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ABSTRACT
Introduction: Treatment of tuberculosis (TB) requires a combination of drugs. Isoniazid (INH) and 
pyrazinamide (PZA) are key components of the fi rst-line regimen used in the treatment of TB and 
monitoring these drug levels in plasma would help in better patient care. The objective of the study 
is to develop and validate a simple and rapid high performance liquid chromatographic method for 
simultaneous determination of INH and PZA in human plasma.

Methodology: The method involved deproteinisation of plasma with para hydroxy benzaldehyde and 
trifl uoroacetic acid and analysis using a reversed-phase C8 column and UV detection at 267nm. The fl ow 
rate was set at 1.5 ml/min at ambient temperature. The accuracy, linearity, precision, specifi city, stability 
and recovery of the method were evaluated. The method was applied to estimate plasma INH and PZA 
collected from six children with TB.

Results: Well resolved peaks of PZA and INH at retention times of 3.2 and 6.1 minutes respectively 
were obtained. The assay was linear from 0.25 - 10.0 μg/ml for INH and 1.25 – 50.0 μg/ml for PZA. The 
within-day and between-day relative standard deviation for standards were below 10%. The average 
recoveries of INH and PZA from plasma were 104 and 102% respectively. 

Conclusions: A rapid and accurate method for simultaneous determination of INH and PZA in plasma 
was validated. The assay spans the concentration range of clinical interest. The easy sample preparation 
and small sample size makes this assay highly suitable for pharmacokinetic studies of INH and PZA in 
TB patients.
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INTRODUCTION 

Treatment of pulmonary and extra pulmonary 
tuberculosis (TB) consists of a 6-month short 
course chemotherapy regimen with isoniazid 
(INH), rifampicin (RMP), pyrazinamide (PZA) and 
ethambutol (EMB) for two months followed by INH 

and RMP for the next four months.  It has been 
suggested that drug concentration measurements 
in TB patients with sub-optimal response to 
directly observed therapy may be necessary.1,2 
Um et al have reported that low concentrations 
of anti-TB drugs are common, and therapeutic 
drug monitoring would be useful to optimise 
drug dosages, especially in patients with an 
inadequate clinical response to anti-TB treatment.3 
Substantial inter-patient variability of anti-TB drug 
concentrations has been reported.4 Several factors 
are known to infl uence drug levels .4, 5  INH and PZA 
are key components of the fi rst-line regimen used 
in the treatment of TB and monitoring these drug 
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levels in plasma would help in better patient care.

Several methods to estimate INH and PZA by 
high performance liquid chromatography (HPLC) 
individually and in combination have been 
described.6–13  Song et al have described a method 
for simultaneous determination of RMP, INH, 
PZA and EMB by LC-MS-MS.14 There are also 
methods reported for simultaneous determination 
of RMP, INH and PZA by HPLC, which employ 
cumbersome solid phase extraction procedures12 
or derivatisation prior to separation.13 The aim of 
this study was to develop and validate a simple and 
rapid assay for simultaneous estimation of INH and 
PZA in plasma by HPLC. 

METHODOLOGY

Chemicals 

Pure INH and PZA powder were obtained from 
Sigma Chemical Company, St.Louis, MO, 
USA. Methanol (HPLC grade), perchloric acid, 
tetrabutyl n-ammonium hydroxide, para hydroxy 
benzaldehyde and trifl uoro acetic acid were 
purchased from Qualigens (India).  Deionized water 
was processed through a Milli-Q water purifi cation 
system (Millipore, USA).  Pooled human plasma 
was obtained from a Blood Bank, Chennai, India.

Chromatographic System 

The HPLC system (Shimadzu Corporation, Kyoto, 
Japan) consisted of two pumps (LC-10ATvp), 
diode array detector (SPD-M10Avp) and auto 
sampler (SIL-HTA) with built in system controller 
(SCL-10Avp).  ClassVP-LC workstation was used 
for data collection and acquisition.  The analytical 
column was a C8, 250 x 4.6mm ID, 5m particle 
size protected by a compatible guard column 
(Lichrospher 100 RP-8e, Merck, Germany). 

The mobile phase consisted of water: methanol 
(80:20 v/v) containing 0.05% perchloric acid and 
0.1% tetrabutyl n-ammonium hydroxide. Prior 
to preparation of the mobile phase, the solvents 
were degassed separately using a Millipore 
vacuum pump.  The UV detector was set at 267 
nm.  The chromatogram was run for 8 minutes at 
a fl ow rate of 1.5 ml/min at ambient temperature.  

Unknown concentrations were derived from linear 
regression analysis of the peak height of analyte 
vs. concentration curve.  The linearity was verifi ed 
using estimates of correlation coeffi cient (r).

Preparation of standard solution 

Stock standards (1 mg/ml) of INH and PZA were 
prepared separately by dissolving the drugs in 
deionised water.  The working standards of INH 
(0.25 to 10.0μg/ml) and PZA (1.25 to 50.0μg/ml) in 
combination were prepared in human plasma that 
was obtained from a Blood bank. Working standard 
solutions in human plasma containing INH and 
PZA respectively in the following concentrations 
were prepared: 0.25 & 1.25 μg/ml, 0.5 & 2.5μg/ml, 
1.0 & 5.0μg/ml, 2.5 & 12.5μg/ml; 5.0 & 25.0μg/ml; 
10.0 & 50.0μg/ml. 

