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ABSTRACT

The widely spread outbreaks of bacterial infections have drawn global concern with the discovery of antibiotics which are
unfortunately leading to severe resistance against serious pathogenic agents. Though, herbal plants occupy traditional
importance in the perspective of handling medicinal operations. These naturally occurring plants are comprised of versatile
biomolecules acting as excellent biological weapons to combat multiple bacterial infections. Thus, the antimicrobial
potential hidden in different plant extracts can alternatively serve the purpose of fatal drugs with a more appropriate and
safer application. The current chapter is focused on the antibacterial use of many herbal plants with the phytochemical
investigation of effective ingredients. In the early years, various plant phenolics with the addition of alkaloids, saponins,
and terpenoids have been proven to achieve noteworthy antibacterial significance, largely adopting various mechanisms of
anti-biofilm formation, cellular membrane disruption, microbial metabolic activities inhibition, and anti-quorum sensing. To
enhance their more suitable applications against a wide range of health-risking bacteria, further inventions in the field of
omics with the synergistic investigations of pharmacological attributes would be in demand to recognize developmental
pathways of novel antibacterial remedies.
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INTRODUCTION

The bacterial pathogenic attack is a serious threat on a worldwide scale leading to an amplified mortality rate
due to multiple bacterial infections mainly including colorectal cancer, whereas others may include inflammatory and
irritable bowel infections as the foremost health risks (Jones et al., 2008; Sell and Dolan, 2018). The reason for the
frequent bacterial outbreaks may involve the intoxication of foodstuff by multifarious food-borne pathogens
including the most commonly occurring: Bacillus cereus, Staphylococcus aureus, Escherichia coli, Mycobacterium
tuberculosis, Salmonella typhimurium, and Listeria monocytogenes (Chen et al., 2017). To counter the current
situation, worldwide scientists aim and struggle to design and synthesize effective drugs to act against challenging
pathogens. With the current perspective, medicinal plants have been gaining the supreme attention of scientists due
to their therapeutic importance hidden in their diverse molecules. History also exposed that these biomolecules had
been employed as powerful sources of medicine by man even when no other authentic resource was available
(Petrovska, 2012; Stéphane et al., 2021). Since medicinal era, the utilization of medicinal/herbal plants reveals a
significant pool towards the discovery of novel antibiotics (Atanasov et al, 2015). The exploration of antibiotics
against multivariate bacterial infections leads to the reduction of human mortality rate on a worldwide scale. The
earliest discovery of penicillin in the year 1928 by Fleming discloses the vast application of other sulphonamide
drugs as the advent source of modern antibiotics (Davies and Davies, 2010). Being used during the early 1940s,
Penicillin opened great advancements in antibiotic developments, and the 1950s was marked as the “golden era” for
the synthesis of novel drugs. These antibiotics have been considered lifesaving drugs for mankind (Conly and
Johnston, 2005; Butler and Paterson, 2020).

