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Abstract
Objective: Evaluat ion of  an analyt ic met hod for det ermining l inezol id concent rat ions in 

biological luids including plasma, vitreous humour and cerebrospinal luid using high-eficiency 
l iquid chromatography and subsequent  ult raviolet  detect ion. 

Method: The method was validated by studying the following parameters: accuracy, precision, 

sensit ivity, linearity and recovery. The drug was ext racted from the biological mat rix by means 

of a protein precipitat ion with perchloric acid. Chromatographic separat ion was performed by 

elut ing linezolid with a mobile phase consist ing of 80% K2HPO4 buffer solut ion (15 mM; pH=5) and 

20% acet onit r i le,  and a st at ionary phase,  NOVAPAK C18 150x3.9 mm wit h precolumn.  The 

wavelength reading was 254 nm and the working low rate was 1 ml/min.
Results: We obtained values with accuracies between 94.4% and 106.1%, and precisions between 

0.88%-6% and 3.7%-5.6% for int ra-and inter-day variability, respect ively. Recovery obtained after 

analysing t he plasma samples was at  93%.  The met hod showed i t sel f  t o be l inear for t he 

concent rat ion levels under study. 

Discussion: The met hod’s behaviour can be descr ibed as l inear,  precise and accurat e. 

Furthermore, the method is fast , sensit ive, and inexpensive. It  is useful for determining linezolid 

concent rat ions in mult iple biological mat rices. It  can also be used as a basis for further clinical 

pharmacokinet ic studies.

© 2009 SEFH. Published by Elsevier España, S.L. All rights reserved.
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Introduction

Linezol id (LNZ) is a synt het ic oxazol idinone t hat  act s by 
inhibit ing init iat ion of protein synthesis in bacteria.1 It  has a 
wide spectrum of activity against gram-posit ive microorganisms, 
including methicil l in-resistant  Staphylococcus,  penicil l in-
resistant Pneumococcus and vancomycin-resistant Enterococcus 
faecalis/Enterococcus faecium.2

On a pharmacokinet ic level ,  LNZ present s t ot al  oral 
bioavailabil it y (100%), an eliminat ion half -l ife of  f ive to six 
hours,  and l ow plasma prot ein binding (31%).  It  al so 
present s a dist r ibut ion volume of  40 t o 50 l i t res,  which 
indicat es good dist r ibut ion t o t issues.  It  reaches high 
concent rat ions in the skin, synovial f luid,  aqueous humour, 
cerebrospinal  f luid (CSF),  pulmonary parenchyma,  et c. 3 
LNZ is a good t reat ment  al t ernat ive f or  inf ect ions of 
vent r i cul oper i t oneal  or i gi n and ot her  f orei gn body 
i nf ect i ons i n whi ch gr am-posi t i ve mi cr oor gani sms 
predominat e. 4 In t hese cases,  i t  is crucial  t o know t he 
degree of  penet rat ion of  t he ant ibiot ic in order t o ensure 
t hat  i t  reaches t herapeut ic levels t hat  permit  i t s use for 
suspected or microbiologically conf irmed infect ions.

Chromat ography is an analyt ical  separat ion t echnique 
which is highly sensit ive,  select ive and exact .  It  is ideal 
for separat ing non-volat i le compounds,  t hermal ly labi le 
compounds,  amino acids,  prot eins,  hydrocarbons and 
drugs i n general ,  and i s consi dered a t echni que of 
r e f e r e n c e  i n  i n v e st i ga t i v e  st u d i e s.  Va r i o u s 
chromat ography met hods for det ermining LNZ levels in 
serum,  urine and plasma have been described in medical 
l i t erat ure. 5-7

The main purpose of  this study is the development ,  f ine 
t uning and val idat ion of  a quick,  precise and simple 

analyt ical method for determining LNZ levels in plasma, CSF 
and vit reous humour (VH) using high-performance l iquid 
chromatography and ult raviolet  detect ion (UV).

Material and methods

Reagents

LNZ was provided by Pharmacia & Upj ohn (purit y 100%). 
Acetonit ri le for high-performance l iquid chromatography, 
perchloric acid and dipotassium hydrogen orthophosphate 
(analysis grade,  PA) were suppl ied by Merck-Farma y 
Química, S. L. (Barcelona) and the orthophosphoric acid by 
Panreac Química S. A. (Barcelona).

Equipment and chromatographic system

We have access to an analyt ical balance (Precisa-40S-M200A, 
Pacisa),  a cent ri fuge for microt ubes (Heraeus),  a vort ex 
shaker (REAX-2000,  Heidolph) and a f reezer (917,  Forma-
Scient if ic, Inc.).

The chromatography equipment  (Hewlet t  Packard-1100) 
consists of a degasser, automat ic inj ector, quaternary pump, 
UV detector and computer system (HP-Chemstat ion).

