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Abstract

The overuse/misuse of antimicrobial drugs caused
emergence of antibiotics resistance. The medical science
is facing this very urgent issue as World Health
Organization (WHO) description. Thus, there is an urgent
need to develop new antibiotics used against resistant
bacterial isolates. This has directed researchers to
discover new phytochemicals from medicinal plants to act
against drug resistant microbes. Therefore, to get more
perspective on using of phytochemicals as alternative
medications to combat the issue of antibiotic resistance,
to understand the mechanisms of actions in killing and
inhibiting the microbes, this medical study is made.
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Introduction
The World Health Organization (WHO) has
reported that 80% of the developing world still used
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medicinal plants as traditional medicines [1]. 20,000
species names of medicinal plants has recorded by
WHO, these medicinal plants are considered as
potential sources of new medications, 1340 plants are
defined for their antimicrobial activity and 30,000
plant antimicrobial compounds are isolated [1].

The irregular, inappropriate, extensive and
random uses of antimicrobial drugs have resulted in
appearance of antibiotics resistance, making many
current therapies ineffective [2-6]. The medical
science is facing this very urgent issue as WHO
description [7]. Thus, there is an urgent need to
develop new antibiotics that are able to be used
against resistant isolates. This has directed
researchers to discover new phytochemicals from
medicinal plants to act against drug resistant
microbes [8].

Medicinal plant antimicrobial drugs can work
alone or in combination with antimicrobial therapies
for enhancing their antimicrobial activity against drug
resistant pathogens [9]. Many medicinal plants is still
unexplored their antimicrobial action, researchers are
more working on the medicinal plants for exploring
new and effective therapies [10].

Therefore, to get more perspective on the using
of medicinal plant extracts as alternative medications
to combat the issue of antibiotic resistance, to
understand the mechanisms of action of
phytochemicals which are responsible for medicinal
plants activity against bacterial resistance were
discussed in this medical study.
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Antimicrobial activity of phytochemical
compounds and their mechanisms of action
Medicinal plant extracts have various rates of

antimicrobial activities in addition to that they have
anti-inflammatory and some of them considered as
antioxidant [11]. These medicinal plants antibacterial
compounds have an important clinical value in
inhibition the growth of protozoa, bacteria, viruses,
and fungi [12]. Chemically complex compounds of
medicinal plants have wide range effects with low
chances of developing resistance and have less side
effects than synthetic medications [13].

Many countries are approved the synthetic
antimicrobial drugs, but many researchers attract the
natural compounds of medicinal plant their attention as
natural medications, the discovery of new natural
bioactive compounds of the medicinal plants which can
fight against resistant pathogens [14]. The
phytochemicals have therapeutic value; secondary
plant metabolism is produced secondary metabolites
products that are used for medicinal purposes [15].
The antimicrobial activity and mechanisms of action
the natural compounds of medicinal plants are
described below [15, 16].

Alkaloids

Have antimicrobial effects, antispasmodic, and
analgesic, alkaloids mechanisms of action are detailed
in Figure 1 [1,17].

Figure 1. Alkaloids mechanisms of action.

Alkaloids

Indoquinoline alkaloids have activity against Gram- negative
bacteria and yeast

Alkaloid quinine has antiprotozoal activity against the
malarial parasite

Berberine, an isoquinoline alkaloid, disrupts the
membrane structure by increasing the membrane
permeability of bacteria

Most of the alkaloids act through Efflux pumps inhibitory
activity

Source: [1,17].

Phenolic Compounds/Polyphenols

Involve: tannins, flavonoids, quinones, flavanols
and flavones with various mechanisms of action
towards various pathogens as mentioned bellow in
Figure 2. [1,18].
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Figure 2. Phenolic compounds/Polyphenols
mechanisms of action.

Phenolic CompoundsPolyphenols
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‘ Flavones : represent an antimacrobaal agent to &isupt microbial envelopes

Flavones : form complexes with the microbeal cell wall and inactivate
Peafic miaobial enzymes

Flavonoids : has power to form complexes with both extraceliular proteins,

as well as with bactenial membranes. The antimicrobial actiwity is through

inhibstion of bactenal wirulence factors such as QS sgnal receptors and

enzymes, destabilization and permeabilization of the cytoplasmic membrane,

mmhibition of extracellular microbial enzymes, and depnivation of the

substrates required for microbial growth sach as iron and zinc. In addition to
| providing a source of stable free radicals

Quinones : are known to complex with nucleophulic amino aads in
microbtal proteins often leading to loss of their action

Tannins ;| are characterized by antibacterial activity againg both Gram- |
negative and Gram-postive bactena, oocurming through mechanisms
induding diguption of cell wall and membrane, inhibition of ox:datve
phosphorylation which affects microbial metabolism, intercalation into
DNA base pars, and inhbition of mucyobnal enrymes which generally

| affect transcription, repress expresson, and Guse cell death

Source: [1,18].

