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Abstract: Simple, precise and sensitive methods have been used for the determination of linezolid and 
its alkaline induced degradation product and in pharmaceutical dosage form. The first method depends 
on differential derivative spectrophotometry that is based on inducing spectral changes upon changing 
pH of the medium. In this method, ∆A values have been measured at 227.2 nm and Beer's law was 
obeyed in concentration range of 2.0-14.0 μgm1-1. Another three methods based on derivative 
spectrophotometry including D2, D3 and D4 were proposed in which the derivative amplitudes were 
measured at 260.9 nm, 252.0 nm, 245.6 nm respectively. The calibration curve was linear over the 
concentration range of 1.0-14.0 μgm1-1  for these methods. The fifth method depends on reversed phase 
high performance liquid chromatographic method (RP-HPLC) that was successful in the resolution of 
linezolid and its alkaline induced degradate using ZORBAX- C18 column and a mobile phase of KH2PO4 
buffer adjusted at pH 3.0 : methanol: acetonitrile in the ratio of 60:20:20 (v/v/v). A linear response 
(r2=0.9998) was observed over the range of 2.0-24.0 μgm1-1. The retention times of linezolid and its 
degradate were 2.973±0.008 & 1.464±0.118  respectively. All methods were successfully applied to the 
commercial pharmaceutical preparation without interference from common ingredients accompanying the 
drug. 
 
Key words: Derivative differential spectrophotometry; HPLC; Linezolid; alkaline degradate; 

Derivative spectrophotometry (DS). 
 

INTRODUCTION 
 
 Linezolid (Anand, 2003), is a synthetic antibacterial agent of the oxazolidinone class. The chemical name 
for linezolid is (S)-N-[[3-[3-Fluoro-4-(4-morpholinyl) phenyl]-2-oxo-5-oxazolidinyl] methyl]-acetamide. The 
empirical formula is C 16H20FN3O4. Its molecular weight is 337.35, and its chemical structure is represented 
below in Fig.(1): 

 
Fig. 1: Chemical Structure of Linezolid. 
 
 Synthetic antibiotics represent human efforts to interfere with the bacterial life cycle, as opposed to Nature's 
attempts in the form of natural antibiotics. Chemists and molecular biologists can therefore employ tricks which 
may lead to superior antibiotics and that was the case for linezolid. While most of the widely known antibiotics 
(macrolides, chloramphenicol) inhibit bacterial protein synthesis at the peptide chain elongation stage, linezolid 
acts early by potent interaction with 50S ribosomal subunit (Swaney et al., 1998). In the initiation step of 
bacterial translation, 50S subunit is associated with fMet-tRNA and a complex composed of 30S ribosomal 
subunit and mRNA to form the functional initiation complex. Linezolid interacts with the peptidyl-tRNA 
binding P site at the 50S subunit with micromolar affinity (Shinabarger et al., 1997). This interaction prevents 
binding of fMet-tRNA to this site during the formation of the initiation complex. Linezolid is active against 
most gram positive bacteria that cause disease including streptococci, vancomycin-resistant enterococci (VRE) 
and methicillin resistant staphylococcus aureus (MRSA) (Zhou et al., 2002). It is available for oral 
administration as film-coated compressed tablets containing 600 mg linezolid. 
 The literature survey for linezolid revealed several methods for the analysis of the drug in pharmaceutical 
preparations (Bebawy, 2003; Patel et al., 2007; Joshi et al., 2001), and biological samples (Buerger et al., 2003; 
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Manley et al., 2002, Boak et al., 2007; Meagher et al., 2003; Boak et al., 2005, Ba BB et al., 2007, Heinze A. et 
al., 2005; Swoboda et al., 2007; Tobin et al., 2003)  as serum (Borner et al., 2001; Tobin et al., 2001; Harmelink 
et al., 2008; Ehrlich et al., 2001), plasma (Peng et al., 1999; Phillips et al., 2001; Toutain et al., 2004; Cavazos-
Rocha et al., 2007; Cattaneo et al., 2010), urine (Borner et al., 2001; Ehrlich et al., 2001) as well as breast milk 
(Sagirli et al., 2009) using spectrophotometry, HPLC, HPTLC and CE (Kitahashi et al., 2004) coupled with 
ultraviolet, diode array (Cavazos-Rocha et al., 2007), mass spectrometric (Phillips et al., 2001; Harmelink et al., 
2008) and NMR detection (Bednarek et al., 2008). Also, because linezolid is a chiral compound with only one 
therapeutic enantiomer (S enantiomer), different techniques were employed for direct separation of enantiomers 
including HPLC (Raju et al., 2012; Bielejewska et al., 2005; Narayana et al., 2003) and CE (Michalska et al., 
2008; Michalska et al., 2007; Bednarek et al., 2008). Stress degradation studies were performed providing 
valuable information on drug's inherent stability and followed by stability indicating assay using HPLC 
(Bebawy, 2003; Raju et al., 2012; Mohapatra et al., 2011; Lopes et al., 2009), HPTLC (Agrawal et al., 2003), 
TLC (Bebawy, 2003), spectrophotometry including , zero order, first derivative, first derivative of ratio spectra 
(Bebawy, 2003) and colorimetry (Bebawy, 2003). 
 Linezolid is an amide containing compound, this means it is highly unstable under alkaline conditions. That 
was evident when the drug was being refluxed with sodium hydroxide, it undergoes alkaline hydrolysis causing 
complete hydrolysis. The aim of the present study was to develop stability indicating methods for selective 
determination of the studied drug in presence of its alkaline induced degradation product as well as in 
pharmaceutical preparation employing derivative differential, derivative spectrophotometric as well as HPLC 
methods. 
 
