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ABSTRACT

Human infectious diseases caused by various microbial pathogens, in general, impact a large population
of individuals every year. These microbial diseases that spread quickly remain to be a big issue in various
health-related domains and to withstand the negative drug impacts, the antimicrobial-resistant patho-
genic microbial organisms (pathogenic bacteria and pathogenic fungi) have developed a variety of resis-
tance processes against many antimicrobial drug classes. During the COVID-19 outbreak, there seems to
be an upsurge in drug and multidrug resistant-associated pathogenic microbial species. The preponder-
ance of existing antimicrobials isn’t completely effective, which limits their application in clinical set-
tings. Several naturally occurring chemicals produced from bacteria, plants, animals, marine species,
and other sources are now being studied for antimicrobial characteristics. These natural antimicrobial
compounds extracted from different sources have been demonstrated to be effective against a variety
of diseases, although plants remain the most abundant source. These compounds have shown promise
in reducing the microbial diseases linked to the development of drug tolerance and resistance. This paper
offers a detailed review of some of the most vital and promising natural compounds and their derivatives
against various human infectious microbial organisms. The inhibitory action of different natural antimi-
crobial compounds, and their possible mechanism of antimicrobial action against a range of pathogenic
fungal and bacterial organisms, is provided. The review will be useful in refining current antimicrobial
(antifungal and antibacterial) medicines as well as establishing new treatment strategies to tackle the ris-
ing number of human bacterial and fungal-associated infections.
© 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Antimicrobial resistance (AMR)poses a severe population
health danger to advances made in infectious disease treatment,
cancer treatment, organ transplantation, and critical care (O’Neill
2016). This developing issue is as heavy as many other global
issues like climate change, and it necessitates effective manage-
ment and response (Ayukekbong et al., 2017). Drug-resistant dis-
eases caused by AMR kill roughly 700,000 people worldwide each
year, and without effective intervention, 10 million individuals
are expected to expire and the global economy will lose around a
hundred trillion dollars around the year 2050 (O’Neill 2016). In
South Asia, India has experienced one of the largest increases in
age-standardized infectious disease mortality, and the phe-
nomenon of antibiotic resistance is on the rise. Meanwhile, India
is the world leader in human antibiotic usage, which represents a
notable factor in AMR. The use of a spectrum of pragmatic antibi-
otic therapies increases as resistance spreads, limiting potential
treatments and affecting outcomes for patients. Excessive antibi-
otic utilization, insufficient knowledge, improper utilization of di-
agnostic procedures, overpopulation, cross-infections, poor health
infrastructural facilities, etc. as well intensify the issue of AMR in
India (Manesh and Varghese 2021). The Antimicrobial Resistance
Surveillance Research Network was developed by the Indian Coun-
cil of Medical Research (ICMR) to assess the impact of resistance
amongst seven important pathogenic organismsand undertake
stewardship actions (Walia et al., 2019). Antimicrobial tolerance
represents a worldwide concern as a result of the widening range
of various drug resistance processes (Brown and Wright 2016).
The rapidly rising AMR problem must be addressed right away.
Antimicrobial drugs as therapy choices for the developing
multidrug-resistant (MDR) microbial diseases are limited, and
there are a variety of negative factors contributing to the emer-
gence of such a growing AMR epidemic (Qadri et al., 2021). India
has been a member of the Global Antimicrobial Resistance Surveil-
lance System since the year 2017. Even though surveillance is in
place, the clinical presentation of drug-resistant infections is still
unclear, leading to a loop of incorrect medication and tolerance
strengthening (Manesh and Varghese 2021).

AMR is a major public health issue around the world (Prestinaci
et al., 2015). Excess microbial exposure to antibiotic compounds,
primarily due to their abuse in agricultural and healthcare centers,

is one of the major drivers of the AMR phenomenon (Capozzi et al.,
2013).0veruse/misuse of antibiotics, unsuitable and wrongly given
antibiotics, large agricultural utilization of antibiotics, and the
accessibility of only a few innovative antibiotics are the factors
contributing to the establishment of antibiotic tolerance issues
and crises (Ventola 2015). On the other hand, due to scientific con-
straints, clinical impediments, and poor economic yields, develop-
ment in discovering novel antimicrobial agents has slowed (Payne
et al., 2015). Since the quality of pharmaceutical drugs is still in
question, developing countries and regions with low resources, a
defective pharmaceutical supply chain, and poor health
service management systems may contribute most to the develop-
ment of the AMR phenomenon (Chokshi et al., 2019). AMR propa-
gation has been accelerated during and after the COVID-19
outbreak due to overutilization and misuse of current antimicro-
bial drugs, in addition to other well-known variables that drive
the AMR phenomenon (Lobie et al., 2021). AMR is a complex issue
that must be tackled in the same way as other global issues such as
climate change and global warming (Ayukekbong et al., 2017).
Hence, there is an urgent requirement for the establishment of
novel tactics and ways to address the issue of growing drug toler-
ance associated with different pathogenic bacterial and fungal
organisms. Different molecular, genetic, and immunological pro-
cesses must be established to effectively manage the expanding
number of infections in humans. (Mir, 2015; Mir and Agrewala,
2007; Mir and Al-baradie, 2013; Mir and Albaradie, 2014; Sheikh
et al., 2021; Mir, 2021; Sheikh et al., 2021). To cope with the
negative drug impacts, these pathogenic microorganisms have
developed different tolerance processes (Fig. 1) against many
antimicrobial classes.

Antimicrobials (antibacterial and antifungal) of different
classes are being continuously utilized (Fig. 2 and Fig. 3) (Qadri
et al., 2021). The majority of existing antimicrobials aren’t
completely effective, which limits their application in clinical
practice. Even though synthetic antimicrobial drugs have indeed
been approved throughout many countries, several researchers
are interested in the use of natural substances obtained from dif-
ferent organisms viz: microbes, plants, and animals (Gyawali and
Ibrahim 2014, Moloney 2016). These substances have shown the
potential in preventing infections associated with increased drug
tolerance (Rossiter et al, 2017). We present a comprehensive
summary of the most important natural products and their
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Molecular Drug Resistance Processes assocaited with Human Pathogenic Microbes (Bacteria
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Fig. 1. Modifications and up-regulation/activation of drug efflux pumps, expansion of the drug-target molecule, and other molecular drug resistance procedures used by
diverse pathogenic microbial species (pathogenic bacteria and fungi) to counter the impacts of multiple antimicrobial drugs are represented in this figure.
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Fig. 2. Diagrammatic representation of the most utilized classes of antibacterial agents (Monobactams, Aminoglycosides, Macrolides, Cephalosporins, Rifampin,
Sulfonamides, etc.) with major sites of action (Cell wall, plasma membrane, ribosomes, etc.).

