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Abstract 

   
This review outlines the antimicrobial and synergistic activities of bioactive molecules of plant origin against 

multidrug-resistant (MDR) bacteria. The pervasiveness of MDR microorganisms has become the most serious 

problem of public health concern. Overuse/misuse of antibiotics is a major reason for the development and 

propagation of MDR strains of several groups of bacterial strains. To overcome these circumstances, the 

scientists paved their way to perform researches on plants to find out possible antimicrobial compounds. The 

plant kingdom constitutes a vast reservoir of phytochemicals having medicinal values including antibacterial, 

antifungal and anticancer activities. Research investigations indicate that various plants contained many 

bioactive agents like as alkaloids, peptides, phenolic compounds, tannins, flavonoids and essential oils etc. These 

bioactive molecules have prospective therapeutic indications against resistance strains of human pathogens. The 

possible mechanism of plant extracts against antibiotic resistance bacteria is targeting distinct sites, not used by 

antibiotics. Contagious diseases are very common in third world countries. There is an urgent need to find out 

the novel molecular targets to circumvent resistant mechanism. Previous ethno-botanical records and recent 

research publications advocate that higher plants are napping giants of the pharmacological industry. 
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Introduction 

Antimicrobial resistance has become the most serious 

problem of public health concern. Inappropriate 

practice of antibiotics has become a foremost aspect 

for the development and propagation of multidrug-

resistant (MDR) bacteria of several groups. The 

phenomena of antibiotic resistance depends upon the 

precise nature of the bacteria-antibiotic relationship, 

the practice of antimicrobial drugs, host 

physiognomies and environmental aspects. 

Consequently, a decreased in therapeutic efficacy of 

antibiotics leading to treatment failure, recurrent 

infections and an increase in morbidity and mortality. 

This situation intended to search for novel bioactive 

molecules from medicinal plants (Cordell, 2000, 

Abiramasundari et al., 2011, Borges et al., 2015). 

Primitive people used plant sources as food, medicine 

and shelter for their survival. With passage of time as 

dependency on plants increased, man learn to utilize 

plants for various other purposes. Higher plant from 

wild origin have always been source of intention for 

their potential to demonstrate important properties 

for human comfort (Ali and Blunden, 2003). 

Phytoconstituents from higher plants possess anti-

infective potential against various pathogens and can 

be applied as an alternative therapeutic agent in the 

management of infectious diseases not responding to 

antibiotics therapy. The interest in green medicines 

aroused from a believe that plant-sourced medicines 

are effective, safer and having minute adverse effects 

comparatively to the synthetic pharmaceutical drugs 

(Srinivasan et al., 2001; Satish et al., 2008; 

Abubakar, 2010).  

 

According to western pharmacopoeia, ethno-

medicines offered about 7000 pharmaceutically 

active compound like camptothecin, quinine, 

artemisinin etc. These different compounds have 

finding their way in the medicine industry including 

pharmaceuticals, cosmetics and neutraceuticals. 

These biologically active compounds also utilized in 

various food suppliments (Tshibangu et al., 2002). In 

spite of that plant-based medicines still 

underestimated particularly in the field of clinical 

microbiology (Karou et al., 2005).  

However bioactive molecules possessing the 

antimicrobial activity have always been attracting the 

scientists working in the field of clinical microbiology 

and this interest is growing with passage of time 

especially to combated phenomena of antimicrobial 

drug resistance (Clark and Hufford, 1993). Various 

studies argued the presence of significant compounds 

in plants which have potential therapeutic efficacy 

against bacteria, viruses and fungi. Some important 

knowing antimicrobial compounds are tannins, 

peptides, alkaloids, phenols, flavonoids and, essential 

oils. These substances may serve as an important 

antimicrobial agent against resistance human 

pathogens (Arora and Keur, 1999; Okigbo and 

Omodamiro, 2006). Previous ethno-botanical records 

and the recent research publications advocated that 

higher plants are napping the giants of the 

pharmacological industry (Hostettmann and 

Hamburger, 1991) (Figure 1). 

