
179© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
N. Akhtar et al. (eds.), Emerging Modalities in Mitigation of Antimicrobial Resistance, 
https://doi.org/10.1007/978-3-030-84126-3_9

Chapter 9
New Insights into and Updates 
on Antimicrobial Agents

Vagish Dwibedi and Santosh Kumar Rath 

9.1  Introduction

Worldwide, microorganisms and their contribution towards sustainable develop-
ment are obliging for advanced research in microbiology and microbial drug dis-
covery (Kuhad 2012; Koehn and Carter 2005). Natural products and their 
semisynthetic analogous have played a crucial role in the identification and devel-
opment of antimicrobial drug innovation programme (Wright et al. 2014; Atanasov 
et al. 2021; Moloney 2016). In spite of the notable impact on wellbeing, nature- 
derived compounds have achieved specific attention for their potential activities 
against various pathogens. Undoubtedly, antimicrobial agents have saved the 
human race from piles of microbial infectious disease burden and remain one of the 
most significant discoveries in the twenty-first century (Moloney 2016). However, 
at present, the most crucial health trouble is widely seen due to the rise and spread 
of antimicrobial resistance among the different microorganisms (bacteria, fungi, 
virus, and parasites). The mechanisms for survival of the bacterial resistance under 
various unfavourable and toxic environmental conditions include (i) enzymatic 
alteration or degradation of drug, (ii) variation or modification in target, and (iii) 
reduced uptake or increased efflux. These mechanisms when act together are 
responsible for enhanced resistance (Abreu et  al. 2012; Lambert 2005). Efflux-
mediated resistance is an important mechanism for bacteria to expel the 
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chemotherapeutic agent out of cell to render them ineffective. Inhibition of efflux 
is regarded as an efficient strategy for the rejuvenation of old antibiotics again to 
market as finding new antibiotics is a much time-consuming and costly affair. 
Many microorganisms are the major sources of precious bioactive molecules con-
sidered as useful secondary metabolites to stand and fight against various microbial 
resistant strains (Singh et al. 2017a). Many pure natural isolates along with newly 
developed scattered synthetic analogues have proved their eligibility as the best 
alternatives as antimicrobial agents against resistant pathogens (Abdel-Razek et al. 
2020; Martelli and Giacomini 2018). Furthermore, natural antimicrobial agents 
have gained extensive interest among young and established researchers to rein-
state the potency of ineffective antibiotics. Thereby, re-evaluation approach of 
existing drugs with a combination of newer pharmacophore as efflux pump inhibi-
tors (EPIs) is now considered as best alternatives against multidrug resistance 
strains (P Tegos et al. 2011; Lamut et al. 2019). Many heterocyclic natural alka-
loids are now well accepted along with known antibacterial due to their significant 
role as efflux pump inhibitory activity against many infectious diseases (Y 
Mahmood et al. 2016). A natural piperidine-type alkaloid, piperine, isolated from 
Piper nigrum and Piper longum and berberine, an isoquinoline alkaloid, isolated 
from roots and rhizomes of Berberis vulgaris, Rhizoma coptidis and Cortex phel-
lodendri were identified as effective natural EPI to overcome the multidrug-resis-
tant pathogens and also can improve the clinical performance of various other 
antibiotics when co-administered (Jin et al. 2011). Piperine and many of its ana-
logues when co-administered with ciprofloxacin were observed to inhibit the 
growth of a mutant S. aureus strain by reducing MIC values noticeably (Rath et al. 
2019). Palmatine, a newer natural alkaloid, acts as EPIs in P. aeruginosa by lower-
ing the MIC-MBC level of ciprofloxacin (Aghayan et al. 2017). Reserpine, another 
plant alkaloid, is a known inhibitor of the Bmr efflux pump of Bacillus subtilis used 
to accelerate the action of tetracycline in Staphylococcus aureus strains and also 
observed reversing NorA-conferred multidrug resistance in S. aureus (Shaheen 
et al. 2019; Rath et al. 2019). Microorganisms are considered as useful drug targets 
for various widespread diseases. Though the fundamental life path of microorgan-
isms, their responses to antimicrobials and concerned biochemical pathways seem 
to be quite complex they need to be understood and explored using modern tools of 
molecular biology.

