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A B S T R A C T 

Resistant bacteria spread by Natural selection when antibiotics fail to Halt their reproduction while removing their Drug-sensitive competitors with Gram-negative 

pathogens the antibiotic crisis is currently more serious than with the Gram-positives. the World Health Organization has named antibiotic resistance as one of the 

three most important public health threats of the 21st century. Resistance to aminoglycosides may occur based on several mechanisms enzymatic modification and 

inactivation of the aminoglycosides, mediated by aminoglycoside acetyltransferases, nucleotidyl transferases, or phosphotransferases and commonly observed 

across gram-positive and -negative bacteria. Aminoglycoside has wide spectran activity against gram positive as well as gram negative bacteria. Gentamicin, 

Amikacin, Tobramycin, Neomycin, and Streptomycin. these are drugs used for antibacterial treatment. 

This review article focus on safety and efficacy of aminoglycoside in use as antibiotic. As we know antibiotics are widely used in now a days for the treatment of 

various bacterial infection, hence, development of resistence in one of the most important factor to be consider. 
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Introduction  

This large and important family of compounds virtually unusable. Resistance is primarily mediated by three classes of enzymes, typically residing on 

transposable elements in resistant bacteria. These enzymes, the phosphotransferases, acetyltransferases and adenyl transferases, chemically modify the 

aminoglycosides, which either interferes with drug transport or the binding of the drug at the site of antibacterial action, the 30S ribosomal subunit. 

Antimicrobial resistance in bacterial pathogens is a worldwide challenge associated with high morbidity and mortality. 

 Multidrug resistant patterns in Gram-positive and -negative bacteria have resulted in difficult-to-treat or even untreatable infections with conventional 

antimicrobials. Because the early identification of causative microorganisms and their antimicrobial susceptibility patterns in patients with bacteremia 

and other serious infections is lacking in many healthcare settings, broad spectrum antibiotics are liberally and mostly unnecessarily used(1) The discovery, 

commercialization, and routine administration of antimicrobial compounds to treat infections revolutionized modern medicine and changed the 

therapeutic paradigm. Indeed, antibiotics have become one of the most important medical interventions needed for the development of complex medical 

approaches such as cutting-edge surgical procedures, solid organ transplantation, and management of patients with cancer, among others. Unfortunately, 

the marked increase in antimicrobial resistance among common bacterial pathogens is now threatening this therapeutic accomplishment, jeopardizing the 

successful outcomes of critically ill patients.  

 In fact, the World Health Organization has named antibiotic resistance as one of the three most important public health threats of the 21st century (2). 

Antibiotics are available that effectively inhibit bacterial cell wall synthesis, protein synthesis, and DNA replication.. This horizontal gene transfer(HGT) 

can occur between very different Bacteria. Antibiotic use drives the evolution of re-Sistance [4]  

MDR Gram-negatives are increasingly prevalent also in the community, including Escherichia coli producing extended-spectrum beta-lactamases 

(ESBLs) [7,8], and Neisseria gonorrhoeae resistant to fluoroquinolones, tetracycline, penicillin and azithromycin or expanded-spectrum cephalosporins .[6) 

Recent studies have led to the identification of many genes that are responsible for intrinsic resistance to antibiotics of different classes, including β-

lactams, fluoroquinolones and aminoglycosides. This was achieved using high-throughput screens of high-density genome mutant libraries that were 

created by targeted insertion or random transposon mutagenesis in bacteria such as Staphylococcus aureus, Escherichia coli and Pseudomonas 

Aeruginosa(9,10) The resistance problem encompasses not only bacteria, but also fungal, viral and parasitic diseases. 

The message emanating from the shadow epidemic is the same—be aware of resistance and the approaches to curtail it. New diagnostics and new 

therapeutics and understanding ways to assure delivery of these agents appropriately are needed to help in rapid organism identification and selection and 

use of effective therapies. 

http://www.ijrpr.com/
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1. General Mechanisms Of Antibiotic Resistance  

Dense populations of bacteria resist eradication by drug concentrations considerably greater than those required to kill the same population at a lower 

density in a phenomenon known as the ‘inoculum effect’.(12) One mechanism for density-dependent antibiotic efficacy is drug inactivation by bacterially 

expressed resistance enzymes . The population’s collective capacity to inactivate the drug depends upon several factors, including the number of cells 

expressing the enzyme conferring resistance.Outer-membrane permeability In bacteria, the cytoplasmic membrane (CM) serves to separate and provide 

a barrier between the external environment and their cytoplasm.   