 

Antimicrobial drug resistance  

Antibiotics have ability to kill or inhibit the growth of 

bacteria by targeting different sites of 

microorganisms. Antibiotics are those substances 

produced by living organisms or derived synthetically 

by chemical means (Harrison and Svec, 1998; 

Kennedy et al., 1998). Various drugs are isolated from 

microorganisms including bacteria and fungi. Some 

important antibiotics produced by bacteria are 

streptomycin, bacitracin, tetracyclines, 

chloramphenicol and polymyxin etc. whereas 

penicillin and cephalosporins are produced by fungi 

(McKeon et al., 1995). Modern drugs including 

antibiotics helped humanity to overcome various fatal 

conditions of health concerned but on other hand a 

high ratio of antibiotics prescription paved the way of 

multidrug resistance in bacteria. Different factors like 

mutation in bacterial chromosomes, transfer of 

resistance genes by transposons and plasmid etc. 

contribute in the development of bacterial resistance 

in varied microbial species (Hart and Kariuki, 1998; 

Kimpe et al., 2003, Salipante et al., 2003; Shahid et 

al., 2003). A list of major risk factors for the 

development of anti-microbial resistance is given in 

Table 1.  
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Pharmaceutical industries have introduced new 

generations of antibiotics to combat resistance in 

microorganisms but these productions pose adverse 

impact with the development of multi-drug resistance 

bugs due to their genetic ability to acquire resistance 

against antibiotics and transmit resistance genes to 

microbial community (Cohen, 1992).  

 

Hospital-acquired infections present more resistance 

to heal due to the frequent use of antibiotics in the 

patients and thus hospitals are initial place to spread 

resistant species. In this respect it seems that drug 

development programs delivered inadequate 

therapeutic cover in 10-20 years (Levy, 1998; Boucher 

et al., 2009; Page and Heim, 2009). In some cases, 

even effective antibiotic therapy failed to overcome 

the infections. Some noticeable resistance pathogens 

i.e. Escherichia coli, Pseudomonas aeruginosa, 

Klebsiella pneumoniae and Acinetobacter baumannii 

exhibit resistance to β-lactamases and 

Staphylococcus aureus may be found as methicillin-

resistant and vancomycin-resistant species. Resistant 

strains cause treatment failure with lingering or 

relapsing infections which arises dilemmas in society 

about antibacterial therapy. Multidrug resistant 

pathogens render antibiotic therapy ineffective, 

hazardous and money consuming (Wormer and 

Bergman, 2002; Kepil, 2005; Alekshun and Levy, 

2007; Ojha et al., 2008).  

 

Insufficient antibiotic therapy give rise to microbial 

resistance because causative pathogen was not 

susceptible to low doses of antibiotics rather they 

become resistant and result in treatment failure. This 

condition may associate with septicemia which may 

increases mortality rates especially in critically ill 

patients due to resistant pathogens including S. 

aureus, E. coli, P. aeruginosa, K. pneumoniae, 

Enterobacter spp. enterococci and coagulase-negative 

staphylococci (Ibrahim et al., 2000; Kang et al., 

2005). Antibiotics largely used in veterinary field as 

prophylactics measures, growth promoters and 

therapeutic agents. This practice add antibiotic 

selection pressure which resulted in generation of 

multi-drug resistant pathogens.  New generations of 

antibiotics have been introduced but seems 

ineffective against super bugs. Animal derived 

resistant strains posing great threat to animals as well 

as human community, and its call of time to design a 

methodology to control go up resistant pathogens 

(Endtz et al., 1991; Wang et al., 2011).  

