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1. Introduction 

Bacteria are microscopic, single-cell organisms that can thrive in every climate on 

earth. Some are airborne while others live in water or in soil. Bacteria may be 

intracellular or extracellular for plants, animals, and humans. 

 A bacterial infection is a proliferation of a harmful strain of bacteria inside or on any 

part of the body. Bacteria can affect the throat, the lungs, the skin and many other 

parts of the body. Some bacterial infections are mild whereas some are severe.  

Pneumonia, meningitis and food poisoning are few illnesses that may be caused by 

harmful bacterial strains (Woodford et al. 2015). 

Treatment for bacterial infections is usually a course of antibiotics. Antibiotics are 

agents that inhibit bacterial growth or kills bacteria. These are mainly used in the 

treatment and prevention of bacterial infections. Antibiotics used may be natural, 

synthetic or semi synthetic based on their origin (Frank Lowy 2014).  

Antibiotics have been used for millennia to treat infections. The discovery of 

antibiotics was one of the significant medical achievements of the 20th century. 

Discovery of penicillin in 1929 enabled the effective control of infections caused by 

Gram-positive pathogens and similarly the isolation of streptomycin in 1943 was 

effective for the control of tuberculosis agent Mycobacterium tuberculosis. In the 

course of these discoveries, the natural products and synthetic compounds have 

proven to be valuable for deciphering the structure of target bacteria (Christopher, 

2005). It has led to the golden era of antibiotics, in which natural products and 

derivatives of these products were revealed by studying the metabolic pathways of 

bacteria (Lisa et al.2015). 

Nowadays, despite of advances in medical research bacterial infections become major 

problem. Antimicrobial agents are used so widely that some of the microbes targeted 

by the agents have adapted or modified and become resistant to these agents, such that 

they no longer respond to a drug to which they were previously susceptible. It is  due 

to acquisition or mobilization of resistance elements in bacterial populations and 

capture by antibiotic-sensitive pathogen (Ravi et al. 2012). 

The term “superbugs” refers to microbes with enhanced morbidity and mortality due 

to multiple mutations resulting in high levels of resistance to earlier which they were 

susceptible. Many of the bacterial pathogens causing infections in humans have 
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evolved into multidrug-resistant (MDR) forms. Currently, the most notorious bacteria 

are the Gram-positive Organism Staphylococcus aureus has a close association with 

humans as it is part of normal flora also, but in recent years, this multidrug-resistant 

pathogen has emerged as the major nosocomial infection (Jessica et al.2015).  

The development of methicillin in 1959 were thought to be a major tool against the 

penicillinases, but the appearance of methicillin-resistant S. aureus (MRSA) led to 

other  resistant variants, and the acronym  now denotes multidrug-resistant S. aureus 

(Nikaido 2010). The most prevalent Gram-negative pathogens, such as Escherichia 

coli and Klebsiella pneumoniae, cause infections in humans. They are resistant for β-

lactam class of antibiotics and their related enzymes, the β-lactamases (Julian et 

al.2010). 

Bacterial resistance has arisen majorly because only a narrow range of compounds are 

selected as therapeutic agents, and they have a limited range of mechanisms. Also, 

physical and chemical properties of some existing antibiotics are not compatible with 

conventional compounds. There is a need to develop new synthetic compounds to 

combat bacterial resistance and antibiotic permeability barriers of bacteria, 

particularly of Gram-negative bacteria (Nikaido 2010). 

In this era of ever-increasing resistance, the management of bacterial infection through 

the use of safe, cheap and plentiful antibiotics can no longer be taken for granted. 

Resistance to antibiotics represents a serious problem, because some infectious 

diseases are becoming hard to treat. Resistant bacteria do not respond to the antibiotics 

and continue to cause the illness. Infection caused by these microorganisms pose a 

serious challenge to the medical community and there is a urgent need for new, more 

potent and selective non-traditional antimicrobial agents (Ravi et al.2012). 