However, inappropriate and extensive use of antibiotics has resulted in the emergence of resistance to varied
antibiotics, making their application ineffective against certain diseases (Baym et al, 2015). Even the WHO has
highlighted the serious emerging concern towards antimicrobial resistance (WHO, 2021). Thus, the demand for the
development of such antimicrobial compounds or sources has increased which can cut down the indiscriminate use of
antibiotics safely without creating any resistance (Tortorella et al., 2018). The current demand has forced researchers to
focus on the isolation and identification of effective antimicrobials from plants and declared the consideration of 50%
of pharmaceuticals as derivatives of natural compounds (Chavan et al., 2018). In this pursuit, herbal/medicinal plants
have been proven as powerful resources with limitless effects of antimicrobial compounds and agents with versatile
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uses (Nascimento et al., 2000). These herbal plant-based antimicrobial compounds can be not only used alone but their
antimicrobial action can be even more enhanced by combining these with other antimicrobial agents (Bazzaz et al.,
2018). Still, many medicinal plants are unexplored so worldwide researchers and scientists are trying to sequester the
knowledge of the antimicrobial activity of various herbal plants (Savoia, 2012). The special feature of most herbal plants
is that their multiple parts can be utilized for essential therapeutic applications, also acting as precursors of various
other drugs. Moreover, the majority of medicinal plants include vegetables with economic importance as well (Silalahi
et al., 2014). These vegetables impart their role in toxicity reduction besides their other benefits (Lin et al., 2016; Ma et
al, 2019). It is very well understood that plants can adopt various inducible and innate mechanisms to combat
pathogenic attacks involving the release of barrier compounds, antimicrobial peptides, and amines as well as divergent
vital secondary metabolites (Benko-Iseppon et al, 2010; Rodriguez et al, 2019). Some of the naturally extracted
compounds have nonantibiotic properties having adequate antimicrobial effect (Yuan et al., 2016; Lee et al., 2017).
About 30,000 to 70,000 different plant species have been used in the field of medicine (Javed et al.,, 2015). Their variable
parts including leaves, shoots, roots and even the flowers can act as astonishing medicines for the cure of multiple
bacterial pathogens (Abdallah et al., 2023). These herbal extracts have a better mode of action when encountering both
types of gram-positive and gram-negative bacteria. Though their application as oil extracts, powder form, distillation,
and decoction are frequently used in medicinal products. However, the employment of their phytochemical extracts is
the most effective way against bacterial infections (Kumar et al., 2019). Moreover, antibacterial activity may vary with
the type of phytochemical extracts made as different ingredients get active with the phytochemical properties (Chen et
al., 2021). These plant extracts specifically gain entry into the cell wall of bacteria and prevent their growth ultimately
decreasing the number of pathogenic cells.

The drug-resistant bacteria are the major cause of increasing the mortality rate in humans. Amongst bacterial
pathogens, worldwide infections of pneumonia and lung organs are caused by Pseudomonas aeruginosa which form
colonies in many organs like lungs, kidneys, and even in the urinary tract failing the body functions. Sudden attacks of
Escherichia coli in soft tissues may lead to skin, joint, and bone infections as well as pneumonia, meningitis, gastroenteritis,
and urinary tract infections (Todar, 2007). Bacillus subtilis has been considered one of the dominant pathogens of humans
(Alfiki et al., 2022; Stilke et al., 2023).

Herbal Plants with Antibacterial Action
Among the worldwide plants, the most examined herbal species typically used against bacterial action include the
following:

Alchornea cordifolia (Schumach. and Thonn.) Miill.Arg. (Christma Bush)

It is a perennial dioecious shruby plant with the common name of Christmas bush and belongs to the family of
Euphorbiaceae. It is a naturally grown vegetation of African countries such as Kenya, Senegal, Tanzania, Ghana, and the
Democratic Republic of Congo. The leaf stalks are frequently used in the form of infusions for the management of multiple
intestinal and respiratory complications while compressed leaves are used for the cure of typical wounds (Mambe et al.,
2016). However, the bark of the roots and leaves is applicable as an antidote to snake poison which may cause leprosy. In
addition to these applications, different plant parts are comprised of various phenolics including steroid glycosides,
terpenoids, flavonoids, saponins, tannins, alkaloids, and carbohydrates. Different plant extracts especially ethanolic extracts
are highly significant for antibacterial and antifungal actions (Mavar-Mangar et al., 2007). According to Owusu et al. (2021),
both ethanolic and aqueous extracts of A. cordifolia were shown to be effective against S. aureus, while they observed the
highest antibacterial action of ethanolic extract against E. coli. Some other investigations (Ebi, 2001; Igbeneghu et al., 2007)
explored the antibacterial properties of its methanolic extracts to be remarkable against E. coli, P. aeruginosa, and B.
subtilis (Fig. 1) (Table 1).

Allium sativum L. (Garlic)

Allicin containing the well-known ayurvedic plant Allium sativum L. (commonly called garlic) has been widely used for
the treatment of pathogenic bacterial isolates (Staphylococcus, Pseudomonas, and Streptococcus) of lung infections (Reiter
etal, 2017). Garlic extracts are reported as strong antibacterial agents for the ailment of Aggregatibacter
actinomycetemcomitans, Porphyromonas gingivalis, and Streptococcus mutans by Hoglund et al. (2020). The prominent
ingredients against bacterial organisms include ajoenes, allicin, diallyl polysulfides, and vinyldithiins which are considered
hydrophobic biomolecules showing the antibiofilm formation for the control of the gram-positive and negative types of
bacteria (Nakamoto et al., 2020) (Fig. 1) (Table 1).