 

Despite of infection control programs, more logical 

medical practice and introduction of immunization, 

the up surging of resistant microorganisms causing 

more life-threatening infections and proposing great 

challenge to medical professions and scientists. In 

this respect most common Gram-positive resistant 

pathogens belong to staphylococci, enterococci and 

streptococci.  The proposed mechanisms of antibiotic 

resistance in Gram-positive bacteria are inactivation 

or destruction of antibiotic, changes in active efflux or 

the target site (Russell et al., 1998; Schiever et al., 

2005). On the other hand, resistant strains of Gram-

negative bacteria also becoming more alarming and 

risky to the public health, and studies indicated that 

Gram-negative bacteria becoming resistant in faster 

way than Gram-positive bacteria (Tan, 2008; 

Cornaglia, 2009). The production of β-lactamases by 

Gram-negative bacilli is a significant mechanism of 

resistance against β-lactam antibiotics. Gram-

negative bacteria acquired extended-spectrum β-

lactamases (ESBLs) by horizontal gene transfer and 

produced resistance against oxyimino-

cephalosporins. TEM and SHV are mutant derivatives 

of established ESBLs and widely produced by 

Enterobacteriaceae and some genes like CTX-M, 

mobilized from environmental bacteria (Albrich et al., 

2004). The β-lactams are chromosomally encoded by 

AmpC cephalosporinases. These are species-specific 

enzymes and commonly found in Pseudomonaceae 

and Enterobacteriaceae. Transmissible plasmids also 

mobilized these enzymes (AmpC) to the bacteria such 

as K. pneumoniae, E. coli and Proteus mirabilis 

which are lacking or have poor ability to express 

chromosomal blaAmpC gene (Jacoby, 2009). The 

development of metallo-β-lactamases has 

compromised the clinical efficacy of carbapenems 

against bacterial infections, and an increase in the 

production of AmpC may also induced resistance to 



 

4 Afzal et al. 
 

Int. J. Biosci. 2022 

antibiotics of this class (Mena et al., 2006; Walsh, 

2008). Antibiotics resistance have been observed in 

various in vitro studies and clinical observations but 

no herb/spice resistance mentioned in literature. 

Garlic has been cultivated and used for centuries in 

human societies. In 1857, Louis Pasteur was the first 

who mentioned its antibacterial properties to the 

world (Pasteur, 1857). It seems logical to utilize 

plants-derived bioactive compounds to inhibit 

bacterial enzymes being an effective strategy to 

overcome bacterial resistance (Kim et al., 1995). 

 

Mechanism of antimicrobial drug resistance 

Microorganisms have ability to developed antibiotic 

resistance as innate tendency or acquired by 

transferred resistant genes horizontally or vertically. 

Selective pressure of antibiotics lead to natural 

selection and ultimately evolution of resistance 

strains appeared in field. The antibiotics with broad 

spectrum activity resulted in more powerful resistant 

pathogens and an increase in lingering infections. 

There are four possible mechanism of bacterial 

resistance (Figure 2); 

(1) Target modification which will lead to decreased 

affinity of antibiotics for target site or development of 

new target site which will prevent the attachment of 

drug. 

(2) Enzyme production which will modify or 

inactivate antibiotic.  

(3) Changes in antibiotic permeability by reduction of 

porin diameter or loss of porin in Gram-negative 

bacteria.  

(4) Antibiotics efflux to outside the cells utilizing ATP 

pumps (Sefton, 2002; Pantosti and Moro, 2005; 

Vanderkooi et al., 2005; Moselio, 2009).  

 

Antibiotic resistance developed in the presence of two 

necessary elements:  

(1) First element is the presence of an antibiotic, 

have capability to inhibit the vast number of 

microorganism existed in a colony. 

(2) Second, at least one bacterium in a 

heterogeneous bacterial colony, which carries the 

gene capable of expressing the antibiotic resistance 

(Levy and Marshall, 2004).  

Bacterial species can develop resistance by genetic 

means in two ways; 

(1) Vertical evolution, by mutation of existing 

genes. 

(2) Horizontal gene transfer, in which new 

resistant genes acquired from other bacterial strains 

or species. 

 

This genetically mutated material carrying resistance 

ability to antibiotics, which can be transferred to 

other species by using different mechanisms 

including conjugation, transformation, and 

transduction (Martinez and Baquero, 2000; Jacoby 

and Munoz-Price, 2005; Palmer et al., 2010). 