Sulfur-Containing Compounds

The compounds are isothiocyanates, ajoene, and
allicin, their mechanisms of action are mentioned in
Figure 3 [1,19].

Figure 3. Sulfur-Containing Compounds mechanisms of
action.

Sulfur-Containing Compounds ’

are effective against both Gram-positive and Gram-negative bacteria
including Helicobacter pylori.

' Aatimicrobial mechanisms of sulfur-containing compounds may include |
the inhibition of sulfhydryl-dependent enzymes and partial inhibition of
the DNA and protein synthesis as well . Some compounds can also
damage the cell wall integrity and lead 10 the leakage of cellular
metabolites .

Antifungal activities of these compounds might be related to decreased
rate of oXygen consumption, intracellular accumulation of reactive
oxygen species, and the depolarization of mitochondrial membrane .

Source: [1,19].

Coumarins

Are phenolic substances with antibacterial activity,
their mechanisms of action are mentioned in Figure 4
[1,20].

Figure 4. Coumarins mechanisms of action.
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Coumarins

Coumarins can suppress the QS network of bacterial pathogens, i.c..
the production of small signal molecules by bacterial cells and
affect their ability in the development of biofilm formation and
virulence factor production,
Some coumarins show inhibition against the EP system in MRSA
and are were also potent inhibitors of DNA gyrase Jhave also been
found to stimulate macrophages, which could have an indirect
| negative effect on infection .

Coumarins extracts from many medicinal plants are active against
strains of Salmonella eutersca Typht. Enterobacter aerogenes,
Enterobacter cloacae. Bacillus subtilis. Klebsiella pneunoniae,
Staphylococcus aureus, MRSAand Helicobacter pylort.

Source: [1,20].

Terpenes

Their derivatives contain usually oxygen and
called as terpenoids, their mechanisms of action are
mentioned in Figure 5 [1,21].

Figure 5. Terpenes mechanisms of action.

Terpenes

The antimicrobial mechanisms of terpenes are closely refated to their lipophilic
features which facilitate their penetration into the microbial cell wall.

Monoterpenes preferentially impact the structures of the membrane by increasing
its flusdity and permeability, altering the topology of its proteins, and making
disturbances across the respiration chamn .

| the mechanism of action of terpenoids s not fully understood butis speculated to
involve membrane disruption by the lipophilic compounds, disruption of the protemn
motive force, and coagulation of cell contents.

They have been showing to possess antibacterial activity against Escherschis coll,
Enterococcus fecalis, Staphylococcus aureus, Salmonella sp.. Vibrio
parabaemolyticss. and Helrcobacter pylort.

Source: [1,21].

‘ESKAPE’ Pathogens and Medicinal Plants

At the last four decades, the uncontrolled\over
used of antibiotics has led to increase the global health
crisis, that called by antimicrobial resistance. The
microbes which are caused global lethal threating in
healthcare settings are called by ‘superbugs’ because
of their multiple, extensive or Pan Drug resistance [1].
Enterococcus  faecium,  Staphylococcus — aureus,
Klebsiella  pneumoniae,  Acinetobacter baumanni,
Pseudomonas aeruginosa, and Enterobacter species
are named (ESKAPE bacteria) by the Infectious Disease
Society of America, they are considered as very
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dangerous bacterial group because of their virulence
factors and their high rate resistance towards various
kinds of antimicrobial drugs [22-25].

These ESKAPE pathogens caused intense need to
discover novel antimicrobial agents. Phytochemicals
are considered as promising curative effects against
ESKAPE infections [22,26]. Martynia annua, Cynodon
dactylon etc. are considered as broadspectrum activity
medicinal plant against one or two ESKAPE pathogens
[27]. Aloe vera and Cynodon dactylon etc. have the
ability to prevent AMR [28].

Limitations

Various studies from various countries are used
plant extracts for treating infections of ESKAPE, but
more researches are in need to unify all information
into a commercial antimicrobial drug.

Conclusion

The antimicrobial activity of medicinal plant is
considered as a new hope against dangerous threats of
increasing the rate of antimicrobial resistance over the
world. Therefore, high priority should be given for
making new studies to discover new bioactive
compounds from medicinal plants with therapeutic
effects are considered as urgent needs, which have yet
to be adequately explored. It is very important to
conduct in vitro and in vivo tests to ensure that the
selection of the compounds is right (nontoxic and
active antimicrobial plant-derived compounds).
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