Natural products, which have provided many therapeutics, have been used to control 

drug resistant pathogens; however, mechanisms for resisting natural products have 

been evolving. One possible approach for overcoming these problems is to develop 

synthetic antimicrobials compounds whose chemical structure and properties do not 

occur naturally and will be foreign to bacteria. In addition, if such antimicrobials 

degraded rapidly in the general environment, strong selective pressure for the 

evolution of resistance would be reduced significantly (Shelby et al.2017). 

The best candidates for resistance-breaking antibacterial are compounds which has 

either completely a new mode of action, target more than one bacterial structure, or 

attack essential structure such as the bacterial cell envelope.  

Organometallic compounds are part of the larger field of bio pharmaceuticals. This 

broad field includes the use of organometallic compounds (compounds containing one 

or more metal) in medical field including biosensors, bio probes, and use of these 

compounds as direct therapeutic agents. Organometallic compounds act as 

antibacterial by restoring activity of antibiotics that are ineffective due to drug 

resistance. It can be done by attaching an organometallic fragment to a known 
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antibacterial agent and can also be by derivatization of existing organometallic 

compound. It will overcome the resistance problem of conventional antibacterial 

compounds. This is because the metal-based compounds might have metal-specific 

modes of action which is not seen in case of conventional organic antibacterial 

compounds (Patra et al.2012). 

Thus, decreasing efficacy of natural compounds due to bacterial resistance and the 

increasing contradictions of their usage make the usage of natural drugs topical again. 

It raises a need to search for some novel synthetic compounds having antimicrobial 

activity. 

 This article/study discuss new synthetic compounds that may potentially be used as 

an antibacterial agent having low toxicity and ease of synthesis. 

 

2. Bacterial Structure 

Bacteria are single-celled microorganisms that lack a nuclear membrane, that are 

metabolically. Medically they are a major cause of disease. Bacteria appear to be 

relatively simple form of life in fact, they are highly adaptable. Bacteria thrive in 

diverse environments. They can live within soil, in the ocean and inside the human 

gut. Humans' relationship with bacteria is complex. Sometimes they tend to be 

beneficial for human. But in some conditions, they are destructive, causing severe 

infections 

Bacteria appear to be relatively simple rods, spheres when observed under simple 

microscope.  However, the electron microscope reveals detailed structural components 

of bacteria. Bacteria are prokaryotic organism consisting of a single cell with a simple 

internal structure 

 Bacterial cell is surrounded by two protective coverings: an outer cell wall and an 

inner cell membrane. Cell Wall of bacteria protects the cell and gives shape. Outer 

Membrane protects the cell against some antibiotics (only present in Gram-negative 

cells). Cell Membrane outer covering of bacteria regulates movement of materials into 

and out of the cell contains enzymes important to cellular respiration. A third, 

outermost protective layer called the capsule is also seen in some bacteria). Capsule 

protects the cell and assist in attaching the cell to other surfaces. 

Bacterial DNA floats free, in a twisted thread-like mass called the nucleoid. Extra 

chromosomal material like circular pieces of DNA called plasmids are also present. 

Chromosome carries genetic information inherited from past generations and Plasmid 

contains some genes obtain through genetic recombination. 

Lastly, bacterial surfaces can be covered by whip-like extensions: flagella or pili 

which aid in motility while short pili help bacteria for attachment (Young 2009). 

Flagellum of cell aids in movement the cell. 
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3. Harmless, beneficial, and harmful bacteria 

Bacteria can also be classified on the basis of their effects on human life. Some 

bacteria provide products that improve human life or are beneficial; others cause 

diseases and infections, while still others have no overall effect on human. 

Helpful bacteria: Bacteria occur in human body as a part of normal microflora. In 

humans, bacteria known as Escherichia coli (E.coli) are found in the digestive system, 

aiding in the breakdown and digestion of food. Bacteria also help in production of 

vitamin like vitamin K and vitamin B. Bacteria also acts as decomposers. 