derivatives against different human pathogenic bacterial and 1.1. COVID-19 pandemic and the increasing antimicrobial resistance
fungal organisms in this review. The review will be valuable in

giving information for improving the current antimicrobial (anti- As per many recent reports, it has been found that during the
fungal and antibacterial) therapies and developing novel treat- COVID-19 outbreak, there was an upsurge in MDR-associated
ment techniques to combat the rising number of bacterial and pathogenic microbial organisms (Contou et al., 2020, Li et al,,
fungal infections. 2020, Posteraro et al., 2020, Mohamed et al., 2021). SARS-CoV-2
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Fig. 3. Diagrammatic representation of the most utilized antifungal drugs with major sites of action. In general, antifungal drugs like Candins attack the fungal cell wall,
destroying it and allowing other antifungal agents to work. Furthermore, antifungals such as polyenes and azoles target ergosterol, an important cell membrane ingredient,
inducing cell death and allowing 5-flourocytosine to target nuclei and disrupt DNA/RNA synthesis.

(severe acute respiratory syndrome coronavirus 2)infection is
minor in most people, but co-infection can enhance a patient’s vul-
nerability to serious illnesses by weakening the system of defense
(Netea et al., 2020). The cause for increasing multidrug-resistant
pathogenic microbial organisms is multifactorial and especially
associated with increased rates of vigorous antimicrobial usage in
COVID-19 individuals having a minimum risk of secondary or co-
infection (Lai et al., 2021). According to a recent study, COVID-19
patients had significantly decreased gut bacterial diversity, oppor-
tunistic pathogens like Streptococcus, Veillonella, Actinomyces, etc.
are significantly higher, and beneficial symbionts such as Blautia,
Collinsella, etc are significantly reduced (Gu et al., 2020). However,
another study in a descriptive investigation found that the co-
infected fungal organisms comprised Aspergillus spp., Candida albi-
cans, and Candida glabrata (Chen et al., 2020). A study done by Li
et al. in Wuhan, China, found that Acinetobacter baumannii was
the most prevalent infectious organismamong 159 bacte-
rial strains collected from 102 COVID-19 patients (having acquired
secondary bacterial diseases), following Klebsiella pneumoniae, etc
(Li et al., 2020). Another retrospective analysis conducted in a
French ICU (Intensive Care Unit) discovered that 26 COVID-19
patients admitted to the ICU for acute respiratory failure had been
co-infected with a pathogenic bacterial strain, 2 of which were tol-
erant to 3rd-generation cephalosporins and 5 of which were toler-
ant to the antibiotic agent amoxicillin/clavulanate (Contou et al.,
2020). According to a study report, 5 COVID-19 patients from
New York were co-infected with New Delhi Metallo-lactamase
(NDM)-producing Enterobacter cloacae. Co-infections with fungi
in COVID-19 victims are a frequent clinical challenge. According
to a report, a COVID-19 patient having type 2 diabetes mellitus suf-
fered three bouts of secondary bloodstream infection caused by the
human pathogenic organism Candida glabrata and others
(Posteraro et al., 2020). Another study reported that an Irish
patient having acute COVID-19 pneumonia was worsened by a
lethal co-infection with a multi-triazole-tolerant Aspergillus

fumigatus strain (Mohamed et al., 2021). Antibiotic stewardship
concepts such as quality assessment and proactive infection con-
trol strategies, as well as adequate medication and improved
antimicrobial administration, could reduce the emergence of such
pathogens during this outbreak (Lai et al., 2021).

Many research studies have reported different mechanisms
associated with COVID-19 effects which contribute to the develop-
ment of the growing AMR phenomenon (Lobie et al., 2021). Previ-
ous research has documented how bacteria developed tolerance to
alcohol-based sanitizers via unknown genetic and molecular pro-
cesses (Pidot et al., 2018). Sanitizer ingredients like alcohol, phe-
nols, surfactants, etc. which induce microbial DNA damage, or
benzalkonium chloride (BAC) and others, with multiple antimicro-
bial characteristics, could develop this resistance (Tagkopoulos
2019). Almost all cleaning and hand sanitizing products, both
homemade and retail, contain harmful agents like hydrogen perox-
ide, etc that cause microbial DNA damage (da Silva 2016). The
stimulation of translesion synthesis polymerases (TLS) by bacteria
in response to DNA damage tolerates and bypasses unrepaired
DNA lesions, resulting in mutations that lead to the establishment
of AMR (Choi et al., 2017). When bacterial organisms are exposed
to antibiotic-based disinfectants, they establish a subpopulation
that survives and can become antibiotic-resistant. This “selected”
subset performs a critical role in biofilm infection recalcitrance
(Dorr et al., 2010, Lobie et al., 2021). As a result, microorganisms
can change their phenotypic and genotypic characteristics, affect-
ing antibiotic targets (Lewis 2007, Lobie et al., 2021).

1.2. Rising scenario of globally spreading microbial infections

The phenomenon of Antimicrobial resistance has emerged
among the most severe healthcare issues of the 21st century,
threatening the successful treatment and therapy of the growing
spectrum of microbial diseases associated with bacteria, fungi,
etc. which are showing tolerance to the frequently utilized
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antibiotic agents (Mir et al., 2022; Prestinaci et al., 2015). Microbial
organisms like bacteria, fungi, etc. cause different types ofi nfec-
tious diseases. Despite the implementation of many protection/-
management/control measures, microbial infections remain to be
among the world’s major healthcare challenges, accounting for
countless deaths each year (Cohen 2000, Haque et al., 2020).
Human microbial infections (Bacterial and Fungal) are increasing
at a rapid rate (Fig. 4).

Infectious diseases continue to pose a danger to world health-
care systems and economics, necessitating ongoing exploration,
investigation, and updating (Cupertino et al.,, 2020; Mir, 2022;
Mir et al., 2022c, 2022a, 2022b; Mir Ahmed Manzoor and Mehraj
Umar, 2019). The assessment and establishment of possible molec-
ular/genetic methods for the effective controlling of the worldwide
issue of increasing human infectious diseases are required (Mir
et al., 2022b, 2022a, 2022d, 2022c, 2022e; Nicholson, 2016). The
World Health Organization has increasingly established the
requirement for a more comprehensive and balanced global
response to AMR. The WHO Global Strategy for Antimicrobial
Resistance Containment was established in the year 2001 to pro-
vide a structure of measures to decrease the growth and spread
of antimicrobial-resistant pathogenic microbes (Organization
2001, Prestinaci et al., 2015). The Evolving Threat of Antimicrobial
Resistance - Options for Action was released by WHO in the
year 2012, and it recommended a combo of initiatives, including
improving health and monitoring, upgrading antimicrobial usa-
ge in community and hospital, disease prevention and control, pro-
moting the growth of advanced and modern drugs and vaccines,
and political support (Organization 2012, Prestinaci et al., 2015).
Following the declaration of surveillance as a major purpose,
WHO issued the first global report on AMR surveillance in April
in the year 2014, compiling data from national and international
surveillance networks. Surveillance information is extremely valu-
able in guiding options for treatment, detecting AMR patterns,
identifying target areas for actions, evaluating the effectiveness
of resistance-control measures, etc. The absence of sufficient
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surveillance in several regions of the world left enormous gaps in
our understanding of the phenomenon’s spread and scope
(Organization 2014, Prestinaci et al., 2015).

