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ABSTRACT

This review will discuss the mechanisms, resistance patterns and clinical use of Linezolid,
which is the first oxazolidinone antibiotic. Among the important approaches is the analysis of the
ability of Linezolid to inhibit the synthesis of bacterial proteins targeting the 23S rRNA of the 50S
subunit of the ribosome, thus interfering with the initiation of the protein synthesis process. It further
reviews the evolution of Linezolid resistance with specific regard to mutation of 23S rRNA and uL3
and uL4 protein, which undermines the activity of the drug despite these elements being physically
far apart. Key outcomes include the clinical application of Linezolid in the intensive care unit in
managing the infection that is caused by methicillin-resistant Staphylococcus aureus as well as
vancomycin-resistant enterococci. These are hospital-acquired infections that are normally resistant
to various antibiotics. Linezolid is a very important treatment alternative, especially in eliminating
hospital-acquired infections, especially the ones that are resistant to other medicines. The review
highlights the need to keep track of resistance patterns and make the best of using Linezolid to
ensure its effectiveness in clinical practice.
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INTRODUCITON are also not trivial. Since it is a critical part of the
treatment of multi-resistant infections, it is of great

Linezolid is a synthetic oxazolidinone importance that its quality, safety, and efficacy are

antibiotic and is mostly useful in the treatment of
infections brought about by Gram-positive bacteria.
Although its pharmacological characteristics are
well-established, the analytical issues connected
with its quantification and regulatory compliance

ensured through a precise and accurate analysis.

Among the primary issues with Linezolid
analytical testing is the necessity to have trustworthy
and consistent ways of determining the concentration
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of Linezolid in the pharmaceutical formulation. High-
Performance Liquid Chromatography (RP-HPLC) is
commonly known as the useful analytical method
used in the quantification of Linezolid. RP-HPLC is a
technique that has high specificity and sensitivity and
itis applicable in both the qualitative and quantitative
analysis of analogous pharmaceutical matrices.
Nevertheless, optimization of the method demands
close attention to other parameters like the choice of
the stationary phase, composing the mobile phase
and flow rate.

Such regulatory agencies as FDA focus
on strict quality control measures, and such
measures demand the use of strong analytical
tools to guarantee the therapeutic efficacy of
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pharmaceutical products. These agencies require
that all formulations should go through stringent
testing in order to satisfy established standards of
purity, potency and stability. Therefore, RP-HPLC is
an important testing procedure in the pharmaceutical
sector to make sure that Linezolid products meet
these requirements, thus, protecting the health of
the population.Linezolid is a synthetic antibiotic,
which suppresses the synthesis of bacterial proteins
by binding to the 50S ribosomal subunit, preventing
the formation of the initiation complex and reducing
the further formation of peptide chains. This special
mode of action makes it different among all other
protein synthesis inhibitors and also adds to its
effectiveness against multi-resistant Gram-positive
bacteria.

Fig. 1. Mechanism of Action of Linezolid
(Source: Strategies to Improve the Potency of Oxazolidinones towards Bacterial Biofilms
- Scientific Figure on ResearchGate. Available from: https://www.researchgate.net/figure/
Linezolids-mode-of-action-aDuring-the-translation-of-mRNA-the-ribosome-moves-along-
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METHOD DEVELOPMENT AND VALIDATION
Method/ Column Mobile Phase Detection LOD/ Linearity Precision Sample
Author Type LoaQ / Accuracy Type / Notes
Vijayakumar Li 60:40 ACN:Water + UV PDA, 254 ND ND ND Standard RP-
etal.,, 2021 Chrospher 0.1% formic acid, nm HPLC method
100, RP18e isocratic, 1 mL/min
Bhaskarrav Symmetric 50:50 ACN:0.1 M UV, 254 nm ND 100-140 Retention Linezolid fast
acetic acid, 3.3 min;
1.2 mL/min,
Makwana et al., Cc18 isocratic ppm ICH assay
2014 validated
M. El-Gamal et Chromolith 10% n-propanol in uv ND ND ND Simultaneous
al., 2013 Speed ROD 0.02M H PO +0.3% LNZ and
RP-18, TEA + 0.15M SDS, pH Rifampicin
50x4.6 mm 6.0
Geoffery Peng C8, 4.6x150 20% ACN in water, UV, 251 nm 0.01 0.01-20 cv Animal plasma
etal, 2012 mm, 5 um SPE extraction pg/mL pg/mL <10%; (dog, rat,
accuracy mouse, rabbit)
<10%
Friederike Microbore ACN:Ammonium UV, 251 nm ND 0.05-40 ND Plasma (20
Traunmdiller et OoDS acetate buffer (84:16), mg/L uL)
al., 2010 pH 4.4, 0.5% w/v
Craig R. Rayner ND ND UV, internal ND 0.05-16 RSD BHI broth
standard mg/L <8.3%,
etal., 2003 eperezolid recovery
~100%
Himani Agrawal TLC, Silica Acetone:Toluene 5:5 Densitometry, ND ND Compact Bulk &
etal., 2003 gel 60F-254 viv 254 nm spots, Rf=0.29 formulations
Klaus Borner et RP-HPLC Aqueous buffer UV, 250 nm 0.07 20 mg/L Recovery Human serum
al., 2001 mg/L 99— & urine
102%,
CV 1.8-9.3%
K. Kummerer et RP-HPLC ND UV, 260 nm 0.3 ND ND Serum &
al., 2001 mg/mL urine, direct
serum, injection
0.5 mg/mL
urine
Lejoanna RP-HPLC, ND UV & DAD 0.1 0.5-30 Intra-day Human serum
Szymura-Oksiak UV & DAD Hg/mL yg/mL cv
etal., 2013 <5.42%;
recovery
good
Dina Shokry et RP-HPLC / ZORBAX-C18, uv ND 2-24 ND Pharmaceutical
al., 2012 Derivative MeOH:ACN:KH PO yg/mL dosage forms
uv (60:20:20), pH 3.0
Lories I. HPLC / ND UV, 557 & ND ND ND Degradation
Bebawy et al., Colorimetric 627 nm studies, bulk &