Decomposers attack on dead and decaying matter and break down complex forms into 

simpler forms that can be used as nutrients by plant (Peterson 2015). They also help in 

the production of many food. For example, bacteria that cause milk to become sour 

are used in the production of cottage cheese, buttermilk, and yogurt. Vinegar and 

sauerkraut are also produced by the action of bacteria. 

Harmful bacteria: Also known as pathogenic bacteria. Infections are caused when 

bacteria attack directly on cell or tissue of humans or by releasing chemicals that are 

toxic and are known as toxins. For example, toxin-producing bacterium is Clostridium 

tetani, responsible for the disease known as tetanus. 

Another form of pathogenic bacteria is conditional bacteria that cause disease under 

certain circumstances e.g. bacteria live on the human skin as a part of normal flora, 

but cause infections when enter the blood stream through a break in the skin e.g. 

Staphylococcus, responsible for fatal toxic shock syndrome. E. coli is also helpful 

within the digestive system, but under certain conditions it can cause cramping, 

diarrhoea, and possibly even death. Opportunistic bacteria are pathogenic bacteria that 

cause infections in case of immunocompromised patients (Peterson 2015). 

 

Factors responsible for pathogenesis of bacteria 

• Host Susceptibility 

• Bacterial Infectivity 

• Host Resistance 

• Intracellular Growth 

• Virulence Factors (Capsules and Toxins) 
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4. Treatment against bacterial infections 

An antibacterial is an agent that interferes with the growth and reproduction of 

bacteria. Antimicrobials are probably one of the most successful forms of 

chemotherapy. They have contributed to the control of infectious diseases that were 

the leading causes of human infections (Aminov 2010). 

An antibacterial agent that disrupts microbial function but not a found in host cell has 

greater selectivity. 

Characteristics 

Some antibacterial are produced naturally e.g. bacteria. They are termed as natural 

antibiotics. In contrast, several antibiotics are produced by chemical procedures 

referred as synthetic antibiotics. Some are semisynthetic agents i.e. natural antibiotics 

are structurally modified. 

Antibacterial may also vary based on their effectiveness. Some antibiotics are narrow 

spectrum which are effective only against limited range of pathogens while others are 

broad spectrum that are active against different kinds of pathogens. 

Doses of antibiotics can be provided in several ways: 

• Oral antibiotics – tablets, capsules or a liquid, which can be used to treat most types 

of mild to moderate infections.   

• Topical antibiotics – creams, lotions, spray or drops, which are often used to treat 

skin or superficial infections.  

• Injections of antibiotics – these can be given as an injection or infusion through a 

drip for more serious infections (Aminov  2010). 

 

 

5. Mode of action of antibacterial agents 

The antibacterial agents have different mechanisms by which they inhibit the growth 

of bacteria. It includes 1) inhibition of cell wall synthesis such as beta lactams, 2) 

inhibition of protein synthesis (both 50S and 30S), 3) inhibition of nucleic acid 

synthesis both the DNA synthesis and RNA synthesis and 4) action as antimetabolites 

(Godfrey et al. 2014). 

1. Inhibitors of cell wall synthesis: Humans and animals cell lack cell wall, but it 

is critical for the survival of bacterial species.  A drug that targets cell walls can 

therefore kill or inhibit bacterial organisms e.g. Penicllins, Cephalosporins, 

Bacitracin and Vancomycin 

2. Inhibitors of cell membrane function: Cell membrane function as barrier and 

regulate intra and extra cellular flow of substances. A disruption or damage of 
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cell membrane structure could result in leakage of solutes essential for the 

cell’s survival. The cells become sensitive to osmotic pressure as the 

membranes lose integrity e.g. polymixin B and colistin (David Brown 2015). 

3. Inhibitors of protein synthesis: Protein synthesis is an essential process for the 

multiplication and survival of all bacterial cells. Several types of antibacterial 

agents target bacterial protein synthesis by binding to either the 30S or 50S 

subunits of the intracellular ribosomes e.g. aminoglycosides, macrolides, 

glycosamide, streptogramin, chloramphenicol, tetracycline (Vargiu et al.2012). 