Foodborne illness due to fungal or bacterial growth is another major issue in 
recent times. The widespread microorganisms can easily reach food, grow by uti-
lizing nutritious materials and produce metabolites which are the major cause for 
the spoilage of plentiful food and food products (Pitt and Hocking 2009; Petruzzi 
et al. 2017). They can survive even in adverse conditions like low temperature, 
vacuum packing, processing, and modified atmosphere (Carpena et  al. 2021). 
Thereby, considering the food safety and improving shelf life of foods, many sig-
nificant efforts have been made by food industries and researchers to find existing 
or new natural antimicrobials as food preservatives (Gutiérrez-del-Río et al. 2018; 
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Carpena et al. 2021). Plants, bacteria, fungus, and animals are different sources of 
the production and recognition of antimicrobials. Plants, the major source of natu-
ral products, have been largely used in the domain of the antimicrobial drug find-
ing process. The plant extracts, crude drugs and different class of secondary 
metabolites are now considered as major opportunities to identify newer  
antimicrobial medicines and food preservatives. Many recently identified  
extracts/compounds which are showing antimicrobial activity belong to the  
families of Asphodelaceae, Solanaceae, Rutaceae, Berberidaceae, Anacardiaceae, 
Rhamnaceae, Euphorbiaceae, Myrtaceae, Zygophyllaceae, Asteraceae, 
Erythroxylaceae, Lamiaceae, Colchicaceae, Amaryllidaceae, Verbenaceae, 
Lythraceae, Podocarpaceae, Salicaceae, Apocynaceae, Zingiberaceae, etc. (Singh 
2018; VasudhaUdupa et  al. 2021; Swain and Rautray 2021) Altogether, several 
class of compounds such as alkaloids, glycosides, terpenoids, flavonoids, tannins, 
and phenolic or polyphenolics isolated from natural sources especially plants are 
now taken in major consideration towards to development of newer antimicrobials 
(Takó et  al. 2020). Natural crude extracts of ginger, mustard, garlic, cinnamon, 
basil, sage, and other herbal products are typically high in terpenes such as carva-
crol, eraniol, linalool, and several other phenolic compounds, which serve as food 
additives and antimicrobials against broad spectrum of Gram-positive and Gram-
negative bacteria (Makroo et al. 2021). Citral, a main component of lemongrass 
essential oil, has demonstrated important antioxidant and antimicrobial activity 
against a variety of food pathogens (Moumni et al. 2021). Furthermore, numerous 
extracts from Chinese chives and cassia have been documented to dramatically 
reduce the proliferation of Escherichia coli and other bacteria during the prepara-
tion and storage of foods, juices, and dairy products. Understanding the process of 
antimicrobial activity of medicinal plant extracts is therefore needed for their opti-
mum use as natural antimicrobial agents to extend shelf life and maintain food 
safety (Makroo et al. 2021).

9.2  Antimicrobial Agents from Natural Origin

Natural antimicrobial agents are getting major attention of researchers due to their 
structural diversity, safety, and nontoxic status. Plants, microbes, and fungal sources 
are considered as best possible alternatives in finding natural preservatives to avoid 
or control microbial food spoilage (Saeed et al. 2019). Majorly, plants are having 
rich sources of many bioactive scaffolds bearing secondary metabolites which are 
now the primary focus of scientists to explore them to any particular target site to 
prevent/cure ailments.
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9.3  Plant-Derived Antimicrobial Agents

