inhibitor.

The overall results of these investigations of S. persica indicated that its extracts hold a potential source for plant
drugs. They appear most promising not only as a blueprint for antimicrobial drugs but also have several valuable
phytochemicals for other ailments. Thus, further research into the phytocompounds present in the tree bark extract
and their isolation could propel the development of drugs meant to combat bacterial action.

2.2 Caesalpinia pulcherrima

Section 1. Morphology and Common Uses

Also known as Gulmobhar or the peacock flower in India, Caesalpinia pulcherrima is a species of flowering plant
belonging to the pea family Fabaceae. Usually a shrub or small tree, this plant grows to different heights in different
climates. When in climates with few to no frosts, it is only semi-evergreen and can grow up to 3m while in Hawaii, it
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is evergreen and grows to Sm (Bakshi et al., 1999). It possesses a bi-pinnate foliage with small, oval leaflets and green
or greyish-brown stems, depending on how woody they are. After its name, it produces flowers of orange, red, and
yellow and is scentless with long stamens and pistils (Bakshi et al., 1999).

Typically, its flowers are harvested for medicinal uses such as to combat intestinal worms and cure sores. West
Indians also make decoctions from its leaves and flowers that treat fever. As its leaves have purgative properties, they
can be used for abortions and to make decoctions with its flowers to treat fever. Indonesians even pound it to treat
children experiencing convulsions (Kumar et al., 2010). A phytochemical and pharmacological review of this plant in
Pankal et al., 2014 eclucidated its anticancer, antimicrobial, antioxidant, anti-inflammatory, anti-diabetic,
immunosuppressive, and vasorelaxation properties (Pankaj et al., 2014). Considering the broad scope of C.
pulcherrima’s applications worldwide as an ayurvedic plant and its various therapeutic properties, this review
regarding its phytoconstituents and efficacy against ESKAPE pathogens was prompted.

Section 2. Antibacterial Action of C. pulcherrima

Parekh & Chanda 2007 tested the antibacterial activity of aqueous and methanolic extracts of the aerial parts of
C. pulcherrima against three ESKAPE pathogens: Staphylococcus aureus, Klebsiella pneumoniae, and Enterobacter
aerogenes. While the methanolic C. pulcherrima extract inhibited the ESKAPE pathogens, the aqueous extract was
only effective against S. aureus and K. pneumoniae. Overall, the maximum antibacterial activity was exhibited by C.

pulcherrima out of the 12 medicinal plants tested, with its methanolic extract producing the largest inhibition zones
(14 mm — 20 mm). Notably, it was found to be most effective against Gram-negative K. pneumoniae, which had an
inhibition zone of 20 mm. (Parekh & Chanda, 2007). While Exner et al., 2017 similarly reported that Gram-negative
bacteria, K. pneumoniae, were most susceptible to this medicinal plant, however, other researchers have opposed this
result (Exner et al., 2017). Authors of Swami et al. are of the opinion that the flower parts of C. pulcherrima were
more effective against Gram-positive than Gram-negative bacteria, attributing this to the presence of an outer
membrane possessing hydrophilic polysaccharide chains that forms an additional barrier (Swamy et al., 2014).
Similarly, Pulipati et al. also reported that Gram-positive bacteria were more susceptible to C. pulcherrima’s flower
extract than Gram-negative bacteria (Pulipati et al., 2012). This inconsistency could be due to varying experimental
conditions or other extraneous variables and necessitates further research to arrive at a conclusion.

In the study conducted by Refahy et al. various extracts of C. pulcherrima were tested against S. aureus and P.
aeruginosa: 100%, 95%, 85%, and 70% methanol, diethyl ether, petroleum ether, methylene chloride, ethyl acetate,
and n-butanol. The total phenolic content (TPC) and total flavonoid content (TFC) in these extracts were also
measured. It was found that the 70% methanol extract was most effective against S. aureus, with an inhibition zone
of 10 mm. In comparison, the 100% methanolic one inhibited P. aeruginosa the most (10 mm), despite the TPC and
TFC being the highest in other concentrations (Refahy et al., 2015). This suggests that flavonoids and phenolics are
not the primary phytochemicals responsible for the antibacterial action of C. pulcherrima. Notably, the inhibition
zones for the other ESKAPE pathogens were between 8-10 mm, indicating that C. pulcherrima inhibited them
similarly.