 

In the environment, extra-chromosomal genes like 

naked DNA, transposons or plasmids served as 

mobile genetic elements and responsible for transfer 

of drug resistance genes among different taxonomical 

and ecological groups of bacteria. Resistance 

plasmids are extra chromosomal DNA molecules 

occurring in small, circular, covalently closed and 

double-stranded form which can transfer resistant 

determinants to bacterial populations mainly in 

Gram-negative bacteria. It is not essential for the 

bacterial growth and have ability to replicate 

independently. Transposons and integrons are also 

DNA mobile elements and presented on the plasmid. 

These DNA mobile elements cause rapid distribution 

of resistant genes among different groups of bacterial 

species. Methods like standardized plasmid typing, 

helped us to improve our understanding about host 

range and worldwide distribution of these mobile 

elements (Levy and Miller, 1989; Levy, 2002; 

McDermott et al., 2002; Carattoli et al., 2006; 

Carattoli, 2009; Jeters et al., 2009; Wang et al., 

2011). It is need of time to adopt better strategies to 

combat an increase in the emergence of multi-drug 

resistant bacterial strains with development of novel 

antibiotics or modification of old ones (Tollefson and 

Miller, 2000). 

 

Biofilm formation  

Bacterial biofilms are colonization of unicellular 

organisms which come get together, attach to a solid 
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surface and enclosed by scaffold of exopolysaccharide 

matrix. Single or multiple bacterial species may 

involve in biofilm formation (Whittaker et al., 1996). 

The bacterial biofilms can be developed on different 

surfaces, such as medical devices, living tissues, soil 

environments, natural aquatic or potable water pipes 

(Flemming and Wingender, 2001). Bacterial 

attraction and adhesion to the surface may involve 

different mechanisms including surface type and 

charge, Brownian motion, gravity and chemo-

attraction (Jenkinson and Lappin-Scott, 2001). The 

process of biofilm formation is a general approach in 

the bacterial species to survive in nature, and to 

protect them from environmental stresses (O’Toole 

and Kolter, 1998; Flemming and Wingender 2001; 

Singh et al., 2006; Ahimou et al., 2007). Bacterial 

attachment with surface provide great opportunity to 

make strong bond with surface and association 

between bacterial communities. This proximity 

between bacteria confer an easy transfer of genes 

from one bacterium to another and these colonized 

bacteria metabolically more active than bacteria in 

plankton environment (Marshall, 1994). Biofilm 

interlinks produced by exopolysaccharide matrix, or 

glycocalyx, worked as barrier and prevents the 

penetration of antibiotics due to embedded bacterial 

cells and thus presented much more resistance in 

biofilm producing bacteria to antimicrobial drugs 

(Stewart, 1996; Mohamed et al., 2007). The 

opportunity of biofilm formation allows bacteria to 

develop resistance to chemical biocides, antibiotics, 

host immune responses, amoebae, and bacteriophage 

in industrial and natural environments (Costerton et 

al., 1999). 

 

Quorum-sensing 

Quorum sensing (QS) is a behavior coordination 

between one bacterium to another. This mechanism 

involves cell-to-cell communication among bacteria 

under changing situations. The phenomena of 

quorum sensing is ubiquitous and regulate a wide 

range of activities in many well-known bacterial 

classes. Quorum sensing contributes to produce 

phenotypic changes in bacteria by the variation of 

gene expression which helps bacteria to adjust in 

environmental circumstances during their growth 

(Camara et al., 2002; Turovskiy et al., 2007). 

Autoinducers are signaling molecules, produced by 

bacteria and play the most important role in 

mechanism of QS. These autoinducers diffuse out via 

the cell membrane and accumulate in the 

environment. QS is responsible to regulate various 

important function in bacteria which mainly involves 

in development of genetic capability, regulation of 

virulence factors, transfer of plasmid by conjugation, 

biofilm formation, synthesis of antimicrobial peptide, 

sporulation and symbiosis (Smith et al., 2004).  

 

There are two types of quorum sensing; 

(1) Species-specific QS: There are two basic 

groups of signal molecules involved in species-specific 

QS, known as fatty acid derivatives and peptide 

derivatives signal molecules. In Gram-negative 

bacteria, species-specific QS is mediated by a fatty 

acid derivative signaling molecules know as acyl 

homoserine lactones (AHLs). These molecules have 

ability to coordinate in group-based behavior with 

varied species. Species-specific QS can be observed in 

Gram-positive bacteria, which is commonly aided 

through small peptide derivative signaling molecules. 