II. Experimental:  
II.1. Instrumentation: 
 A Shimadzu UV 1650 double beam spectrophotometer connected to a computer loaded with Shimadzu 
software UV probe 2.10 was used [Hiroshima, Japan]. UV spectra were recorded using a 1 cm quartz cell; the scan 
range was 200-350 nm with 0.2 nm intervals. 
 An HPLC unit equipped with a 20 μl loop injector, and an UV detector, the chromatographic column from 
Agilent technologies, USA was ZORBAX Eclipse XDB-C18 (4.6x 150 mm i.d, 5 µm particle size). Data 
acquisition was performed on agilent LC ChemStation software. All determinations were performed at ambient 
temperature. 
 
II.2. Samples and Reagents:  
II.2.1. Samples:  
II.2.1.1. Raw Materials:  
 Linezolid certified to contain 100.20% by the manufacturer method was kindly supplied by El-Obour 
Pharmaceutical Industries (Cairo – Egypt).  
 
II.2.1.2. Market Samples:  
 A commercial pharmaceutical formulation [Averozolid®] produced by El-Obour Pharmaceutical Industries, 
Cairo, Egypt, Batch no. 106020], each tablet is labeled to contain 600 mg of linezolid was obtained from the local 
market. 
 
II.2.2. Reagents:  
 All chemicals and reagents used throughout this work were of analytical grade.  
 Methyl alcohol used was of analytical spectroscopic grade [Sigma-Aldrich Co., USA]. 
 Sodium hydroxide: [E. Merck, Durmstoolt, Germany], 2.0 M aqueous solution.  
 Hydrochloric acid: [BDH], 0.1 M, 2.0 M aqueous solution. 
 Methanol used was HPLC grade [Sigma-Aldrich Co., USA]. 
 Potassium dihydrogen phosphate [BDH, Poole; UK], orthophosphoric acid [BDH] used were analytical 
grade.  
 Distilled water was used throughout the whole work.  
 
II.3. Standard Solutions:  
II.3.1. Standard Stock Solutions:  
II.3.1.1. Standard Stock Solutions of Linezolid: 
 A portion equivalent to 100.0 mg of linezolid is accurately weighted, transferred into 100.0 ml volumetric 
flask and dissolved in a minimum amount of methanol, sonicated for 10 minutes, and the volume is made up to 
the mark with the same solvent to give a final concentration of 1.0  mg ml-1. 
 