1.2.1. Bacterial infections

Bacterial organisms occur everywhere. They are vital to the
preservation of the ecosystem we live in. Diseases/Infections are
caused by a small percentage of bacteria and such infections have
a big impact on human health. Bacterial infections are often better
to handle in comparison to viral infections because of the larger
armament of antimicrobial drugs with antibacterial action. The
phenomenon of AMR is a growing issue having possibly fatal con-
sequences, even worse than the infections produced by viruses,
etc. Bacterial infections/diseases are triggered by various elements.
To initiate, an organism'’s infectivity describes how many people
will become infected versus how many will be immune and
exposed. Secondly, pathogenicity refers to the ability of an infec-
tious organism/agent to produce disease. Infections are caused by
pathogenic microorganisms that have characteristics that enable
them to evade the body’s defense systems and reap the benefits
of their resources. Eventually, virulence refers to an organism'’s
potential to cause disease as evaluated by invasiveness and
toxic-chemical generation(Doron and Gorbach 2008).

Pathogenic bacterial organisms adopt multiple antimicrobial
resistance mechanisms to overcome the effect of different antibac-
terial agents (Kapoor et al., 2017). In general AMR mechanisms are
divided into 4 major classes: A) drug uptake limitation, B) drug tar-
get modification, C) drug inactivation, and D) active drug efflux.
Restricted drug uptake, drug inactivation, and drug efflux are some
examples of intrinsic resistance mechanisms adopted by different
bacterial organisms; while drug target modification, inactivation
of the drug, and drug efflux are examples of acquired resistance
mechanisms. The different kinds of resistant processes used by
gram-negative bacteria and gram-positive bacteria differ due to
changes in their structure etc (Reygaert 2018).

SOME COMMON MICROBIAL PATHOGENS INFECTING
HUMAN BEINGS

BACTERIAL PATHOGENS
s "

Causes Cholera

Causes Skin
infections,

Bacteremia etc. e
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Fig. 4. Some of the most prevalent bacterial (Vibrio, Staphylococcus, Mycobacterium) and fungal pathogens (Candida, Aspergillus, Cryptococcus) that infect humans causing

various microbial infections are depicted in this diagram.
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1.2.2. Fungal infections

Fungiare widely distributed in the environment, with
around 100,000 species, 300 of which can cause infections in the
case of both animals and human beings (Gupta et al., 2017).In
humans, fungal infections are now difficult to manage. The major-
ity of these fungi infect immune-compromised people who have
HIV, asthma, diabetes, undergoing cancer treatments, autoimmune
disorder therapies, and other innovative treatments (K. Redhu
et al., 2016, Bongomin et al., 2017). Aspergillus, Cryptococcus, and
Candida genera are the most common reason of invasive fungal
infections, accounting for over 90% of fungal-related mortality
(Bassetti et al., 2016, Ksiezopolska and Gabaldén 2018). Fungal
infections produce a spectrum of disorders, varying from life-
threatening acute to less serious superficial infections (Warnock
2007). Unfortunately, because just a few kinds of antifungal agents,
such as polyenes, azoles, etc. are available, the therapy choices for
fungal diseases are highly restricted (Kathiravan et al., 2012). Anti-
fungal drug tolerance procedures like efflux pump overexpression,
biofilm generation, and other associated processes have evolved in
these fungal pathogens, and they must be comprehended and
explored (Scorzoni et al., 2017).

1.3. Need for natural products as potential antimicrobial agents

When antibiotics first became accessible 50 years ago, they
were hailed as “wonder drugs,” but their widespread usage quickly
led to abuse. Antimicrobial drugs have been losing their potency as
a result of the development of drug tolerance during the previous
few years (Saleem et al., 2010). Furthermore, because of the growth
of the phenomenon of MDR in common human pathogenic organ-
isms, the rapid appearance of novel diseases, and the possibility of
using MDR agents in bioweapons, the requirement for novel
antimicrobial drugs is higher than ever (Spellberg et al., 2004). As
a result, there is an ongoing necessity to explore novel antimicro-
bials, especially since new medications are seldom released
(Saleem et al., 2010). According to WHO report 2021, the pool of
new antimicrobial compounds in clinical testing is limited. Only
6 of the thirty-two antibiotic agents in the clinical establishment
that meet the WHO listing of critical pathogens were categorized
as novel by WHO in the year 2019. Moreover, a lack of good-
quality antimicrobial drugs remains a major concern. Antibiotic
scarcities are impacting countries at all development stages, espe-
cially in the healthcare industry.

Tolerance to various antimicrobial agents among diverse
pathogenic microbial species has become a key healthcare concern
around. Owing to the drastic emergence of novel resistance pro-
cesses and a decline in the efficacy of curing microbial infections,
microbial responses to routine therapy fail, resulting in extended
sickness, increased healthcare costs, and a high risk of mortality.
Mostly all potential infecting organisms like pathogenic bacteria,
fungi, etc. have used high degrees of MDR phenomenon, which
has resulted in increased death and disease; therefore, they are
known as “Super Bugs.” Since MDR is a natural process, improper
antimicrobial drug usage, insufficient hygienic practices, improper
food management, and inefficient infection prevention and control
procedures all contribute to the establishment of MDR and
increase its spread (Tanwar et al., 2014).

Multiple medical compounds of diverse chemical forms and
bioactivity, such as antimicrobial, anticarcinogenic, and anti-
inflammatory  actions, were established as remedies and pos-
sess possible treatment implications for human diseases, thanks
to natural products (Pham et al., 2019). Natural products are the
secondary metabolites formed by a spectrum of species, including
microorganisms, plants, animals, etc. Natural products act as both
primary sources of novel chemical diversity and intrinsic compo-
nents of currently available drug compilation. Many presently
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offered antifungal and antibacterial drugs, on the other hand, have
unacceptable toxicity, and their extensive usage has resulted in the
rapid development of drug-tolerant organisms, which are the
major reason for the collapse in both agricultural and clinical set-
tings (Saleem et al., 2010). Over a thousand microbial compounds
were found so far, and most of those can be used for various medic-
inal purposes (Béhal 2001).