Sample preparation 

To 100μl each of calibration standards and test 
samples, 50μl of para hydroxy benzaldehyde 
and 100μl of trifl uoro acetic acid were added for 
deproteinisation and extraction of analytes. The 
contents were vortexed and centrifuged, and 100μl 
of the clear supernatant was injected into the HPLC 
column.

Accuracy and Linearity  

The accuracy and linearity of INH and PZA 
standards were evaluated by analysing a set of 
standards ranging from 0.25 to 10.0μg/ml for 
INH and 1.25 to 50.0μg/ml for PZA. The within 
day and between day variations were determined 
by processing each standard concentration in 
duplicate for six consecutive days.

Precision 

In order to evaluate the precision of the method, 
three different plasma samples from patients 
containing INH and PZA were processed and 
analysed in duplicate on three consecutive days.

Recovery 

For the recovery experiment, plasma samples from 
two patients containing INH and PZA were spiked 
with 2.5 and 5.0μg/ml of INH and 5.0 and 10.0μg/
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ml of PZA and assayed. The percentage of recovery 
was calculated by dividing sample differences with 
the added concentrations. Recovery experiments 
were carried out on three different occasions.

Specifi city

Interference from endogenous compounds was 
investigated by analysing blank plasma samples 
obtained from six each of male and female 
subjects. Interference from certain anti-TB drugs, 
namely, RMP and EMB at a high concentration of 
50μg/ml was evaluated.

Samples

Six children with TB (3 males and 3 females) aged 
4 to 11 years and body weight ranging from 13 to 
38 kg, who were attending the out-patient clinic of 
the centre, took part in the study. They were on 
regular anti-TB treatment consisting of INH, RMP, 
PZA and EMB thrice weekly for a period of 15 
days to 2 months. On the study day, the patients 
were instructed to report to the clinic in a fasting 
condition. Blood samples (2 ml) were drawn in 
heparinized vacutainer tubes before dosing and 
at 2, 4, 6 and 8 hours after dosing. All the blood 
samples were centrifuged immediately and plasma 
was separated and stored at -20oC until assay.  
Estimations of plasma INH and PZA in all the 
samples were undertaken within 24 to 48 hours 
of blood collection.  Informed written consent 
was obtained from all the parent/guardian of the 
children before blood draws were made. 

Stability

The stability of INH and PZA in human plasma 
when stored at -20oC was evaluated by assaying 
fi ve plasma samples containing INH and PZA on 
days 1 and 30.

RESULTS AND DISCUSSION 

Treatment of TB usually involves a combination 
of drugs; hence a simple and accurate method 
for simultaneous estimation of some of the anti-
TB drugs is described. In this study, we have 
attempted to develop and validate a simple method, 
which requires a simple one-step deproteinisation 
method and analysis using a C8 column and an 

isocratic mobile phase.  The present method has 
the advantages of being rapid (run time is only 8 
minutes) and using a small sample volume (100 
microlitres), without any loss of analytes. 

Under the chromatographic conditions described 
above, INH and PZA were well separated as seen in 
the representative chromatograms (Figures 1a, b).  
The retention times of PZA and INH were 3.2 and 
6.1 minutes respectively. Blank plasma samples 
did not give any peak at the retention times of INH 
and PZA (Figure 1c). The lowest concentrations of 
INH and PZA gave discrete peaks at the respective 
retention times (Figure 1a). 

Figure 1a. Chromatogram of extracted isoniazid (0.25 μg/
ml) and pyrazinamide (1.25 μg/ml) plasma standards

Figure 1b. Chromatogram of extracted isoniazid (10.0 μg/
ml) and pyrazinamide (50.0 μg/ml) plasma standards 

Figure 1c. Chromatogram of extracted blank plasma 
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INH and PZA are used in the treatment of TB 
along with other fi rst-line anti-TB drugs. Since not 
much is known about the interference of other 
drugs in the assay, it becomes necessary to rule 
out interference of anti-TB drugs in the assay of 
INH and PZA and establish the specifi city of the 
method. No endogenous substances or fi rst-line 
anti-TB drugs such as RMP and EMB interfered 
with the INH and PZA chromatograms. 

INH and PZA concentrations ranging from 0.25 
- 10.0 μg/ml and 1.25 – 50.0 μg/ml respectively 
were checked for linearity These concentrations 
span the range of clinical interest, which are 
reported to be present in plasma following 
treatment with INH and PZA.  The calibration curve 
parameters of INH and PZA from six individual 
experiments for standard concentrations showed 
a linear relationship between peak height and 
concentrations, as evidenced by mean (+ SD) 
correlation coeffi cient values of 0.9995 + 0.0006 
and 0.9968 + 0.0014 for INH and PZA respectively. 
The linearity and reproducibility of the various 
standards used for constructing calibration graphs 
for plasma INH and PZA are given in Table 1. The 
within-day and between-day relative standard 
deviation (RSD) for standards containing 0.25 to 
10.0μg/ml for INH ranged from 3.1 to 8.7% and 
4.5 to 9.2% respectively, while the corresponding 
values for PZA standards containing 1.25 to 
50.0μg/ml ranged from 1.1 to 2.9% and 2.1 and 
7.0% respectively.