 



Aust. J. Basic & Appl. Sci., 6(3): 767-778, 2012 

769 
 

II.3.1.2. Standard Stock Solution of Alkaline Degradate: 
 It was prepared by mixing 100.0 mg of linezolid with 2.0 M NaOH, followed by heating in a boiling water bath 
at 100oC for 3 hours, the solution was then cooled and neutralized with a calculated volume of 2.0 M HCl and the 
volume was made up to the mark in a 100 ml volumetric flask with methanol. Complete degradation was checked by 
TLC using silica gel 60 F254 plates and a developing solvent system of chloroform: methanol in a ratio of (90:17). 
 
II.3.2. Standard Working Solutions of Linezolid & its Alkaline Degradate:  
 Portions equivalent to 10.0 mg of linezolid & its alkaline degradate was transferred from the standard stock 
solution into 100 ml volumetric flask and the volume was made up to the mark with 0.1N HCl and methanol to give a 
standard working  solutions of 100.0 gml-1 of the intact drug,  its alkaline degradate in methanol and 0.1 N HCl. 
 
II.4. Procedure: 
II.4.1. Spectrophotometric Method:  
Scanning of the Absorption Spectra of Linezolid & its Alkaline Degradate:  
 An aliquot equivalent to (100.0 μg) of linezolid and its standard alkaline degradate was transferred from 
their working standard solutions of concentrations (100.0 μg ml-1) separately into 10 ml volumetric flasks 
respectively, completed to the volume with 0.1 N HCl. The absorption spectrum of each solution is recorded 
against blank, similarly prepared without the drug.  
 
II.4.2. Chromatographic Method:  
 Isocratic elution technique was utilized with the column maintained at room temperature. The mobile phase 
used was a mixture of 10 mM potassium dihydrogen phosphate adjusted at pH [3.0] using orthophosphoric acid, 
methanol and acetonitrile in a ratio [60:20:20]. 
 The mobile phase was filtered through a 0.45 m membrane filtration system [Millipore Corp., Milford, 
MA, USA] to remove any particulate matter then degassed by sonication for 20 minutes. The flow rate was 1 
ml/min. samples of 20.0 l, were injected onto the column and the detector was set at 258 nm.  
 All the chromatographic determinations were performed 3 times at ambient temperature.  
 
II.4.3. Method Validation: 
II.4.3.1. Linearity: 
II.4.3.1.1. Spectrophotometric Method: 
II.4.3.1.1.1. Derivative Differential Spectrophotometric Method: 
 Appropriate volume aliquots (0.2-1.4 ml) of linezolid were transferred from its working standard solution 
(100.0 μgm1-1) separately, into 10-ml volumetric flasks. One set was diluted to volume with 0.1N HCl and the other 
set was diluted to volume with methanol to give concentrations of (2.0-14.0 μgm1-1). The difference spectra between 
the methanolic and 0.1N HCl solutions of the pure drug and degradate were recorded from 200-400 nm by 
placing the 0.1N HCl solution in the reference cell the zero order spectra were recorded using aforementioned 
instrument over the range of (200-400 nm) using λ=0.2 nm. A first derivative spectrum of each of the 
differential curves was subsequently recorded. The calibration curve relating the 1D at 227.2 nm to the 
linezolid concentration was constructed and the regression equation was computed.  
 
II.4.3.1.1.2. Derivative Spectrophotometric Method: 
 Different aliquots (0.1-1.4 ml) of linezolid were transferred from its working standard solution (100.0 
μgm1-1) separately, into 10-ml volumetric flasks and diluted to the volume with 0.1 N HCl to give concentrations of 
(1.0-14.0 μgm1-1), the zero order spectra were recorded using aforementioned instrument over the range of (200-
400 nm) using λ=0.2 nm. Then the second, third & fourth derivative of these spectra were computed using 
λ=16.0 nm. & scaling factor = 100.0. The amplitudes were recorded at 260.9 nm, 252.0 nm, 245.6 nm 
respectively. Calibration graph were constructed for concentrations over the range of (1.0-14.0 μgm1-1).  
 