Due to the lipid bilayer component of biological membranes, they are flexible self-sealing envelopes. The fluidity of a membrane directly impacts the 

extent of permeability: the more flexible, the more permeable (Vance and Vance, 1996). However, decreasing the permeability of the CM, and thus 

decreasing the fluidity, would have detrimental effects on the structure and activity of the numerous membrane proteins present within this bilayer. To 

circumvent this limitation, and as an act of self-preservation, some bacteria assemble additional external structures to serve as a permeability barrier 

retarding potentially toxic substances. 

The thick outer peptidoglycan layer, adorned with teichoic acid polymers and covalently-bound proteins indicative of Gram-positive bacteria, serves 

more of a structural role in these organisms, providing tensile strength and counteracting the osmotic pressure imparted by the cytoplasm. Antibiotic 

resistance due to target alterations Antibiotic resistance stemming from alterations in the target(s) of the drugs in such a way as to counter their toxic 

effects is common in pathogens and non-pathogens. The involvement of PBPS in penicillin resistance has been. Briefly mentioned earlier.  

The pbps are trans-peptidases which catalyse the crosslinking reaction between two stem peptides, each linked to adjacent N-acetyl-muramic acid residues 

of the peptidoglycan backbone. This reac- tion which crosslinks the penultimate D-alanine residue of one peptide (the donor) with the third L-lysine 

residue of the next peptide (the acceptor) and elimination of the ultimate D-alanine of the donor, is responsible for confer- ring rigidity to the cell wall. 

Penicillin and other related antibiotics which are structurally similar to the D-ala-D- ala dipeptide form fairly stable covalent complexes with pbps and 

thereby inhibit the crosslinking reaction, result- ing in the weakening of the cell wall and ultimate lysis of the cell. Many mutational changes in pbps have 

been shown to result in penicillin resistance. Some of them are: reduction in the affinity of pbps to penicillin, over expression of endogenous, low-affinity 

PBPS encoding genes, etc. These have been reported and reviewed exten- sively. 

2. Mode of Action  

The activity of an antibiotic on microorganisms is essentially measured by its minimal inhibitory concentration (MIC), which, although not as accurate 

as the minimal bactericidal concentration, is easier to measure. For a given antibiotic there is a threshold or a grey zone that separates the bacteria defined 

as susceptible from those defined as resistant. This threshold is determined by the concentration of antibiotic that can be achieved in the bloodstream 

when a therapeutic dose is administered. The problem with H. Pylori is that the concentration of antibiotics should be considered in the gastric mucosa 

and not in the bloodstream. Furthermore, because the ph strongly influences the antimicrobial activity, this value should be taken into account. Such data 

are difficult, if not impossible, to obtain because the stomach is not easily accessible. It is especially difficult to follow drug kinetics in this organ over a 

long time period; also, the ph varies during a 24-hour period and is not the same in the different zones where the bacteria live. 

The mucosal concentration may also vary between the different areas of the stomach. Attempts to resolve these questions have been made but, in some 

instances, have led to an erroneous conclusion: it was proposed, for example, that amoxicillin had only a topical activity but was shown later that 

eradication can be obtained using this drug only in a parenteral treatment. Because of these difficulties, clinical data obtained from carefully designed 

and conducted trials tend to be the solution in defining the MIC threshold. 

3. MDR efflux pumps   

Efflux pumps are widespread and present in the chromosome of all organisms (Van, even those that do not produce antibiotics, suggesting they have 

evolved for purposes other thanavoiding antibiotics. Thefirst example of effluxmediated antibiotic resistance was reported for tetracycline in the 1970s 

(Ball et al., 1977, 1980; Levy and mcmurry, 1978; mcmurry et al., 1980) and since then, active efflux of a plethora of antibacterial agents has been well 

documented in many Gram-positive and Gramnegative bacteria. Efflux pumps can either be substrate specific, and only export one molecule, or they can 

be more broad-spectrum, and export structurally distinct classes of molecules (Piddock, 2006). It has been suggested that antibiotic resistance mediated 

by active efflux may be a fortuitous by-product of the broad-range substrate specificity exhibited by such pumps; typically efflux pumps transport more 

than one molecule and they often export toxic molecules that have been produced by the host (Piddock, 2006). 

