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ABSTRACT 

 

Tuberculosis (TB), an infectious disease caused by the 

Mycobacterium tuberculosis bacteria, continues to be an immense 

global public health problem and still remains a leading cause of 

death among infectious diseases, especially in developing countries. 

In the last few decades, the incidences of multidrug-resistant (MDR) 

and extensively drug-resistant (XDR) TB have been increasing and 

have become a significant public health threat in many countries. 

Linezolid, an oxazolidinone antimicrobial agent, has been shown to 

be effective against M. tuberculosis, including MDR- and XDR-TB. 

However, a daily regimen of 1200 mg or even 600 mg of linezolid 

for treatment of MDR- and XDR-TB has potential toxicities. A daily 

300 mg dose of linezolid would be an effective treatment against 

MDR- and XDR-TB with fewer adverse effects. The objective of this 

study was to determine the pharmacokinetics (PK) of a 300 mg daily 

dose of oral linezolid for achieving the pharmacodynamic (PD) 

targets. Thirty healthy subjects received 300 mg oral linezolid once 

daily and PK studies were carried out on day 5 after the beginning 

of drug administration. The mean value of AUC0-24 of this agent was 

calculated for the achievement of PD targets. The mean values of 

Vd, CL and AUC0-24 were 29.08  10.75 L, 3.69  1.58 L/h and 94.38  

35.12 mg.h/L, respectively. The AUC0-24/MIC ratio for a MIC of 0.9 

and 0.75 mg/L were approximately 100 and 119, respectively. In 

conclusion, 300 mg of linezolid daily is an alternative antibiotic 

option in patients with intolerance to the side effects of the standard 

dosage regimens. 

 

 
 

1. INTRODUCTION 

 

Tuberculosis (TB), an infectious disease caused by the 

Mycobacterium tuberculosis bacteria, continues to be an immense 

global public health problem and remains a leading cause of 

infectious disease deaths, especially in developing countries. 

Approximately one-quarter of the population in the world are 

infected with this microorganism and some 10 million people 

develop new active disease annually, resulting in approximately 3 

million deaths, particularly in immunocompromised hosts such as 

patients living with human immunodeficiency virus infections, 

malnutrition or diabetes1-3. Both rapid and accurate diagnosis and 

adequate treatment of TB are necessary to eliminate the disease and 

prevent transmission of M. tuberculosis. In the last few decades, the
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incidence of multidrug-resistant (MDR) and 

extensively drug-resistant (XDR) TB have been 

increasing at somewhat alarming rates and TB 

has become a significant public health threat in 

several countries2. Poor adherence by patients to 

their TB drugs, interpatient pharmacokinetic 

(PK) variability and poor penetration of 

antituberculosis drugs into the lesions, leading 

to inadequate tissue concentrations, have been 

shown to be highly associated with drug resis- 

tance4,5. Therefore, it is difficult for physicians 

to take care of these patients with only a limited 

choice of effective antituberculosis drugs for 

treatment of MDR- and XDR-TB. 
 Linezolid, an oxazolidinone antimicro- 

bial agent, has been shown to be effective against 

M. tuberculosis, including MDR- and XDR-TB6,7. 

However, the standard dosage regimens of      

daily 1200 mg or 600 mg of linezolid have             

potential toxicities, notably myelosuppression 

and neurotoxicity6-8. In patients who received 

long-term treatment with linezolid, higher drug 

concentrations were significantly associated    

with inducing thrombocytopenia. The average 

minimum plasma concentrations in patients with 

and without thrombocytopenia were 19.9 mg/L  

and 6.97 mg/L, respectively9. In addition, a study of 

mitochondrial toxicity-associated adverse events 

(AE) in patients with XDR-TB, all patients with a 

mean linezolid trough concentration 2 mg/L 

developed an AE, whereas at trough concentration 

< 2 mg/L, less than half developed an AE10. 

Therefore, the level of plasma concentration of 

linezolid is associated with inducing toxicities 

and dose adjustments might be required. Previous 

studies in drug resistant TB found that a daily 300 

mg dose of linezolid was effective against MDR- 

and XDR-TB with fewer adverse effects11,12. 