Various phenolic compounds, terpenoids, volatile oils, flavonoids, and sulphur- 
containing compounds have been detected in seeds, herbs, and spices. These bioac-
tive compounds can be present in plant leaves, branches, seeds, roots, flowers, bulbs, 
and other pieces. Many herbal and medicinal plants have been recognized for cen-
turies for their preservative and antimicrobial effects (Tuyen and Le 2021). The rich 
sources of essential oils and different classes of secondary metabolites like terpenes, 
flavones, aromatic and aliphatic compounds bearing functional groups alcohols, 
esters, ethers, aldehydes, ketones, and lactones in plants can most effectively destroy 
several bacterial, fungal, or microbial pathogens (Hyldgaard et  al. 2012; Orey 
2019). Since times of yore, essential oils like peppermint oil, eucalyptus, and lem-
ongrass are mostly used widely in tribal areas as natural antibacterial and antimicro-
bial agents due to their benefic application for myriad of cleaning and cleansing 
function (Sarkic and Stappen 2018; Orey 2019; Desam and Al-Rajab 2021). 
Traditional use of peppermint essential oil for mouthwash, tea tree essential oil as 
jewellery cleaner, cedarwood oil for flu and cold, and lavender oil as cleaner are 
most customary treatments usually followed (Chouhan et  al. 2017; Sarkic and 
Stappen 2018; Desam and Al-Rajab 2021). The essential oils like 1,8-cineole, cam-
phor, borneol, α-pinene, oleanolic acid, β-bisabolene, longicyclene, β-pinene, limo-
nene, β-pinene, eugenol, β-isoeugenol, caryophyllene, α-humulene, p-cymene, 
γ-terpinene, thymol, and methyl chavicol in many plant species are responsible for 
antimicrobial activity (Chouhan et al. 2017; Martelli and Giacomini 2018; Ju et al. 
2020; Orey 2019). Plant-derived antimicrobials like thymol, eugenol, carvone, cit-
ral, carvacrol, linalool, etc. were identified active against L. monocytogenes in food 
model systems (Kawacka et  al. 2021; Ju et  al. 2020). Alongside many naturally 
isolated flavonoids like quercetin, kaempferol, apigenin, chrysin, epicatechin gal-
late, naringenin, myricetin, phloretin, genistein, luteolin, etc. are responsible for 
promising antimicrobial/antibacterial activity (Manzoor et al. 2020). Many of these 
substances have a protective function and are effective for inactivating or inhibiting 
a wide variety of microorganisms. Coumarins and its analogues are widely accepted 
among various classes of natural bioactive agents for the treatment against diverse 
diseases related to inflammation (Sharma et al. 2019), cancer (Küpeli Akkol et al. 
2020), and additionally these are also useful to control, prevent, and destruct various 
microbial pathogens (Gouda et al. 2020). Cinnamic acids and coumarins are exam-
ples of a large class of phenylpropane-derived compounds with the maximum oxi-
dation state (Gupta and Pandey 2020; Sharma et  al. 2018). The increase in 
hydroxylation of phenolic compounds might be a cause of better effectiveness 
against microbial pathogenic bacteria. It was proved that hydroxylated phenolic 
catechol and pyrogallol, which are having two and three hydroxyl groups respec-
tively, are found lethal to microorganisms (Lima et al. 2019; Leontopoulos et al. 
2017). Phloretin, a natural bioactive flavonoid, isolated from Malus sylvestris has 
shown antimicrobial activity against a variety of microbial pathogens. Withaferin A, 
isolated from Withania somnifera, is a potential drug lead itself considered strong 
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antimicrobial and useful starting material for the development of newer antimicro-
bials due to the presence of lactone ring and ketone containing unsaturation. 
Marmin, xanthotoxol, xanthotoxin, lupeol, γ-fragarin, and isopsoralen are class of 
alkaloids, flavonoids, and terpenoids in Aegle marmelos with many reported antimi-
crobial effects in different in vitro and in vivo assay methods (Reiter et al. 2020). 
Allicin, a diallylthiosulphinate bioactive defence molecule isolated from Allium 
sativum L., is useful as a broad spectrum antimicrobial agent. However, the instabil-
ity issue of the molecule retards its effectiveness against microbes in normal or raise 
in temperature. Allicin’s antimicrobial role is largely related to the thiosulphinate 
functional group (Leontiev et  al. 2018) of the molecule. Resveratrol, a naturally 
occurring phenolic phytoalexin belonging to the stilbene family, has antibacterial 
activity against diverse Gram-positive and Gram-negative pathogens found in fruit 
(Dwibedi et al. 2021) (Fig. 9.1).

Fig. 9.1 Plant-derived antimicrobial agents
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9.4  Bacterial Origin Antimicrobial Agents

Bacterial infectious diseases are most common in today’s time especially in infants 
and a major cause of paediatric mortality. The antibiotics are the most widely used 
drugs as powerful therapeutics against various pathogenic bacterial infections 
(Berkley 2021). Antibacterial drugs, such as ertapenem, erythromycin, gentamycin, 
tobramycin (Staphylococcus sp.), Aloe vera (Ghani et al. 2019), retapamulin, peri-
conicins A and ß-resorcyclic acid (Staphylococcus aureus), were all identified from 
natural products and are effective in treating many microbial infections (Suresh and 
Sona n.d.; Alter and Reich 2021). As a consequence, extensive and injudicious use 
of antibiotics can be a cause of development for multidrug-resistant microorgan-
isms. The issue of resistance necessitates a renewed attempt to find antibacterial 
agents from natural sources that are selective against pathogenic bacteria. The ‘pen-
icillin’ was discovered by Alexander Fleming in 1928. But industrial production of 
this antibiotic was performed only in 1940 by Howard Florey et Ernst Chain, using 
Penicillium chrysogenum  (Gould 2016). Discovery of penicillin made the era of 

Fig. 9.2 Antimicrobial agents from bacterial source
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antibiotics possible, as well as drove the modernization of new methodologies for 
penicillin discovery (Gould 2016). Many antibiotics used today are derived from 
microbial classes like β-lactams (penicillin), aminoglycins (gentamicins) and mac-
rolides (erythirosyms), as per instructions (Fig.  9.2). Chlortetracycline, the first 
antibiotic of tetracycline class, was discovered in 1945 by Benjamin Minge Duggar 
from Streptomyces (Fig. 9.2). The oxytacycline collaboration between Pfizer and 
Harvard was called Terramycine (Hochstein et al. 1953; Aminov 2010).