Andrographis paniculata (Burm.f.) (Nees)

Nees; scientific name: Andrographis paniculata (Burm.f.) is popular among ethnic communities for the curative use of
infectious diseases of the urinary and upper respiratory systems. 14-Deoxy-11, 12-didehydroandrographolide has been
declared as an antibacterial ingredient, to be active in inhibiting around 92% of P. aeruginosa growth by the study of
Majumdar et al. (2020). The said bioactive plant compound could lessen the synthesis of extracellular polymeric elements
which leads to lower levels of pyocyanin and protease production. Rasool et al. (2018) documented that the same plant
extract possesses an excellent effect against the E. coli organism (Fig. 1) (Table 1).
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(Hossain et al., 2021).

Azadirachta indica A. Juss (Neem)

Neem (Azadirachta indica A. Juss) is one of the traditionally used plants that are most appropriately used against
Helicobacter pylori for the treatment of not only dermatological ailments but also for the control of gastrointestinal and
urogenital infections. Its oil has robust antibacterial action, particularly at the MIC range of 25-50 pyg/mL and in the MBC

range of 40-70 pug/mL (Blum et al., 2019). According to Mustafa (2016), its leaf extract could strongly inhibit the cultivation
of Enterococcus faecalis (Fig. 2) (Table 1).

Calotropis gigantea (L.) Dryand. (Crown flower, Giant milkweed)

Dryand [Calotropis gigantea (L.)] plant possesses noteworthy significance in the medicinal control of dermal, arthritic,
oral, and gastrointestinal infections in India. The antimicrobial potential is hidden in its aqueous leafy extract which has
been proven as a strong antimicrobial agent against varying pathogenic isolates of S. aureus, K. pneumoniae, B. cereus,
P. aeruginosa, Micrococcus luteus, and E. coli. (Kumar et al., 2010). In an important article based on the investigation of its
antimicrobial biomolecules, quercetin-3-O-rutinoside has been disclosed as a predominating naturally occurring
phytochemical in the plant extract, exhibiting remarkable bioactive potential against gram-positive bacteria (B. subtilis and
S. aureus) in contrast to gram-negative (Salmonella enteritidis and P. aeruginosa) species (Nenaah, 2013). However,
research by Bhat and Sharma (2013) publicized cardiac glycosides, asclepin, calactin, cymarin, and calotropin as active
biomolecules of the plant (Fig. 2) (Table 1).



105

A  Azadirachta indica A. Juss Fig. 2: Active ingredients of
herbal plants used against
microbial action.

(Gupta et al., 2017).

B Calotropis gigantea (L.) Dryand.

Quercetin-3-O-rutinoside

= ——

Glycosides
rier ~ASClepine ..

<o

Calactin
Cymarin

<7
et e =

Catharanthus roseus (L.) G. Don (Jasmine)

This plant is native to Madagascar and is commonly called bright eyes. The screening of its antibacterial activity by the
well diffusion method revealed powerful action against Bacillus licheniformis (Naz et al., 2015). Whereas, 100 mg/mL of its
alcoholic extract had a magnificent effect against the famous strains of S. aureus and E. coli (Khalil, 2012). In addition to
these findings, Rani etal. (2017) further reported that an alcoholic extract of canthaxanthin is more suitable for the
antibacterial action than other extracts such as ether, petroleum, aqueous, and chloroform. This makes sense that the large
number of phytomolecules get solubilized in alcoholic extract and show antibacterial efficacy as compared to other
extracts (Fig. 3) (Table 1).

Coccinia grandis (L.) Voigt (lvy Gourd)

The antibacterial action has been shown by various protease inhibitors of Coccinia grandis extract. These protease
inhibitors were reported to potentially inhibit the growth of bacterial pathogens including B. subtilis, K. pneumoniae,
S. aureus, E. coli, and Proteus vulgaris (Satheesh and Murugan, 2011). Different research presented that alcoholic and
aqueous fruit extracts had an outstanding role in combating the negative effects of E. faecalis, S. aureus, P. aeruginosa and
E. coli when checked with disc diffusion methodology, associated with erythromycin comparison (Sakharkar and Chauhan,
2017) (Table 1).
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(Kandiah and Chandrasekaran, 2021).