Urinary tract infections are those caused anywhere in the urinary tract by microorganisms and are amongst the
most common nosocomial infections. Of the 6 ESKAPE pathogens, S. aureus, E. faecalis, P. aeruginosa, and K.
pneumoniae have been implicated as causes of UTIs. While antibiotics are commonly used to treat these infections,
with the rise of MDR pathogens, their management, and treatment become more difficult. This occurs especially in
hospital settings, where UTIs represent 30-40% of all nosocomial infections (Swamy et al., 2014). Swami et al.
explored the efficacy of C. pulcherrima extracts against the S. aureus and found that they exhibited the strongest
inhibition activity against them as compared to other flower extracts tested (P. ferrugineum and D. regia) (Swamy et
al., 2014). This finding is supported by the higher inhibition zones of C. pulcherrima (1.4-1.9 cm) as compared to the
other flowers (1.1-1.6 mm).

Multiple establishments of C. pulcherrima’s inhibition of S. aureus, K. pneumoniae, and P. aeruginosa across
various studies indicates that it is an effective antimicrobial agent for drug-resistant as well as drug-susceptible strains
of these pathogens.
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Section 3. Phytochemical Analysis of C. pulcherrima

For the purpose of identification of major phytochemical constituents in a methanolic extract of C. pulcherrima
flowers, a phytochemical analysis was carried out in Refahy et al., 2015. It revealed the presence of secondary
metabolites such as glycosides, flavonoids, phenolics, and tannins (Refahy et al., 2015). JM & Sreeja, 2018 conducted
a simlar analysis of another methanol extract of this plant, which indicated the presence of saponins and terpenoids
along with the aforementioned phytoconstituents. Additionally, this study once again demonstrated how secondary
metabolites found in extracts of this flower differ from solvent to solvent. The methanolic extract consisted of the
largest number of phytochemicals, followed by petroleum ether, acetone, and finally ethanol (JM & Sreeja, 2018). As
the antibacterial properties of medicinal plants are speculated to be the result of their phytoconstituents, this serves to
highlight how crucial the choice of solvent for their extraction is, especially for drug development.

IJM & Sreeja 2018, isolated and tested some phenolic compounds from C. pulcherrima flower extracts against
clinical isolates of some ESKAPE pathogens. Methyl gallate was found to be a potent bactericidal agent against
methicillin-resistant S. aureus and K. pneumoniae. A time-kill kinetics assay of MRSA (methicillin-resistant

Staphylococcus aureus) using methyl gallate was carried out, showing a reduction in CFU (colony forming units) in
two hours and complete bactericidal activity at 24 hours. Methyl gallate was also synergistically tested with
Amoxicillin against MRSA and a remarkable fall in MICs (minimum inhibitory concentrations) of both - from 256
pg/ml to 0.0625 pg/ml and 500 pg/ml to 31.25 pg/ml, respectively - was discovered. Along with this compound, gallic
acid, and ethyl gallate also exhibited inhibitive properties against the MDR isolates (Khan et al., 2021).

2.3 Thymus vulgaris

Section 1: Morphology and Common Uses

Thymus vulgaris, or common garden thyme, is an aromatic and perennial flowering plant from the Lamiaceae
family (Patil et al., 2021). While it originated from Southern Europe, it is now widely cultivated in Indian regions such
as the Nilgiris and the foothills of the Himalayas (Hosseinzadeh et al., 2015). It can grow to 6-12 feet tall and its
numerous, somewhat woody stems from a foliage mound and are covered in highly aromatic grey-green leaves. Tiny,
tubular, and lilac flowers appear at the end of the stems during late spring and early summer (Stahl & Venskutonis,
2012). The plant flourishes well in arid environments and unshaded areas in coarse, rough, and well-drained soils that
normally prove hostile to other plants (Javed et al., 2013).

A commonly used plant, 7. vulgaris possesses a variety of ethnobotanical and culinary applications. It has been
used as a treatment for wounds due to its healing and antiseptic properties. The plant has also been reported to possess
antiseptic, astringent, carminative, tonic, and anthelmintic properties. Overall, its wide array of properties, especially
bactericidal ones, necessitates a thorough review of its potential use against MDR pathogens (Patil et al., 2021).