Therefore, the aim of the current study was to 

determine the PK of linezolid 300 mg once daily 

for achieving the pharmacodynamic (PD) targets 

for the treatment of TB. 

 

2. MATERIALS AND METHODS 

  

2.1. Subjects 

 

The protocol for this study was approved 

by the Ethics Committee of Songklanagarind 

Hospital, Faculty of Medicine, Prince of Songkla 

University (Ref Number: REC 61-087-14-1). Written 

informed consent was obtained from each subject 

prior to the study. Prior to recruitment, all potential 

subjects underwent a pre-study evaluation to 

ensure that they had no underlying illnesses and 

were not currently taking or had not recently 

taken any medications. The study was conducted 

in 30 nonsmoking, nonalcoholic, non-allergic to 

linezolid, not pregnant or on lactation, not having 

a concurrent gastrointestinal disease, not obese 

healthy volunteers. All subjects had a creatinine 

clearance rate greater than 90 mL/mins as 

evaluated by the Cockcroft and Gault equation. 

All subjects had normal biochemical and 

hematological laboratory profiles.  

 

2.2. Drugs and chemicals 

 

Linezolid 600 mg tablets were donated 

from Siam Pharmaceutical (Thailand) Co.,Ltd. 

Standard linezolid powder, product No. MM 

3300.00, lot No. 87246 was purchased from LGC 

Science, Germany. Internal standard, 2-ethoxy- 

benzamide, lot No. STBF5307V was purchased 

from Sigma-Aldrich, St. Louis, Missouri, USA. 

All solvents were of high-performance liquid 

chromatography (HPLC) grade.  

 
2.3. Study design and blood sampling 

 

 Each subject received 300 mg (one-half 

600 mg tablet) once daily of oral linezolid with 

100 mL distilled water for 5 days. Linezolid PK 

studies were carried out on day 5 after beginning 

the administration of linezolid. Blood samples (5 

mL) were obtained through a peripheral venous 

catheter at the following times: shortly before 

(time 0) and then at 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 

3, 6, 8, 10 and 24 hours after the administration 

of linezolid on day 5. 

 
2.4. Linezolid assay 

 

 Plasma concentrations of linezolid were 

determined by UPLC using an analytic method 

modified from Cios A. et al13. Briefly, 2-ethoxy- 

benzamide was used as the internal standard. 50 

L of the internal standard and 0.5 mL of 

methanol (for protein precipitation) were added 

into 0.3 mL of the plasma sample. The mixture 

was vortexed for 30 sec and then centrifuged at 

15,000 rpm for 15 min. The supernatant was 

filtrated with a VertiClean NYLON Syringe 

Filter, 13 mm, 0.20 µm. A 20 L of the sample 

solution was injected, using an Agilent UPLC 

1290 Infinity II (Agilent Technology, Santa 

Clara, USA), onto an XSelected® CSH C18, 2.5 

μm 3.0 × 100 mm Column XP. The mobile phase 

was composed of a mixture of 50 mM potassium 
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dihydrogen orthophosphate buffer, pH 3.5, and 

acetonitrile in a ratio of 74:26% v/v at a flow      

rate of 0.6 mL/min. The sample was analyzed              

by a UV-VIS diode array detector (Agilent 

Technology, Santa Clara, USA) at a wavelength 

of 258 nm. The lower limit of detection of 

linezolid was 0.2 mg/L. The method was found to 

be linear in the concentration range of 0.2-20 

mg/L by following the regression equation Y = 

1.0983x - 0.088 with correlation coefficient (r2) of 

0.9998. The intra-assay reproducibility values 

characterized by coefficients of variation (CVs) 

were 9.56%, 8.99% and 2.55% for samples 

containing 0.6, 8 and 16 mg/L, respectively. For 

intra-assay reproducibility, the relative biases 

were 8.27%, -5.41%, and -9.92% for samples 

containing 0.6, 8 and 16 mg/L, respectively. The 

inter-assay reproducibility values characterized 

by coefficients of variation (CVs) were 8.36%, 

5.21% and 7.89% for samples containing 0.6, 8 

and 16 mg/L, respectively.  For inter-assay 

reproducibility, the relative biases were 3.19%, 

3.82%, and 3.21% for samples containing 0.6, 8 

and 16 mg/L, respectively. A short-term stability 

study showed that at room temperature for 

samples containing 0.6 and 16 mg/L, the 

concentrations of linezolid losses were  4% for 

at least 6 h. A long-term stability study found that 

at -20 C for samples containing 0.6 and 16 mg/L, 

the concentrations of linezolid losses were  10% 

for at least 30 days. The percentages of recovery 

were 93.09 ± 0.04%, 108.73 ± 1.72% and 96.01 ± 

2.02% for samples containing 0.6, 8, and 16 

mg/L, respectively.  

