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Abstract 

The most important global threat to human health is antimicrobial resistance. It is evident that 

Asia's nations are the epicentres of resistance, where bacterial infections are responsible for 

the rapid rise in antimicrobial resistance. Drug-resistant infections are mostly caused by the 

improper and excessive use of antibiotics. In addition to the spread of bacteria that are 

resistant to antibiotics, poor sanitation and access to clean water all contribute to the problem. 

Antimicrobial resistance has the potential to have an impact on people at any stage of life, 

including those working in the medical, veterinary, and agricultural fields. The use of 

antimicrobial medications, such as carbapenems, linezolid, and vancomycin, which are 

crucial for human treatment, has begun among veterinarians. The most recent discovery has a 

positive effect on the continued emergence of animal resistance as well as the risk that 

veterinary use and unauthorised drug use provide to the public's health. The veterinary 

profession needs to communicate more, provide better suggestions for how to utilise 

medications, and be proactive in order to reduce any potential harm to human health. 
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Introduction 

Antimicrobial resistance has grown to be a serious issue for worldwide public health
1
. When 

bacteria, viruses, fungi, and parasites adapt over time and stop responding to antibiotics, 

illnesses become more difficult to treat and the risk of disease transmission, life-threatening 

sickness, and death increases. This phenomenon is known as antimicrobial resistance
2
. Also, 



European Journal of Molecular & Clinical Medicine  

ISSN 2515-8260 Volume 10, Issue 08, 2023 

 

40 
 

due to the involvement of several microbial populations, antimicrobial resistance is an 

ecological problem that has an impact on the health of people, animals, and the environment
3
. 

The resistance problem is resolved using One Health, a coordinated and multi-sectoral 

strategy, which considers an ecological perspective
45

. 

One health is defined as "the combined effort of numerous health science professionals, 

together with their allied disciplines and institutions-working locally, nationally, and 

internationally" in order to attain optimal health for people, domestic animals, wildlife, 

plants, and our environment
6
. The mutual dependence of humans and animals living in the 

same habitat, as well as a number of infectious diseases, served as the foundation for one 

health
7
. 

Since medicines are more readily available and consumed on a larger scale in developing 

nations like India, such countries are more likely to experience antibiotic resistance than other 

nations due to higher rates of inappropriate antibiotic usage
8
. Due to its inadequate sanitation 

and malnutrition, India is noted for having the highest antibiotic resistance
9
. Also, India's 

health sector dealt with inadequate public funding, which can create the conditions for the 

emergence of medication resistance
10

. A recent study underlined the significance by claiming 

that the use of antibiotics has helped to reduce antibiotic resistance in India. Antimicrobial 

resistance will make it harder to treat and control infections and diseases and will reduce the 

effectiveness of health care services
11

. 

Development of antimicrobial resistance 

Target modification or Mutation 

Target site is required for antibiotics to utilize antibacterial effect, in which the mutation or 

modification of the target site will interfere with the normal combination, thus affecting the 

effect of antibiotics. The frequency of mutation is 10⁸  - 10⁹  in which bacteria will develop 

resistance through mutation
12

. The mutations occur bound to the DNA replication process in 
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which most of them are harmful to the bacteria and thus it will not inherited at the cellular or 

population level. A related example of target site modification is the structural alteration of 

Penicillin Binding Proteins (PBP)
 13

 in methicillin resistant Staphylococcus aureus, PBPs are 

located on the bacterial cytoplasmic membrane having roles in the synthesis of cell wall 

peptidoglycan, acting as the target of β-lactam antibiotics. When the mutation occurs, the 

affinity between β-lactam antibiotics and the target PBPs will disappear resulting in the 

failure of the antibiotics to bind to the target including bacterial resistance. 

Permeability reduction 

In Gram negative bacteria, the cell wall constitute of proteins and lipopolysaccharides, in 

which the hydrophilic compounds are hard to pass through lipid bilayer therefore, facilitated 

by porin channels
14

. Omps is one of the sources for bacterial resistance. Exposure to 

antibiotics, the drug resistance can be produced by changing their properties and quantity of 

porin to reduce the membrane permeability of bacteria. The channels protein OmpF and 

OmpC allow antibiotic and other drug molecules to enter the bacteria. When bacteria are 

exposed to antibiotics, the mutations will be induced in the structural gene encoding OmpF 

protein, resulting in reduction or loss of OmpF channels. Thus, preventing the antibiotics 

such as β-lactams or quinolenes to enter the bacteria
15

. The inactivation of the structural gene 

of the OmpF protein can decrease the membrane permeability of bacteria, in which the β-

lactams, quinolenes and other drugs can enter the bacteria in the acquired drug resistance. 