Section 2: Antibacterial Action of Thymus vulgaris

Qureshi et al., 2022 investigated the antimicrobial, antibiofilm, and antiphage activity of Thymus vulgaris extracts
against four multidrug-resistant bacteria - E. coli, S. aureus, C. albicans, and P. aeruginosa. The bioactivity of thyme
oil and thyme aqueous extract was investigated, with both showing bactericidal action against these ESKAPE
pathogen isolates. However, thyme oil was reported to have greater antimicrobial action than aqueous thyme extracts
due to higher zones of inhibition against S. aureus and P. aeruginosa (49 and 31 mm as compared to 35 and 20 mm,
respectively). The authors speculated that this may be due to its higher phenolic content as the aqueous extract loses
its active components during grinding and boiling. However, both thyme oil and its aqueous extracts were still found
to be most effective against S. aureus, with MIC values of 0.2 mg/L and 40 mg/L, respectively. Notably, even though
P. aeruginosa was found to have the greatest antibiotic resistance out of all isolates, thyme oil showed strong inhibitory
action against it even at lower concentrations (0.8 mg/L). Using scanning electron microscopy, the authors researched
the effect of thyme on biofilm formation by MDR strains, a previously reported mechanism of antibiotic resistance.
Biofilms are microbial communities that adhere to biotic and abiotic surfaces with the cells inside them sheathed in a
self-produced matrix. The bacterial cells exposed to thyme were observed to be irregularly shaped, with holes and
cracks. Accordingly, it was suggested that thyme treatment induces damage to the cell membrane, eventually causing
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lysis. These findings are concordant with the results of Helander et al., 1998, which reported the mechanisms of action
of thymol (a major active component of thyme) in attacking the outer membranes, resulting in the disruption of the
cell wall and a subsequent release of intracellular components and depletion of ATP (Qureshi et al., 2022) (Helander
et al., 1998).

Similar effects were also reported by Alibi et al., 2020 wherein along with the antibacterial and anti-biofilm, the
anti-quorum sensing (QS) and antioxidant properties of thyme were explored. The intercellular signalling mechanism,
known as quorum-sensing, is the process through which antibiotic resistance, biofilm production, and virulence
properties are controlled. In this research, forty-four strains of multi-drug resistant bacteria, of which 11 were variants
of ESKAPE pathogens, were tested against four essential oils. These 11 strains were of the species K. pneumoniae, S.
aureus, A. baumannii, and P. aeruginosa. Along with Cinnamomum verum and Eugenia caryophyllata, the T. vulgaris
EO (essential oil) demonstrated remarkable antimicrobial action against all tested MDR strains. The MBC/MIC
(minimum bactericidal concentration/minimum inhibitory concentration) ratios of these essential oils were equal to 1
for most bacteria, suggesting a bactericide effect. Biofilm formation was observed in all tested strains but a significant
reduction in this mechanism was observed due to sub-inhibitory concentrations of thyme essential oil. Finally, the
anti-QS activity of the four EOs was reflected in a decrease in violacein production, with the highest being shown by
thyme oil at 99.41%. Notably, no significant differences were observed between the bactericidal action of essential
oils against Gram-negative versus Gram-positive bacteria in this study (Alibi et al., 2020).

Amorese et al., 2018 studied the activity of essential oils against P. aeruginosa isolated from infected hip
implants. Periprosthetic joint infections are one of the most severe and costly complications of joint arthroplasty.
These infections are also associated with significant psychological and physical morbidity in patients. In this study,
the susceptibility of sixteen strains of P. aeruginosa against 11 antibiotics and thyme essential oil. All strains showed
multiple antibiotic resistance but were susceptible to aminoglycosides, third-generation fluoroquinolones, third-
generation cephalosporins, and some carbapenems. Thymus vulgaris was found to be effective on eleven strains of P.
aeruginosa at 8% concentration and the remaining five variants at 16% (Amorese et al., 2018).

Other studies have also reported the antibacterial action of 7. vulgaris against ESKAPE pathogens such as E.
Jfaecium and other strains of S. aureus and P. aeruginosa (Jain & Choudhary, 2022).