4. Inhibitors of nucleic acid synthesis: Some antibiotics binds to components 

involved in the process of DNA or RNA synthesis and causes interference of 

the normal cellular processes which will lead to death of cell e.g. quinolones, 

metronidazole, and rifampicin. 

5. Inhibitors of other metabolic processes. Other antibiotics act on selected 

cellular processes essential for the survival of the bacterial pathogens. For 

example, both sulphonamides and trimethoprim disrupt the folic acid pathway, 

which is a necessary step for bacteria to produce precursors important for DNA 

synthesis. Sulphonamides target and bind to dihydropteroate synthase, 

trimethoprim inhibits dihydrofolate reductase, both of these enzymes are 

essential for the production of folic acid. (Moore et al.2010). 

 

Toxic effects/Side effects of antibacterial agents: 

 

Antibiotics may have many side effects. However, some antibiotics are capable 

of for producing side effects that can be intolerable for a human body. An 

antibiotic side effect is defined as an unwanted reaction or effect that occurs in 

addition to the required therapeutic action of the antibiotic. Antibiotic side 

effect may interfere with the patient’s ability to tolerate and finish the course of 

medication (Fernanda et al.2013). 

Common side effects with antibiotics include: 

Rash, Soft stools, diarrhoea, Upset stomach (Anderson 2017) 

 

6. Antibiotic resistance 

The rise and spread of antibiotic resistance among bacterial pathogens presents 

a unique challenge to both science and medicine. Antibiotics usually shut down 

the essential cellular functions, but the resistance mechanism exploit every 

possible strategy of a drug from hitting its target. In other words, it can be 

defined as condition in which infecting bacteria can resist the destructive 

effects of drugs (Kim Lewis 2013). 

 Now days the spread of drug resistance is one of serious threat (Ventola  

2015). The number of drug-resistant bacterial strains has increased in past 

because of the indiscriminate or misuse of antibiotics.    
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Mechanism of resistance: A particular resistance mechanism is not confined for a 

single class of antibiotics 

The important antibiotic resistance mechanisms are: 

• The inactivation or modification of the drug 

• Modification of target site of the antibiotic  

• The reduced intracellular drug accumulation by decreasing permeability 

• Increasing active efflux of the antibiotic known as efflux pumps (Ventola 

2015) 

• Development of a resistant biochemical pathway. 

 

(i) Reduced Permeability to Antibiotic: 

• Bacteria often become impermeable and resistant by preventing entry of the 

drug. Many gram-negative bacteria are not affected by Penicillin G because the 

drug fails to penetrate the outer membrane. A modification in penicillin binding 

proteins also makes a cell resistant. Decrease in permeability can also be due to 

loss of porin protein (Manisha Garg 2015). 

 

(ii)  Efflux (Pumping Antibiotic Out of the Cell) 

Microbial pathogens have another resistant mechanism by which they pump the 

drug out of the cell. Some pathogens possess plasma membrane translocases 

also known as efflux pump that expel out the drugs. Because efflux pump are 

nonspecific and can pump many different drugs, these are often known as 

multidrug-resistance pumps (Ventola 2015). Efflux systems are found in E. 

coli, Pseudomonas aeruginosa, Mycobacterium tuberculosis, Staphylococcus 

aureus, Streptococcus pneumoniae, and Neisseria gonorrhoeae.  

 

(iii) Drug Inactivation by Chemical Modification: 

Many bacterial pathogens develop resistance to drug by inactivation of drugs 

through chemical modification e.g. hydrolysis of the β- lactam ring of many 

penicillin by the enzyme penicillinase. Some drugs are inactivated by the 

addition of foreign groups (Ramaman et al.2013). 