Efflux Pumps 

Efflux is the most rapid and effective resistance mechanism in the bacterial range of stress 

responses
16

. Bacterial efflux pumps are located in the plasma membrane of bacteria that serve 

as the transporters for substrates in the cytoplasm
17

. Various types of transporters are 

involved in which Resistance Nodulation and cell division (RND) are especially crucial in 

bacteria; other types of transporters are Small Antimicrobials Resistant, Multi - drug 
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resistance and Cytotoxic Substance Extraction and Main Facilitator Superfamily (MFS) ATP-

binding cassette (ABC)
 18

. 

In Gram positive bacteria, the efflux pumps transported involves are MATE family and MFS 

family whereas, in Gram negative bacteria, all the transporters family are involved where 

RND family is the most significant
1920

. The RND efflux families are involved in in the efflux 

of antibiotics, heavy metals, toxins and other substrates. A lot of active efflux systems are 

non-specific which leads to multidrug resistance, for example E. coli can extract resistance to 

tetracycline, florfenicol, erythromycin, etc.
21

. 

Hydrolase or Inactivating Enzyme 

The antibiotic hydrolases or inactivating enzymes can hydrolyze the antibiotics by entering 

the cell and making it inactive before reaching the target site. There are many enzymes exist 

in bacteria which includes N-acetyltransferase, O- phosphotransferase and O-

adenosyltransferase which transform the structure of antibiotics by acetylate, phosphorylate
22

. 

The β-lactamase can bind to the antibiotic by disrupting the cyclic structure and inducing 

degradation before reaching the target. β-lactamase are secreted by many bacteria up to eight 

different types in which each of them are capable of hydrolyzing specific β-lactamases
23

. 

Enterobacteriaceae bacteria can produce carbapenem enzymes and mostly destroy β-lactam 

antibiotics. 

Metabolic Alteration or Auxotrophy 

Metabolism is demonstrated by contributing the antibiotic lethality, resistance mutations are 

entirely identified in metabolic genes and metabolic dysregulation do not serve as mechanism 

of antibiotic resistance. In 2021, James’s team found that mutations in core genes can induce 

antibiotic resistances, which are present in pathogenic E. coli including the genes of 

metabolic pathways, such as the sucA gene involved in catalyzing the tricarboxylic acid 

cycle. The metabolic toxicity inhibiting by killing effect of antibiotics, and eventually leading 
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to antibiotic resistance. The metabolic pathways synthesize amino acids, nucleotides, 

vitamins, fatty acids. However, metabolic coenzymes at the genetic level are found to be 

lacking in auxotrophs
2425

. 

The auxotrophs lack essential metabolic pathways, the growth of auxotrophs depend on the 

extracellular availability of the metabolites
26

. In 2022, Markus Ralser’s team had revealed the 

metabolic mechanism that links the presence of auxotrophs to enhancement in metabolic 

interactions and gains in antimicrobial drug tolerance. The elevated efflux activities reduce 

the intracellular dug concentrations, allowing cells to grow above minimal inhibitory 

concentrations. The results indicate that the auxotrophy is beneficial to lighten the sensitivity 

of bacteria to antibiotics, thus reducing the antibacterial effect of antibiotics
27

. 

Target Protective Proteins (TPPs) 

Combination of antibiotics protects antibiotic targets by eliminating their bacteriostatic 

effects. Daniel N. Wilson’s team had divided the target into three types according to their 

mode of action
28

. In type I target protection, tetracycline ribosomal protection proteins 

(TRPPs) binds with ribosomes resulting in reverse of ribosomal structure, changes in 

ribosome configuration, and directly interfering with the interaction of tetracycline D-ring 

and 16S rRNA base C1054. Tetracycline drugs cannot bind to it and dissociate from the 30S 

subunit of the binding site by protecting the ribosome
29

. 

In type II target protection, antibiotics are indirectly removed by changes in target 

conformation. Antibiotic resistant ABC-F group of proteins is the source of clinical 

antimicrobials of ribosome 50S subunits, including lincomycins, macrolides, azadones, and 

phenols etc
30

. 

