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ABSTRACT

A simple, selective, precise, and stability-indicating high-performance thin layer

chromatographicmethod of analysis of Linezolid both as a bulk drug and in formulations

was developed and validated in pharmaceutical dosage form. The method employed TLC

aluminium plates precoated with silica gel 60F-254 as the stationary phase. The solvent

system consisted of toluene–acetone (5:5, v/v). This system was found to give compact

spots for Linezolid (Rf value of 0.29� 0.01). Linezolid was subjected to acidic, alkali

hydrolysis, oxidation, and photodegradation. The degraded products also were well

separated from the pure drug. Densitometric analysis of Linezolid was conducted in

the absorbance mode at 254 nm. The linear regression data for the calibration plots

showed good linear relationship with r2¼ 0.997� 0.001 in the concentration range of

300–800 ng/spot. The mean value of correlation coefficient, slope, and intercept were

0.998� 0.003, 0.15� 0.009, and 19.52� 1.66 respectively. The method was validated

for precision, accuracy, ruggedness, and recovery. The limits of detection and

quantification were 20 ng/spot and 50 ng/spot, respectively. The drug undergoes

degradation under acidic and basic conditions, oxidation and photo degradation. All

the peaks of degraded product were resolved from the standard drug with significantly

different Rf values. This indicates that the drug is susceptible to acid–base hydrolysis,

oxidation, and photo degradation. Statistical analysis proves that the method is

reproducible and selective for the estimation of the said drug. Because the method

could effectively separate the drug from its degradation products, it can be used as a

stability indicating one.
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INTRODUCTION

Linezolid, chemically, (S )-N-{[3-[3-fluoro-4-
(4-morpholinyl)phenyl]-2-oxo-5-oxazolidinyl]methyl}
acetamide (Fig. 1) is a novel oxazolidinone antimicro-
bial agent effective against infections caused by S.
aureus, S. pneumoniae, and E. faecium.[1] It acts by
inhibiting bacterial protein synthesis at the initiation
phase of translation.[2] In humans, linezolid displayed
complete oral absorption with plasma levels of
12–18 mg/mL at the steady state.[3] In the literature,
LC-MS method is reported for determination of
linezolid in human plasma.[4] Reverse phase HPLC
method for determination of linezolid in plasma has
also been reported.[5–7] However, the method run
time was relatively long (>10min). Literature
survey also reveals isolation and characterization of
process related impurities in linezolid[8] and separa-
tion of novel oxazolidinone antibacterial agents by
supercritical fluid chromatography.[9] None of these
methods are stability indicating.

The International Conference on Harmonization
(ICH) guideline entitled ‘Stability Testing of New
Drug Substances and Products’ requires the stress
testing to be conducted to elucidate the inherent
stability characteristics of the active substance.[10]

Susceptibility to oxidation is one of the required
tests. The hydrolytic and the photolytic stability
also are required. An ideal stability-indicating
method is one that quantifies the drug per se and
also resolves its degradation products. A very viable
alternative for stability-indicating analysis of line-
zolid is high-performance thin layer chromatography
(HPTLC). The advantage of HPTLC is that
several samples can be run simultaneously by using
a small quantity of mobile phase unlike HPLC, thus
lowering analysis time and cost per analysis.

The aim of the present work was to develop an
accurate, specific, reproducible, and stability-
indicating method for the determination of low
levels of linezolid in the presence of its degradation
products and related impurities for assessment of

purity of the bulk drug and stability of its bulk
dosage forms. The proposed method was validated
as per ICH guidelines.[11]

EXPERIMENTAL

Materials

Linezolid was supplied by Sun Pharma Ltd.,
India, and tablets (label claim 600mg/tablet) were
procured from the market. Toluene, methanol, and
acetone used were of analytical grade (E-Merck Ltd.).
All chemicals and reagents used were of analytical
grade and were purchased from Merck Chemicals,
India.