 

(iv) Target Modification of antibiotic: 

Each chemotherapeutic agent acts on a specific target. When the target is 

modified, it becomes resistant and is no longer susceptible to the drug. For 

example; Enterococci is resistant to vancomycin because of alteration of 

terminal D-alanine-D- alanine in their peptidoglycan to a D-alanine-D-lactate. 

It reduces the binding of antibiotic to its target. 

 

(v) Development of a Resistant Biochemical Pathway: 
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Resistant bacteria sometimes use an alternate pathway to bypass the sequence 

inhibited by the agent. For example, certain bacteria are resistant to 

sulfonamides because they use preformed folic acid from their surroundings 

rather than synthesize it themselves. Some strains increase rate of folic acid 

production and counteract sulfonamide inhibition (Manisha Garg 2015). 

 

7. Search for New Antibiotics 

 

The development and “designing” of new drugs is increasing in field of 

medicine. In designing new drugs, it is significant to know about the nature of 

disease or the infectious process. Structure-based drug design is emerging as an 

important weapon in this area.  

If a susceptible target molecule such as an enzyme essential for pathogen is 

known, computer programs can be used to design the target molecule that binds 

to its receptor and inhibits or destroys the pathogen. Pharmaceutical companies 

are using this approach to develop novel drugs. Efflux-pump inhibitors are also 

developed to administer with antibiotics and prevent the expulsion of 

antibiotics by the resistant pathogen.  

Organometallic derivatization of an existing drug is an attractive tool to 

overcome the resistance mechanism. It offers a metal-specific mode of action 

which is not available for pure organic drug There are advances in the 

development of organometallic-containing, metal-containing anticancer and 

anti-malarial compounds. Also, very little attention has been paid to the 

development of organometallic antibacterial drugs. Hence, explorations and 

development of metal-based antibacterial compounds is beneficial since the 

metal-specific mode of action may provide opportunities to overcome 

antibiotic resistance (Chohan 2008). 

Exploits in use of bioorganometallic chemistry for antibacterial compounds in 

the past decades have generated hope in the design of drugs that will combat 

ailments by overcoming bacterial resistance which have existing organic drugs, 

and of course, resolving the issue of toxicity.  

There are number of advantages associated with using synthetic compounds as 

antimicrobial agents  

a. Synthetic antibiotics have quick and fast effects. 

b. Synthetic compounds have broad spectrum 

c. Effective with chronic conditions 

d. Widespread availability. 

 

8. Conclusion 

Infectious diseases caused by bacteria have increased dramatically in recent past 

years. In spite of many significant advances in antibacterial therapy, the 

widespread use of antibiotics has caused the emergence of bacterial resistance to 
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antibiotics, which is a serious threat to public health. In particular, the emergence 

of multidrug resistant gram-positive bacteria, including methicillin-resistant 

S.aureus (MRSA), vancomycin-resistant S. aureus (VRSA), and vancomycin-

resistant Enterococci (VRE), has become a serious problem in the treatment of 

bacterial diseases. Therefore, the development of new compounds to deal with 

resistant bacteria has become one of the most important areas of antibacterial 

research today (Deniz et al.2007). 

New synthetic compounds with multi-mode of action and different targets are 

needed to fight against bacterial resistance. Novel synthetic compounds which 

target more than one bacterial structure or attack essential structure such as the 

bacterial cell envelope can also act as tool for resistant bacterial strains. 

There are significant advances in the development of organo-metallic-compounds, 

and more generally, metal-containing anti-cancer and antimalarial compounds.  In 

contrast, very little research has been done for the development of organometallic 

antibacterial drugs. Hence, explorations of metal-based antibacterial drugs are 

needed, since the metal-specific mode of action of the may provide opportunities 

to cope with the development of antibiotic resistance.  

There are some challenges in this area of research as organometallic compounds 

are generally synthesized and developed under inert conditions. These challenges 

are not too difficult to surmount and to solve, we therefore look into this relatively 

novel multi-disciplinary research area in the search for novel synthetic and potent 

antibacterial drug candidates. 
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