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A Modified and Cost-Effective HPL C M ethod for
Deter mination of Plasma Concentr ations of

Rifampicin in Pulmonary TB Patients
Abida Shaheen, Tausif Ahmed Rajpuit?, Fahad Azam®

ABSTRACT

Objective: To evaluate the pharmacokinetics of standard doses of rifampicin (RMP) in fixed dose combination in pulmonary
tubercul osis patients by a modified high performance liquid chromatography (HPL C) method

Materialsand Methods: This descriptive study was conducted after approval from Ethical Committee, Army Medical College
Rawalpindi and was funded in part by National University of Sciences and Technology (NUST), Islamabad. Twenty adult
patients with newly diagnosed pulmonary TB consented to participate in the study. RM P plasma concentrations were assayed
by a simple and sensitive HPL C method in the initial phase of pulmonary tubercul osis treatment. The method was modified
to use naproxen as an internal standard and validated according to International Conference on Hormonization (ICH) guidelines.
Results: The calibration curve of rifampicin was linear within the range of 0.781-50 pg/ml. Both intra-day and inter-day
variability and accuracy demonstrated good reproducibility at all quality control levels. The developed method was found to
be simple, precise and accurate for estimation of rifampicin in plasma. The pharmacokinetic parameters of RM P showed marked
inter-individual differences and sub-therapeutic levels.

Conclusion: Evaluation of pharmacokinetics of standard doses of rifampicin in fixed dose combination in pulmonary tuberculosis
patients by a modified high performance liquid chromatography (HPLC) method is precise, accurate and cost-effective. 1t may
be used for monitoring plasmaRMPlevelsin TB patients who are slow to respond or are non-responders and have less availability
of resources.
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INTRODUCTION:

The menace of tuberculosis (TB) with 9.2 million new
cases and 1.5 million deaths annually, isamajor public
health issue. Pakistan, one of the highest burden countries
contributes about 44% of the total TB burden in WHO
Eastern Mediterranean region." Despite TB declaration
as national emergency since 2001 and expansion of
directly observed treatment, short course (DOTS)
throughout the health services, emergence of multidrug
resistanceis amatter of great concern and major public
health challenge in Pakistan.

Poor bioavailability of rifampicin, in fixed dose
combination (FDC) formulations with other anti-TB
drugs such as isoniazid, pyrazinamide and ethambutol
has raised serious concerns and impediment in wide-
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spread use of FDCs despite several advantages over
separate formulations. This drop in bioavailability of
rifampicin may lead to serious consequences such as
increased treatment failure rates and selection of both
isoniazid and rifampicin resistant strains of M.
tuberculosisin the context of its high sterilizing activity,
relapse preventing properties and prevention of
emergence of resistance to its companion drugs.’
A number of HPLC methods have been described in
literature for pharmacokinetic (PK) analysisof rifampicin.
However most of these methods used sophisticated
instruments, expensive chemicalsand internal standards.
A simple, reliable and sensitive method is also been
documented in the literature® but rifampicin used in this
method as internal standard is quite expensive and is
not available in our setup locally. The specified HPLC
method for monitoring of rifampicin plasmalevelsin
patients could be modified to make it more economical
and applicable with the use of easily available and cost-
effective internal standard, while maintaining the
specificity, sensitivity and precision of origina method,
according to ICH guidelines.*

In this respect modification should be carried out by
keeping in mind that after itsincorporation the modified
method should become easily reproduce-able for
therapeutic drug monitoring of rifampicin. Especially
in FDCsin TB patients whom response to treatment is
very slow. With this background, present study was
designed to evaluate the pharmacokinetics of standard
doses of rifampicin (RMP) in fixed dose combinations
(FDCs) in pulmonary tuberculosis patients by amodified
high performance liquid chromatography (HPLC)
method in our local setup.