In type III target protection, proteins induce changes in target which can lead to binding of 

antibiotics.  In recent years, clinically isolated S. aureus and other staphylococcus resistance 
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to fusidic acid has increased significantly, mainly due to the level of genes encoding the 

FusB-type protein. 

Initiation of Self-Repair Systems 

The E.coli multiple antibiotic resistance locus was recognized as a determinant for cross-

resistance to tetracyclines, quinolones and β-lactams. Studies have shown that the active 

efflux mechanism is controlled by the global operon is one of the primary reasons for the 

multiple antibiotic resistance of bacteria. As the prototype of a multiple antibiotic resistance, 

E. coli MarR protein has a negative regulatory function on MarRAB operon which inhibits 

the expression of related drug resistance genes
31

. The initiation of self-repair systems reduces 

the rate of antibiotics by entering the cells and impact on cell structure and metabolism 

through gene regulation of the expression of related genes. This method cannot fully 

eliminate the bacteriostatic effect of antibiotics thus, enhancing the bacteria to tolerate the 

antibiotics. 

Changes of Cell Morphology 

The mechanism of antibiotics is dependent between cell growth and morphology by altering 

uptake efficiency of modulating relative body area. Increase in cell volume contributes in 

diluting the antibiotics by entering the bacteria, which include reducing of bending and 

widening of the surface volume ratio so that fewer antibiotics pass through the surface. In 

2021, Aaron’s team found that cells of the commonly used organism C. cresentus could 

regain the growth rates which had prior to antibiotics. Once when the antibiotic was removed, 

the cells returned to their original shape after a few generations
32

. 

Biofilm Protection 

In the real world, the majority of bacteria coexist as communities that collectively resist the 

effects of antibiotics, with biofilm acting as a crucial type of defence. Bacterial biofilm is a 
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unique form of survival developed by bacteria adhering to the surface of the body's mucosa. 

It consists of a protein that is encased in an autocrine polymer matrix. In order to prevent 

antibiotic diffusion into the population and improve the protection offered by antibiotic 

inactivation, dense biofilms are used to give protection by building physical barriers
33

. The 

metabolic activity of biofilms decreases as a result of food and oxygen gradients, and 

biofilms can also increase drug resistance by changing the expression of pre-existing ARG
34

. 

By changing the spatial structure of the biofilms and encouraging the expression of resistance 

mechanisms, biofilms in single species biofilms might further benefit the collective. 

Bacterial communities can survive antibiotic exposure by- (1) Collective drug resistance, the 

interaction in the community can enhance the capability of the members to resist antibiotics 

to continue to grow, thus increasing the MIC of the community. (2) Collective tolerance 

which includes interaction of community to reduce the rate of cell death during antibiotic 

treatment without increasing the MIC. (3) Contact protection to protect the interaction of its 

sensitive members by reducing the effective concentration of antibiotics in the community
35

. 

In the mixed biofilm, P. aeruginosa can react against the metabolic transformation of S. 

aureus by inhibiting the growth and provide S. aureus with protection against vancomycin
36

. 

Campaigns to aware about the antimicrobial resistances 

Infections caused by drug-resistant organisms could lead to increase in mortality rate and 

causing a huge financial burden to the affected persons and health care systems
37

. 

Understanding the situation, the World Health Assembly (WHA) organized the Global 

Action Plan (GAP) on AMR in 2015 which is followed my many countries
38

. The Indian 

Ministry of Health and Family Welfare published the National Action Plan of AMR in April 

2017. The National Action Plan equally focuses on human, environment, food and animal
39

. 

Antimicrobial Resistance Overview in India 
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The selection of resistant bacterial strains is influenced by the use of antibiotics in the human 

and animal health sectors
40

. Resistance development is a natural process. Both Gram-positive 

and Gram-negative bacteria are antibiotic-resistant. Examples include Neisseria gonorrhoeae, 

Klebsiella pneumoniae, Escherichia coli, Enterococcus species, Pseudomonas aeruginosa, 

Acinetobacter species, and Staphylococcus aureus. Multi-drug resistant tuberculosis and 

extremely drug-resistant (XDR) tuberculosis strains have emerged as a result of 

Mycobacterium tuberculosis's antibiotic resistance (XDR-TB)
41

. In terms of the ways they 

produce antibiotic resistance, bacteria form. Antibiotic resistance has been noted throughout 

the previous few decades. Examples include Vancomycin-resistant Enterococci (VRE), 

AmpC-mediated drug resistance in Enterobacteriaceae, New Delhi metallo-beta-lactamases 

in Gram-negative bacteria, and XDR Mycobacterium TB. Of late, drug-resistant mechanisms 

for carbapenems and colistin have been identified among Gram-negative organisms, and 

cases of colistin resistance are being reported
42

. Studies have shown that resistance to 

antibiotics is directly linked to their usage which would therefore be important to briefly 

review the patterns of antibiotic use (Figure 1)
43

. 