Section 3: Phytochemical Analysis of Thymus vulgaris

Owing to its commonality, various researchers have studied the phytochemical constituents of Thymus vulgaris
through methods such as gas chromatography-mass spectroscopy (GC-MS) and high-performance liquid
chromatography (HPLC). Overall, the presence of phenolic compounds, terpenoids, flavonoids, steroids, alkaloids,
tannins, and saponins was detected in the thyme extracts. Notably, volatile compounds were found to be most prevalent
(Abdelli et al., 2017; Al-Asmari et al., 2017; Stefanis et al., 2019). A deeper dive into the essential oils of 7. vulgaris
demonstrates the presence of a list of hydrocarbons, oxides, alcohols/esters, and aldehydes/ketones. Among all of the
volatile compounds, major pharmacological activities have been attributed to thymol, carvacrol, geraniol, linalool, a-
and B-pinene, p-cymene, and y-terpinene (Patil et al., 2021). Thymol and carvacrol have been specifically and
thoroughly explored in relation to their antibacterial effects. The most frequently reported mechanism of both isomers
is bacterial lysis, leading to leakage of intracellular components and cell death. Other mechanisms include the
inhibition of efflux pumps, prevention or disruption of biofilm formation, decreasing bacterial motility, and inhibition
of membrane ATPases (Kachur & Suntres, 2020).

Similarly, specific phenolic compounds, flavonoids, steroids, tannins, alkaloids, saponins, and other
phytoconstituents have also been found. Still, as most of the chemical components are classified under phenolic
compounds and essential oils, the specific therapeutic mechanisms and potential of other phytochemicals are yet to be
explored (Patil et al., 2021). The antimicrobial effect of thyme essential oils depends on incubation, synergistic
ingredient effects, the solvent used for extraction, and more. Hossain et al. demonstrated how the phytoconstituents
of thyme extract differ from solvent to solvent, with its butanol extract yielding the greatest number of compounds
(Hossain et al., 2022).

Overall, despite their proven antibacterial action, there is limited use of thyme essential oils and other
phytochemicals in the pharmaceutical industry. Thus, information regarding optimal solvents, extraction conditions,

43



Journal of Research High School Vol. 2024 (1) 38 — 49
ISSN 2688-3651 [online]

and the synergistic effects of these compounds with each other and antibiotics must be gathered and compiled to
enable the application of 7. vulgaris in the medicinal community.

2.4 Saussurea lappa

Sectionl: Morphology and Common Uses

Saussurea lappa, better known as kuth or kushta, belongs to the Asteraceae family and is another perennial herb
widely used in Ayurveda. In India, it can be found in the Kashmir and Alpine Himalayan ranges at 8,000 to 12,000
feet. It is a robust, erect plant that can grow 25 to 80 cm high. Its roots already have various applications in the
pharmaceutical industry and are stout, brownish with longitudinal streaks or furrows and can grow to 60 cm long.
They have a distinct, sweet, and pleasant odour but taste bitter. It has simple alternating leaves that are radical,

irregularly toothed and have long lobately winged stalks. Dark purple or black flowers occupy its axillary and terminal
heads and the plant produces two kinds of fruits - Achenes and Pappas. Pappas is about 1.7 m long, feathery and
brown while Achenes is 3 mm long, curved and compressed (Alaagib & Ayoub, 2015; Gautam & Asrani, 2018).

In India, this herb has been mentioned in the Atharvaveda and is regarded as an ancient Vedic plant god. It was
supposedly derived from a heavenly plant originating from the Himalayas. It was used to strengthen and stabilize
digestion, increase fertility, ease pain, and even as an ointment for ulcer treatments (Tharak & Zuhra, 2012). Research
has now confirmed its pharmacological properties, which are in line with its traditional uses. Another secondary
review delved deep into the antitumor, antibacterial, anti-inflammatory, hepatoprotective, antiulcer, cholagogic, and
immunomodulatory properties. The same paper also reported the various miscellaneous activities of this medicinal
plant including cardiovascular, anticonvulsant, antiparasitic effects, and more (Gautam & Asrani, 2018). Keeping its
commonality and a wide array of applications in mind, the following review was compiled to assess its effectiveness
against ESKAPE pathogens.