A large number of antimicrobial drugs derived from natural
products with tremendous applications have been reported to
enhance the value of natural products as a source of novel drug
candidates against a wide range of human infectious diseases (Ye
et al., 2020). Such different types of antimicrobial compounds
obtained from various natural products were approved by the
USFDA(US Food and Drug Administration) from 2000 to 2020 and
the National Medical Products Administration (NMPA) of China,
and include (in the clinical use): I) Natural antibacterial agents
(Daptomycin, Fidaxomicin, Ertapenem sodium, etc); Natural anti-
fungal agents (Caspofungin acetate, Micafungin sodium, Anidula-
fungin); Natural antiviral agents (Oseltamivir phosphate;
Zanamivir; Enfuvirtide) (Ye et al., 2020).

1.3.1. Plants and plant-derived products as a source of antimicrobial
agents

Plants as medicine have been employed for a long time
throughout the world. Medicinal plants include herbs, herbal com-
ponents, and materials bearing several parts of plants or other
plant-based compounds that are traditionally used to treat multi-
ple health ailments (Petrovska 2012). Many countries across the
world have evidence of medicinal plants being utilized to cure
human sickness caused by numerous harmful microbes. For medic-
inal purposes, plants with recognized antimicrobial properties
were employed. Some important plant products with antimicrobial
properties have been listed in Table 1. They include a variety of
biological substances that could be exploited to generate new
medications to improve human health. Alkaloids, tannins, flavo-
noids, etc. (Fig. 5 and Fig. 6) are the phytochemical elements that
act as defense processes against various microorganisms, like
insects. Antibacterial, antifungal, anticancer, antioxidant, and other
properties may be present in these substances (Jabborova et al.,
2019).

Depending on their chemical structures, plant antimicrobial
compounds are grouped into various categories including ter-
penoids, alkaloids, sulfur-containing compounds, and polyphenols
(Khameneh et al., 2019). Some important natural compounds with
tremendous antimicrobial characteristics are depicted in Table 2.
The structural variety of substances generated from plants is enor-
mous, and the antimicrobial property they exert against different
pathogenic microbes is influenced by their structural arrangement.
Phenolic molecules are amongst the most varied groups of sec-
ondary metabolites, with a spectrum of structural changes. The
hydroxyl (-OH) groups of Phenolics are hypothesized to have an
inhibitory impact (Lai and Roy 2004), since such compounds can
communicate with bacterial membrane, disrupting membrane
structures and causing cellular component leakages (Xue et al.,
2013). Phenolic groups are complex, volatile, aromatic
molecules located in a range of plant components, like glandular
hairs, etc.in a wide range of chemical combinations (Fajinmi
et al., 2019).

Such chemical compounds are quite known for their antibacte-
rial, antifungal, and other characteristics (Swamy et al., 2016). Fla-
vonoids, quinones, tannins, lignans, and other naturally-derived
polyphenolic chemicals have been documented to have antifungal
activities (Lopes et al., 2017). For instance, many flavonols like
kaempferol have demonstrated potent antifungal activities against
various human pathogenic Candida species (Herrera et al., 2010). It
has been found that Resveratrol, a natural phenolic compound pos-
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Table 1
Some important plant products with numerous antimicrobial properties (Khameneh et al., 2019).
S.No Plant Product Scientific Name Antimicrobial Compound Potency Against
1. Black pepper Piper nigrum Piperine Lactobacillus, Micrococcus, different types of fungal species, etc.
2. Cascara sagrada Rhamnus purshiana Tannins Different types of fungal, Bacterial, and viral species.
3. Onion Allium cepa Allicin Different types of fungal and bacterial species.
4. Thyme Thymus vulgaris Caffeic acid Thymol etc. Different types of fungal, Bacterial, and viral species.
5. Chamomile Matricaria chamomilla Anthemic acid M. tuberculosis, Staphylococcus. aureus etc.
6. Eucalyptus Eucalyptus globulus Tannin Different types of Bacterial, and Viral species.
7. Clove Syzygium aromaticum Eugenol General
8. Oregon grape Mahonia aquifolias Berberine Plasmodium Trypansomes etc
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Fig. 5. Diagrammatic representation of various natural products (Secondary Metabolites; Alkaloids, tannins, flavonoids, Sulphur-containing sec-metabolites, etc.) from plants
as potential antimicrobial agents against different human pathogenic microbial organisms.

sesses efflux pump inhibitor action in the case of various harmful
bacteria (Klancnik et al., 2017, Khameneh et al., 2019). Baicalein
is a flavone found in Thymus vulgaris, Scutellaria baicalensis, and
Scutellaria lateriflora roots. Scutellaria baicalensis extract has been
shown to have an antibacterial property in prior research studies
(Lu et al., 2011). Piperine, a piperidine-based alkaloid, obtained
from Piper nigrum and Piper longum, in association with ciprofloxa-
cin, has been found to restrict the development of a mutant strain
of S. aureus (Khan et al., 2006). Berberine is an isoquinoline alkaloid
present in Berberis species’ roots and stem bark. It’s also the prin-
cipal active component in Rhizoma coptidis and Cortex phellodendri
and is being utilized in traditional medicine for centuries due to
its antifungal, antibacterial, antiprotozoal, and antiviral properties
(Khameneh et al., 2019). Coumarins are synthesized naturally by
various plant species (Smyth et al., 2009). Multiple research studies
have successfully displayed the antimicrobial action (antibacterial
and antifungal) of both natural and synthetic by-products of cou-
marins (Melliou et al., 2005, Smyth et al., 2009). Moreover, terpe-
nes/isoprenoids represent one of the most important diversified

natural product families having both antibacterial and antifungal
activities against various bacterial and fungal pathogens respec-
tively (Khameneh et al., 2019). A range of terpenoid compounds
has been discovered to have potent antimycotic activity in the case
of C. albicans at safe doses (Smyth et al., 2009). Iridoids are found in
various dicotyledonous plant families like Diervillaceae, Logani-
acea, etc.