B Curcuma caesia Roxb

Croton bonplandianum Baill (Ban tulsi)

This plant is famous for curing many wound infections. The freshly collected latex of the plant presented the maximum
inhibitory activity against the growth of the Enterobacteriaceae family. Among these, Enterobacter aerogenes with 26 mm,
E. faecalis with 30 mm, and E. coli with 32 mm inhibitory zones have been found. Similarly, benzene and ethanol extracts
from its leaves could fight the battle against S. aureus as well as showing an inhibitory zone of 20 mm. However, maximum
inhibitory action has been revealed by chloroform extracts specifically against E. coli strains having 21 mm of inhibition
zones when compared with the effects of other extracts (Vennila and Udayakumar, 2015) (Table 1).

Curcuma sp.

Camphor, epicurzerenone, and eucalyptol are verified as predominant bioactive chemicals found in the crucial oily
extract of Curcuma caesia Roxb. Its oil had robust effectiveness against B. cereus and B. subtilis (Paw et al., 2020). A
polyphenolic complex called curcumin of the Curcuma longa L. plant which is commonly called turmeric has enriched
antibacterial properties. Curcumin has been reported to produce lipid peroxidation in the bacterial strains of E. coli and S.
aureus. Whereas in S. aureus strains curcumin triggered the redox homeostasis which led to generating the kynurenine trail
causing microbial DNA damage as a result of oxidative stress there (Adeyemi et al., 2020) (Fig. 3 ) (Table 1).

Cuscuta reflexa Roxb. (Giant dodder)

The most commonly found parasitic weed, Cuscuta reflexa, is famous for having therapeutic and Ayurvedic properties
due to which this weed is greatly used in medicine (Saini et al., 2015). However, the ethanolic extract of C. reflexa when
screened against P aeruginosa, B subtilis, and E coli, was found to be most effective against E. coli and B. subtilis (Mishra
and Dixit, 2019; Ali et al., 2023). Others have reported the antibacterial action of C. reflexa against Salmonella typhimurium
(Manore et al,, 2012), Proteus vulgaris, E. coli, Xanthomonas campestris, Paracoccus denitrificans and Klebsiella pneumonia
(Islam et al., 2015) (Table 1).

Fagonia cretica L. (Virgin’s Mantle)

Likewise, Fagonia cretica belonging to Zygophyllaceae is popular for promptly treating many adverse and
prevalent diseases (Qureshi et al., 2016). Ali et al. (2023) documented the outstanding role of F. arabica specifically in
the form of its ethanolic and aqueous extracts against P. aeruginosa and B. subtilus. According to Ali et al. (2023), the
ethanolic extract of S. chirata acts as a suitable antibacterial agent against P. aeruginosa, E. coli, and B. subtilus. The
extract of F. arabica made with dichloromethane is highly efficient in controlling the E coli pathogens (Syed et al.,
2013) (Table 1).
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Justicia flava (Forssk.) Vahl. (Water-willow and shrimp plant)

This plant belongs to the family Acanthaceae and is commonly disturbed in varying habitats of semi-shaded and
sunny regions with an array of soil categories. It has been reported as a common flora of Africa and its leafy extracts have
excellent activity against typical strains of Pseudomonas aeruginosa ATCC 4853, Escherichia coli ATCC 25922, and
Staphylococcus aureus ATCC25923 (Agyare et al., 2013). It's being employed as a traditional medicine to cure disorders of
dysentery, diarrhea, epilepsy, fever, cough, and skin problems (Agyare et al., 2009; Asante-Kwatia et al., 2023). On the other
hand, Corréa and Alcantara (2012), reported the pharmacological importance of J. flava. Adding to these, some other
scientists disclosed various steroids comprising the active ingredients of sitosterol, campesterol, and stigmasterol for
controlling bacterial infections (Amborabé et al., 2002; Rajakumar and Shivanna, 2009) (Fig. 4) (Table 1).
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Table 1: Mechanism of actions against target pathogens using active ingredients from various sources of herbal plants.