Staphylococcus aureus 

Among the infectious disorders that Staphylococcus aureus can cause are bacteremia, skin 

and soft tissue infections, endocarditis, osteomyelitis, and pneumonia. It is a frequent human 

pathogenic bacterium. Methicillin-sensitive Staphylococcus aureus (MSSA) and methicillin-

resistant Staphylococcus aureus are two types of Staphylococcus aureus based on their 

susceptibility to antibiotics (MRSA). Staphylococcus aureus is a common cause of infections 

in hospitals and the general population and has a high level of drug resistance
44

. The frequent 

use of anti-staphylococcal drugs has contributed to an increase in resistance rates due to 

community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA) and the 

significant severity of Staphylococcus aureus infections
45

. 
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Streptococcus pyogenes   

Streptococcus pyogenes is an exclusive human bacterial pathogen which causes pyogenic 

infections that have a characteristic tendency to spread, opposed to Staphylococcal lesions, 

which are typically localized. Streptococcus pyogenes are responsible for non - suppurative 

lesions, acute rheumatic fever and glomerulonephritis
46

. Person - to - person transmission of 

Streptococcus pyogenes infections occurs in oral cavity, skin and wounds. In healthy person, 

it causes mild and self-healing purulent infections of mucosal membranes and skin, such as 

pharyngitis, impetigo and pyoderma
47

. 

Methicillin – resistant Staphylococcus aureus 

MRSA is a hazardous and adaptable bacterial pathogen that can be virulent, resistant to 

antibiotics, and live for a very long time. Health care workers' hands can spread disease and 

enable cross-transmission. Hence, locating individuals who are MRSA carriers may help with 

MRSA infection prevention without clinical infection
48

. The control of hospital acquired 

surgical site infections and the identification of patients with infections by multi-drug 

resistant germs like MRSA should be prioritised. According to the recommendations of the 

Infectious Diseases Society of America
49

, therapy with vancomycin or daptomycin is 

advised. Vancomycin has poor bactericidal activity, little tissue penetration, and rising reports 

of resistance and failure
50

. Daptomycin is effective against MRSA bacteraemia, treatment-

emergent non-susceptibility is concerning
51

. 

Vancomycin has traditionally been used as a first-line agent for treating methicillin-

resistant Staphylococcus aureus (MRSA) and other Gram-positive beta-lactam–resistant 

bacteria which are frequent etiologies of severe health-related infections
52

. Methicillin-

resistant Staphylococcus aureus (MRSA) had become the most frequent causative agents 

of S. aureus disease in both hospitals and communities. In spite of the availability of several 

structurally different antibacterial agents, the therapy most frequently used for treatment of 
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MRSA infections has remained the glycopeptide antibiotics, primarily vancomycin
53

 (Table 

1)
54

. 

Antiseptics and disinfectants 

Most microorganisms develop antimicrobial resistance, which is utilised to kill or suppress 

the microbes; Betadine (Povidone iodine) and Lysol (Benzalkonium chloride) were chosen as 

the two antimicrobial agents for decolonization to test their efficacy. Contrary to the 

widespread use of disinfectants such benzalkonium chloride and povidone iodine; the overuse 

of antibiotics has undoubtedly led to the creation and spread of resistant bacterial infections, 

with serious health repercussions
55

. 

Betadine (Povidone iodine) 

Povidone iodine is the common use for antisepsis and wound healing due to their favorable 

efficacy and tolerability
56

. Povidone iodine is water soluble consists of a complex of iodine 

and a solubilizing polymer carrier polyvinylpyrrolidone. In aqueous solution, it occurs 

between the bactericidal agent and the povidone iodine complex
57

. Chemical composition of 

Betadine (Table 2)
58

. 