These plant-derived compounds possess many biological prop-
erties and also possess multiple antimicrobial characteristics
(Tundis et al., 2008, Saleem et al., 2010, Di Gioia et al., 2020). A lig-
nan, ((+)-lyoniresinol-3a-O-b-D-glucopyranoside), extracted from
the root bark of Lycium chinense, has been found to possess potent
antimicrobial properties against Staphylococcus aureus and many
fungal pathogens e.g. C. albicans, etc (Saleem et al., 2010). In several
Candida species, various plant essential oils were successfully
tested to harbor effective antifungal characteristics. Sharifzadeh
et al. discovered that essential oils from Trachyspermumammi
have antifungal properties against several fluconazole-resistant
Candida isolates (Sharifzadeh et al., 2015). In C. albicans, herbal
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pathways for the biosynthesis of various essential secondary metabolites. These useful secondary metabolites derived from plants perform an essential part in

pharmaceutical and biomedical advancements.

Table 2

Important plant natural compounds with potential antimicrobial properties (Khameneh et al., 2019).

S. Natural Compound Example Potency against Mechanism of Activity
No Category
1. Terpenes i) Farnesol i) S. aureus. i) Membrane disruption.
ii) Thymol ii) C. albicans, C. glabrata etc. ii) Disrupts membrane, inhibits efflux pump activity
iii) Menthol iii) A. niger, A. fumigatus etc. etc.
iv) Nerolidol iv) S. aureus iii) Membrane disruption.
iv) Membrane disruption.
2. Coumarins i) Asphodelin A i) S. aureus, C. albicans etc. i) Inhibitor of DNA gyrase.
ii) 6-Geranyl i) S. aureus. ii) Inhibits efflux pump activity.
coumarins iii) Multidrug resistant clinical isolates of S. iii) Inhibits efflux pump activity.
iii) Galbanic acid aureus
3. Alkaloids i) Reserpine i) Staphylococcus sp., Streptococcus sp., etc. i) Inhibits efflux pump activity.
ii) Berberine i) E. coli etc. ii) Inhibits cell division, protein, and DNA synthesis.
iii) Piperine iii) Staphylococcus aureus etc. iii) Inhibits efflux pump activity.
4, Phenolic compounds i) Baicalein i) C. albicans etc. i) Inhibits efflux pump activity.

ii) Kaempferol
iii) Rhamentin
iv) Quercetin

ii) C. albicans etc.
iii) S. aureus
iv) S. aureus

ii) Inhibits efflux pump activity.
iii) Inhibits efflux pump activity.
iv) Inhibits efflux pump activity.

essences from Foeniculum vulgare, Saturejahortensis, Zataria multi-
flora, etc. were tested for their antifungal action, and it was shown
that the essential oils from Z. multiflora had significant antimicro-
bial properties (Gavanji et al., 2015).

The findings imply that plants contain bioactive components in
vast quantities. The process of identifying such compounds
includes the separation, recognition, augmentation of pharmacoki-
netic and pharmacodynamic actions, and the selection of lead
molecules for further therapeutic advancement (Fig. 7) (de
Oliveira Santos et al., 2018). Furthermore, the combinative actio-
nof multiple plant extracts/bioactive molecules with conven-
tional antimicrobial compounds or with other extracts/bioactive
agents offers a promising therapeutic remedy against different

clinical multidrug-resistant microbial have been

observed (Mukherjee et al., 2005).

organisms

1.3.1.1. Mechanism of antimicrobial action of plant secondary
metabolites. Secondary metabolites extracted from various plant
species have multiple effects on microbial cells including impair-
ment of membrane structure and dynamics function and structure,
inhibition of nucleic acid (DNA/RNA) biosynthesis, interference
with intermediary metabolism, stimulation of cytoplasmic con-
stituent coagulation, and disruption of the cell communication
process (Plaper et al., 2003, Parveen et al., 2004, Di Pasqua et al.,
2006, Di Pasqua et al., 2007, Williams 2007, Zhang et al., 2008,
Bouhdid et al., 2010, Garvey et al., 2011, Radulovic et al., 2013).
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medicinal plants.

The interaction of the plant secondary metabolite with the cell
membrane, followed by its diffusion via membrane (penetration
into the cell interior), and finally its interaction with intracellular
constituents/mechanisms are usually the events that occur in the
case of antibacterial action (Sikkema et al., 1995). Plant-based nat-
ural products generally follow a similar pattern. A good example of
a plant secondary metabolite is thymol, (monoterpene phenol) a
potent plant secondary metabolite. This chemical is expected to
be associated with both outer and inner cytoplasmic cell mem-
branes by incorporated at the polar head group area of the lipid
bilayer. This causes the cell membrane to flip, resulting in greater
permeability and instability (Helander et al., 1998, Lambert et al.,
2001, Walsh et al., 2003). Thymol, on the contrary, might perform
a function in the up or downregulation of genes included in the
outer membrane synthesis of proteins, inhibition of enzymes asso-
ciated with thermal stress protection, ATP generation, and so on
(Horvath et al, 2009, Di Pasqua et al, 2010). Trans-
cinnamaldehyde, a shikimate metabolite, inhibits fungal cell-wall
synthesizing enzymes by acting as a noncompetitive inhibitor of
Beta-(1,3)-glucan synthase and a mixed inhibitor of chitin synthase
isozymes (Bang et al., 2000). Trans-cinnamaldehyde also produced
partial damage to the cytoplasmic membrane stability in Saccha-
romyces cerevisiae, resulting in excessive loss of essential cellular
enzymes and molecules and finally leading to cell lysis (Di
Pasqua et al., 2006).

The antimicrobial potency and method of the impact of various
plant secondary metabolites could be affected and is extremely
dependent on a variety of factors, including target cell characteris-
tics, as well as the surroundings in which the antimicrobial activity
must be demonstrated. The final effect of a plant’s secondary
metabolite or its mixture is heavily driven by environmental fac-
tors like hydrophilicity (water solubility) etc. (Denyer and
Stewart 1998). The action of natural compounds on Gram-
positive bacteria and fungal species is likely to be quite similar,