Section 2. Antibacterial Action of Saussurea lappa

Naseer et al. 2022 evaluated the antibacterial effects of Saussurea lappa against the multidrug-resistant human
pathogenic bacteria K. pneumoniae, methicillin-resistant S. aureus, P. aeruginosa, E. coli and Extended Spectrum
Beta-Lactamase (ESBL). Using the agar well diffusion method, the authors assessed the dose-dependent antimicrobial
effects of the ethanolic S. lappa extract. The plant was found to be effective against the four aforementioned ESKAPE
pathogens and its ethanol extract exhibited a concentration-dependent zone of inhibition with the largest zone of
inhibition corresponding to the highest concentration and vice versa. The effect of S. lappa varied from pathogen-to-
pathogen. At a concentration of 2000 pg/mL, its ethanol extract was bacteriostatic against S. aureus and P. aeruginosa
but effective against K. pneumoniae and A. baumannii. However, the herb extract turned bactericidal against S. aureus

and P. aeruginosa at concentrations of 6000 pg/mL and 4000 pg/mL, respectively.

Another research explored the effectiveness of different S. lappa extracts against six ATCC (American Type
Culture Collection) and three MDR strains: S. aureus, K. pneumoniae and P. aeruginosa. The roots, leaves, stems,
and flowers of S. lappa were extracted using methanol and chloroform solvents. Their bactericidal activities were
evaluated using the agar well diffusion method. The results of this study revealed the potent antibacterial action of the
plant extracts against the ATCC and MDR strains. Overall, the greatest effect was observed for the chloroform leaf
extract against MDR P. aeruginosa, which had the highest inhibition zone of 21 mm. While all solvent extracts
inhibited the activity of MDR K. pneumoniae, the methanolic stem extract was ineffective against MDR P. aeruginosa
and all methanolic extracts were bacteriostatic to the S. aureus strains. Additionally, the results showed that the leaf
and root extracts of this plant were most inhibitory against the bacteria, especially the MDR ones (Naseer et al., 2022)
as they had the highest inhibition zones and lowest MICs.

The strong antimicrobial of S. lappa has also been reported in Omer et al. 2019 where the effect of its ethanolic
and aqueous root extracts against S. aureus and Salmonella sp. The water and ethanol extracts were only bactericidal
against S. aureus. Further, the ethanolic extract was generally more effective than the aqueous one with a mean
inhibition zone of between 18 mm to 20 mm as compared to the water extract’s 15 mm (Omer et al., 2019).
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In fact, the roots of this plant seem to possess potent antimicrobial activity as their methanolic, cold water, and
hot water extracts showed inhibitory effects against S. aureus, P aeruginosa, and E. faecalis (Khalid et al., 2011).
Overall, the methanolic extract exhibited the greatest bactericidal action with a maximum inhibition zone of 18 mm
against P. aeruginosa and S. aureus. Only the hot water and methanolic extracts managed to inhibit all strains, while
the cold water one showed no activity against E. faecalis (Khalid et al., 2011).

Both previously mentioned researches attributed these trends to the presence of greater numbers of bioactive
compounds in specific extracts, making the consideration of the solvent extraction method crucial for the use of this
plant in pharmaceuticals.

Section 3: Phytochemical Analysis of S. lappa

Hasson et al., 2013 accompanied their assessment of S. lappa’s microbial action against MDR bacteria with a
thorough phytochemical review meant to detect the presence of 20 bioactive compounds. Overall, sixteen active
components were reported across the chloroform and methanol root, leaf, stem, and flower extracts. The presence of
flavonoids, alkaloids, proteins, f-carotene, coumarins, saponins, carbohydrates, fats, and quinones was confirmed in
all extracts while glycosides, emodins, and phlorotannins were found in none.

The greatest number of phytoconstituents were found in the methanol root extract at 14, followed by 13 in the
chloroform root and leaf extracts. Hasson et al., 2013 attributed the high effectiveness of the methanol root extract of
S. lappa to the bioactive compound richness and possible synergistic action of two or more compounds against S.
aureus. Andrographolide, 4,7,10,13,16,19-Docosahexaenoic acid, methyl ester, and isosteviol methyl ester are known
for their strong pharmacological activities and were present exclusively in ethanol extracts. The potential of
andrographolide as a pharmaceutical agent has also been confirmed by Banerjee et al. 2017, which showed how an S.
aureus strain was found to be sensitive to this compound at a MIC of 100 pug/ml, which is comparable to the amount
detected in the ethanol extract (Hasson et al., 2013).