 

Mechanism of action and antimicrobial spectrum 

Povidone iodine enters bacteria quickly, dissolving nucleotides, proteins, and fatty acids 

before ultimately causing cell death. Gram positive and Gram negative bacteria, as well as 

strains that are resistant to antibiotics and antiseptics, as well as fungi and protozoa, are all 

susceptible to the antibacterial properties of povidone iodine. With decreasing exposure 

duration, povidone iodine is also effective against enveloped and non-enveloped viruses, as 

well as bacterial spores. Also, povidone iodine is effective in vitro and ex vivo against mature 

bacterial and fungal biofilms
5960

. 
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Side effects of Povidone iodine in environment and health 

Povidone iodine contains a high concentrations which can be harmful for human beings 

causing itching, redness of skin, swollen, peeling skin with our without fever, trouble 

breathing or talking, swelling of the mouth, face, lips, tongue or throat. Povidone-iodine is 

considered to have the broadest spectrum of antimicrobial action compared with other 

common antiseptics such as chlorhexidine, octenidine, polyhexanide and hexetidine showing 

efficacy against Gram-positive and Gram-negative bacteria, bacteria spores, fungi, protozoa 

and several viruses
61

. 

Uses: 

i). in small burns, scrapes, and cuts, betadine is applied directly to the skin to cure and 

prevent skin infection. 

ii). In order to assist prevent infection; betadine is also applied in medical settings. 

iii). Facilitate wound, pressure sore, or surgical incision healing  

Advantages: 

i). The broad spectrum bacterial and fungal activity of povidone iodine is quite high. 

ii). Povidone iodine does not hurt or irritate the skin. 

iii). Simple to apply to the skin and use. 

Lysol (Benzalkonium chloride) 

As an antiseptic and disinfectant, Lysol is a solution made of a blend of cresols and water. 

Except for bacterial endospores, benzalkonium chloride is a cationic biocide with broad-

spectrum activity
62

. Lysol has been used as a cleaning agent in both homes and businesses. 

Lysol can also be used as a disinfectant in hospitals. The breakup of cellular membrane lipid 

bilayers, which causes cellular contents to seep out, has been linked to a modification in 
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cytoplasmic membrane permeability and bactericidal efficacy
63

. It is yet unclear how 

exposure to benzalkonium chloride causes bacteria to become more resistant to antibiotics, 

which has clear implications for public health
64

. Chemical composition of lysol (Figure 2)
65

. 

Mode of action 

Benzalkonium chloride mechanism of antibacterial action involves altering the cell 

membrane permeability. The exact mechanism varies with the concentration of BKC solution 

in which ionic and hydrophobic interaction between the positively charged BKC head and 

negatively charged bacterial cell membrane leads to loss of coherence in membrane. The 

bacterial cell loses its physical and ionic stability, resulting in the release of cytoplasmic 

materials and cellular lysis. BKC is also effective in inactivating many viruses such as Herpes 

simplex virus-1 and Human immunodeficiency virus-1
66

. 

Side effects of Lysol on environment and health 

Lysol can affect in physical and chemical factors which includes temperature, pH, relative 

humidity and water hardness. The more disinfectant increases the more temperature increase. 

Prolonged and repeated exposure can cause drying, defatting and dermatitis. Prolonged 

symptoms of lysol include redness of skin, edema, drying and cracking of the skin. Exposure 

symptoms include headache, dizziness, tiredness, nausea and vomiting. 

Uses: 

i).  Kills 99.9 % of viruses and bacteria, including cold and flu. 

ii). Kills the COVID – 19 VIRUS and emerging variants. 

iii). Sanitizes soft surfaces. 

Advantages: 

i). Lysol helps to control and prevent mold and mildew. 
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ii).Lysol is useful in any household for killing germs. 

iii).Lysol disinfectant kills bacteria, fungi and viruses. 

Conclusion 

Infectious disorders caused by Staphylococcus aureus include moderate skin and soft tissue 

infections, infectious endocarditis, osteomyelitis, bacteremia, and surgical site infections. It is 

one of the most common pathogenic illnesses in both the general public and hospitals. Longer 

hospital admissions, the prevalence of bacteria that are resistant to antibiotics as a result of 

antibiotic overuse, and ultimately greater mortality rates are all associated with Methicillin-

sensitive Staphylococcus aureus (MSSA) strains. Among other pyogenic disorders, 

Streptococcus pyogenes, a particular human bacterial infection, also causes non-suppurative 

lesions, acute rheumatic fever, and glomerulonephritis. According to studies, Lysol 

(Benzalkonium Chloride) and Betadine (Povidone Iodine) are efficient antibacterial products 

for halting the spread of Staphylococcus aureus and Streptococcus pyogenes in public areas 

and clinical settings. 
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Tables 

Table 1. Main characteristics of the antibiotics used for the treatment of SSIs due to MRSA 

(Sganga et al., 2016). Ref. 54. 