Protein Synthesis Interference: Antibiotics (aminoglycosides, tetracyclines, macrolides, chloramphenicol, fusidic acid, mupirocin, streptogramin, and 

oxazolidinones) can interfere with protein synthesis at its different stages; for example, during transcription via RNA polymerase, rifamycins modify a 

specific target . Aminoglycosides (gentamicin, tobramycin, amikacin) bind to the 30S ribosomal subunit while chloramphenicol binds to the 50S 

ribosomal subunit and suppresses protein synthesis .(13,14) 
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Fig: The process of protein synthesis 

Peptidoglycan Structure Alteration. Inhibition of cell wall synthesis is performed by β-lactams, e.g., penicillins, cephalosporins, carbapenems, 

monobactams, and glycopeptides, e.g., vancomycin and teicoplanin. The presence of mutation in pbps leads to a reduced affinity to β-lactam antibiotics. 

It results in resistance of E. Faecium to ampicillin and S. Pneumoniae to penicillin. S. Aureus resistance to methicillin and oxacillin is associated with 

integration of a mobile genetic element – “staphylococcal cassette chromosome mec” into the chromosome of S. Aureus that contains resistance gene 

meca. 

Meca gene encodes PBP2a protein, a new penicillin-binding protein, that is required to change a native staphylococcal PBP (15,16,17). PBP2a shows a 

high resistance to β-lactam antibiotics (they do not bind to β-lactams) and ensures cell wall synthesis at lethal β-lactam concentrations.  

 S. Aureus strains resistant to methicillin can be cross resistant to all β-lactam , streptomycin, and tetracycline and in some cases to erythromycin . When 

lesions in membrane proteins are present, cross-resistance between β-lactam antibiotics and fluoroquinolones possible.(18,19)  

4. Resistance to glycopeptides  

Since the widespread emergency of MRSA, vancomycin has represented the cornerstone of therapy for MRSA infections. Over the last decade, a long-

feared event has occurred: the appearance of strains that are not susceptible to vancomycin, showing either intermediate resistance (vancomycin 

intermediate S. Aureus [VISA]) or, worse, full resistance to this antibiotic (vancomycin resistant S. Aureus [VRSA]). Two aspects of this occurrence 

should be noted: first, to date, VISA and VRSA have emerged almost exclusively from MRSA, with few exceptions involving strains with heteroresistance 

(see below) ; second, resistance does not develop step-wise and VRSA does not progress from VISA, since VISA and VRSA have completely different 

resistance mechanism (23,24)  

5. Aminoglycoside: 

The aminoglycoside antibiotics are broad-spectrum antibacterial compounds that are used extensively for the treatment of many bacterial infections. In 

view of the current concerns over the global rise in antibiotic-resistant microorganisms, there has been renewed interest in the mechanisms of resistance 

to the aminoglycosides, including the superfamily of aminoglycoside-modifying enzymes. 

Aminoglycosides constitute a large group of biologically active bacterial secondary metabolites . Although they are best known as antibiotics for the 

treatment of a variety of diseases, such as tuberculosis and serious nosocomial infections, the aminoglycosides have numerous applications, a few of 

which are listed in. Here, we will concentrate on the aminoglycoside antibiotics, all of which have the ribosome as the primary target; members of this 

class have a wide variety of biological activities extend ing to the modulation of the activity of enzymes and ribozymes. Aminoglycoside inhibition of 

bacterial cell growth occurs by inhibition of one or more of the biochemical steps involved in translation on the ribosome 1. This mechanism of action 

has been confirmed by the demonstration that point mutations or enzymic modifications in ribosomal components that reduce amino glycoside binding 

to the ribosome confer high level resistance in bacteria. A significant advance in the understanding of the aminoglycoside-ribosome interaction has been 

the determination of the 3-D structure of the complex between paromomycin and the A site of 16S ribosomal RNA[23]  
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Aminoglycoside Structure: 

The structure of aminoglycosides consists of a hexose ring, to which various amino sugars are attached via glycosidic linkages. Aminoglycosides can be 

classified into two main structural classes based on the aminocylitol nucleus: streptidine (streptomycin) and deoxystrepatamine (gentamicin, tobramycin, 

amikacin, kanamycin, neomycin, and plazomicin) (Figure 6). Irrespective of their structural differences, all aminoglycosides exhibit concentration-

dependent bactericidal activity through inhibition of protein synthesis. The structural difference seems to play an important role in escaping the bacterial 

resistance mechanisms, especially by offering structural robustness against metabolizing enzymes, such as Aminoglycoside Modifying Enzymes (ames), 

and target-modifying 16S rna methyl transferases (16S-rmtases), produced by the bacteria . Amikacin and plazomicin have been shown to have increased 

stability against ames compared to gentamicin [5]. All currently marketed aminoglycosides are affected by 16S-rmtases, rendering them inactive against 

the organisms producing the enzyme .[24] 

6. Basics of Antimicrobial Action  

The chemical structure required for both potency and the spectrum of antimicrobial activity of aminoglycosides is that of one or several aminated sugars 

joined in glycosidic linkages to a dibasic cyclitol. In most clinically used aminoglycosides the latter is 2-deoxystreptamine, and it is streptidine in 

streptomycin and derivatives and fortamine in the fortimicin series . Aminoglycosides act primarily by impairing bacterial protein synthesis through 

binding to prokaryotic ribosomes. 