9.5  Fungal-Derived Antimicrobial Agents

Fungi have the ability to produce toxic secondary metabolite mycotoxins which can 
withstand various harsh/unfavourable conditions at different stages of food chain 
causing many unavoidable severe health issues and also death in both humans and 
other animals. Even though fungi are considered as a major cause of food spoilage, 
still they can have the ability to produce many effective and successful antimicrobi-
als against various ailments.  The discovery of first antibiotic Penicillin, a beta- 
lactum drug that targets the cell wall of bacteria, was derived from the fungus 
Penicillium notatum (Guzmán-Chávez et  al. 2018). For many years, Penicillium 
notatum has undergone a program of classical strain improvement (CSI) to improve 
antibiotics titters. This achievement allowed the lower than normal quantities of 
BGC-expressed natural products to be generated, resulting in a considerable reduc-
tion in the scope of BGC-associated natural product output, or, thus reduced the 
abundance of a diverse array of these items, which resulted in a significant increase 
in penicillin enzyme capability alongside the downregulation of a variety of biosyn-
thetic gene clusters (DGCs), resulting in a smaller than usual volume of BGC- 
encoded DGC-enriched products (NPs). Similarly, edible fungi, such as mushrooms, 
have possible nutraceutical and inhibitory action against pathogenic microbes 
(Guzmán-Chávez et al. 2018). From the other side, the fungus Acremonium fusidi-
oides (formerly Fusidium coccineum) produces steroidal antibiotic fusidine (fusidic 
acid), the biosynthetic pathway of which is quite close to cholesterol synthesis 
throughout the human body (Trenin 2013).

Several microbes from the aquatic ecosystem have been shown to secrete sec-
ondary metabolites, such as E. coli, Proteus genus, and others (Valente et al. 2020). 
Echinocinocandin, a particular antimycotic, was extracted from Aspergillus nidu-
lans using lipo-hexosides as the carbon source (Hu et al. 2020). Interest in the pleu-
romutilin class has exploded in the modern century, as shown by the production of 
new human derivatives. Patients with impetigo and untreated superficial lacerations, 
abrasions, or sutured wounds caused by Staphylococcus aureus and Streptococcus 
pyogenes were given Retapamulin, a medicinal antibiotic (Paukner and Riedl 2017).

Trichothecium cinnamon was found to be stable in the organic fraction of the 
fungus and was also tested for antifungal activity against filamentous fungi. It also 
reported anti-tumour activity against breast cancer cells, MDA-MB-231 and HeLa, 
and against MDA- lines B10F and MDA-MB231. (Taware et al. 2015; Silva et al. 
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2017). Silva et al. isolated and characterized three new isoaigialones, A, B, and C, 
as well as an aigialone from the endophytic fungus Phaeoacremonium sp., and mea-
sured them against the phytopathogenic fungi Cladosporium cladosporioides and 
C. sphaerospermum (Silva et  al. 2017). Curvularine was found in a leaf of the 
Murraycian tree (Hyloomsantia myrmexella) and produced the antifungalecycol 
products: murolide A, murolide A, and murop acid, along with six previously 
unknown compounds: mupiranol A, murasin, mursan, and muran-6, all together 
with the well-known components muracidin, and murin (Mondol et  al. 2017). 
Acetolide compound (2-amino-1-1-acetapregnadicapramide) 3-ben-β-ol-C and 
ergosylan-7,22(2,5,6), obtained from ethyl acetate extract of Anvillearcium chaste-
riinense, was used to characterize ethyl acetate extract a novel fusario acetohydide 
(2-AG:ET:1O) while three known compounds (1-acetolan, 8:3β-diol:7, 6:6-d) and 
epichlororenone (6:3β-dihydroxymide) were used to complete the characterization 
of the fused amide. Disc diffusion assay was used to monitor the antibacterial and 
antifungal efficacy of compound fusarithioamide A against various microorgan-
isms. It demonstrated antibacterial activity against B. cereus, S. aureus, and E. coli, 
with inhibition zone diameters (IZDs) of 19.0, 14.1, and 22.7 mm, and MICs of 3.1, 
4.4, and 6.9 g ml1, respectively.

