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Manuscript History The major problem in drug manufacture nowadays is that many
Received: 25 April 2022 bacteria have evolved and became resistant to some particular drugs,
Final Accepted: 27 May 2022 these bacteria are referred to as multidrug resistant bacteria (MDR).
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healthcare of people in the recent past. These multidrug resistant
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Bacteria, Antibiotics increased the expenditure of newer drugs and healthcare facilities.

Therefore, novel and effective new drugs and innovative new
therapies are urgently needed to treat MDR infections. From ancient
times people have always tried to find cure for their health-related
problems from the nature and the same has been the case in finding a
solution to these multidrug resistant bacteria. So, in recent times
studies have been conducted on different phytoconstituents like
flavonoids, alkaloids, tannins, phytosterol etc. of plant origin to check
their antimicrobial property against multidrug resistant bacteria. The
Middle East comprises of a wide spectrum of plant diversity with over
20,000 different species in habitats ranging from deserts to snow-
capped mountains. This review will help in considering certain
phytoconstituents  for preparation of drugs against multidrug resistant
bacteria and solving this increasing problem which is to make drugs
against multidrug resistant bacteria.
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Introduction:-

On Earth, there are an estimated 500,000 species of plants, both known and unknown ,only 1-10 percent
of them are consumed as food by animals and humans (Borris 1996; Cowan 1999).Antibiotic or antimicrobial
resistance is a condition in which microbes develop resistance to a spectrum of antibiotics, also known as
multidrug resistance and these microbes are commonly known as drug or antibiotic resistant pathogens (Yu et
al., 2020). MDR bacteria are responsible for over half of all hospital-acquired infections globally (Leen Othmani,
Ahmad Sleiman2 and Roula M. Abdel-Massih2 et al.2019). Infections caused by antibiotic-resistant bacteria are
frequently associated with high morbidity and death, as well as a significant financial burden on global healthcare
(Centers for Disease Control and Prevention, 2019). Pathogens are classified as multidrug resistant (MDR),
extensively drug — resistant (XDR), or pandrug — resistant (PDR) based on their drug resistance profile, according to
the European Centre for Disease Prevention and Control (CDC) (Magiorakos et al., 2012). Given the rapid growth
of medication resistance microbes and the substantial  threat it poses to global health, the World Health
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Organization has made developing new treatments to treat such infections as primary priority (WHO) (The Lancet
Infectious Diseases, 2017). Plant derivatives are being studied to discover a solution to these multidrug resistant
bacteria. The number of bioactive chemicals derived from plants is believed to be at least 200,000 yet this is still a
small percentage of the compounds compared by number of plant species on Earth (Efferth and Koch 2011).

List of antibiotic resistant bacteria published by WHO-

The WHO list is divided into three categories which are as follows:

Critical - It is the most critical group of all which includes multidrug resistant bacteria that causes hazard in
hospitals, nursing homes, and among patients whose treatment needs devices such as ventilators and blood catheters,
making this the most critical category of all.

Acinetobacter, Pseudomonas, and several Enterobacteriaceae (including Klebsiella, E. coli, Serratia, and
Proteus) are among them. They can cause infections that are serious and often fatal, such as bloodstream
infections and pneumonia.

High and medium priority — Other more drug-resistant bacteria that cause more prevalent disorders like gonorrhea
and salmonella-related food poisoning are found in the second and third tiers of the list.

Table 1-

Critical group -

i) Acinetobacter baumannii

carbapenem-resistant

ii) Pseudomonas aeruginosa

Carbapenem —resistant

iii)Enterobacteriaceae

carbapenem-resistant, ESBL-producing

High group-

i) Enterococcus faecium

Vancomycin-resistant

ii) Staphylococcus aureus

methicillin-resistant, vancomycin-intermediate
resistant

and

iii) Helicobacter pylori

Clarithromycin-resistant

iv)Campylobacter spp.

Fluoroquinolone — resistant

v) Salmonellasp.

Fluoroquinolone — resistant

vi) Neisseria gonorrhoeae

cephalosporin-resistant, fluoroguinolone-resistant

Medium group

i) Streptococcus pneumoniae

penicillin-non-susceptible

ii)Hemophilus influenzae

ampicillin-resistant

iii)Shigella spp.

Fluoroquinolone-resistant

Bacterial Resistance

Bacterial resistance to traditional antimicrobial treatments hasbeen linked to about 20,000 resistant genes, and
numerous mechanisms have been proposed to explain it (Aslam et al ,2018). Some bacteria are naturally antibiotic-
resistant, whereas others develop resistance primarily as a result of antibiotic abuse and the introduction of new
resistant strains (Vargiu et al., 2016).
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Fig 1:- Different mechanisms acquired by microorganisms for antibiotic resistance.

Role of genes in multidrug resistance

Some bacteria become multidrug resistant due to accumulation of many resistant genes on mobile genetic elements
(MGE) by using the process of Human Gene Transfer (HGT). The main reservoirs and hotspots for the propagation
of antibiotic resistance genes have been demonstrated to be human and animal guts, as well as naturally occurring

and artificial habitats such wastewater treatment plants and manured soils (ARGs) (Kim et al.,2021).