Passage of these highly polar molecules across the outer membrane of gram-negative bacteria  is a selfpromoted uptake process involving the drug-

induced disruption of Mg21 bridges between adjacent lipopolysaccharide molecules25,26. Penetration through porin channels is unlikely because of the 

large size of aminoglycosides . Subsequent transport of aminoglycosides across the cytoplasmic (inner) membrane is dependent upon electron transport 

and is termed energy-dependent phase I. 

It is rate limiting and is blocked or inhibited by divalent cations, hyperosmolarity, low ph , and anaerobiosis. In the cytosol, aminoglycosides bind to the 

30S subunit of ribosomes, again through an energy-dependent process27.  While this binding does hynot prevent formation of the initiation complex of 

peptide synthesis , it perturbs the elongation of the nascent chain by impairing the proofreading process controlling translational accuracy . The aberrant 

proteins may be inserted into the cell membrane, leading to altered permeability and further stimulation of aminoglycoside transport.  

It is the 2-deoxystreptamine and the primed amino sugar which are essential for causing the lack of fidelity in the translation process23. The nucleotides 

responsible for aminoglycoside binding form an asymmetrical internal loop caused by noncanonical base pairs23. These key structural features are also 

found in the rev-binding site of human immunodeficiency virus type 1 (HIV-1) 10, but aminoglycosides are unlikely to become anti-HIV drugs, as was 

originally hoped, without thorough chemical optimization and/or screening because of their lack of specificity. 

7. Conclusion:  

This review article focus on safety and efficacy of aminoglycoside in use as antibiotic. As we know antibiotics are widely used in now a days for the 

treatment of various bacterial infection, hence, development of resistence in one of the most important factor to be consider. 

Resistance to aminoglycosides may occur based on several mechanisms  enzymatic modification and inactivation of the aminoglycosides, mediated by 

aminoglycoside acetyltransferases, nucleotidyltransferases, or phosphotransferases and commonly observed across gram-positive and -negative bacteria. 

Aminoglycoside has wide spectran activity against gram positive as well as gram negative bacteria. Gentamicin, Amikacin, Tobramycin, Neomycin, and 

Streptomycin.these are drugs used for antibacterial treatment. 

 Hence this review consist information of development of resistance toward bacteria, also it consist information to overcome of bacterial resistance. 

References 

1) Akova M. Epidemiology of antimicrobial resistance in blood-stream infections. Virulence 2016;(March). 

2)World Health Organization. 2014. Antimicrobial Resistance: Global Report on Surveillance 2014.WHO, Geneva Switzerland. http://www.who.int/ 

drugresistance/documents/surveillancereport/en/.   

3) Livermore DM: Current epidemiology and growing resistance of Gram-negative pathogens. Korean J Intern Med 2012, 27:128-142.  

4). Pendleton JN, Gorman SP, Gilmore BF: Clinical relevance of the ESKAPE pathogens. Expert Rev Anti Infect Ther 2013, 11:297-308. 

5). Pitout JDD: Enterobacteriaceae that produce extendedspectrum b-lactamases and ampc b-lactamases in the community: the tip of the iceberg? Curr 

Pharm Des 2013, 19:257-263.  

6) Woerther P-L, Burdet C, Chachaty E, Andremont A: Trends in human fecal carriage of extended-spectrum b-lactamases in the community: toward the 

globalization of CTX-M. Clin Microbiol Rev 2013, 26:744-758.  

https://www.mdpi.com/2226-4787/7/3/124#B5-pharmacy-07-00124
http://www.who.int/%20drugresistance/documents/surveillancereport/en/
http://www.who.int/%20drugresistance/documents/surveillancereport/en/


International Journal of Research Publication and Reviews, Vol 4, no 3, pp 4808-4812 March 2023                                   4812 

 

 

7) Unemo M, Nicholas RA: Emergence of multidrug-resistant, extensively drug-resistant and untreatable gonorrhea. Future Microbiol 2012, 7:1401-

1422.  