MATERIALSAND METHODS:
This descriptive study was carried out in Pharmacology
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and Therapeutics department, Centre for Research in
Experimental and Applied Medicine, Army Medical
College, Rawa pindi, according to guidelines of Helsinki
Declaration of 1975 and its amendments.® The study
was funded in part by National University of Sciences
and Technology (NUST), Islamabad Pakistan.
After approval from Ethical Committee, Army Medical
College, Rawalpindi twenty patients with newly
diagnosed, active pulmonary tuberculosis were included
in the study following informed consent. They were
between 18 to 65 years of age and details about their
phase of treatment and product details (FDC products
or single drug products) were recorded on a proforma.
Patients with deranged liver or kidney function tests,
GIT diseases, diabetes mellitus, hepatitis B and C
infection, history of drug addiction or alcohol intake,
anti-HIV therapy, MDR-TB, pregnancy or lactation
were excluded from the study. The patients were started
on the standard anti-tuberculosis chemotherapy that is
FDC Rifinah containing isoniazid (300mg) and
rifampicin (600 or 450 mg), single drug products of
pyrazinamide (maximum dose 1500 mg), ethambutol
(maximum dose 850 mg) in accordance with DOTS,
Pakistan National Tuberculosis Program guidelines
based on the WHO DOTS TB control strategy. Eight
patients weighing less than 50 kg received 450 mg of
RMP/day orally and twelve patients more than 50 kg
took 600 mg of RMP/day orally.

Analytical Procedure (Bioanalysis)

1. Instrumentation and Materials:

The HPLC system by Perkin EImer Series 200 with
autosampler and ultraviolet (UV) detector was used.
Chromatographic separation was accomplished using a
Schimadzu reverse phase-C,g, stainless steel column
(250 x 4.6 mm, 5 pm particle size) with a guard
precolumn of the same packing material provided by
Schimadzu Corporation, Kyoto Japan. The chromatogr-
ams were recorded on connected computer. The chem-
icals and solvents used in this study were of analytical
and HPL C grade. Methanol and Sodium phosphate were
purchased from Merck, Germany (C/O MS Traders,
Pakistan). Phosphoric acid was purchased from Sigma
Aldrich, Germany (C/O MS Traders, Pakistan). Naproxen
(Internal standard) was provided by Ind-Swift
Pharmaceuticals (C/O Guddia International, Pakistan)
and Rifampicin by Schazoo Zaka Pvt Ltd.
2. Chromatographic Conditionsand Preparation
of Standards:

The UV detector was set at a wavelength of 254 nm.
The final mobile phase composition optimized was
methanol and 0.01 M phosphate buffer of pH 5.2,
adjusted with 2% o- phosphoric acid (65:35 v/v). The
mixture was filtered through 0.45 pm filter (Millipore,
Sartorius, Goettingen, Germany) under vacuum and
then sonicated. The mobile phase was pumped
isocratically at aflow rate of 1.5 ml/min during analysis,
at ambient temperature. The volume of injection was
fixed at 50 pl. The chromatograms were recorded and
integrated on connected computer. Rifampicin stock
solution was prepared by dissolving it in methanol to

make a 1 mg/ml solution containing 0.5 mg/ml of
ascorbic acid to prevent oxidation of RMP. Calibration
stock of RMPwas suitably diluted to give working stock
solution of 100 pg/ml and from this, calibration standards
were prepared to contain concentration of 0.781, 1.562,
3.125,6.25, 12.5, 25, 50 pg/ml of rifampicin. Standard
solutions were prepared fresh daily. Rifampicin used in
this method as internal standard was quite expensive
and not available locally, so it was modified to use
naproxen as internal standard and validated according
to requirements of International Conference on
Hormonization (ICH) for validation of analytical
procedures A stock solution of Naproxen was prepared
by dissolving it in 65: 35 methanol: sodium phosphate
buffer with atarget concentration of Img/ml. From this
stock solution dilutions were prepared to make 10, 50,
100, 200ug/ml working internal standard solutions. The
solutions of internal standard were stored at -20°C
between use and they were stablefor, at least, two weeks.
3. Calibration Curve and Plasma Sample
Processing:

Solutions of rifampicin and naproxen were made. The
curve covered the concentration range of 0.781 to
50ug/ml for rifampicin using seven standard
concentrations. Each concentration of standards was
run in triplicate to make the calibration curve. The
calibration curve was generated by plotting the ratio of
the peak area of rifampicin and naproxen against the
rifampicin concentration in standard solutions. The curve
was based on simplelinear model relating the rifampicin
concentration to the HPL C response. Plasma samples
were processed by adding 200 Wl of calibration standards
of different concentrations and 200 pl of naproxen (200
pg/ml) into 1.5 ml eppendorf tubes from working stock
solutions. These mixtures were dried and mixed with 5
ul of methanol, then 95 ul of plasma was added and
vortexed for 60 seconds. Spiked plasma was then
extracted with 500 pl of methanol by vortexing for 3
min. The sampleswere centrifuged at 10,000 revolutions
per minute for 15 minutes, and 300 pl of supernatant
was taken into another micro centrifuge tube and vacuum
dried in eppendorf concentrator. The residue thus
obtained was reconstituted in 200 uyl of mobile phase
and finally aliquots were loaded on the autosampler tray
and volumes of 50 il were injected onto the HPLC. The
drug and internal standard were detected at 254 nm.?
4. Method Validation Procedures:

Pooled quality control samples were prepared to
determine the precision and accuracy of the method,
and to evaluate the stability of samples. All control
samples were aliquoted into polypropylene vials and
stored at approximately -80°C. Quality control samples
were run as replicates of blank plasma spiked with a
low concentration (3.125ug/ml), amiddle concentration
(12.5pg/ml) and a high concentration (25 pg/ml) of
rifampicin along with afixed concentration (200 pg/ml)
of internal standard. The identification of rifampicin
was made on the basis of retention time on chrom-
atograms obtained from plasma samples spiked with
standard solutions of rifampicin and comparing with
blank plasma samples. The solution was considered
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stableif in the described storage conditions variation in
the concentration isinferior to 2 percent. The retention
time for rifampicin was 8.5 minutes and it was 10.5
minutes for naproxen. The solution is considered stable
if in the described storage conditions variation in the
concentration isinferior to 2%. The limit of detection
(LOD) is defined as the lowest concentration of the
analyte in a sample which can be detected but not
necessarily quantitated with precision. Linearity was
assessed by calibration curve constructed using 7 standard
solution concentrations covering the range of 0.781-50
pg/ml. Standard curves were analyzed in triplicate. The
lower limit of quantitation (LLOQ) for rifampicin was
selected as the lowest concentration of the standard
curve at which the rifampicin peak was identifiable and
discrete with suitable precision (coefficient of variation
(CV) of lessthan 20 percent) and accuracy (determined
concentration being within 20 percent variation of the
nominal concentration). The acceptance criterion for
precision of analytical method recommended by Food
and Drug Administration for each calculated standard
concentration is a 15 percent coefficient of variation
from added concentration value except at the LLOQ,
where it should not deviate by more than 20 %. In
accordance with ICH recommendations, precision is
determined at two levels, i.e., repeatability and interme-
diate precision. The acceptance criterion for accuracy
of the method is that the mean measured concentration
should be within 80-120 of the actual concentration.
The precision and accuracy of the plasma assay for
rifampicin was evaluated by analysis of 5 replicates of
quality control samples at three different concentrations
(within the calibration range), for 3 days.

5. Application of Analytical Method:

After validation, this method was applied to determine
the pharmacokinetics of rifampicin in 20 pulmonary
tuberculosis patients. On the scheduled day of
pharmacokinetic assessment, patients abstained from
the intake of any eatable or drugs from 11 p.m. on the
day before the sampling until 1 hour after the intake of
anti-TB drugs. Blood sampling was done before and at
0.5, 1,15, 2, 3, 4, 6, 8, and 12 hours after witnessed
drug ingestion. Each sample was transferred to lithium-
heparinized tubes placed in ice, and was immediately
centrifuged at 4000 rpm for 10 min. Plasma was
harvested into labeled eppendorf tubes containing
ascorbic acid (0.5 mg/ml), and stored at -80°C within
1 hour of collection, until analysis. Plasma samples of
the patients were processed in the similar manner as
calibration standards along with internal standard.
6. Pharmacokinetic Data Analysis.

Data of drug plasma concentration versus time for
rifampicin was tabulated using Microsoft Excel 2007
computer program. The data was used to calculate
pharmacokinetic parametersi.e., elimination half life,
area under plasma concentration time curve, volume of
distribution and plasma clearance, by computer program,
APO, MWPHARM version 3.60, aMEDIWARE product
Holland.