Different plant constituents

Flavonoids are powerful antioxidants that also work as antibacterial agents in vitro against a wide range of
pathogens by inhibiting membrane — bound enzymes. Because of their antioxidant and anti-inflammatory qualities,

they also showed significant anticarcinogenic and antimutagenic activity.
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Fig 2:- Structure of flavonoids.
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(Nishiumi et al., 2011)

Alkaloids are a class of chemical compounds found in nature that are largely made up of basic nitrogen atoms.
Some similar chemicals with neutral or even slightly acidic characteristics are also included in this group. Along
with hydrogen, nitrogen and carbon, alkaloids may also contain oxygen, sulfur and more rarely other elements such
as chlorine, bromine and phosphorus.
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Fig 3:- Structure of flavonoids(Hiraoka et al., 2004).

Berberine (isoquinoline alkaloid) discovered in Berberi’s species (roots/stems) has antibacterial activity, which can
be linked to berberine’s actions against DNA intercalation, RNA polymerase, gyrase/topoisomerase, and cellular
division. (Iwasa et al., 2001; Yi et al., 2007; Domadia et al., 2008)

Reserpine (an indole alkaloid) from the plant Rauwolfia serpentina has similarly been shown to block efflux pumps
(Sridevi et al., 2017). When co-administrated with antibiotics like ciprofloxacin or gentamicin, piperine (an alkaloid)
from Piper nigrum and Piper longum has shown to inhibit methicillin-resistant S. aureus (Kumar et al.,
2008; Khameneh et al., 2015).

Quinoline alkaloids isolated from the stem bark of Tecleaafzelii (such as masculine, kokusagine and dictamnine)
have demonstrated considerable antibacterial activity (Kuete et al., 2008).

Tannins - Local tumors are brought on by a class of polymeric phenolic chemicals known as tannins. They are able
to inactivate and kill microorganisms. They used in the treatment of varicose ulcers, hemorrhoids, minor burns,
frostbite as well as inflammation of gums, in recent years, these compounds have demonstrated their antiviral
diseases including AIDS.

Quinine, is a natural white crystalline alkaloid having antipyretic (fever reducing), analgesic (painkilling), and anti-
inflammatory properties and a bitter taste used in treating malaria, can cause dizziness if taken in large doses.

Polyphenols are a class of secondary plant metabolites that have a phenolic pharmacophore (Leen Othman et
al,.2019). Apart from their antioxidant properties, polyphenols have been shown to have anti-inflammatory,
antiallergic, anticancer, antihypertensive, and antibacterial properties (Lin D et al,.2016). Although the precise
mechanism for polyphenols' antimicrobial effect is unknown, multiple studies have suggested that polyphenols link
to bacterial enzymes via a hydrogen bond at the cellular level, causing significant changes in cell membrane
permeability and cell wall integrity (Ganesan et al,.2017).
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Plant Compound Target References

Piper nigrum and Piper | Piperine (alkaloid) methicillin-resistant S. Umar et al.,
longum aureus 2008; Khameneh et al,,

2015

Chelidonium majus L.

Sanguinarine

S. aureus

H. S. Cho, S. H. Chang,

(roots) Y. S. Chung et al.,2009
Solanaceous plants (tomato, | tomatidine (steroidal | drug-resistant S. aureus | Mitchell et al., 2012
potato, eggplant etc.) alkaloid)

Plants from the | Allicin (diallyl | methicillin-resistant S. | Cai et al., 2008; Reiter et

family Alliaceae, especially fin
garlic (Allium sativum)

thiosulfinate,
organosulfur compound)

aureus,S.epidermidis, P.
aeruginosa and the
periodontitis

al., 2017

Armoracia rusticana isothiocyanates (volatile | H. pylori Fahey et al., 2013; Park
organosulfur et al., 2013
compounds)

Persea lingue Kaempferol (flavonoid) | S. aureus Holler et al., 2012

Conclusion and Future Perspectives: -

Antibiotic-resistant bacteria are a key source of concern in today's world healthcare system. So, the development of
new/alternative and effective treatments for drug-resistant diseases is becoming a global priority. Phytochemicals, or
active principles derived from plants, have developed as an alternative to traditional antibiotics for treating
infections caused by antibiotic resistant pathogens. Many phytochemicals have shown promise as bactericidal or
antimicrobial agents that enhance the effectiveness of current antibiotics. In response to the diminishing stock of
conventional antibiotics, phytochemicals are proving to be potential alternatives. These phytochemicals have shown
promise as future medications, and more scientific information is needed in this area. Despite multiple effective
examples of phytochemicals treating antibiotic-resistant diseases, their translational success or commercial
application is quite poor and requires significant improvement. So, there is a critical need for expedited study,
regulatory approval, and implementation of these phytochemicals to combat MDR-related clinical consequences.
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