(2) Interspecies QS: This type of communication 

associated with autoinducer-2 (AI-2), which are 

diester of furanosyl borate. 

 

The mechanism of QS plays an important role in the 

development and regulation of pathogenicity and 

virulence factors in Gram-negative bacteria related to 

human and plant infections. In this regard some 

known genera including Agrobacterium, Brucella, 

Bukholderia, Erwinia, Enterobacter, P. aeruginosa, 

Ralstonia, Serratia, Vibrio, and Yersinia are can be 

evident (March and BentleyYa, 2004; Smith et al., 

2004; Williams, 2007). Since few decades, P. 

aeruginosa is to be consider an important microbe to 

understand the QS-related behavior and mechanisms 

in microorganisms. It is an opportunistic organism 

and responsible for infections in patients with cancer, 

cystic fibrosis and AIDS (Govan and Deretic, 1996; 

Smith et al., 2002). A wide range of extracellular 

enzymes take part in P. aeruginosa virulence. These 
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enzymes are proficient to produce extensive tissue 

damage in humans. The well-known variety of these 

exofactors include protease, elastase, exotoxin A, 

phospholipase and rhamnolipid biosurfactants 

(Delden and Iglewski, 1985; van Delden and Iglewski, 

1998). Biofilm formation and QS linked closely and 

this collaboration plays a central role in the 

development of pathogenicity of various bacteria in 

infections (Parsek and Greenberg 2005; Sakuragi and 

Kolter, 2007). 

 

Table 1. Risk factors for the development of antibiotic resistance. 

• Irrational, excessive and overuse of antibiotics 

• Prophylactic use of antibiotics in hospitalized patients to prevent infections 

• Frequent therapeutic prescription in recurrent infections 

• Prophylactic and therapeutic use in poultry field 

• Long term use of antibiotics in seriously ill patients, immunocompromised patients, having 

congenital diseases like cystic fibrosis and low sanitation and hygiene 

• Ineffective measures for prevention and control of infection such as proper hand washing, logical use 

of antibiotics, isolation of patient having resistant infections 

• Utilization of prosthetic devices amenable to super-infections with multi-drug resistant bacteria 

(Adapted from Alfonso, 2005). 

Mechanism of antimicrobial activity of 

phytoconstituents 

In bacteria, biosynthesis of fatty acids is an essential 

step for the building of cell membrane and other 

lipid-containing components. Fatty acid synthesis 

(FAS) is carried out by a group of highly 

individualized enzymes known as type II fatty acid 

synthase (FAS II). In mammals, fatty acid synthesis is 

mediated by type I fatty acid synthase also known as 

acyl carrier protein (ACP) complex. Enoyl-acyl carrier 

protein reductase (ENR) plays a key role in the chain 

elongation process of the type II fatty acid synthesis. 

There is an overall difference in sequence and 

structural homolog between mammalian and 

bacterial fatty acid biosynthesis enzymes, thus ENR is 

a striking target for the development of narrow-

spectrum antibiotics (Heath et al., 2000; Payne et al., 

2001). Long-chain unsaturated fatty acids are well 

known for their antibacterial properties from a long 

time. Fatty acids are capable to inhibit the growth of 

undesirable microorganisms, thus functioning as a 

key antimicrobial additive in food. Despite of usual 

fatty acids, some fatty acids derivatives with potential 

antimicrobial activities are found in bacterial species, 

algae or plants, exist in the nature. These may also 

mediate chemical defenses against pathogenic 

microorganisms (Frees et al., 1973; Dellar et al., 1996; 

Pfefferle et al., 1996). The possible mechanism of 

plant extracts against antibiotic resistant bacteria is to 

target some different sites, not used by antibiotics. 

However, the information about such activities is not 

fully clear (Hasegawa et al., 1995; Lee et al., 1998). 