II.4.3.1.2. Chromatographic Method:  
 Different aliquots [0.2-2.4 ml] of linezolid were transferred from their working standard solutions [100 
g.ml-1] into 10 ml volumetric flasks and dilute to the volume with mobile phase. Each of those dilutions were 
then chromatographed by injecting an aliquot of 20 l of each into the chromatographic system three times and 
processed according to the method described in this work. The mean peak areas of three determinations of each 
concentration were plotted against the same concentration and then the regression equations were computed. 
 
II.4.3.2. Accuracy: 
 The previously mentioned procedures under linearity were applied for different concentrations of linezolid. The 
concentrations of the studied drug were calculated from its corresponding regression equations then the mean 
percentage recoveries and standard deviations were calculated.  
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II.4.3.3. Precision:  
 The previously mentioned procedure under linearity were repeated  for the analysis of three different 
concentrations of the drug for the evaluation of intraday (n=3) & interday (n=3) precision and the relative standard 
deviations (RSD%) were calculated.  
 
II.4.3.4. Analysis of Laboratory Prepared Mixture: 
 This study was performed by adding known amounts of the alkaline degradate to a known concentration of 
the intact drug. The resulting mixtures were assayed by adopting the calibration procedures under linearity. The 
percentage recoveries were then calculated.  
 
II.4.3.5. Application to Pharmaceutical Preparation:  
 Twenty tablets were accurately weighed, and finely ground in a mortar. A portion of the powder equivalent 
to 600.0 mg of linezolid was accurately weighed, sonicated for 15 minutes, centrifuged for 10 minutes, the 
precipitate was then filtered through a micropore filter, washed into a 100 ml volumetric flask and the volume 
was made up to the mark with the same solvent to provide a solution of concentration 6.0 mgml-1. 
 The previously prepared sample was further diluted to provide a solution of concentration 6.0 μgml-1 in 0.1N HCl 
and methanol separately, this concentration was assayed by adopting the calibration procedures used under 
linearity and the results were compared to the expected results and the percentage recoveries were calculated.  
 
II.A.2.4.2.6. Validation by Standard Addition Technique:  
 This study was performed by adding amounts of working standard solution of the drug to a known 
concentration of the commercial solution of linezolid. The resulting mixtures were assayed by adapting the 
calibration procedures using under linearity and the percentage recoveries were calculated. 
 

RESULTS AND DISCUSSION 
 
 Spectrophotometry is a common technique in the field of pharmaceutical and biomedical analysis. Direct 
UV absorbance measurement is subject to interference from co-formulated drugs, excipients and degradation 
products. Derivative spectrophotometry offers greater selectivity than than does normal spectrophotometry in 
the simultaneous determination of two or more compounds without previous chemical separation (Morelli, 
1988; Morelli, 1995). Difference spectrophotometry based on pH changes has also been reported to be useful in 
determination of binary mixtures (Doyle et al., 1974). Utilization of the above two mentioned techniques for the 
estimation of individual drug substances and for combined preparations was reported. In this paper, it was 
applied for estimation of the studied drug in presence of its alkaline degradate.  
 
III.1. For Spectrophotometric Methods: 
III.1.1. For Differential Derivative Spectrophotometric Method: 
 Figure (2) shows the UV absorption spectra of linezolid and its alkaline degradate. Conventional UV 
spectrophotometry cannot be used for selective determination of the studied drug in presence of its degradate. 
The zero order  absorption spectra of the drug in methanol and 0.1 N HCl are shown in figure(3). The first 
derivative differential spectra of the drug and its degradate offered an advantage for the simultaneous 
determination by having zero-crossing points as shown in figure (4). The  1D amplitudes at 227.2 nm (zero 
crossing of the degradate) was chosen for quantitative determination of linezolid. The differential derivative 
spectra showed the best linear response to analyte concentrations at the selected wavelengths in the 
concentration range of 2.0-14.0 µg ml-1. 
 