 

2.5. Pharmacokinetic analysis 

 

PK analyses were conducted using     

one-compartment pharmacokinetic analysis. 

The maximum plasma concentrations (Cmax), 

minimum plasma concentrations (Cmin), areas 

under the concentration–time curves between 0 

and 24 h (AUC0-24), elimination half-lives (t1/2), 

apparent volume of distribution (Vd), total 

clearance (CL), and elimination rate constants (ke) 

were determined using the WinNonlin Version 

1.1 (Scientific Consulting Inc., NC, USA). The 

results were expressed as mean values  standard 

deviations. 

 

3. RESULTS 
 

Thirty healthy subjects were enrolled in 

the study (14 males and 16 females) with mean 

age of 22.87 ± 1.63 years (range 21 to 27 years), 

mean weight of 58.27 ± 7.76 kg (range 45 to 71 

kg) and mean body mass index of 21.45 ± 1.51 

kg/m2 (range 19.13 to 23.98 kg/m2). The mean 

PK parameters are shown in Table 1. The mean 

plasma linezolid concentration-time data are 

shown in Figure 1. The Vd, CL and AUC0-24 were 

29.08  10.75 L, 3.69  1.58 L/h and 94.38  35.12,
 

Table 1. The mean pharmacokinetic parameters of linezolid in the thirty healthy study subjects who received 300 mg once 

daily oral linezolid for 5 days. 
 
 

 

Cmax, maximum plasma concentration; Cmin, minimum plasma concentration; AUC0-24, the area under the concentration–time 

curve between 0 and 24 h; Vd, the volume of distribution; CL, the total clearances, t1/2, elimination half-life; ke, the 

elimination rate constant 

 

respectively. The AUC0-24/MIC ratio for a MIC 

of 0.94 mg/L achieved the PK/PD target of 100. 

The AUC0-24/MIC ratio for a MIC of 0.79 mg/L 

achieved the PK/PD target of 119. 

 

4. DISCUSSION 
 

 Drug-resistant TB, including MDR- and 

XDR-TB, has become one of the important public 

health challenges in several countries. The WHO 

estimated that approximately half a million new 

cases of MDR-TB had been reported recently and 

only 50% of these drug- resistant cases had been 

successfully treated with antituberculous drugs3. 

The key issue of widespread drug-resistant 

pathogens is that only a limited number of effective 

antituberculous agents are available for use in 

treatment, and most of these are associated with

PK parameter  

Cmax (mg/L)   9.03   ±    2.42 

Cmin (mg/L)   1.25   ±    0.68 

AUC0-24  (mg.h/L) 94.38   ±  35.12 

Vd (L) 29.08   ±  10.75 

CL (L/h)   3.69   ±    1.58 

t1/2 (h)   6.38   ±    3.30 

ke (h-1)   0.15   ±    0.10 
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          Figure 1. Mean plasma linezolid concentration-time data of the thirty healthy study subjects. 

 

poor outcomes and/or intolerability of the treatment. 

Linezolid has been found to exhibit a broad range 

of antimicrobial activity against Gram-positive 

microorganisms as well as MDR-and XDR-TB7,14. 

This agent has excellent PK with an absolute 

bioavailability of almost 100%. Following the 

WHO guidelines on drug-resistant TB treatments, 

linezolid 600 mg orally every 12 h is currently 

proposed as one component of the recommended 

regimen for treatment of MDR- and XDR-TB15. 