Calibrators and controls

To validate the technique in plasma, we used a stock solut ion 
of  1000 µg/ ml t o prepare cal ibrat ion solut ions,  each at  a 
dif ferent  concent rat ion: 5;  10; 50; 100; 150; 200; 500 and 
1,000 gg/ ml. These were subsequent ly diluted with plasma 
to a concent rat ion ten t imes lower. For CSF and VH, we used 

Determinación de linezolid en luidos biológicos mediante cromatografía líquida  
de alta eicacia

Resumen
Objetivo: Validación de un método analít ico para la determinación de concent raciones de line-

zolid (LNZ) en luidos biológicos: plasma, humor vítreo y líquido cefalorraquídeo mediante cro-

matografía líquida de alta eicacia y posterior detección ultravioleta.
Método: El método se validó mediante el estudio de los siguientes parámetros: exact itud, pre-

cisión,  sensibil idad,  l ineal idad y recuperación.  El fármaco se ext raj o de la mat riz biológica 

mediante una precipitación proteica con ácido perclórico. La separación cromatográica se rea-

lizó mediante la elución de LNZ con una fase móvil compuesta por el 80% de un tampón de fos-

fato dipotásico-monohidrogenado (K2HPO4) (15 mM; pH = 5) con el 20% de acetonit rilo y una fase 

estacionaria NOVAPAK® C18 150 x 3,9 mm con precolumna. La longitud de onda de lectura fue de 

254 nm y el lujo de trabajo fue de 1 ml/min.
Resultados: Se obtuvieron valores de exact it ud ent re el 94,4-106,1% y de precisión ent re el 

0,88-6% y el 3,7-5,6% para la variabilidad int radía e interdía, respect ivamente. La recuperación 

obtenida t ras el análisis de las muest ras de plasma fue del 93%. El método most ró ser lineal para 

los intervalos de concent raciones estudiados.

Discusión: El método se comporta de forma lineal, precisa y exacta. Además, es rápido, sensible 

y de baj o coste económico. Es un método út il para la determinación de concent raciones de LNZ 

en múlt iples mat rices biológicas. Es posible su ut il ización como base para posteriores estudios 

de farmacocinét ica clínica.

© 2009 SEFH. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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a stock solut ion of 10 µg/ ml to prepare calibrat ion solut ions 
at  concent rat ions of 0.1; 0.5; 1; 3; 5; 7.5 and 10 µg/ ml.

The cont rol samples t o determine LNZ levels in plasma 
were prepared at  concent rat ions of 1.5; 7.5 and 75 µg/ ml in 
the same biological mat rix. Cont rol samples for VH and CSF 
were prepared at  0, 8, 4 and 8 µg/ ml in water.

Preparing the samples

Linezol id was ext ract ed f rom plasma using a prot ein 
precipitat ion process (1:1, v/ v) with perchloric acid; 200 µl 
of a 3% HCLO4 were added to 200 µl of plasma. The mixture 
was shaken during 30 seconds and cent rifuged at  10,900g 
during f ive minut es.  Next ,  100 gl of  t he supernat ant  was 
inj ected in the chromatography system.

The CSF and VH samples did not  require this process, and 
were therefore inj ected direct ly: 100 gl of CSF and 50 gl of 
VH.

Chromatographic conditions

The mobile phase consisted of a mixture of acetonit rile and 
a 15 mM phosphate buffer adj usted to pH 5 with phosphoric 
acid (20:80, v/ v). We used a reverse phase 150 mmx3.9 mm 
C18 NOVAPAK® analyt ical column with precolumn, (Waters, 
S. A.). Isocrat ic elut ion was performed at  1 ml/ min and the 
UV wavelength was set  at  X=254 nm.

Validating the method

Complete validat ion was performed for the plasma samples 
only. It  was not  possible to carry out  this step with CSF and 
VH since it  was impossible to obtain blank biological mat rix 
f or  prepar ing cal ibrat ion samples and qual i t y cont rol 
samples.

Accuracy
We evaluat ed t hree concent rat ion levels coinciding wit h 
cont rol  sample concent rat ions.  We t ook f ive analyt ical 
measurements for each of  t he t hree levels.  Accuracy was 
calculated according to:
%A=( [ LNZ Exper i ment al ] –[ LNZ Theor et i cal ] =[ LNZ 
Theoret ical])*100

Where:
A: accuracy.
LNZ Theoret ical: theoret ical LNZ concent rat ion (µg/ ml).
LNZ Experimental: result ing LNZ concent rat ion (µg/ ml).

Precision

We evaluat ed t hree concent rat ion levels coinciding wit h 
cont rol  sample concent rat ions.  We t ook f ive analyt ical 
measurements for each of the three levels once daily during 
three consecut ive days. The int ra-assay study was performed 
using t he resul t s obt ained on one of  t he previous days. 
Precision was expressed as an int er-assay or int ra-assay 
coeff icient  of variat ion (CV) (%):
%CV=(SD=X’ )*100

Where:
SD: standard deviat ion of the concent rat ion.
X’ : mean value of the analyt ical measurements (µg/ ml).

Sensitivity
Sensit ivit y was established using t he quant if icat ion l imit .  
This was def ined as the smallest  LNZ concent rat ion which 
coul d act ual l y be di st i ngui shed f rom basel i ne wi t h 
accept able levels of  precision and accuracy (<20%),  as 
determined by inter-day assays.