III.1.2. For Derivative Spectrophotometric Method: 
 Due to considerable overlapping of the spectra of the intact drug and its degradate, three simple, rapid and 
sensitive methods for selective determination of linezolid in presence of its alkaline degradate without previous 
separation were developed. These methods are based on derivative spectrophotometry which involves 
mathematical transformation of the spectra zero order curve into 2nd, 3rd and 4th derivative spectra allowing 
sufficient resolution and subsequent quantitation of the  drug as shown in figures (5-7) 
 The peak amplitudes were recorded at 260.9 nm, 252.0 nm and 245.6 nm for D1, D2 and D3 respectively. 
The proposed methods were found to be linear over the range of 1.0-14.0 µg ml-1. The linearity of the method 
and adherence to Beer Lambert's rule were validated by high value of correlation coefficient and the value of the 
intercept on ordinate which is close to zero. 
 The proposed methods were successfully applied for the determination of pure linezolid with mean 
percentage recoveries 99.75±0.921, 100.29±0.937, 99.24±1.018 and 99.02±0.697 for peaks at 227.2 nm, 260.9 
nm, 252.0 nm and 245.6 nm respectively as shown in table (1).  
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 In order to demonstrate the validity and the applicability of the proposed methods, recovery studies were 
performed by analyzing synthetic mixtures of linezolid and its degradate with different composition ratios. The 
results in table (2) show that the methods are selective, valid and applicable for the determination of the drug at 
the selected wavelengths with mean percentage recoveries 100.52±1.596, 100.12±1.392, 99.74±1.504 and 
100.92±1.335 for 227.2 nm (∆ D1), 260.9 nm (D2), 252.0 nm (D3) and 245.6 nm (D4) respectively.  
 The proposed methods were successfully applied to the analysis of pharmaceutical dosage form. No 
interference from the sample matrix that may be found in the pharmaceutical preparation was observed and the 
results were in good agreement with the labeled content and the error of determination was found within the 
acceptable limit of 2%. The validity of the proposed methods was further assessed by applying the standard 
addition technique and the results are summarized in table (3). The results of assay validation for the calibration 
graphs obtained by applying the proposed derivative methods are listed in table (4). 
 

 
 
Fig. 2: Zero order absorption spectra of 10 μgml-1 of Linezolid  (       ) and of 10 μgml-1 of its alkaline degradate 

(--------) using 0.1 N HCl as a blank. 
 

 
 
Fig. 3: Zero order absorption spectra of 10 μgml-1 of Linezolid  in methanol (       ) versus 0.1 N HCl  ( - - - - ). 
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Fig 4: First derivative Differential spectra of 10 ugml-1 Linezolid intact(         ) and 10 ugml-1 of its alkaline 

degradate (- - - -) in methanol versus 0.1 N HCl. 
  

 
 
Fig. 5: Second derivative absorption spectra of 10.0 μgml-1 of  linezolid (        ) and of 10.0 μgml-1 of its alkaline 

degradate (------) using 0.1 N HCl as a blank. 

 
 
Fig. 6: Third derivative absorption spectra of 10.0 μgml-1 of linezolid (       ) and of 10.0 μgml-1 of its alkaline 

degradate (------) using 0.1 N HCl as a blank. 
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Fig. 7: Fourth derivative absorption spectra of 10.0 μgml-1 of linezolid (        )  and of 10.0 μgml-1 of its alkaline 

degradate (-------) using 0.1 N HCl as a blank. 
 
Table 1: Accuracy of the proposed derivative and differential derivative spectrophotometric methods for the analysis of pure samples of Linezolid at zero 

crossing points of its alkaline degradate. 