HPTLC Instrumentation

The samples were spotted in the form of bands of
width 6mm with a Camag mL syringe on precoated
silica gel aluminium plate 60 F—254 (20� 10 cm
with 250 mm thickness; E. Merck, Germany) using a
Camag Linomat IV (Switerland). The mobile phase
consisted of toluene–acetone (5:5, v/v). The plates
were prewashed by methanol and activated at 110�C
for 5min prior to chromatography. Samples were
applied as bands 6mm long, at 5-mm intervals under
a stream of nitrogen. The slit dimensions were
5� 0.45mm, and sensitivity was kept at auto mode.
A constant application rate of 0.1 mL/s and scanning
speed 20mm/s was used. Linear ascending chroma-
togram development to distance of 8 cm was perfor-
med in unsaturated 20� 10 cm twin trough TLC
developing chamber (Camag) at room temperature.
Subsequent to the development, TLC plates were
dried in a current of air with the help of an air dryer.
Densitometric scanning was performed on Camag
TLC scanner III in the absorbance mode at 254 nm.
The source of radiation used was deuterium lamp.

Calibration Curves

A stock solution of linezolid (100 mg/mL) was
prepared in methanol. Different volumes of stock
solution 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 mL of the
stock solution were spotted on the TLC plate to
obtain concentrations 100, 200, 300, 400, 500, 600,
700, 800, 900, and 1000 ng/spot of linezolid
respectively. The data of peak area vs. drug concen-
tration were treated by linear least square regressionFigure 1. Chemical structure of linezolid (oxazolidinone).
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analysis. Linearity was also determined over the range
of 300–800 ng/spot to and was selected as working
range for the assay and recovery.

METHOD VALIDATION

Accuracy and Precision of the Assay

Accuracy was done in terms of recovery studies,
and precision was measured in terms of repeatability
of measurement and application.

Ruggedness of the Method

The intraday variation was evaluated in the range
of 300–800 ng/spot three times a day. The inter day
variation was similarly evaluated over a period of
3 days.

Limit of Detection and Limit

of Quantification

To estimate the limit of detection (LOD) and
limit of quantitation (LOQ), blank methanol was
spotted six times. The noise level was determined. The
limit of detection was calculated to be 3 times the SD
whereas 10 times the SD value was considered as limit
of quantitation.

Recovery Studies

The analyzed samples were spiked with extra
50%, 100%, and 150% of the standard linezolid
(i.e., 300, 600, and 900mg respectively), and the
mixtures were reanalyzed by the proposed method.
The experiment was conducted in triplicate. This was
done to check for the recovery of the drug at different
levels in the formulations.

Assay of the Marketed Formulation

To determine the content of linezolid in
conventional tablets (label claim: 600mg/tablet), the
tablets were powdered, and powder equivalent to
600mg of linezolid was weighed. The extraction
solvent was methanol. To ensure complete extraction
of the drug, it was sonicated for 30min and volume
was made up to 100mL. The resulting solution was
centrifuged at 3000 rpm for 5min and filtered. Then

dilution was made to obtain final concentration of
600 mg/mL. One microliter of the above solution
(600 ng/spot) was spotted onto the plate followed
by development and scanning. The analysis was
repeated in triplicate. The possibility of excipients
interference in the analysis was studied.

FORCED DEGRADATION

OF LINEZOLID

Preparation of Acid and Base Induced

Degradation Product

Accurately weighed 100mg of drug was dissolved
in 100mL of methanol. The drug was subjected to
forced degradation under acidic and basic conditions
by refluxing with 5N HCl and 5N NaOH,
respectively, at 70�C for a period of 3 hr and 1 hr,
respectively. The forced degradation in acidic and
basic media was performed in the dark to exclude
the possible degradative effect of light on the drug.
The resultant solutions were appropriately diluted
and spotted and the chromatograms run.

Preparation of Hydrogen Peroxide

Induced Degradation Product

Accurately weighed 100mg of drug was dissolved
in 100mL of methanol. Subsequently, 5mL of
hydrogen peroxide 30.0% v/v was added, and the
solution was heated in boiling water bath for 1 h
until the removal of excess hydrogen peroxide. The
solutions were appropriately diluted and spotted and
the chromatograms were run. The oxidized product
was resolved from pure drug using HPTLC.