Sr. No. Herbal plant Source Active ingredients Mechanism of action with target pathogens References
1. Alchornea Leaf stalks/ Steroid glycosides, Aqueous extract Ethanolic Methanolic extract ~ (Mambe et al., 2016)
cordifolia leaves, terpenoids, flavonoids, extract (Mavar-Mangar et
Root barks saponins, tannins, alkaloids, S. aureus E coli, al., 2007)
carbohydrates S. aureus P. aeruginosa (Owusu et al,, 2021)
B. subtilis (Ebi, 2001)
(Igbeneghu et al,,
2007)
2. Allium sativum  Bulb Ajoenes, allicin, Aggregatibacter actinomycetemcomitans, (Reiter et al.,, 2017)
L. diallyl polysulfides, Porphyromonas gingivalis and Streptococcus mutans (Hoglund et al,,
vinyldithiins 2020); (Nakamoto
et al., 2020);
3. Andrographis  Leaves 14-Deoxy-11, Methanolic extract
paniculata 12-didehydroandro (Mishra et al., 2013)
(Burm.f.) grapholide P. @eruginosa, (Majumdar et al.,
E coli, 2020)
Mycobacterium tuberculosis, Enterococcus faecalis, (Rasool et al,, 2018)
Staphylococcus aureus
4. Azadirachta Leavesseed Isoprenoids (e.g., terpenoids Aqueous extract Ethanolic Methanolic extract ~ (Blum et al., 2019)
indica A. Juss s, bark, containing limonoid extract (Mustafa, 2016)
stems structures) and non- Bacillus anthracis, Helicobacter pylori,  (Saleem et al., 2018)
isoprenoids (e.g., tannins) Enterococcus Klebsiella Klebsiella (Wylie and Merrell,
faecalis, pneumoniae,  pneumoniae, 2022)
E coli, Helicobacter Alcaligenes faecalis,
Klebsiella pylori, E coli,
pneumoniae, Bacillus subtilis, Pseudomonas
Helicobacter Enterococcus  aeruginosa,
pylori, faecalis, Pseudomonas
Pseudomonas E coli, gingivalis,
aeruginosa, Lactobacillus ~ Salmonella spp.
Salmonella spp.  acidophilus, Salmonella typhi,
S. aureus, Listeria Shigella spp.
Streptococcus monocytogenes, Staphylococcus
mutans, Pseudomonas  aureus,
Vibrio aeruginosa, Streptococcus
parahaemolyticus Porphyromonas viridans
gingivalus,
Staphylococcus
aureus,
Salmonella spp.
Staphylococcus
epidermidis,
Streptococcus
mutans
5. Calotropis Leaves Quercetin-3-O-rutinoside, Aqueous extract
gigantea (L.) Glycosides, Asclepin, Calactin, (Kumar et al., 2010).
Cymarin, Calotropin S. aureus, K. pneumoniae, Bacillus cereus, P. aeruginosa, (Nenaah, 2013)
Micrococcus luteus, (Bhat and Sharma,
E. coli, 2013)
Salmonella enteritidis,
B. subtilis
6. Catharanthus Alcoholic extracts
roseus (L.) G. N/A Canthaxanthin l (Naz et al.,, 2015)
Don (Khalil, 2012)
Bacillus licheniformis, (Rani et al,, 2017)
S. aureus,
E. coli
Aqueous + Alcoholic extracts
7. Coccinia grandis N/A Protease inhibitors ‘ (Satheesh and
(L) Murugan, 2011)
B. subtilis, K. pneumoniae, S. aureus, E. coli, (Sakharkar and
Proteus vulgaris, E. faecalis, S. aureus, P. aeruginosa Chauhan, 2017)
8. Croton N/A N/A N/A Benzene + Ethanolic extracts
bonplandianum Enterobacter aerogenes l (Vennila and
Baill E. faecalis E. coli Udayakumar, 2015)
S. aureus
9. Curcuma sp. Crucial Epicurzerenone, Eucalyptol,

Curcuma caesia oil
Roxb

Curcumin,
Kynurenine

B. cereus, B. subtilis,
E. coli and S. aureus

(Paw et al.,, 2020)
(Adeyemi et al.,
2020)
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Alkaloids, Oil, Fat glycosides,