Various in vitro studies demonstrate that different 

plant substances exhibit various antimicrobial 

mechanism by selecting different targets which 

includes cell membrane disruption, bind to adhesins, 

DNA gyrase disruption, enzymes inactivation etc. A 

list of phytoconstituents are given in Table 2 

(Lanciotti et al., 2004; Burt et al., 2007; Arques, 

2008; Proestos et al., 2008). 

 

Plants produced two types of basic compounds these 

are known as primary and secondary metabolites. 

 

(1) Primary metabolites: These compounds contain 

carbohydrates, proteins, and lipids and have 

significant value for the growth and metabolism of 

plant.  

 

(2) Secondary metabolites: Various secondary 

compounds and their derivatives are produced as a 

result of primary metabolism process known as 

secondary metabolites. These compounds serve as 

plant-based medicines including antimicrobial drugs 
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and provide defense to plants against microbes, pests, 

and herbivores (Ramawat, 2007; Vaghasiya et al., 

2011; Savoia, 2012) (Figure 3). To study the biological 

activities of plant constituents, raw materials were 

collected and analyzed for their bioactive compounds. 

A number of substances served as potential source for 

antimicrobial drugs production and depicted a 

significant therapeutic value against pathogenic 

organism including bacteria, fungi, and viruses.  

 

The compounds exhibiting antimicrobial properties 

included peptides, alkaloids, phenols, flavonoids, 

tannins and essential oils (Arora and Keur, 1999; 

Okigbo and Omodamiro, 2006).  

 

Table 2. Basic classes of antibacterial phyto-constituents. 

Class Subclass Example(s) Mechanism 

Phenolic compounds 

 

Simple phenols Catechol Substrate deprivation 

Epicatechin Disruption of cell membrane 

Phenolic acids Cinnamic acid Binding to adhesins proteins, complex with the bacterial cell 

wall, enzymes inactivation Quinones Hypericin 

Flavonoids Chrysin Binding to adhesions proteins 

Complex with bacterial cell wall 

Flavones Abyssinone Enzymes inactivation 

Inhibit the HIV reverse transcriptase 

Flavonols Totarol ? 

Tannins Ellagitannin Binding to adhesins proteins 

Enzyme inhibition 

Deprivation of substrate 

Complex with bacterial cell wall 

Disruption of bacterial cell membrane 

Metal ion complex formation 

 Coumarins Warfarin Showing antiviral activity by interacting with eukaryotic DNA 

Terpenoids, essential 

oils 

 Capsaicin Bacterial cell membrane disruption 

Alkaloids  Berberine 

Piperine 

Inserted into the bacterial cell wall and/or DNA 

Lectins and 

polypeptides 

 Mannose-specific 

agglutinin 

Fabatin 

Block the viral fusion or adsorption 

Form disulfide bridges 

 

(Adapted from Cowan, 1999). 

Therapeutically active phyto-constituents may be 

utilized as anti-bacterial, fungicide, insecticide, anti-

viral, anti-plasmodial, spasmolytic, laxative, febrifuge 

or antioxidant substance (Iqbal et al., 2011). Quinine 

is a naturally occurring alkaloid and found in the bark 

of Cinchona tree. It is famous for the treatment of 

malaria and to relieve nocturnal leg cramps as well 

(Iwu et al., 1999). Research studies claimed that 

phenolic compounds presented in different herbs and 

spices have ability to inhibit foodborne pathogens and 

showed antimicrobial properties against human 

pathogens (Nychas, 1995; Smid and Gorris, 1999; 

Prashanth et al., 2001; Hara-Kudo et al., 2004; Kim 

et al., 2005). Various plant extracts contain highly 

hydroxylated phenolic compounds. Polyphenols are 

well known to have antimicrobial activities against 

massive strains of pathogenic microbes. They include 

hydroxycinnamate derivatives, hydroxycoumarins, 

flavanols, flavanones, flavonols, flavones, tannins, 

anthocyanins, aurones, hydroxystilbenes, etc. 

(Scalbert, 1991; Cowan, 1999). Hydroxylated phenols 

(catechol with two 2OH groups and pyrogallol with 

three 2OH groups) have toxic properties against 

microorganisms. It is supposed that site(s) for 
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hydroxyl groups on the hydroxylated phenols are 

responsible for their toxic action to microorganisms. 