with the key target being the cell membrane, whose destruction
or alterations in permeability lead to the export of intracellular
molecules and cytoplasm coagulation (Kalemba and Kunicka
2003). The cytoplasmic membrane is the principal target region
of plant secondary metabolites, according to existing literature
findings on antimicrobial action. Natural products display multiple
effects on the dynamics, stability, and usefulness of the membrane.
Some antifungal drugs, for example, communicate with ergosterol,
the major fungal membrane sterol having a part in processes such
as regulating membrane function and stability and regulating
enzymes required for fungal cell development (Deva 2002,
Ahmad et al., 2011). Saponins (e.g., avenacins A-1, B-1, A-2, and
B-2, a family of 4 structurally similar compounds with a common
esterified trisaccharide component), several of which exhibit sub-
stantial antibacterial action (Osbourn 2003), might be used as an
example. Saponins’ antifungal activities are attributed to their
capacity to bind with sterols in fungal membranes, resulting in
pore development and impairment of membrane stability
(Osbourn 2003). Carvacrol, an isomeric form of thymol, communi-
cates with the cytoplasmic membrane by inserting between phos-
pholipid acyl chains (Traditional 1999, Ultee et al., 2000, Di Pasqua
et al.,, 2006). As a result of the aforementioned process, the mem-
brane fluidity is disrupted (increased), resulting in increased per-
meability. Increased permeability causes ion and ATP efflux, as
well as a change in membrane potential and pH gradient (Ultee
et al, 1999, Ultee et al., 2000). Eugenol, a phenylpropanoid present
in many plant species, has a lytic impact on bacterial cells (Rhayour
et al., 2003), and its mechanism of activity is non-specific mem-
brane permeabilization (Hyldgaard et al., 2012), as evidenced by
potassium and ATP efflux (Gill and Holley 2006, Patwardhan
et al., 2008). Eugenol is expected to interact with membrane pro-
teins and inhibit or change their actions (Hyldgaard et al., 2012).
A variety of additional plant metabolites are commonly found in
antimicrobial plant extracts, such as linalool (Ait-Ouazzou et al.,
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2011), menthol (Trombetta et al., 2005), citral (Somolinos et al.,
2010), etc. cause membrane permeabilization and subsequent pro-
cesses. Limonene, on the contrary, alters cell shape and membrane
permeability (Di Pasqua et al., 2006, Di Pasqua et al., 2007, Espina
et al., 2011). Many reports have revealed that essential oils isolated
from various plants impact the integrity of cell membranes
(Radulovic et al., 2013). The essential oil of Melaleuca alternifolia
haabours a remarkable antifungal property, which inspired Ham-
mer et al. (Hammer et al., 2004) to examine its activity against C.
albicans, S. cerevisiae etc. Tea tree oil alters the elaticity and conse-
quently permeability of the fungal barrier, according to the study.
Plant secondary metabolites’ antibacterial activity can be aimed at
intracellular processes including nucleic acid/protein synthesis and
the process of cell communication in addition to cell membranes
(Radulovic et al., 2013). This is the case with allicin, the active
ingredient in garlic (Allium sativum) (Radulovic et al., 2013). Flavo-
noids disrupt both cytoplasmic membrane function and nucleic
acid synthesis, making them one of the most active plant chemi-
cals. Protein and RNA synthesis are also harmed, though to a smal-
ler degree. Apigenin and quercetin, as well as a number of other
flavonoids, have been discovered to inhibit DNA gyrase and other
related properties (Cushnie and Lamb 2005, Zhang et al., 2008).

1.3.1.2. Economic and therapeutic potential of plant-derived antimi-
crobials. Natural products have seen a resurgence in popularity
around the world. Consumers’ assumption that natural products
are superior; customer’s unhappiness with conventional treat-
ments; changes in laws enabling structure-function claims, lead-
ing to more permissive advertising; aging baby boomers;
national concerns about healthcare expenditures have all con-
tributed to this interest. From the standpoint of drug development
as well as phytomedicines, the possibilities for turning antimicro-
bial compounds into therapeutics appear to be promising. Plant-
based antimicrobial compounds provide direct commercial value
to the herbal goods business (Ciocan and Bara 2007).

Microbial organisms are the source of most of the discovery and
use of natural compounds as antimicrobial agents. Penicillin’s dis-
covery paved the way for antibiotics like aureomycin, strepto-
mycin, and chloromycetin to follow (Trease and Evans 1972).
Though soil bacteria or fungi synthesize the majority of therapeu-
tically used antibiotics, higher plants also act as important antimi-
crobial sources (Trease and Evans 1972). Lichens’ bacteriostatic
and anti fungicidal capabilities, allinine’s antibiotic action in
Allium sativum (garlic), and berberines’ antimicrobial action in
goldenseal (Hydrastis canadensis) are some of the examples
(Trease and Evans 1972).

Secondary metabolites like terpenoids, alkaloids, flavonoids, etc
are present in abundance in plants. Antibacterial activities have
been demonstrated for these substances derived from different
types of herbs, spices, and plant extracts against various patho-
genic microbes. As a consequence, there seems to be a surge in
research on the antimicrobial characteristics of plant-derived sub-
stances, which could be utilized as a substitute for synthetic
preservatives. Plant-derived antimicrobials are rather safe, and
they could be utilized to extend the quality of foods to address food
safety concerns (Bor et al., 2016).

1.3.2. Mushrooms and algae as a source of antimicrobial agents
Mushrooms possess various antimicrobial and antioxidant
properties among fungi (Gyawali and Ibrahim 2014). In vitro,
extracts from wild Laetiporus sulphureus (Bull.) Murrill fruiting
bodies have been found to show antimicrobial effects against var-
ious microbial pathogens like C. albicans, C. parapsilopsis, S.aureus,
Enterococcus faecalis, etc. Edible mushroom extracts from Aphyl-
lophorales (Ramesh and Pattar 2010), Agaricus (Oztiirk et al.,
2011), Armillaria mellea, Paxillus involutus, etc also have been found
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to show potent antimicrobial activity. The study done by Ramesh
and Pattar (Ramesh and Pattar 2010) employed methanolic
extracts from six wild edible mushrooms (Ramaria formosa, etc.).
All of the isolates demonstrated high levels of phenols and flavo-
noids, having potent antimicrobial action against a variety of bac-
terial organisms (S. aureus, etc) and the human pathogenic fungi (C.
albicans), indicating that the component concentrations have a
direct impact on the isolated mushrooms’ ability to fight various
kinds of microbial pathogens. The fatty acids from Agaricus essettei,
A. bitorquis, etc. were examined by ztiirk et al. (Oztiirk et al., 2011),
who discovered that linoleic and palmitic acids were dominating
and effective against different types of Gram-positive bacteria e.g
Bacillus subtilis, Bacillus cereus, Micrococcus flavus, etc.

The antimicrobial characteristics of algae have been explored by
many researchers (Quinto et al., 2019). (Herrero et al., 2013)
explored such antimicrobial substances in macro-algae (Himan-
thalia elongata) and micro-algae (Synechocystis spp.) and found that
the extracts from both possessed antimicrobial and antioxidant
activities in the case of E. coli and S. aureus and. Another group of
researchers (Devi et al.,, 2008) found similar results when they
examined the extracts from Haligra spp. that were effective in
the case of S. aureus. Antimicrobial activity was found in Hyman-
thalia elongata, Laminaria digitate, Padina, etc. against Salmonella,
Enterococcus faecalis, Pseudomonas aeruginosa, etc. (Gupta et al,,
2010, Dussault et al., 2016).