The non-compartmental pharmacokinetic model was
used to compute the pharmacokinetic parameters of

rifampicin. The pharmacokinetic parameters for RMP
were derived individually for each subject from the
plasma concentration versus time data. Concentration-
time curves were plotted for each series of drug assays.
From these plots, the maximum concentration of drug
in plasma was defined as the Cmax, and the time to
reach this maximum concentration as Tmax. The area
under the plasma concentration-time curve until 12
hours (AUCq.. hr.mg/l) for rifampicin was determined
by the (linear/logarithmic) trapezoidal rule up to the last
data point. The AUC extrapolated to infinity (AUCqs
hr.mg/l) was calculated using the relation AUCq., +
Cmvkel, where Cmis the last measured concentration
of rifampicin and kel is the slope of the least squares
linear regression of the log concentration-time curve.
The computer program, APO, MWPHARM version
3.60, a product of MEDIWARE, Holland, was used to
calculate pharmacokinetic parameters. The non-
compartmental pharmacokinetic model was used to
compute the pharmacokinetic parameters of rifampicin
derived individually for each subject from the plasma
concentration versus time data.

RESULTS:

Method Validation:

The calibration curve of rifampicin in plasmausing least
Sguare regression equation was linear within the range
of 0.781-50 pg/ml (Figure 1). The correlation coefficient
and intercept were, y = (33366) x + (32760), r’= 0.998.
The retention time for rifampicin was 8.5 minutes and
it was 10.5 minutes for naproxen (1S) (Figure 2a & 3a).
The LOD was determined by diluting solutions of known
concentrations of RMP until the response was three
times the noise. The LOD of rifampicin in plasma
sampleswas 0.5ug/ml. For rifampicin andysisin plasma
by this method LL OQ was 0.781ug/ml. The coefficient
of variation was found to be 6.8%. The accuracy was
found to be 92.73%. The stability of samples was
demonstrated by subjecting the three different
concentrations of rifampicin to three freeze-thaw cycles
and storage for 24 hours at room temperature. The
freeze-thaw cycles showed little effect on the stability
of the samples as the percent accuracy wasin the range
of 96.40-101.12 % and variability ranged between 1.16
to 1.90 %. Rifampicin was stable in plasma, enriched
with 1 mg/ml of ascorbic acid at -80°C, for at least 5
months.

The CV for intra-day variability ranged between
5.5-7.89% while the inter-day CV ranged between 7.35
t0 9.93%. The percent accuracy wasin the range of 89-
102% for intra-day assays and 91-104% for inter-day
assay (Table 1). The derived pharmacokinetic parameters
for rifampicin in TB patients are given (Table 2).
Representative HPLC chromatograms of rifampicin
with blank plasma spiked with internal standard at 6.25
pg/ml, 12.5 pg/ml, LLOQ (0.781 pg/ml) and patient

samples are provided in figures 2a, 2b, 2c and 3a, 3b,
respectively.

Behaviour of mean values of pharmacokinetic profile
of Rifampicin 450 and 600 mg are shown in Figure 3c.
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Figure: 1
Cadlibration curve of rifampicin
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Figure: 2a
Chromatogram obtained from blank plasma spiked with
internal standard and external standard of 6.25 ug/ml
of rifampicin
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Figure: 2b
Chromatogram obtained from blank plasma spiked with
internal standard and external standard of 12.5 pg/mi
of rifampicin

Figure: 2c
Representative HPL C chromatogram of rifampicin at
LLOQ (0.781 pg/ml)
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Figure: 3a
Chromatogram obtained from aTB patient plasmaspiked
with internal standard
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Figure: 3b
Chromatogram obtained from aTB patient plasma spiked
with internal stand
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Figure: 3c
Behaviour of mean values of pharmacokinetic profile
of Rifampicin 450 and 600 mg
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Table: 1
Intraand inter-day precision and accuracy of rifampicin
assay
Assay Conc Conc Found Coefficient Accuracy
Validation Added (ug/ml)  of Variation %
Procedures  (pg/ml) Mean+SD  (CV %)
LLOQ 0.781 0.724+0.050 6.80 92.73