The Infectious Diseases Society of America 

(IDSA) also recommends linezolid 600 mg orally 

once daily for the treatment of drug-resistant 

TB16. Previous PK studies in healthy volunteers 

showed that the mean value of AUC of a single 

dose of 600 mg orally of linezolid was 91.40-109.5 

mg.h/L17,18, and the study patients with XDR-TB 

showed that the mean value of AUC0- of multiple 

doses of 600 mg orally of this drug was 180.40 

mg.h/L19. However, long-term treatment with this 

agent usually results in several serious toxicities, 

including bone marrow suppression and 

peripheral neuropathy6-8. In order to attempt to 

determine a more tolerable dosage regimen of 

this useful drug, we conducted the current study 

to determine the PK of multiple doses of 300 mg 

once daily of oral linezolid. In the study we found 

that the mean values of Vd, CL and AUC0-24 of 300 

mg once daily of linezolid were 29.08  10.75 L, 

3.69  1.58 L/h and 94.38  35.12 mg.h/L, 

respectively. The mean value of AUC0-24 of this 

agent in the current study was approximately 94 

mg.h/L which is comparable to the values 

obtained from multiple doses of 300 mg once 

daily in patients with XDR-TB19 and a 600 mg 

single dose regimen in healthy volunteers17,18. 

Therefore, the two doses of multiple doses of 600 

and 300 mg once daily were dose proportional 

exposures. 

For linezolid, the AUC0-24/MIC ratio is 

the PK/PD index that best correlates with anti- 

microbial efficacy6,20. The WHO technical report 

on PK/PD of linezolid used in the treatment of 

drug-resistant TB recommended that the optimal 

activity was achieved at the PD targets of an 

AUC0-24/MIC ratio of 1006. In addition, based on 

the hollow fiber system model of tuberculosis,  

the optimal activity was achieved in one study at 

the PK/PD target of 11920. However, to date no 

clinical trials confirming the correlation between 

PK/PD targets to maximize efficacy and clinical 

outcomes of this agent for the treatment of      

drug-resistant TB are available. A previous study 

of  the susceptibilities of linezolid against MDR-

TB from the Taiwan Centers for Disease Control   

and Prevention (CDC) which were part of a 

United States CDC study found that the MIC90 of 

linezolid was 0.25 mg/L (range <0.06-0.5 mg/L)21. 

Another study from China of in vitro activity and 

MIC distributions of linezolid against MDR- and 

XDR-TB found that the MIC90 was 0.25 mg/L22. 

In the current study, the AUC0-24/MIC ratio for  

the MIC of 0.9 and 0.75 mg/L achieved the PK/PD 

targets of 100 and 119, respectively. Moreover, 

according to the European Committee on 

Antimicrobial Susceptibility Testing (EUCAST) 

MIC distributions, the dosage regimen of 300 mg 

daily can cover the MIC90 of M. tuberculosis23. 

Therefore, the results from the current study 

indicate that a low dose 300 mg once daily of oral
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linezolid can provide good coverage for patients 

with MDR- and XDR-TB. As further confirmation, 

previous studies in patients with drug-resistant 

TB found that linezolid 300 mg orally once daily 

was effective for the treatment of MDR- and 

XDR-TB with lower neuropathic side effects than 

a daily dosage of either 600 mg or 1200 mg11,12. 

This study had a few limitations that 

must be considered. First, the study was conducted 

to determine the PK of a low dose of 300 mg once 

daily of linezolid, but not for proving the efficacy 

of this low dosage regimen for the treatment of 

TB. Second, PD assessment using a Monte Carlo 

simulation for achieving the PK/PD target was 

not performed.  

 

5. CONCLUSIONS 
 

The current study on the PK of linezolid 

found that the mean values of AUC0-24 of low  

dose 300 mg once daily achieved the PD targets 

of AUC0-24/MIC ratio of 100 and 119 for a MIC of 

0.9 and 0.75 mg/L of TB, respectively. Therefore, 

this low dosage regimen of linezolid could be an 

alternative antibiotic option for treatment of 

MDR- and XDR-TB in patients with intolerance 

to the side effects of the standard dosage regimens 

of linezolid. However, further large well-defined 

clinical trials are needed to confirm the efficacy 

and safety of low dose 300 mg once daily oral 

linezolid. 
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