8) Magiorakos A-P, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG, Harbarth S, Hindler JF, Kahlmeter G, Olsson-Liljequist B Et al.: 

Multidrug-resistant, extensively drug-resistant and Pandrug-resistant bacteria: an international expert proposal For interim standard definitions for 

acquired resistance. Clin Microbiol Infect 2012, 18:268-281. 

9). Blake, K. L. & O’Neill, A. J. Transposon library Screening for identification of genetic loci participating In intrinsic susceptibility and acquired 

resistance to Antistaphylococcal agents. J. Antimicrob. Chemother. 68, 12–16 (2013).  

10). Liu, A. Et al. Antibiotic sensitivity profiles determined With an Escherichia coli gene knockout collection: Generating an antibiotic bar code. 

Antimicrob. Agents Chemother. 54, 1393–1403 (2010)  

11) D. Guillemot, C. Carbon, B. Balkau, P. Geslin, H. Lecoeur, F. Vauzelle-Kervroedan, et al., Low dosage and long treatment duration of beta-lactam: 

risk factors for carriage of Penicillin-resistant Streptococcus pneumoniae, JAMA 279 (1998) 365 – 370.  

12) Tan C, Phillip Smith R, Srimani JK, Riccione KA, Prasada S, Kuehn M, You L: The inoculum effect and band-pass bacterial Response to periodic 

antibiotic treatment. Mol Syst Biol 2012, 8:617 http://dx.doi.org/10.1038/msb.2012.49  

13) Walsh C. Molecular mechanisms that confer antibacterial Drug resistance. Nature 2000;46:775-81. 

14) Tenover FC. Mechanisms of antimicrobial resistance in bacteria. Am J Med 2006;119:S3-10.  

15) Hiramatsu K, Cui L, Kuroda M, Ito T. The emergence and Evolution of methicillin-resistant Staphylococcus aureus. Trends Microbiol 

2001;9(10):486-93.  

16). Lencastre H, Oliveira D, Tomasz A. Antibiotic resistant Staphylococcus aureus: a paradigm of adaptive power. Curr Opin Microbiol 2007;10:428-

35.  

17) Grudmann H, Aires-de-Sousa M, Boyce J, Tiemersma E. Emergence and resurgence of meticillin-resistant Staphy- Lococcus aureus as a public-

health threat. Lancet 2006;368: 874-85. 

18]. Alekshun MN, Levy SB. Molecular mechanisms of antibacterial multidrug resistance. Cell 2007;128:1037-50.  

19). Hawkey PM. The origins and molecular basis of antibiotic Resistance. BMJ 1998;317:657-60. 

20). Rybak MJ, Cha R, Cheung CM, Meka VG, Kaatz GW: Clinical isolates of Staphylococcus Aureus from 1987 and 1989 demonstrating Heterogeneous 

resistance to vancomycin and Teicoplanin. Diagn. Microbiol. Infect. Dis. 51, 119–125 (2005) 

21] Sieradzki K, Pinho MG, Tomasz A. Inactivated pbp4 in highly glycopeptide‐resistant laboratory mutants of Staphylococcus aureus. J Biol Chem. 

1999; 274:18942‐18946. DOI: 10.1074/jbc.274.27.18942 

22] Deresinski S. The multiple paths to heteroresistance and intermediate resistance to vancomycin in Staphylococcus aureus. J Infect Dis. 2013; 208:7‐

9. DOI: 10.1093/infdis/jit136 

23] Cundliffe, E. (1981) in The Molecular Basis of Antibiotic Action (Gale, E.F. et al., eds), pp. 401-457, John Wiley & Sons 

24] Serio, A.W.; Keepers, T.; Andrews, L.; Krause, K.M. Aminoglycoside revival: Review of a historically important class of antimicrobials undergoing 

rejuvenation. Ecosal Plus 2018, 8.  

25] Hancock, R. E. W. 1981. Aminoglycoside uptake and mode of action—with special reference to streptomycin and gentamicin. I. Antagonists and 

mutants. J. Antimicrob. Chemother. 8:249–276. 26]. Hancock, R. E., S. W. Farmer, Z. S. Li, and K. Poole. 1991. Interaction of aminoglycosides with the 

outer membranes and purified lipopolysaccharide and ompf porin of Escherichia coli. Antimicrob. Agents Chemother. 35: 1309–1314. 

27) Xiong, Y. Q., J. Caillon, H. Drugeon, G. Potel, and D. Baron. 1996. Influence of ph on adaptive resistance of Pseudomonas aeruginosa to 

aminoglycosides and their postantibiotic effects. Antimicrob. Agents Chemother. 40:35–39. 

 

 

http://dx.doi.org/10.1038/msb.2012.49