Taken 
(µgml-1) 

Found * (µgml-1) Recovery % 

D2 Spectro- 
photometric 

method 

D3 Spectro-
photometric 

method 

D4 Spectro-
photometric 

method 

∆D1 

Spectro-
photometric 

method 

D2 Spectro-
photometric 

method 

D3 Spectro-
photometric 

method 

D4 Spectro-
photometric 

method 

∆D1 

Spectro-
photometric 

method 
At  

260.9  
nm 

At  
 252  
Nm 

At  
245.6  
nm 

At  
227.2  
nm 

At  
260.9  
nm 

At  
 252  
Nm 

At  
245.6  
nm 

At  
227.2  
nm 

3 2.97 2.94 2.95 2.97 99 98 98.33 99 
5 4.99 4.93 4.96 5.07 99.8 98.6 99.2 101.4 
7 6.98 6.90 6.96 6.97 99.71 98.57 99.14 99.57 
9 9.06 8.96 8.83 8.94 100.67 99.56 98.11 99.33 
11 11.12 11.00 10.93 11.02 101.09 100 99.36 100.18 
13 13.19 13.09 13.00 12.87 101.46 100.69 100 99 

Mean±S
D 

   
100.29± 

0.937 
99.24± 
1.018 

99.02± 
0.697 

99.75± 
0.921 

* Average of three determinations. 
 
Table 2: Results obtained for the analysis of laboratory prepared mixtures containing different ratios of Linezolid and its alkaline degradate. 

Sample No.  
Linezolid  
(µgml-1) 

Alkaline 
degradate 
(µgml-1) 

Recovery %*

D2 Spectro-
photometric method  

D3 Spectro 
Photometric 

 Method 

D4 Spectro- 
Photometric 

method 

∆D1 Spectro-
photometric 

method 
At 260.9 nm At 252 At 245.6 nm At 227.2 nm 

1 10.00 2.00 98.70 101.80 102.10 98.30 
2 10.00 4.00 98.80 98.47 102.30 99.40 
3 10.00 6.00 100.10 99.96 99.40 101.20 
4 10.00 8.00 101.20 101.45 99.70 101.80 
5 10.00 10.00 101.80 99.32 101.10 101.90 

Mean±SD   100.12±1.392 99.74.±1.504 100.92±1.335 100.52±1.596 
* Average of three determinations. 
 

For HPLC Method: 
 The specific objective of this study was to develop a stability indicating assay for quantitative analysis of 
linezolid in pure form and in pharmaceutical preparations. The analytical procedure should have the ability to 
determine distinctively the parent drug without interference from its alkaline degradation product.  
 Several trials using different solvent composition and different pH values were done to reach the optimum 
stationary mobile phase matching. Best separation was obtained on a ZORBAX Eclipse XDB-C18 (4.6 x 150 mm, 5 
µm particle size) using a mobile phase consisting of a mixture of 10mM aqueous KH2PO4 adjusted at pH 3.0 using 
orthophosphoric acid, methanol and acetonitrile in a ratio (60:20:20 v/v/v) at ambient temperature.  
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Table 3: Quantitative determination of Linezolid in pharmaceutical preparation and application of standard addition technique by the proposed derivative & differential derivative 
spectrophotometric methods at the zero crossing points of the alkaline degradate. 

Pharmace
utical 

preparati
on 

Tak
en 
(µg
ml-

1) 

Found % * ±SD Standard addition technique 
D2 

Spectro
-

photom
etric 

method 

D3 
Spectro

-
photom

etric 
method 

D4 
Spectro

-
photom

etric 
method 

∆D1 
Spectro

-
photom

etric 
method 

Pur
e 

add
ed 
(µg
ml-

1) 