Recovery
LNZ recovery was calculated by determining the percentage 
of  drug by ext ract ing plasma samples wi t h known LNZ 
concent rat ions and comparing them with inj ect ions of  the 
same amount  of the drug in methanol/ water (1/ 1).

In a paral lel  manner we inj ect ed ext ract s of  samples 
corresponding to three concent rat ion levels that  coincided 
with those in the qualit y cont rol samples. We inj ected f ive 
ext racts per concent rat ion level and two model equivalent  
samples in methanol/ water per concentrat ion. We evaluated 
the areas of the result ing chromatograms:
%Rec=Aprobl=Acont rol*100

Where:
Rec: recovery.
Aprobl:  chromatographic peak area in the problem sample.
Acont rol:  chromatographic peak area in the cont rol sample.

Results

Concent rat ions for the l inearit y study were as follows: 0.5 
t o 100 µg/ ml  f or  pl asma and 0. 1 t o 10 µg/ ml  f or 
cerebrospinal  f luid and vi t reous humour.  The mean for 
plasma was R2=0.9996.  Means for cerebrospinal f luid and 
vi t r eous humour  wer e R2=0. 9982 and R2=0. 9998, 
respect ively.

Figure 1 shows t he chromat ogram obt ained fol lowing 
analysis of  a plasma sample.  Figures 2 and 3 show t he 
chromatograms for CSF and VH samples, in that  order. The 
LNZ retent ion t ime was approximately four minutes.  The 
accuracy result s for the study technique presented values 
bet ween 94.4% and 106.1%.  For precision,  we obt ained 
intervals of 0.88% to 6% and 3.7% to 5.6% for int ra-day and 
inter-day variabil it y,  respect ively. Recovery obtained after 
analysing the plasma samples was at  93%.

Discussion

This st udy’s main point  of  int erest  is t he possibi l i t y of 
determining and measuring LNZ concent rat ions in several 
dif ferent  biological mat rices, such as plasma, VH and CSF, in 
a reliable and precise way.

The main dif ference bet ween t he met hod we describe 
and t hat  described by Tobin et  al 5 is t hat  t hey employ a 
complex mobi le phase wit h mixed organic reagent s for 
chromatographic separat ion. In cont rast , our method uses a 
mobile phase composed of a simple mixture of a phosphate 
buffer with 20% acetonit rile. Furthermore, our study uses a 
simple precipitat ion with HCLO4 to eliminate proteins from 
t he sample.  To obtain t he same result ,  Ehrl ich et  al6 and 
Geoffrey et  al7 employ a solid phase ext ract ion technique, 
which is more t ime-consuming and requires more monetary 
resources. Likewise, our method does not  require adding an 
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int ernal  model  t o quant i f y t he samples,  unl ike t hose 
proposed by other authors.7

From what  we have described above,  we deduce t hat  
t he main advant ages of  our  met hod are i t s analyt ical 

simpl ici t y,  quickness,  good analyt ical  recovery and low 
monetary cost .

One of the study’s limitat ions is that  the method was not  
val idat ed in VH and CSF.  This was mainly due t o t he fact  
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Figure 1 Chromatogram of a plasma sample from a pat ient  t reated with linezolid. 

Figure 2 Chromatogram of a cerebrospinal luid sample from a patient treated with linezolid.

Figure 3 Chromatogram of a vit reous humour sample from a pat ient  t reated with linezolid. 
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that  it  was impossible to obtain blank biological mat rix for 
purposes of  prepar ing cal ibrat ion and qual i t y cont rol 
solut ions.  CSF is a wat ery solut ion t hat  is creat ed by t he 
two-way t ransport  of  substances between the plasma and 
the choroid plexus cells found in the interior of the cent ral 
nervous system. CSF is produced and reabsorbed cont inuously 
to maintain a constant  volume (150 ml) and composit ion. In 
a healt hy individual,  i t s composit ion on t he ionic level is 
similar to that  of plasma, but  it  dif fers from plasma in that  
it  has a lower concent rat ion of glucose and mainly proteins. 
It  may therefore be considered a plasma ult raf il t rate. 8 On 
t he ot her hand,  VH is a gelat inous l iquid mass wi t h an 
approximate volume of  4 ml in an adult ,  and a 99% water 
cont ent .  The rest  is made up of  inorganic component s, 
glucose and amino acids in quant it ies corresponding to 1/ 5 
of those present  in plasma.9

The absence of cells and the low protein concent rat ion in 
both l iquids permit  t hem to be inj ected direct ly int o t he 
chr omat ogr aphi c syst em.  These t r ai t s al so al l ow 
ext rapolat ion of the validat ion process performed in plasma 
without  creat ing any analyt ical interference problems. The 
aqueous nature of these mat rices means that  they resemble 
t he model  samples in wat er t hat  were analysed during 
method validat ion.

In conclusion, we may say that  the method shows linear, 
precise and accurate behaviour. In addit ion, the method is 
f ast ,  sensi t ive,  and inexpensive.  The met hodology we 
describe enables LNZ concent rat ions t o be measured in 
dif ferent  biological mat rices such as plasma, VH and CSF, 
and may be used as a base for addit ional studies in clinical 
pharmacokinet ics.
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