One additional antifungal toxin out of three new examples of triovirabacinolides 
and three new trioviriridines from the endophytic fungus Penicillium raccum 
(Kajula et al. 2016) found in the literature by expounding upon three ways of look-
ing at this genus of fungus was noted for antifungostase and anti-inflammation, the 
terms described above (Kajula et al. 2016). The recognized compounds of seven 
different species of fungi ((R)-3-Hydroxybutynonine isolated from the endophyte 
fungus Aspergillus sp.) have bioactive dianospermine as the seventh in their list of 
isolated bioactive compounds. These secondary metabolites were screened against 
fungi that are phytopathogenic (Botrytis cinerea, Gibberella saubberti, Colletrix 
gloeoproides, and Magnipeniella grossi). A test was performed against Phytophthora 
capsici,  Escherichia coli, Rhizoctonia solani. Compounds R-3-hydroxybutanonil 
were effective against all of the phytopathogenic fungi studied, with the exception 
of those with a minimum inhibitory concentration (6.25–50 μM) and below MIC 
level of 6.25 μM, although less active on viruses, antimicrobial compounds less than 
25-fold inhibitory concentrations, outosaminic acid had a MIC in the range of 
25–100 μM, but was ineffective, or outamin C was active against all pathogenic 
bacteria, but active down to the low MIC values (of 25-fold) less than 25-to-mM 
concentrations were ineffective (Xiao et  al. 2014). Similarly Trichodermin is a 
strong antifungal bioactive compound isolated from endophytic fungus 
Trichoderma brevicompactum with EC50 of 25 μg/mL fraction possessed significant 
ability to hinder growth of the plant pathogen Phenacoccus solani. Also, it had 
minimal ability to influence B. cinerea at EC50 of 25 mg/L (Shentu et al. 2014). A 
fifth mammalian antifungal that was sourced from Bignonia magnifica, evaluated 
for their anti-pityriasis properties on walnut and mediterrane fungus species 
O. fragariaeola, O. cinereoxys, C. glosum were also tested. (Silva-Hughes 
et al. 2015).
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It was found that four compounds in Wang's study include cladosin, isocladoside, 
and 5-hydroxyaspeona. Additionally, Wang et al. (2013) discovered an additional 
one that foundcladoside, isocladoside, and 5-hydroxyaspeona could be extracted 
from the endophytic fungus Cladosioquinidium. In the presence of this weed, both 
the synthetic growth inhibitors were found to be effective against Colletodothis viti 
(weed) and the natural relatives (the synthesized and natural kinase inhibitors) 
(Wang et al. 2013). Altenusin showed activity against clinical strains of Aspergillus 
fungi, and some other  Aspergillus and Penicillium molds. Endophytic 
Alternaria alternata extract shows strong antifungal activity against Staphylococcus 
aureus, Escherichia coli and Chlamydia trachomatis. (Johann et  al. 2012). Two 
amides called trimethynilic [also known as tetramic] and tetraethlyinic were 
obtained from the endophytic (or graminophilic) fungus Bimucidula MU34. IC50 
μg/mL against plant pathogen, 1.6 mg per gm/ml, 3.2 mg/ml, and 1.6 mg/gm per 
millilitre of bacteria, which proved to be useful antifungal compounds, in addition 
to the beneficial for the fungi Cladosporina, Gylezymea, which has a MIC of 16 mg/
mL, and Gylezymea which has a MIC of 32 mg/gm and bacteria, that has a 1.5 mg/g 
3 g Tiyzin, which can be utilized as anti fungicide (Siriwach et al. 2014). An endo-
phyte-derived phioprothine (an inhibitory one, phorbininophoreinorein compound, 
used for Giberella root rot), with an IC50 of 15.9 mm was found for Pestalopsis sp. 
a new PC 50-82, also from the root system of an endophytic fungus (Liu et al. 2013).

Chemical investigation of an acetonitrile fraction led to isolation of novel prod-
uct   2-hydroxyethylol and monoglycolate, along with cytochalasins J and H and 
5'-epialtenuene, and the mycotoxins alternariol monomethyl ether, alternariol and 
cytosporone C from the endophytic fungus Phomopsis sp. Furthermore, the antioxi-
dant, anti-inflammatory, antifungal and cytotoxic activities of these compounds, 
which were isolated from Phomopsis sp., were calculated. C. globosum and clos-
tridium extracts was proven to be strong antimicrobial activity against the human 
pathogenic bacteria such as Salmonella sp., Staphylococcus sp. and Streptococcus 
sp. (Chapla et al. 2014). The novel marine bacterium CN-328 grows a novel fungal 
extract made in coculture was treated with an antifungaliotic, Potia sp., as com-
monly found in this medium. It showed a strong antimicrobial potency (or activity) 
in the human microdilution assay against methicillin-resistant Staphylococcus with 
a MIC of 37  ng/mL and against vancomyceicm Antophysomonas endocarditium 
with a MIC of 78 ng (Cueto et al. 2001). Strong antimicrobial activity was found in 
Emerrla red from Proteus fragilasens, which had a MIC of 12.5, and bioactive col-
lagen extracts from S. geliferum produced excellent antimicrobial activity against 
S. a that had a MIC of 12 μg (Bugni and Ireland 2004). Periconin- forming diterpe-
nic A and B, which was created by endophytic bacteria Klebsiella, Staphylococcus, 
and Salmonella, tested in the same range (measured in millilitres per litre), had 
bacteriocins Klebsiella, Staphylococcus, and Salmonella typhi with a 3.12–12.5 
micomol per litre resulting in measurable bacterization, Staphylococcus microclo 
and Salmonella (Kim et al. 2004).

9 New Insights into and Updates on Antimicrobial Agents



188

9.6  Animal Origin Antimicrobial Agents

Studies into the antibiotic resistance of animals (whether terrestrial or marine) have 
been made considerably less in comparison to their use in plants and microorgan-
isms, as well as in smaller animals, which includes amphibians and molluscs (Wang 
et al. 2018). Quite a small number of the roughly 7.77 million animal species living 
in different habitats have been evaluated for their antimicrobial efficacy 
(Jiravanichpaisal et al. 2007). The incredible competency of complex fauna to thrive 
in difficult environments provides a road on which to discover their survival causes 
for decades. Because several groups of animals, such as fish, amphibians, reptiles, 
and rodents, are exposed to changing habitats, it is believed that they have built-in 
defence against pathogenic threats. Many animals, for the development of new anti-
microbial drugs, are ubiquitous and have a significant and mostly underutilized sup-
ply (Wang et al. 2018; Jiravanichpaisal et al. 2007).