Photochemical Degradation Product

The photochemical stability of the drug was also
studied by exposing the drug solution to direct
sunlight for 3 days (8 hr/day, overall 24 hr). The
resultant solutions were appropriately diluted and
spotted (600 ng/spot) and the chromatograms run.

Detection of the Related Impurities

The related impurities were determined by
spotting higher concentrations of the drug to detect
and quantify them; 100mg of linezolid was dissolved

HPTLC Analysis of Linezolid 1121
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in 10mL of methanol, and this solution was termed
as sample solution (10mg/mL). One milliliter of
the sample solution was diluted to 100mL with
methanol, and this solution was termed as standard
solution (0.1mg/mL). One microliter of both the
standard and the sample solution was spotted on the
plate and the chromatograms run.

RESULTS AND DISCUSSION

The TLC procedure was optimized with a view to
develop a stability-indicating assay method. Both the
pure drug and the degraded products were spotted on
the TLC plates and run in different solvent systems.

Initially, toluene–acetone in varying ratios were
tried. The mobile phase toluene–acetone (5:5, v/v)
gave good resolution, sharp and symmetrical peak
with Rf value of 0.29 for linezolid (Fig. 2). The
spot for linezolid also was compact and not diffused.

The linear regression data for the calibration
curves (n¼ 6) as shown in Table 1 showed a good
linear relationship over the concentration range of
300–800 ng/spot as well as over concentration range
of 1.0–10.0 mg/spot. No significant difference was
observed in the slopes of standard curves (ANOVA;
p>0.05).

The precision and accuracy of the developed
HPTLC method were expressed in terms of (% RSD).
The results depicted revealed excellent accuracy and
high precision of the assay method.

The intraday and interday variation were
evaluated by comparing the slopes of the calibra-
tion curve over the concentration range of 300–800
ng/spot. There was no significant variation in the
slope values (ANOVA; p>0.05). The %RSD was
found to be 0.59 and 2.90, respectively, for intraday
analysis and interday analysis.

The limit of detection, with a signal-to-noise
ratio of 3:1, was 20 ng/spot. The limit of quantitation,
with a signal-to-noise ratio of 10:1, was 50 ng/spot as
shown in Table 2.

The proposed method when used for extraction
and subsequent estimation of linezolid from pharma-
ceutical dosage forms after spiking with 50%, 100%,
and 150% of additional drug afforded recovery of
98%–102% as listed in Table 3.

Stability in Sample Solution

Solutions of two different concentrations
(300 ng/spot and 600 ng/spot) were prepared from
stock sample solution and stored at room
temperature for 24 h and 240, 120, 60, 30, and
10min and then applied on the same chromatoplate;

Figure 2. Chromatogram of standard linezolid (1mg/mL);

peak 1 (Rf : 0.29), UV detection at 254 nm, mobile phase

toluene:acetone (5:5 v/v).

Table 1. Linear regression data for the calibration curves.a

Linearity

Range

(ng/spot) r� S.D. Slope� S.D.

Confidence

limit of

slopeb Intercept� S.D.

Confidence

limit of

interceptb

300–800 0.998� 0.003 0.15� 0.009 14.28–15.70� 10�2 19.52� 1.66 18.19–20.85

100–1000 0.993� 0.62 0.12� 0.005 11.60–12.40� 10�2 12.86� 1.25 11.86–13.86

an¼ 6.
b95% confidence limit.
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after development the chromatogram was evaluated
as listed in Table 4 for additional spots if any. There
was no indication of compound instability in the
sample solution.

Stability on the Solvent Layer Prior to

Development (Spot Stability)

The time the sample is left to stand on the solvent
prior to chromatographic development can influence
the stability of separated spots and are required to be
investigated for validation.[12] Two-dimensional
chromatography using same solvent system was
used to find out any decomposition occurring
during spotting and development. If decomposition
occurs during development, peak(s) of decomposition
product(s) shall be obtained for the analyte both
in the first and second direction of the run. No
decomposition was observed during spotting and
development.