The reproducibility of the method was further 
evaluated by analysing three plasma samples 
containing different concentrations of INH and 
PZA. The RSD for these samples ranged from 0.7 
to 3.2% for INH and 6.2 to 7.6% for PZA. The % 
variations from the actual concentrations ranged 
from 96 to 101% for INH and 98 to 102% for PZA. 
For the concentration to be accepted as the lower 
limit of quantitation (LOQ), the RSD has to be less 
than 20%.15

In the present method, the lowest concentrations of 
INH and PZA in the calibration curve were 0.25μg/
ml and 1.25μg/ml for INH and PZA respectively. 
The method reliably eliminated interfering material 
from plasma, yielding a recovery for INH and PZA 
that ranged from 100 to 106% and 99 to 105% 
respectively (Table 2).  

Table 1. Linearity & reproducibility of plasma isoniazid 
& pyrazinamide standards

Conc
(μg/ml)

Mean peak ± SD in mAU (RSD%)
Isoniazid Conc

(μg/ml)

Pyrazinamide
Within 

day
(n= 6)

Between 
day 

(n = 6)

Within 
day 

(n = 6)

Within 
day 

(n = 6)
0.25

0.5

1.0

2.5

5.0

10.0

1080±
90 
(8.4)

2639±
230 
(8.7)

5927±
184 
(3.1)

3070±
1021 
(7.8)

27631±
1678 
(6.1)

56044±
2669 
(4.8)

1139±
104 
(9.2)

2456±
213 
(8.7)

5327±
310 
(5.8)

12920±
742 
(5.7)

25937±
1236 
(4.8)

54639±
2466 
(4.5)

1.25

2.5

5

12.5

25

50

9071±
110 (1.2)

17109±
195 (1.1)

36412±
931 (2.6)

71908±
1020 
(1.4)

166203±
4184 
(2.5)

378768±
11147 
(2.9)

9308±
650 (7.0)

17486±
684 (3.9)

35856±
1329 
(3.7)

71023±
1461 
(2.1)

154169±
4982 
(3.2)

366051±
10279 
(2.8)

Table 2. Recovery of isoniazid & pyrazinamide in 
plasma
Added (μg /ml) Estimated (μg /ml)

(Mean ± SD)
Recovery (%)

INH PZA INH PZA INH PZA

Baseline 4.79± 
0.08

44.11± 
0.90

2.5 5 7.43± 
0.03

49.21± 
1.19

106 102

5 10 10.01± 
0.05

54.35± 
1.25

104 102

Baseline 1.72± 
0.06

21.42± 
0.75

2.5 5 4.22± 
0.04

26.38± 
0.67

100 99

5 10 7.02± 
0.04

31.91± 
0.75

106 105

mAU – milli Armstrong unit
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The method described was applied for the 
determination of INH and PZA concentrations in 
plasma from six children receiving treatment with 
RMP, INH, PZA and EMB. These children received 
doses based on their body weight. The dose of 
INH ranged from 150 to 300mg, while that of 
PZA ranged from 500 to 1000mg. Figures 2 and 
3 respectively present the mean plasma INH and 
PZA concentrations obtained in children at various 
time points after drug administration. The plasma 
concentrations of INH and PZA increased steadily 
and attained a peak level at about two hours. The 
mean plasma peak concentrations of 7.7μg/ml 
and 44.1μg/ml for INH and PZA respectively were 
obtained at two hours; thereafter the drug levels 
declined steadily. Thus the plasma concentrations 
of INH and PZA followed a typical pharmacokinetic 
pattern.

The mean plasma INH concentrations measured 
on days 1 and 30 in fi ve plasma samples stored 
at -20oC were 6.03 and 5.67μg/ml respectively; 
the corresponding values for PZA were 32.45 and 
31.35 μg/ml respectively. No degradation of INH 
and PZA in plasma occurred up to 30 days when 
stored at -20oC. 

In conclusion, a sensitive, specifi c and validated 
method for quantitative simultaneous determination 
of INH and PZA in plasma is described. This rapid, 
accurate and reproducible method utilises a single 
step extraction. The chromatograms yield well-
resolved peaks for INH and PZA with good intra- and 
inter-day precision. The easy sample preparation 
and small sample size makes this assay highly 
suitable for estimation of plasma concentrations of 
INH and PZA as part of pharmacokinetic studies or 
therapeutic drug monitoring in TB patients.

Figure 2. Mean plasma isoniazid concentrations in six 
children with tuberculosis Vertical bars represent standard 
deviation

Figure 3.  Mean plasma pyrazinamide concentrations in six 
children with tuberculosis 
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