A novel cecropins B-derived peptide with potent antimicrobial activity against 
Grame-negative bacteria such as Micrococcus luteus, Aerococcus viridans, Bacillus 
megaterium, and Bacillus subtilis, as well as low toxicity in human cells (Wang 
et al. 2018). This particular compound generally found in insects was isolated from 
the Musca domestica (Wang et al. 2018). It is also the duty of them to safeguard the 
crayfish against in the marine world, diverse fish pathogens. The antimicrobial pep-
tide astacidin was derived from the freshwater crayfish Pacifastacus leniusculus, 
and it has a large spectrum of bactericidal potential against both Gram-positive and 
Gram-negative bacteria (Jiravanichpaisal et al. 2007; Ennaas et al. 2016). In an In 
vitro study Ennaas et al. (2016) extracted and characterized Collagencin, a bacteri-
cidal peptide with good action against multidrug-resistant Staphylococcus aureus 
(Ennaas et al. 2016). Dermaseptin is a brand-new linear peptide with antimicrobial 
effects. It was first discovered in amphibian skin secretions. Dermaseptin was pro-
duced by Ying et al. (2019), and it demonstrated high antimicrobial potential against 
planktonic bacteria M. luteus, S. aureus, S. epidermidis, S. enterica, Aeromonas 
hydrophila, and E. coli, which were extracted from cystic fibrosis (CF) patients 
(Ying et al. 2019). Squalamine is a compound polycationic aminosterol obtained 
from the shark Squalus acanthias. Squalamine has shown to be successful against 
multidrug-resistant Gram-negative and Gram-positive bacteria. Squalamine’s mem-
branolytic efficacy and outstanding biocompatibility render it one of the most pow-
erful antibiotics against nosocomial pathogens including Acinetobacter baumannii 
(Nicol et al. 2019).

Crocodiles and alligators are recognized for their longest life  span, and they 
experience many infectious agents, toxicants, contaminants, carcinogens, etc., dur-
ing their lives, but they survive under these circumstances (Leelawongtawon et al. 
2010). Siamese crocodile (Crocodylus siamensis) serum has been purified into dif-
ferent antimicrobial agents and has been shown to be effective against so many 
pathogenic bacteria, including S. typhi, E. coli, S. aureus, S. epidermidis, K. pneu-
moniae, P. aeruginosa and V. cholerae (Leelawongtawon et al. 2010). Birds, such as 
crows, chicken, ostrich, vulture, turkeys with antimicrobial peptides that regularly 
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feed on tainted food. Janecko et al. (2018) reported in their study a strong antimi-
crobial peptide with MDR activity against Escherichia coli and Klebsiella sp. iso-
lated from Corvus corax in Canada (Janecko et al. 2018). Pancreatic juice, which is 
present in the intestine of mammals such as rabbits, guinea goats, pigs, dogs, and 
livestock, was discovered to have antibacterial action against Micrococcus pyo-
genes, E. coli, Shigella sp., Salmonella sp., K. pneumoniae, Staphylococci, and 
Pseudomonus aeruginosa (Pierzynowski et al. 1993). L-lysophillic peptides have 
antimicrobial efficacy against Gram-positive and Gram- negative microbes, such as 
Streptococcus and Pseudomonas (Szponder et al. 2018) (Table 9.1).

9.7  Mechanism of Antimicrobials

Due to the immense chemical diversity available in bioactive compounds, the mode 
of action of all these molecules are not well understood (Wink 2015). Numerous 
studies have shown that different bioactive molecules target different levels of orga-
nization, varying through cellular to individual scale and population scale, and also 
in some instances, including such biofilms (Wink 2015; Singh et  al. 2017b; 
Abushaheen et  al. 2020). The complexity of mode of action posed by bioactive 
natural products appears to become very encouraging in combating the develop-
ment of multidrug resistance often seen in pathogens responsible for various infec-
tious diseases. At the cellular level, different antimicrobial phytochemicals react 
with different biomolecules present at the target site and thus alter themselves 
chemically and physically to the degree whereby they drop their bio functionality 
whether partially or fully. During these interactions, bioactive natural compounds 
bind to different biomolecules, including such protein and nucleic acid, through 
various bond formation. Many of these bioactive components contain very active 
sites, like C=O and R-S-R′, RCO3H, double bonds with anion configuration, and 
triple bonds in their framework, which can form covalent bonds with proteins and 
sometimes the DNA of microorganisms (Abushaheen et al. 2020; Singh et al. 2017b; 
Wink 2015). For example, during defined circumstances, the reactive aldehyde 
group of these molecules may create a Schiff base with amino/imino groups that 
occur in amino acid residues and protein and DNA nucleotide bases, respectively.