Pure found** (µgml-1) Recovery % 

At  
260.9 
nm 

At  
252 
nm 

At  
245.6  
nm 

At  
227.2  
nm 

D2 

Spectro
-

photom
etric 

method 

D3 
Spectro

- 
photom

etric 
method 

D4 
Spectro

-
photom

etric 
method 

∆D1 
Spectro

-
photom

etric 
method 

D2 

Spectro-
photometr
ic method 

D3 
Spectro

-
photom

etric 
method 

D4 
Spectro

-
photom

etric 
method 

∆D1 
Spectro

-
photom

etric 
method 

At 
260.9 
nm 

At 252 
nm 

At 
245.6 
nm 

At 
227.2 
nm 

At 260.9 
nm 

At 252 
nm 

At 
245.6 
nm 

At 
227.2 
nm 

Averozol
id® 

tablets 
claimed 

to contain 
600 mg 

linezolid/
tablet  

     1.00 
 

7.03 
 

 
7.02 

 
7.03 6.95 98.68 100.38 102.22 101.72 

6.00 100.72 100.27 100.13 98.88 3.00 
 

9.06 
 

 
9.08 

 
9.01 8.94 100.56 102.13 100.07 100.24 

 ±1.335 ±1.047 ±1.215 ±0.538 5.00 
 

11.11 
 

 
11.00 

 
11.11 10.98 101.34 

 
99.68 

 
102.04 100.94 

    7.00 
 

13.13 
 

 
13.03 

 
12.95 12.82 101.24 

 
100.20 

 
99.17 98.39 

Mean±S
D 

        
100.46± 

1.233 

100.60
± 

1.064 

100.88
± 

1.497 

100.32
± 

1.424 
*Average of ten determinations. 
**Average of five determinations.   
 

Table 4: Results of assay validation parameters of the proposed derivative and differential derivative spectrophotometric methods for the 
determination of Linezolid at the zero crossing points of the corresponding alkaline degradate. 
Parameters 

D2 Spectro-photometric 
method 

D3 Spectro- 
photometric method 

D4 Spectro-
photometric 

method 

∆D1 Spectro-
photometric method 

At 260.9 nm At 252 At 245.6 nm At 227.2 nm 
Range 1 – 14 µgml-1 2-14 µgml-1  

Slope  0.0223 0.0081 0.0021 0.0204 
Intercept  - 0.0004 0.0001 9x10-6 0.024 
Correlation coefficient (r) 0.9998 0.9998 0.9998 0.9998 
Standard error of the slope  0.000142102 5.07543 x10-5 1.35641 x10-5 0.000120665 
Confidence limit of the 
slope  

0.021954459 - 
0.022649883 

0.008002266 - 
0.008250648 

0.00211225 -  
0.00217863 

0.020100893-  
0.02072125 

Standard error of the 
intercept  

0.001189974 
 

0.00042502 
 

0.000113586 
 

0.001079259 
 

Confidence limit of the 
intercept  

(-0.003338481) - 
0.002485043 

(-0.00092599) -  
0.001153981 

(-0.000269195) -  
0.000286677 

0.021236392-  
0.026785037 

Standard error of 
estimation  

0.001768446 0.000631631 0.000168803 0.001276996 

Accuracy (mean±SD) 100.29±0.937 99.24±1.018 99.02±0.697 99.75±0.921 
Selectivity  100.12±1.392 99.74±1.504 100.92±1.335 100.52±1.596 
Precision (RSD%)  
Repeatability* 0.455 0.564 0.259 0.837 
Intermediate* precision  0.527 0.595 0.335 0.848 

*  The intra-day and inter-day relative standard deviations of the average of concentrations 2.0,8.0, 14.0 μgml-1 for D2,D3,D4, ∆D1. 
 

 Acid pH (3.0±0.01) was found optimum for separation of the intact drug from its degradates. The 
chromatographic system described in this work allows complete baseline separation of  linezolid from its degradation 
products and in the same time, one sample can be fully chromatographed in less than 5 minutes reaching the baseline. 
Typical HPLC chromatograms of pure and degraded samples are shown in figures (8-9) which revealed that there are 
no peaks interfering with the peak of interest. 
 The accuracy of the proposed method for the assay of linezolid in raw materials is shown in table (5). The 
proposed method could be stability indicating for the determination of the drug in laboratory prepared mixtures 
containing up to 100% of its alkaline degradate with mean percentage recoveries ± S.D; 100.34±0.581. The results are 
demonstrated in tables (6). 
 Such results encouraged the use of the proposed method for the assay of  linezolid in commercial tablets, the 
results of which (table 7) showed no sign for interference from the excipients used in tablet formulation. The 
accuracy of the method was further validated and confirmed by applying the standard addition technique. The 
mean percentage recoveries of the authentic added are summarized in table (7).  The results of method 
validation parameters are listed in table (8). Table (9) shows the system suitability criteria including retention 
time (min.), capacity factor (K'), selectivity () number of theoretical plates (N), resolution (Rs), symmetry. 
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Fig. 8: Scanning profile of HPLC chromatogram of 10 µgml-1 of Linezolid using ultraviolet detection.  
 