A single spot at Rf of 0.30 was observed in the
chromatogram of the drug samples extracted from
conventional tablets. There was no interference
from the excipients commonly present in the conven-
tional tablets. The drug content was 99.41% with
%RSD of 0.86. Therefore, it may be inferred that
degradation of linezolid had not occurred in the
marketed formulations that were analyzed by
this method as shown in Table 5. The low %RSD
value indicated the suitability of this method for
routine analysis of linezolid in pharmaceutical
dosage forms.

The chromatogram of the acid and base
degraded samples for linezolid showed additional
peak at Rf value of 0.12 and 0.19, respectively
(Figs. 3 and 4). In both cases, the concentration of
the drug was changing from the initial concentration,
indicating that linezolid undergoes degradation under
acidic and basic conditions. The samples degraded
with hydrogen peroxide (Fig. 5) showed additional
peak at Rf value of 0.15. The spot of degraded
product was well resolved from the drug spot.
The photo degraded sample showed additional peak
at Rf value of 0.24 (Fig. 6). This indicates that the
drug is susceptible to acid–base hydrolysis, oxidation,
and photodegradation. The lower Rf values of
degraded components indicated that they were less
polar than the analyte itself. The results are listed in
Table 6.

Table 2. Summary of validation parameters.

Parameter Data

Linearity range 300–800 ng/spot

Correlation coefficient 0.998� 0.003

Limit of detection 20 ng/spot

Limit of quantitation 50 ng/spot

Accuracy (n¼ 3) 99.54� 0.42

Precision (%RSD)

Repeatability of

application (n¼ 7)

1.80

Repeatability of

measurement (n¼ 7)

0.10

Interday (n¼ 3) 2.90

Intraday (n¼ 3) 0.59

Specificity Specific

Table 5. Applicability of the HPTLC method for the analysis of the pharmaceutical formulaions (n¼ 6).

Drug Label claim Drug content (%) RSD (%) SE ta F a tb F b

Linezolid 600mg 99.41� 0.55 0.86 0.35 0.49 1.10 2.44 9.27

aCalculated values of t and F.
bTheoretical values for t and F.

Table 3. Recovery studies.a

Excess drug

addedto the

analyte (%)

Recovery

(%)

RSD

(%) SEb

0 99.80 0.86 0.35

50 99.25 2.30 0.85

100 98.98 0.76 0.28

150 99.11 1.90 0.68

an¼ 6.
bSE¼ standard error.

Table 4. Stability of linezolid in sample solutions (n¼ 3).

Actual

(ng) Mean Range RSD (%) SEa

300 299.35 294.12–305.72 1.96 3.39

600 595.43 593.06–598.85 0.51 1.75

aStandard error.
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Figure 6. Chromatogram of photodegraded (24 hr)

linezolid; peak 1 (degraded) (Rf : 0.24), peak 2 (linezolid)

(Rf : 0.29).

Figure 3. Chromatogram of acid (5N Hcl, reflux for 3 hr,

temp 70�C) treated linezolid; peak 1 (degraded) (Rf : 0.12),

peak 2 (linezolid) (Rf : 0.29).

Figure 4. Chromatogram of base (5N NaOH, reflux for

1 hr,temp70�C)treatedlinezolid;peak1(degraded)(Rf :0.19).

Figure 5. Chromatogram of hydrogen peroxide (30% w/v,

reflux for 1 hr, temp 70�C) treated linezolid; peak 1

(degraded) (Rf : 0.15), peak 2 (linezolid) (Rf : 0.29).
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The spots other than the principal spot and the
spot of the starting point from the sample solution
were not intensethan the spot from the standard solu-
tion. The sample solution showed two additional spots
at Rf of 0.16 and 0.19, respectively (Fig. 7). However,
the area of these spots, were found to be much less
than the standard solution as indicated in Table 7.

CONCLUSION

The developed HPTLC technique is precise,
specific, accurate, and stability-indicating one.

Statistical analysis proves that the method is
reproducible and selective for the analysis of linezolid
as bulk drug and in pharmaceutical formulations.
The method can be used to determine the purity of
the drug available from various sources by detecting
the related impurities. It may be extended to study the
degradation kinetics of linezolid and also for its
estimation in plasma and other biological fluids.
Because the method could effectively separate the
drugs from their degradation products, it can be
used as a stability-indicating one.
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