On the one side, a number of bioactive compounds such as polyphenols have the 
potential to minimize ROS generation via their strong antioxidant potential, whereas 
on the other hand, some bioactive compounds induce ROS generation. ROS tends to 
contribute significantly in the inducing of programmed cell death. After which the 
O2-generated in mitochondria by aerobic cellular respiration is changed to H2O2 by 
superoxide dismutase, which then in turn reacts with ferrous ions and produces 
highly reactive OH-radicals. OH-radicals interact wantonly with various macromol-
ecules, such as unsaturated fatty acids, proteins and DNA, and thus induce apoptosis 
induction (Le et al. 2017; Memar et al. 2018). The mechanism of the antimicrobial 
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agent is primarily due to two pathways, namely chemical interaction with the syn-
thesis or function of essential bacterial components and/or circumvention of tradi-
tional antibacterial resistance mechanisms. Multiple targets for antimicrobial agents 
include microbial protein biosynthesis; microbial cell-wall biosynthesis; microbial 
cell membrane destruction; microbial DNA replication and repair; and metabolic 
pathway inhibition. Cell wall is an ultra-dynamic structure in some microbes, such 
as fungi and bacteria, which protects the body from environmental osmotic shocks 
which are also essential for the distinctive phenotypes of different species. Any 
alteration triggered by an antimicrobial triggering an organizational or functional 
disruption of the cell wall will lead to the death of the microorganism (Timofeeva 
and Kleshcheva 2011; Le et al. 2017; Memar et al. 2018) (Fig. 9.3).

In the case of microbial antibiotics such as penicillin which inhibit cell synthesis, 
the mechanism of cell wall disintegration is well understood. Two types of family 
enzymes, including transglycosylases and transpeptidases, have critical roles in the 
creation of this sheet, while their functionality has been defined previously. 
Bifunctional enzymes containing both the transpeptidase and transglycosylase 

Fig. 9.3 Antimicrobial drug target; in microbes, there can be five major antimicrobial drugs tar-
gets: cell-wall synthesis, DNA gyrase, metabolic enzymes, RNA polymerase directed by DNA, 
and protein synthesis
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domains are appropriate targets for bactericidal antibiotics such as penicillins and 
cephalosporins (Memar et  al. 2018; Le et  al. 2017; Timofeeva and Kleshcheva 
2011). The glycopeptide antibiotics group, like vancomycin, has often been identi-
fied to attack the peptidoglycan layer in some other way inside the cell-wall assem-
bly. These antibiotics are capable of binding to the peptide substrate of the 
peptidoglycan layer, thus preventing enzyme reactions from occurring. However, 
the net result is very similar, reducing peptidoglycan cross-linkage and thereby 
weakening the cell wall (Wink 2015; Singh et al. 2017b).

The cell membrane is an essential element of the lipid bilayers that includes 
integrated extrinsic and intrinsic proteins that serve the roles of enzymes, signalling 
protein and transport proteins. Owing to their lipophilic nature or bonding to some 
particular membrane part, numerous bioactive compounds can trigger membrane 
degradation, leading to loss of membrane stability and functionality (Ibrahim et al. 
2000; Chongsiriwatana et al. 2008). Multiple antibiotics including polymyxins may 
bound to the lipid a constituent of lipopolysaccharide and thus cause substantial 
modifications through phospholipid interchange, which might lead in osmotic dis-
turbance and, eventually, lead to microbial death. In the case of microbial biosyn-
thesis, there seem to be a significant number of molecular steps involved in the 
initiation, elongation and termination of microbial ribosome protein assembly. 
Inhibiting protein synthesis by targeting ribosomal subunits is also an efficient way 
to fight microbial infections. Significant groups of antibiotics, such as macrolides, 
tetracycline’s, aminoglycosides and oxazolidinones, demonstrate antimicrobial 
activity through this particular mechanism (Chongsiriwatana et al. 2008; Ibrahim 
et al. 2000).

9.8  Current Antimicrobial Therapy and Drug Resistant

Microorganisms had evolved on universe more than four billion years ago. During 
that period, a wide variety of naturally occurring antibiotics are encountered, includ-
ing those created by other bacteria, such as Penicillium notatum, which produces 
penicillin (Yim et al. 2017). In order to sustain, microbes have established a seem-
ingly inexhaustible repertoire of antibiotic resistance mechanisms (Mulani et  al. 
2019). This is not shocking that they rapidly became immune to all the antimicro-
bial agents which have been produced throughout the last five decades. For this 
reason, there is a lot of variability in antimicrobial responses; even the best of anti-
biotics have differing effects on the level of resistance. Mode of operation, if an 
antimicrobial compound is a dose or time-dependent killing agent, effectiveness 
against pathogenic bacteria, and the magnitude and duration of the available serum 
concentration are all variables that affect whether resistance arises (Petchiappan and 
Chatterji 2017). For example, the resistance of β-lactam within streptococci class a 
still has not been established. But at the other hand, certain antimicrobial agents, 
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like rifampicin, are easily selected for resistance. Antimicrobials that target single 
enzymes, such as rifampicin, are thought to be the most resistant to resistance pro-
duction, while agents like penicillin, which irreversibly inactivates several targets, 
may build resistance more steadily. Because pathogens have been exposed to natu-
ral antibiotics such as ß-lactams and macrolides in the environment, it is rational to 
believe that susceptibility determinants to natural products have formed and spread 
horizontally. While it was anticipated that resistance to synthetic antimicrobial 
agents such as fluoroquinolones and linezolid will be sluggish to develop, resistance 
to synthetic agents developed rather rapidly. It seems that if an antibacterial agent is 
widely employed in the human community, tolerance can develop rapidly, at least in 
some microbe populations (Buehrle et al. 2017; Laws et al. 2019).