 
 
Fig. 9: Scanning profile of HPLC chromatogram of linezolid (a) and its alkaline degradate (b), each of (10.0 

µgml-1) using ultraviolet detection. 
 
Table 5: Accuracy of the proposed high performance liquid chromatographic method for the analysis of pure samples of Linezolid. 

Taken (µgml-1) Found*  Recovery % 
4 4.01 100.25 
8 8.00 100.00 
12 11.88 99.00 
16 16.07 100.44 
20 20.26 101.30 

Mean ±SD  100.20±0.829 
* Average of five determinations. 
 
Table 6: Results obtained for the analysis of laboratory prepared mixture containing different ratios of Linezolid with its alkaline degradate 

by the proposed high performance liquid chromatographic method.   
Sample no.  Linezolid (µgml-1) Alkaline degradate (µgml-1) Recovery* % 

1 10.00 2.00 99.80 
2 10.00 4.00 99.80 
3 10.00 6.00 100.2 
4 10.00 8.00 100.90 
5 10.00 10.00 101.00 

Mean±SD  100.34±0.581 
* Average of five determinations. 
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Table 7: Quantitative determination of Linezolid in pharmaceutical preparation and application of standard addition technique by the 
proposed high performance liquid chromatographic method.    

Pharmaceutical 
preparation  

Taken   
(µgml-1) 

Found*%± SD 
(µgml-1) 

Standard addition technique  
Pure added (µgml-1) Pure found* Recovery % 

Averozolid® tablets 
claimed to contain 

600mg linezolid/tablet  
5.00 99.64±0.219 

4.00 
8.00 

12.00 
16.00 

8.91 
12.99 
16.92 
20.82 

98.20 
100.10 
99.48 
98.99 

Mean±SD  99.19±0.803 
* Average of five determinations. 
 
Table 8: Results of assay validation parameters obtained by applying the proposed high performance liquid chromatographic method for 

determination of Linezolid. 
Parameters HPLC method 

Range  2-24 µg ml-1 
Slope  49.476 
Intercept -19.212 
Correlation coefficient (r) 0.9998 
Standard error of the slope  0.326096962 
Confidence limit of the slope  48.63770019 - 50.31421804 
Standard error of the intercept  5.111659968 
Confidence limit of the intercept  (-32.35176669) - (-6.071886171) 
Standard error of estimation  6.549830771 
Accuracy (mean±SD) 100.20±0.829 
Selectivity  100.34±0.581 
Precision (RSD%)  
Repeatability  
Intermediate precision  

0.900 
0.911 

* The intra-day and inter-day relative standard deviations of the average of concentrations 2.0, 14.0, 24.0 μgml-1 for the proposed HPLC 
method. 
 
Table 9: The system suitability test results of the developed high performance liquid chromatographic method for determination of Linezolid 

in presence of its alkaline degradate.   

System suitability 
parameters 

Retention time 
(min) 

Capacity factor 
(K') 

Selectivity Factor
() 

Number of 
Theoritical Plates 

(N) 
Resolution (RS) Symmetry 

Linezolid 2.973±0.008 1.3956 1.40 2850 1.33 0.85 

 
IV. Conclusion: 
 The present work describes simple, precise, accurate, time saving and economic method for selective 
determination of linezolid in presence of its alkaline induced degradation product rapidly as it requires measurement 
of ∆D1, D2, D3, D4 values at single wavelengths and direct as it estimates drug independent of the degradate. The work 
also demonstrates the high potential of the use of HPLC technique for separation of the drug from its degradate which 
allows quantitation in bulk powder as well as in dosage form. 
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