It indicates that an increase in hydroxylation may 

result in an increase in its toxic properties (Geissman, 

1963). Tannins and flavonoids, are important 

polyphenols having antibacterial activity. Tannins are 

abundantly found in plants and provide chemical 

defenses against pathogenic bacteria and herbivory. It 

is suggested that tannin-containing beverages, like 

red wines and green tea have therapeutic values to 

cure or prevent diseases (Serafini et al., 1994; 

Machado et al., 2002; Gedir et al., 2005). Flavonoids 

destroy a wide range of microbes by different 

mechanism of actions possibly through the disruption 

of cytoplasmic membrane, to make complex with 

extracellular, soluble proteins, and bacterial cell 

walls, DNA gyrase inhibition and β-hydroxy acyl-acyl 

carrier protein dehydratase activities (Tsuchiya et al., 

1996; Cushnie and Lamb, 2005; Zhang et al., 2008). 

Essential oils are profoundly rich with terpenes, 

which promote cell membrane disruption. Coumarin 

reduced cell respiration, and tannin inactivate 

enzymes thus effect the microorganisms in various 

ways (Cai et al., 1988; Cowan, 1999; Ulanowska et al., 

2006). 

 

Fig. 1. Human history of using plants as a medicine. 
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Synergistic interaction of herbs 

Synergism is the state in which two or more 

substances/ herbs interact or combined in such a way 

that their collective effect is greater than the effects of 

individual substance. In contrast, antagonism occurs 

when one substance in combination of two or more 

substances reduce or block the effects of others (Burt, 

2004). The increasing risk of fatal infections due to 

resistant microbes, diverting the attention of medical 

scientist to the plants as a source of biologically active 

compounds. Plants and herbs are rich in various 

substances having ability to kill or inhibit pathogens. 

To find out the novel bio-compound, will help to 

reduce resistance and increase susceptibility of 

bacteria for antibacterial drugs. In the view of this 

situation various studies have been evaluated to 

observe the synergistic effects of plant isolated 

compounds with commonly used antibiotics. The 

positive outcomes of these interactions will help to 

develop new approaches to overcome the antibiotic 

resistance (Nostro et al., 2006, Horiuchi et al., 2007; 

Stefanovic et al., 2009 a-b).  

 

Fig. 2. Potential targets for antimicrobial drugs in a bacterial cell. 

The synergistic approach to combining well-studied 

antimicrobials from plant source and synthetically 

produced antibiotics, will result in more powerful and 

effective therapeutics against multidrug resistant 

bacteria causing serious health problems. In vitro 

investigations indicated that even in a plant, a single 

substance is not responsible as a potential 

antimicrobial rather a combination of secondary 

metabolites interact in a synergistic way to produce a 

noticeable effect as an antimicrobial agent. A 

morphological difference between the cell wall of 

Gram-positive and -negative bacteria make them less 

or more sensitive to plant extracts. The cell 

membrane of Gram-negative bacteria becomes 

impermeable to organic solutes due to the presence of 

structural lipopolysaccharide in outer phospholipidic 

membrane and porins in cell membrane act as barrier 

for aqueous solutes. On the other hand, the Gram-

positive bacteria is more sensitive to antimicrobials 

due to the lack of above features in cell membrane. In 

this regard, various bioactive compounds may 

produce synergy by combining with antibiotics, as 

these substances may not have ability to kill the 

bacteria rather these harbor ability to make the 
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pathogen sensitive for previously ineffective 

antibiotics (Hooton et al., 1984; Arias et al., 2004; 

Betoni et al., 2006; Olgica and Ljiljana, 2011). The 

synergistic interaction may produce more powerful 

effects and expand the spectrum of therapeutic action 

which will help to prevent the evolution of resistant 

species and resolve the stubborn bacterial infections 

which are not responding to standard treatment with 

antibiotics. In addition, this synergy may reduce the 

possible toxicity and avoid unwanted side effects due 

to the overuse of antibiotics (Kubo et al., 1996; 

Kamatou et al., 2006).  