This same research also briefly mentioned the role of fatty acid methyl esters and sesquiterpenes in defence
against their microorganisms. Similarly, other studies have also reported the bioactive potential of sesquiterpenes such
as costunolide, Isodihydrocostunolide, cynaropicrin in drug development.

3. Conclusion

The plants explored in this secondary review have diverse morphologies but possess biological activities,
necessitating this in-depth report on their antibacterial ones.

This study highlights the significant antibacterial potential of Salvadora persica, Caesalpinia pulcherrima,
Thymus vulgaris, and Saussurea lappa against multi-drug resistant and ESKAPE pathogens. The presence of various
bioactive phytochemicals further supports their therapeutic potential. A tabular summary and comparison of the
activities of these plants can be found below.

Table 3.1: Comparison of the antibacterial effects and phytochemistry of Salvadora persica, Caesalpinia pulcherrima,
Thymus vulgaris and Saussurea lappa

S. persica C. pulcherrima T. vulgaris S. lappa
iZjZ ZJS} lO[?chl;l:ZZla Staphylococcqs Staphylococcqs
Co aureus, Klebsiella aureus, Klebsiella Staphylococcus
ESKAPE f)neugomae, pneumoniae, pneumoniae, aureus, Klebsiella
pathogens seudomonas Enterobacter Enterobacter pneumoniae, and
inhibited jeci;lb.lfel ZZZi}er aerogenes, and aerogenes, and Pseudomonas
baumannii. and Pseudgmonas Pseudgmonas aeruginosa.
Enterobacter cloacae | 4€71&mosa. aeruginosa.
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Methanol extracts are
more effective than
aqueous ones, with

Flower extracts of
this plant exhibited
the strongest
inhibition activity

Thyme oil proved
most effective
against MRSA. It

Its leaf extracts have
been found most
effective against
MDRs. Some
extracts (stem or

negative bacteria but
only lowered the
growth of Gram-
positive bacteria.

was symbiotically
tested with
Amoxicillin and
showed
significant results.

Effective their own activity acainst S. aureus. E was shown to reduce | aqueous ones) are
extracts being highest against fageca lis P T biofilm formation only bactericidal.
K. pneumoniae deri inlo sé and K and cause damage to | Roots have potent
followed by MRSA gHnosa, ’ bacterial cell activity, with the
. pneumoniae. as
and 4. baumanii membranes. methanol extract
compared to others. !
proving most
effective.
Shown to be more Thyvme oil also
effective against Y . This is concordant
. Flower part showed anti-quorum . .
Gram negative than . . . with phytochemical
o considered to be sensing properties . .
Notable Gram positive . . . studies, which
. . . more effective against MDR strains
antibacterial | bacteria due to the . . reported the greatest
. . . against Gram of K. pneumoniae, S. ; .
action different lipo- o number of bioactive
Sy positive than Gram aureus, A. .
polysaccharides in . . . compounds in
; negative bacteria. baumannii, and P. )
their cell . methanolic extracts.
membranes. aeruginosa
Th f
© presence o The presence of
Presence of Presence of phenolic compounds, . .
. . . flavonoids, alkaloids,
flavonoids, sterols, glycosides, terpenoids, roteins, p-carotenc
Phytochemicals | saponins, tannins, flavonoids, flavonoids, steroids, Ic)oumari’ns sa onins’
found basic alkaloids and phenolics, saponins, alkaloids, tannins, carboh dr;l tesp fats ’
reducing components | terpenoids and and saponins was and uiynones ;vas ’
detected. tannins detected. detected in the thyme d
detected.
extracts.
Benzyl p Y 4,7,10,13,16,19-
N gallate - was found to | Thymol and cavarcol .
isothiocyanate . Docosahexaenoic
be a potent have been especially .
showed strong - R e acid, methyl ester,
. bactericidal agent implicated in this . .
bactericidal effects . R . . and isosteviol methyl
Notable acainst Gram- against MRSA and plant’s antibacterial ester are known for
phytochemicals g K. pneumoniae. It action, with their

main mechanism
suspected to be
bacterial lysis.

their strong
pharmacological
activities and were
present in the extracts
of this plant

These findings provide valuable insights for the development of alternative and effective strategies to combat
drug-resistant bacterial infections using indigenous Indian medicinal plants. Further research and clinical studies are
warranted to explore their application in the development of novel antimicrobial agents or adjunct therapies.
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