1.3.3. Potential antimicrobials from Animal-derived products

Different types of antimicrobial compounds are known to be
obtained from animals/animal products. Lactoferrin (Lf), (an iron-
binding milk protein), harbors excellent antimicrobial characteris-
tics against a spectrum of bacterial organisms and viruses
(Lonnerdal 2011). In the USA, the protein has been recommended
to be applied to beef and also as an antimicrobial agent in several
meat-based products (Juneja et al., 2012). In many studies, Lf pro-
tein has been demonstrated to possess antimicrobial properties in
the case of different foodborne microbes like E.coli, Carnobacterium,
Klebsiella, L. monocytogenes, etc (Al-Nabulsi and Holley 2005,
Murdock et al., 2007). On the other hand, Chitosan, a polycationic
biopolymer found naturally in the crustacean and arthropod
exoskeletons represent one of the antimicrobial agents with
numerous applications (Tikhonov et al., 2006). The antibacterial
potential of various chitosans has been successfully investigated
in the case of various Gram + ve and Gram -ve bacterial organisms
(No et al., 2002). It has been found that water-soluble chitosan
derivatives display tremendous antibacterial action in the case of
Staphylococcus. aureus, E. coli, Shigella dysenteriae, S. Typhimurium,
etc (Chung et al., 2011). Furthermore, the enzyme Lysozyme is
found naturally in mammalian milk and avian eggs (Nazir et al.,
2017). Lysozyme present in the eggs of hens represents a bacteri-
olytic enzyme well known for its broad-spectrum antimicrobial
usage in the food industry (Tiwari et al., 2009). The enzyme has
been fundamentally utilized to avoid late blowing defects in
cheeses, caused by Clostrodium tyrobutyricum. Lysozyme displays
excellent antimicrobial action in the case of Listeria innocua and
Saccharomyces cerevisiae (Nazir et al., 2017). Certain milk-derived
bioactive substances, like casein, are reported to harbor multi-
faceted capabilities, including antibacterial activities (Phelan
et al., 2009). Antimicrobial potency of such peptides was demon-
strated in the case of various pathogenic microbes, including Liste-
ria, etc. (Fadaei 2012).

1.3.4. Potential antimicrobial products derived from microbes
Alexander Fleming’s discovery of penicillin (efficient against
gram-positive bacteria) derived from Penicillium notatum in the
year 1928 heralded a fundamental change in natural product
sources from plants to microbes (Fleming 2001, Tan and
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List of some important antimicrobial peptides and their respective clinical phases (Mahlapuu et al., 2016).

S.No Antimicrobial Peptides Clinical Phase Administration Clinical Trial Identifier

1. Iseganan (IB-367) Phase III Oral solution NCT00022373

2. Pexiganan (MSI-78) Phase III Topical cream NCT00563394,NCT00563433

3. Omiganan Phase II/III Topical gel NCT00231153,NCT01784133

4. Lytixar (LTX-109) Phase 1/1I Topical Hydrogel NCT01223222,NCT01803035,NCT01158235
5. hLF1-11 Phase I/II Intravenous treatment (in saline) NCT00509938

Tatsumura 2015, Pham et al., 2019). Ever since the substances
derived from microorganisms are used in medicinal, agricultural,
and other related sectors (Sanchez et al., 2012). Polyketides are
chemically varied natural compounds that are assembled by
polyketide synthases (PKS). They are among the most essential
metabolites for their therapeutic, agricultural, and industrial appli-
cations (Tae et al., 2007). Pikromycin, for instance, represents the
first polyketide antibiotic discovered in S. venezuelae in the year
1950 (Jung et al., 2006). Pikromycin is particularly effective in
the case of MDR respiratory pathogens (Woo et al., 2014). Ery-
thromycin A, generated by S. erythraea, is another exceptional
polyketide antibiotic with important clinical potential (Pham
et al., 2019). The antibiotic is employed for treating various types
of bacterial illnesses, including intestinal and respiratory infec-
tions., and is particularly useful in people who have had negative
reactions to penicillin (Cobb et al., 2013). Antibiotics that bind to
the rRNA subunit of the 30S bacterial ribosome and hinder the pro-
cess of protein biosynthesis are categorized as aminoglycosides
(Moazed and Noller 1987, Pham et al., 2019). The aminoglycoside
“Streptomycin” is the ist aminoglycoside discovered in the year
1944. It is produced by S. griseus and shows efficacy in the case
of pulmonary tuberculosis (Pham et al., 2019). Aminoglycoside
antibiotics like kanamycin, etc. have been found and broadly uti-
lized since the discovery of streptomycin to treat pathogens that
have evolved tolerance/resistance to streptomycin after continu-
ous usage (Park et al., 2013).

In the year 1950, Streptomyces noursei produced nystatin, one of
the first efficient polyene antifungal agents, showing activity
against different Aspergillus species (Pham et al., 2019). In clinical
practice, Nystatin is used as a topical antifungal to treat oral, gas-
trointestinal, and vaginal candidosis (Fjervik and Zotchev 2005).
Furthermore, Amphotericin B is a classical polyene antifungal
agent derived from Streptomyces nodosus that is used to treat sev-
ere fungal diseases caused by various Aspergillus pathogenic spe-
cies. It is particularly beneficial in individuals with organ
transplants and other related conditions (Tevyashova et al,,
2013). In a recent evaluation of natural compounds having antifun-
gal properties against the human pathogenic fungi C. albicans, 71 of
the 142 substances studied were shown to exhibit antifungal
potency (Zida et al., 2017). The glycolipids (ieodoglucomide C
and ieodoglycolipid) obtained from the marine bacterial organism
Bacillus licheniformis, showed antifungal action against different
pathogenic species like C. albicans, Aspergillus niger, Colletotrichum
acutatum, etc. (Tareq et al., 2015, Pham et al., 2019).

1.3.5. Peptides as promising antimicrobial agents

Antimicrobial peptides (AMPs), also referred to as host defense
peptides, are small, usually positively charged peptides present in
various life forms. Many AMPs can directly kill pathogenic
microbes, whereas some operate indirectly by regulating various
host defensive systems. Attempts to get AMPs into medical use
are increasing against a backdrop of rapidly developing tolerance
to standard antibiotic agents. AMPs are being studied in various
medical settings as potential anti-infective agents and novel ther-
apeutic drugs to modulate the immune system response, improve
wound healing, etc. The rapid of AMPs possess excellent bacterici-
dal action which renders them potential therapeutic anti-infective
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agents (Mahlapuu et al., 2016). A few AMPs have been approved for
clinical usage to date, with polymyxins, which were first intro-
duced in the 1950 s, being the best-known (Falagas et al., 2005,
Zavascki et al., 2007, Landman et al., 2008). Polymyxins represent
the last-resort medications for intravenous infection treatment
associated with different drug-tolerant Gram-negative pathogenic
species, but can also be used topically to prevent and treat local
infections (Zavascki et al., 2007).