 

Antibiotic 

 

Bactericidal 

activity; 

pharmacodynami

cs;anti-biofilm 

activity 

 

Route of 

administ

ration 

 

Doses 

 

Adverse 

events 

 

Interactio

ns 

Teicoplanin Bactericidal with 

low MIC; time- 

dependent; none 

IV, IM 7-10mg/ 

Kg once daily, 

loading dose 

Renal 

toxicity 

None 

Vancomycin Bactericidal with 

low MIC; time- 

dependent; none 

IV 1g twice daily, 

500 mg four 

times a day 

Renal 

toxicity 

Other 

nephrotox

ic drugs 

Daptomycin Bactericidal; 

concentration- 

dependent; yes 

IV 4-6 mg/ kg Myotoxici

ty 

Statins 

Linezolid Bacteriostatic; 

time-dependent; 

none 

IV, oral 1200 mg once 

daily 

Bone 

marrow 

toxicity, 

neuropath

y, 

serotonine

rgic 

syndrome  

SSRIs 
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Tigecycline Bacteriostatic; 

time-dependent; 

partial 

IV 50 mg twice 

daily; 100 mg 

loading dose 

Nausea, 

vomiting, 

pancreatiti

s 

None 

 

Ceftaroline Bactericidal; time-

dependent; none 

IV 600 mg twice 

daily 

Rash None 

Dalbavancin Bactericidal; 

concentration-

dependent; yes 

IV 1000 mg day 

1, 500 mg after 

7 days; or 

1500 mg one 

shot 

No None 

Cotrimoxazole Bactericidal; time- 

dependent; none 

IV, oral 800/160 mg 3 

times a day 

Anemia None 

Rifampin Bactericidal; time-

dependent; yes 

IV, oral 600 mg once a 

day 

Liver 

toxicity 

Several 

_________________________________________________________________________ 

Chemical composition:  

Table 2. Chemical composition of Povidone iodine (U.S. Pharmacopeia., 2012). Ref. 58. 

___________________________________________________________________________ 

Ingredient 

___________________________________________________________________________ 

Povidone iodine                                                      10 g 

Citric acid 0.1 M solution                                       36 g 

Disodium phosphate 0.2 M solution                       18 g 

Polyethylene glycol 400                                          5 g 

Mineral oil                                                               10 g 

Pluronic F 127                                                         21 g 

___________________________________________________________________________ 

 

Legends to figures 

Figure 1. Alarming statistics of antibiotic usage in India (Ponnusankar., 2021). 

Figure 2. Benzalkonium chlorides chemical composition (Merchel Piovesan et al., 2019). 



European Journal of Molecular & Clinical Medicine  

ISSN 2515-8260 Volume 10, Issue 08, 2023 

 

60 
 

 

 

 

 

 

 

 

 

 

 

 

 

SHOCKING STATISTICS 

1 million children die in the first 

4 weeks of life each year. Over 

58,000 babies die in a year. 

75% of Indians in a WHO 

survey thought incorrectly that 

colds and flu could be treated 

with antibiotics. 

 

India already has cases of resistance to 

Colistin, a drug used when all other antibiotics 

fail. 

 

7 Lakh Estimated annual number 

Deaths due to antibiotic-resistant bacteria 

worldwide. Predicted to rise to 1 crore by 

2050. 

 

58% Respondents knew they should stop taking 

antibiotics only when they finish the course prescribed. 
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                                                               Figure 1. Ref. 43.  

Chemical composition:  

Benzalkonium chlorides (BACs) C₉  H₁ ₃  CINR (R=C₈  H₁ ₇  to C₁ ₈  H₃ ₇ ) 

                           Cl ̄              CH₃  

                                              N         Cn H₂ ₋n ₁  

                                             CH₃            n=8, 10, 12, 14, 16, 18 

                                                                 Figure 2. Ref. 65.   

 

 