Ethanolic extract

10. Cuscuta reflexa Whole Carbohydrates, Phenolics, (Saini et al., 2015)
Roxb. plant Tannins, Lignin, Saponins, E coli, B subtilis, Salmonella typhimurium, Proteus (Manore et al.,
Flavonoids, Terpinoids vulgaris, Xanthomonas campestris, Paracoccus 2012)
denitrificans, Klebsiella pneumonia (Islam et al.,, 2015)
(Noshad et al., 2023)
(Dhale, 2022)
Gallic acid, Quinic acid, Aqueous + Ethanolic extracts Methanolic
11. Fagonia cretica Leaves Cyclo-I-leu-I-pro, ‘ extract (Qureshi et al., 2016)
L. stem Vidalenolone, Liquirtigenin, l (Ali et al., 2023)
Rosmarinic acid, Cerebronic  B. subtilis, E. coli, E. coli, (Syed et al., 2013)
acid, P. aeruginosa Klebsiella pneumoniae, (Arsalan et al., 2022)
Succinic acid, cyclo (I-Leu S. carnosus, E. coli S. typhi (Tabassum et al.,
I-Pro), Liquirtigenin 2022)
(Agyare et al., 2013)
12. Justicia flava Leaves Sitosterol, Campesterol Pseudomonas aeruginosa ATCC 4853, (Amborabé et al.,
(Forssk.) Vahl. Stigmasterol Escherichia coli ATCC 25922, 2002; (Rajakumar
Staphylococcus aureus ATCC25923 and Shivanna,
2009).
13. Momordica Leaves Phenolic, Saponins, Staphylococcus aureus, (Mwambete et al.,,
charantia L. Fruit Terpenoids Pseudomonas aeruginosa, 2009)
Escherichia coli (Agyare et al,, 2014)
Enterobacter aerogenes,
14. Myrianthus Leaves Linoleic acids Esrichia coli, (Agyare et al., 2009)
arboreus P. Bark Klebsiella pneumoniae, (Seukep et al,, 2015)
Beauv. Providencia stuartii,
Pseudomonas aeruginosa
Alkannin, Ferulic acid, Vanillic (Rahman et al.,
15. Onosma Leaves acid, Flavonoids E coli, 2015)
bracteatum S. aureus, (Kumar et al,, 2013)
Wall. P. geruginosa (Yasmin et al., 2018)
Salmonella enteritidis Salmonella typhi
16. Phyllanthus Fruit 1, 2, 3-benzene-triol P. aeruginosa, Chromobacterium violaceum, (Nair et al., 2020)
emblica L. Seeds S. aureus, Serratia marcescens (Patel et al., 2020)
Alkaloids, Coumarin, (Manjulika et al.,
17. Swertia chirata LeavesStem Glycosides, Steroids, E. faecalis, P. aeruginosa, S. aureus, K. pneumonia 2016) (Khan et al.,
Roxb. , Quinones, Flavonoid, 2018) (Subedi and
Roots Terpenoids Karki, 2018)
Saponins, Terpenes, Tannins,
18. Viola odorata L. N/A Alkaloids, Flavonoids, Ethanolic extracts (Aslam et al., 2018)

Glycosides, Steroids (Das et al., 2021)

!

B. cereus, E. coli, B. subtilis, K pneumonia, M. luteus.

Momordica charantia L. (Bitter melon)

This plant belonging to the family Cucurbitaceae is available with the common names of bitter melon, bitter
cucumber, or bitter gourd in Africa, Asia, and the Amazon. It's highly famous for curing sort of skin diseases. The main
components of its leaves and fruits, effective for multiple ailments have been observed to contain phenolic and saponins
(Lopes et al., 2020). However, different plant parts have the crucial potential for controlling diabetes, the growth of tumors,
anti-viral particles causing severe infections of measles and hepatitis, and other menstrual health issues (Nagasawa et al.,
2002). The most prominent bacterial pathogens including Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia
coli could be better controlled by extracts of M. charantia (Mwambete et al., 2009). Further investigation by Agyare et al.
(2014) revealed that terpenoids present in the plant extract are responsible for inhibiting the non-mevalonate pathway that
could indirectly block the synthesis of bacterial cell membranes (Fig. 4) (Table 1).