Presently, several AMPs are in the clinical development phase
(Table 3) for cure and treatment in the case of different pathogenic
bacterial organisms having omiganan and pexiganan, obtained
from animal immune components, and synthetic LTX-109, majorly
reported. Pexiganan, a twenty-two amino-acid membrane disrup-
tor analog of magainin (Xenopus peptide), was assessed as a topi-
cal cream for the treatment of bacterial diseases in association with
diabetic foot ulcers in 2 phase III clinical trials (Lipsky et al., 2008),
besides other ongoing clinical trials (Mahlapuu et al., 2016).

Omiganan is a derivative of indolicidin, derived from bovine
neutrophils, and was identified as a topical gel for the treatment
of catheter-associated infections in several clinical trials. More-
over, LTX-109 is a synthetic antimicrobial peptidomimetic,
assessed for local usage in uncomplicated Gram-positive skin-
related diseases, S. aureus-related infections, etc. (Nilsson et al.,
2015). Since a majority of the AMPs, together with the above-
stated pexiganan, omiganan, and LTX-109, have been established
for local usage/application, certain AMPs were also established
for systemic administration. hLF1-11 represents a cationic part
containing N-terminal amino acids one-eleven of human lacto-
ferricin and has been established for the intravenous treatment
of severe fungal and bacterial diseases in individuals with a weak-
ened immune system (van der Velden et al., 2009). Besides hLF1-
11, multiple additional AMPs have been evolved for the proper
cure and treatment of various fungal diseases. For instance, novex-
atin, a cyclic and extremely cationic peptide based on human Alpha
and Beta defensins is a potential antifungal target for serious toe-
nail fungal infections (Fox 2013). Similarly, CZEN-002, a dimeric
peptide obtained in sequence from Alpha-melanocyte-
stimulating hormone, acts as a potent target in the case of vaginal
candidiasis (Fjell et al., 2012).

Apart from administering AMPs directly, many efforts are
underway to utilize agents to enhance the body’s endogenous syn-
thesis of AMPs to promote innate immune responses and thus treat
diseases. Vitamin D3 has been found to directly affect the expres-
sion of many AMPs (Wang et al., 2004, Weber et al., 2005), and
vitamin D supplements are now being investigated in multiple
ongoing clinical trials for their usefulness to treat different types
of bacterial infections (Yamshchikov et al., 2009).

A significant number of secondary metabolites of various forms,
structures, and methods of antibacterial properties have been
identified in a variety of marine bacterial organisms in recent times
(Gokulan et al., 2014, Bohringer et al., 2017, Andryukov et al.,
2018). Even though Gram-negative prokaryotes dominate the mar-
ine environment, manufacturers of antimicrobial peptides were
mostly strains of Gram-positive marine bacteria, unlike those from
terrestrial habitats (Mikhailov and Pivkin 2014, Giang et al., 2015,
Andryukov et al., 2018, Wang and Lei 2018). The majority of the
identified antimicrobial metabolites possess the ability to destroy
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Fig. 8. Important antimicrobial action mechanisms are depicted in this diagram. (A. Inhibition of RNA/Protein Synthesis; B. Degradation of DNA; C. lon-Permeable pore
formation in the Cell membrane; D. Peptidoglycan Synthesis suppression) of antibacterial peptides synthesized by various marine bacterial organisms.

a broad spectrum of microorganisms in a short amount of time.
Large antimicrobial proteins (>100 amino acids) are usually lytic
proteins capable of binding nutrients or destroying certain cell pat-
terns, triggering DNA breakdown and limiting intracellular pepti-
doglycan and protein production by affecting the organism’s cell
membrane structure/function (Pettit et al., 2010, Phelan et al,,
2013, Rivetti et al., 2014, Giang et al., 2015, Chen et al., 2017,
Gao et al, 2017, Andryukov et al, 2018, Kers et al., 2018,
Andryukov et al., 2019) (Fig. 8).

2. Conclusion and future perspectives

Microbial diseases have risen exponentially, with alarmingly
high fatality rates. The proliferation of novel pathogens and the
creation of new resistance patterns pose a threat to the elimination
of infectious diseases. Antimicrobial drug efficacy has deteriorated
to the point where it has become a global public health issue (Ye
et al., 2020). Because of the rise in different drug-tolerant microbial
organisms, drug toxicity, and other related factors, traditional
antimicrobial agents are no longer effective. For the concerned
individuals, new treatment options are urgently needed to control
and eradicate the emerging microbial infections (Qadri et al., 2021,
Qadri et al., 2022). The current COVID-19 crisis has also added to
the drastic increase of such emerging microbial infections. Antimi-
crobial medications and remedies are still limited in their ability to
address a range of pathogenic microbial diseases. These pathogenic
bacterial and fungal species are resistant to presently offered
antimicrobial agents and can adapt to a wide range of host envi-
ronments, constituting a serious public health danger.

Natural products originating from natural sources like plants,
microbes, etc. show great efficiency for treating infectious diseases,
with fewer side effects, synergy, and the capacity to combat drug tol-
erance. Natural products are the most essential resources of modern
therapeutics since they have a wide range of chemical and functional
variability and are the bane of antibiotic tolerance (Ye et al., 2020).
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Natural products are a great source of physiologically active chemi-
cals, and their role in drug discovery is well established. Natural
products perform a vital role in drug development and continue to
provide a significant number of new lead compounds. The two cru-
cial elements that propel natural materials from precursors to
medicines are pharmacological activity and druggability. Natural
active chemicals are normally good lead compounds, although most
of them struggle to meet the criteria. To address the present faults
and limitations, such structural traits should be adjusted and
improved (Franco and Vazquez 2020, Ye et al., 2020).

There seems to be no significant recent part in the establish-
ment of promising and innovative antimicrobial agents and strate-
gies in this field. As a result, there is indeed a raising need for new
remedial tactics and medications to combat such severe microbial
infections. Improvements in the field of microbiology techniques in
the coming decade should lead to the identification of novel
antimicrobial agents which could benefit humanity. Furthermore,
microbiology literacy is crucial for preventing the development
of AMR. In conclusion, the review provides a complete overview
of some vital natural products and their byproducts as antimicro-
bials against various human pathogenic bacterial and fungal spe-
cies. Natural products serve as key sources of novel chemical
diversity as well as integral components of currently accessible
drug formulations. The review will be useful in refining current
antimicrobial (antifungal and antibacterial) remedies as well as
establishing new treatment strategies to tackle the rising number
of bacterial and fungal diseases.
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