 

Fig. 3. Mechanism of action of antibacterial bioactive molecules in a bacterial cell. 

Cumin seeds exhibit synergistic activity along with 

antibiotics and antibiotic/cumin interaction also 

assessed in dose-response preclinical studies. This 

combination proves very effective therapeutic tool 

against resistant strain of bacteria which is difficult to 

eradicate from antibiotic (Sivam, 2001). A vast 

number of commonly used antibiotics include 

ampicillin, chloramphenicol, co-trimoxazole, 

doxycycline, erythromycin, gentamicin, lincomycin, 

lincomycin, nalidixic acid, nalidixic acid, 

spectinomycin, Streptomycin, and tobramycin are 

experimented with diethyl ether extract of N. sativa. 

These interactions demonstrate synergistic and 

additive effects as antimicrobial agents. These studies 
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also revealed that N. sativa extracts increased 

sensitivity and reduced drug-resistance of Gram-

positive and Gram-negative bacteria for antibiotics 

(Hanafy and Hatem, 1991; Morsi, 2000). A 

composition of extracts from Azadirachta indica, 

Cucumis sativus and Citrullus colocynthis is prepared 

to evaluate their synergistic efficacy in tooth and 

gums problems. This formulation was utilized as 

mouth wash to rinse the mouth. This combination 

prove effective to prevent inflammatory processes and 

infections like gingivitis and periodontal diseases and 

also works as anti-plaque agent (Behl et al., 2004). It 

is anticipated that such synergistic combinations may 

inhibit different drug resistance mechanism in 

bacteria i.e. drug efflux pump (Zhao et al., 2001; 

Lewis and Ausubel, 2006). Numerous in vitro studies 

point out significant synergistic effects between 

different crude plant extracts and antibiotics against 

resistance strain of S. aureus. This interaction also 

reduced the minimum inhibitory concentrations 

(MICs) of antibiotics (Yam et al., 1998; Aqil et al., 

2005; Braga et al., 2005; Betoni et al., 2006; 

Esimone et al., 2006; Adwan et al., 2008).  

 

Diverse variety of antimicrobial bio-molecules and 

synthetically produced antibiotics may affect 

promptly in a synergistic way by using low dose from 

each side and thus therapeutic out comes are more 

result oriented. It seems that pharmacologically active 

both drugs may clear the infection from body by 

different mechanism in a harmonious way. Thus, the 

synergistic relations help to prevent, delayed or 

reduced depressive resistances in the pathogens 

(Williamson, 2001; Lupetti et al., 2002). 

 

Conclusion 

From the ancient time, plants are well recognized for 

their therapeutic value in different ailments. Various 

in vitro screenings of different plants and herbal 

extracts established a prominent space in 

pharmaceutical as a potential antibacterial 

chemotherapeutic agent in infectious diseases (Elvin-

Lewis, 1980; Tona et al., 1998). Antibacterial 

screenings proposed that Gram positive bacteria are 

likely more sensitive to herbal extracts than Gram 

negative species. This statement indicates the 

morphological differences in cell membrane structure 

among both bacteria (Zaika, 1988; Arias et al., 2004; 

Ceylan and Fung, 2004; Lopez et al., 2005; Betoni et 

al., 2006).  

 

In developing countries, contagious diseases are very 

common due to poor sanitation and hygienic 

situations. A frequent use of antibiotic therapy is a 

potential cause for drug resistant mutants. Drug 

resistant strains have invaded developed countries as 

well, so its call of time to find novel bio-molecules 

from natural sources to circumvent this condition. In 

vitro applications of drugs combination to study 

synergism against resistant bacteria showed the 

favorable results. The synergy of antimicrobial from 

natural and synthetic source will boost the 

therapeutic efficacy of antibacterial drug in clinical 

application to overwhelmed fatal infections from 

microbial origin. This review demonstrates the 

utilization of bioactive compound from plants and 

herbal origin in alone or combination with modern 

drugs to established more effective products to tackle 

rapidly spreading resistant pathogens (Hooton et al., 

1984; Williamson, 2001; Patra, 2012). 
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