Myrianthus arboreus P. Beauv. (Giant yellow mulberry or Monkey fruit)

This is one of the essential medicinal plant of the family Cecropiaceae which is included in the emergently growing
vegetation of Ghana and the surrounding forests of African zones. Leafy extracts are very effective in various health
problems such as diarrhea, dysmenorrhea, dysentery, incipient hernia, boils, and wounds which are caused by bacteria. In
case of skin problems, linoleic acids as the chief composition of its oil can better manage the impermeability of skin to
water and safely control such bacterial infections (Agyare et al., 2009).As well as, bark and leaf extracts of Myrianthus have
been reported to be significantly effective (78.6%) against multiple bacterial strains of Enterobacter aerogenes, Esrichia coli,
Klebsiella pneumoniae, Providencia stuartii and Pseudomonas aeruginosa (Seukep et al., 2015) (Fig. 4 (Table: 1).

Onosma bracteatum Wall. (Gaozaban)
The cell wall of Onosma bracteatum (universally known as Gaozaban) comprises effective chemicals including alkannin,



110

ferulic acid, vanillic acid, and essential flavonoids with pharmacologic importance. It is used as the basic ingredient of many
Ayurvedic formulations in different parts of world (Rahman et al., 2015)to cure human problems including constipation,
chronic diarrhea, dyspepsia, dysentery as well as heart and brain issues (Rao et al, 2003).. The leafy extracts of O.
bracteatum were reported to be most effective against E coli, S. aureus, and P. aeruginosa by Kumar et al. (2013) and
Yasmin et al. (2018). The leaves and stems of this herb can act as a potential drinking constituent (called the Joshanda) for
the cure of bronchitis and asthma (Patel et al.,, 2008) (Table: 1).

Phyllanthus emblica L. (Amla)

Another widely used herbal plant: Phyllanthus emblica with the common name of Amla was reported to exhibit the 1,
2, 3-benzene-triol as an active biomolecule which in the form of its fruit extract indicated exceptional antimicrobial effect
against Salmonella strains of species: enteritidis and typhi (Nair et al., 2020). The seed extracts of the plant exhibited
antibacterial action against P. aeruginosa, Chromobacterium violaceum, S. aureus, and Serratia marcescens (Patel et al,,
2020) (Table: 1).

Swertia chirata Roxb. (Bitter stick)

One of the popular members of the family Gentianaceae is Swertia chirata which plays a critical role as a traditional
medicine to cure digestive issues, fever, loss of appetite, diabetes, and many skin problems due to its bitter toxicity (Aleem
and Kabir, 2018). Moreover, ingredients of S. chirata exhibited an active role against E. faecalis, P. aeruginosa, S. aureus, and
K. pneumonia (Manjulika et al., 2016; Khan et al., 2018; Subedi and Karki, 2018) (Table: 1).

Viola odorata L. (Sweet voilet)

Among the herbal medicines, the significance of Viola odorata can't be ignored as it is highly effective in various
health issues the most common including the common cold, cough, headache, fever, dysuria, constipation, dyspnea,
palpitation, epilepsy, insomnia, and multiple skin infections (Feyzabadi et al, 2018). The antibacterial action of V.
odorata in the form of ethanolic extract has been revealed by Aslam et al. (2018) against the five most dominating
pathogenic strains including B. cereus, E. coli, B. subtilis, K pneumonia, and M. luteus. However, saponins, terpenes,
tannins, alkaloids, flavonoids, glycosides, and steroids are declared as potential phytochemicals (Das et al., 2021) (Fig. 4)
(Table 1).

Conclusion

Although pathogenic bacteria prevail worldwide, their antibiotic properties persist, imposing a serious threat to the
medicinal industry. To control the current scenario, understanding of key mechanisms of bioactive compounds is
becoming a major challenge for the scientific community. However, the role of herbal plants in this perspective cannot be
ignored which can be the key solution for the development of therapeutic drugs to be effective against multifarious
communities of bacteria. As only a considerable amount of phytochemical ingredients have been investigated yet, further
efforts for the screening and exploring of the bioactive chemicals along with the recognition of suitable molecular
mechanisms are in urgent demand, for the benefit of the global population.
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