The development and dissemination of resistant pathogens is a significant con-
cern as the main trigger of antimicrobial drug resistance (Juárez-Verdayes et  al. 
2012; Iino et al. 2012). The pathways entail modification of drug targets or enzy-
matic inactivation of antimicrobial agents like ß-lactams, macrolides, tetracyclines 
and fluoroquinolones. Many antibiotics were discovered to be efflux pump sub-
strates, resulting in medication extrusion from cells. Problem becomes more serious 
due to intensive use of antibiotics which result in clonal selection of efflux pump 
overexpressing strains for which chemotherapeutic agents are good substrate. 
Moreover, hyper expression of naturally occurring multidrug efflux transporters 
plays an ubiquitous type of resistant element which could use chemical energy (e.g. 
ATP, Na + or H+ gradients) to expel a set of dissimilar molecules or antibiotics from 
the cytoplasm through an antiport mechanism (Campion et al. 2004; Stavri et al. 
2007; Abdali et al. 2017). Protein architecture has distinguished between five fami-
lies, i.e. Multidrug, Multid, MATE, ABC, the resistance-family, and the main facili-
tator superfamily. Secondaryly these have been studied at present in significant 
amounts including NorA, NorB, MdeA, and LmrP pump. NorA among these has 
been found overexpressed in nearly half of resistant clinical isolates as compared to 
other efflux pumps (Abdali et al. 2017; Jang 2016). As a consequence of the intense 
battle against MDR pathogens, efflux pump inhibitors (EPIs) are potentially effec-
tive as adjunctive therapies with an antibiotic to obstruct the activity of such efflux 
proteins and could be a better approach to improve antibacterial potency at low 
concentration and help in decreased virulence of bacterial infection (Patkari and 
Mehra 2013; German et  al. 2008). Capsaicin is shown to alter fluoroquinolone 
pump tolerance in clinical isolates of Staphylococcus aureus. Similarly, polystyry-
ladines, for example, dihydropanamidic polyamine esters with amino acid esters, 
have recently been discovered as antibacterial agents against NorA-overexp bacte-
rium strains. It’s worth exploring whether these drug-intermediate infections can 
even be treated with non-EPIs, which could have new therapeutic benefit for obso-
lete antibiotics (Fig. 9.4).

Ampuse from available drugs may come from the organism’s intrinsic proper-
ties, or due to genetic transformation. Resistance is likely to occur in the commensal 
microflora as well, and the more likely it is (Buehrle et al. 2017; Laws et al. 2019).
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9.9  Future Opportunities

There have been a change in the way the drugs/lead molecules used in experimental 
trials to clinical studies, as researchers began to use advancement in the techniques 
of synthesizing them from the results of in vitro study. Bioavailability is a challenge 
because certain bacteria can not only move through the skin but also because of tis-
sue penetration, so when using bioactive products is mixed with the natural antimi-
crobials. According to that theory, phenolic compounds are said to profoundly 
influence the body’s ability to enter both the liver and the blood. A significant chal-
lenge to effective therapy of pathogenic microorganisms has been the emergence of 
antibiotic-resistant microorganisms. As of now, there is an urgent need to establish 
a new drug resistance strategy. Bioactive moieties with different chemical structures 
and modes of action are promising therapeutic platforms for the discovery of novel 
bioactive compounds in the years to come. However, more study should be done to 
properly completely comprehend mechanisms as well as the pharmacokinetic and 
pharmacodynamics characteristics of the bioactive compounds. Although conduct-
ing more research on combinations of antibiotics to improve their duration of action 

Fig. 9.4 Mechanisms of genetic resistance to antimicrobial agent
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would further the duration of these compounds, This class of multidrug-resistant 
bacteria is a true to life origins, so more research on them must also be performed 
to reduce resistance in normal flora. Currently, checks are needed to ensure the effi-
cacy of any pathogens that are still in the sample. Since many antibiotics in modern 
treatments lack specificity, this could yield medications that are less effective when 
combined with the conventional antimicrobials that can mitigate environmental 
pathogens that do not have established resistance to these days. If these potential 
advantages are combined, then a more compliant patient-friendly and cost- conscious 
approach to antibiotic therapy is taken, such resistance could be prevented, longer 
durations of use could be achieved, and so less resistance to medications could be 
developed.
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