2007

formulations
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RESULT AND DISCUSSION

The analytical techniques reported in
the literature for the quantification of linezolid
were carefully evaluated and compared based
on chromatographic conditions, detection
methods, sensitivity, and validation parameters.
The comparative data summarized in the
table demonstrate that Reverse Phase High
Performance Liquid Chromatography (RP-HPLC)
remains the most widely adopted analytical
technique for the determination of linezolid in
pharmaceutical formulations and biological matrices.

Most of the reported analytical methods
utilized C18 or C8 reversed-phase columns due to
their high separation efficiency and compatibility
with moderately polar pharmaceutical compounds.
For instance, the method reported by Bhaskarrav
Makwana et al. employed a symmetric C18 column
with an acetonitrile and acetic acid mobile phase,
achieving rapid separation with a retention time of
approximately 3.3 minutes. Such rapid analytical
performance highlights the suitability of RP-HPLC
methods for routine pharmaceutical analysis.

Mobile phase composition plays a crucial
role in determining chromatographic performance.
In several studies, mixtures of acetonitrile or
methanol with aqueous buffers were used to obtain
optimal peak symmetry and resolution. The use of
acidic modifiers such as formic acid or phosphoric
acid improved peak shape and reduced tailing,
thereby enhancing analytical reliability. Additionally,
variations in mobile phase composition allowed
the simultaneous determination of linezolid
with other compounds, as demonstrated in
the work of El-Gamal et al., where linezolid
and rifampicin were analyzed simultaneously.

Detection wavelengths for linezolid
analysis generally ranged between 250 and 260
nm, corresponding to the maximum UV absorption
of the compound. UV detection remains the
most commonly applied detection technique
due to its simplicity, cost-effectiveness, and
adequate sensitivity for routine quality control
analysis. In some advanced analytical approaches,
diode array detection (DAD) and derivative UV
spectrophotometry have also been utilized to
enhance selectivity and analytical accuracy.

Sensitivity parameters such as limit of
detection (LOD) and limit of quantification (LOQ)
varied among the reported methods depending on
the instrumentation and sample matrix. For example,
the HPLC method developed by Geoffrey Peng et al.
demonstrated a very low detection limit of 0.01 pg/mL,
indicating the high sensitivity of RP-HPLC techniques
when applied to biological samples such as animal
plasma. Similarly, several validated methods
demonstrated excellent precision with coefficient
of variation values typically below 10%, confirming
the reproducibility of these analytical procedures.

Another important aspect highlighted by
the reviewed studies is the application of linezolid
determination in different matrices including
pharmaceutical formulations, human plasma,
serum, urine, and microbiological culture media. The
ability of RP-HPLC methods to accurately quantify
linezolid across diverse matrices demonstrates their
robustness and versatility in both pharmaceutical
quality control and pharmacokinetic studies.

Overall, the reviewed analytical strategies
demonstrate that RP-HPLC provides reliable,
accurate, and sensitive quantification of linezolid.
However, future research should focus on developing
greener analytical methods that reduce solvent
consumption, improve environmental sustainability,
and maintain high analytical performance.
Additionally, coupling chromatographic techniques
with advanced detectors such as mass spectrometry
may further enhance sensitivity and selectivity for
complex biological samples.

CONCLUSION

Developing and validating a stability-indicating
method for linezolid is an essential part of ensuring
the drug's safety, quality, and efficacy. By carefully
optimizing chromatographic conditions and
validating the method according to ICH guidelines,
pharmaceutical companies can ensure that linezolid
remains effective and free of harmful impurities
or degradation products throughout its shelf
life. For the examination of linezolid and related
compounds, HPLC has proven to be a dependable
method, frequently used in conjunction with UV
or MS detection. In conclusion, analysts and
knowledgeable formulators will soon endeavor to
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develop LIN estimate methods that are less harmful
to the environment and employ fewer dangerous
solvents.
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