3125 3194+0252 7.89 102.21
I ntra-assay 125 1112+0.722 649 88.96
Reproducibility 25 24.93+ 1.370 55 99.74
3125 328+0326 993 104.96
11.38+0.860 7.56 91.04
2506+ 1841 7.35 100.23

Inter-assay 12
Reproducibility 25

Table: 2
Pharmacokinetic Parameters of Rifampicinin 20 TB
patients after standard doses of rifampicin

Pharmacokinetic Mean +SD Min Max
Parameters

AUCO0-8 [h.mg/I] 17.43 +6.97 6.08 | 34.17
AUCO0-12 [h.mg/l] 16.83 +6.63 6.01 | 31.53
CL [I/n] 3593 | £14.81 | 17.56| 74.04
vd]l] 7229 | £39.43 | 15.73| 145.2
k[/h] 0.647 | £0.392 | 0.171| 1.591
t¥2[h] 1.54 +0.97 0.44 | 4.06
Tmax [h] 2.2 + 0.66 1 3
Cmax [pg/mi] 3.77 +1.23 1.79 | 6.62

Min = Minimum; Max = Maximum
* Adapted from previous published work by the same author 14.

DISCUSSION:

A number of analytical methods have been reported in
literature for determination of rifampicin in plasma.
However this modified analytical method showed
reasonable specificity, sensitivity, linearity, precision
and accuracy in the entire range of clinically significant
concentrations in the plasma. This modification and
validation of method may be beneficial for therapeutic
monitoring of RMP in TB patients with |ess expenses
and easy reproducibility as internal standard naproxen
used was cost-effective and easily available. In fact,

there are many compounds selected for internal standard
in different validated analytical methods reported in
literature e.g, papaverine chloride, acetonitrile,
acetanilide, carbamazepine®"®*However the associated
solvents and chromatographic conditions re%ui rement
isvery expensivein all these methods™***>**Some of
these reported methods require LC-M S setup which is
not even available at most research centersin Pakistan.
So in a country with high TB prevalence the use of a
validated and reliable method with use of internal
standard naproxen instead of very expensive rifapentine
may even improve the value of this chromatographic
method and therapeutic drug monitoring in slow
responders or non-responders and in quality evaluation
of widely available FDCs and single dose formulations.
The pharmacokinetic profile of our study patients has
been published previoudly, according to which the mean
maximum plasma concentration (Cmax) of rifampicin
was 3.77 £ 1.23 pg/ml at standard doses. Our previous
study also reported a widespread inter individual
variability in plasmalevels of rifampicin at two hours
with a coefficient of variation 32.63%. Among 20
patients, seven patients exhibited peak plasma
concentration of rifampicin between 4 and 8 pg/ml.
whereas 13 patients had pesk plasmalevelsbelow 4 pg/ml
“The peak therapeutic range of rifampicin at 2 hours
for optimum anti-mycobacterial effect is 8-24 ug/ml.
Rifampicin concentration below 4ig/ml is sub-therapeutic
and associated with a risk of emergence of drug
resistance.t A number of studies with tuberculosis
patients, treated with 10 mg/kg RMP daily have revealed
suboptimal peak plasma levels most probably due to
lack of compliance, auto-induction of its own
metabolism, dosage formulation and interaction with
other drugs, mal-absorption syndromes, low albumin
levels.'*"*819 The compliance of patients to treatment
was ensured in this study using DOTS in hospitalized
patients and drug interactions were also ruled out when
recruiting the patients for study.

In pharmacokinetic profile of our patients, the more
noticeable decrease in the area under curve might be
due to reduced bioavailability of rifampicin from the
FDC. Our study patients were receiving a FDC product
of RMP and INH in addition to pyrazinamide and
ethambutol. Rifampicin in fixed dose combinations
shows considerable variation in rate and extent of
absorption as compared to single dose formulations.
Dissolution and disintegration properties of oral
formulations of rifampicin, delayed absorption of
formulations of infer this significant drop in
bioavailability of rifampicin 2223242

CONCLUSION:

In conclusion, this study has demonstrated modification
and validation of a HPLC method, which can be
effectively used for therapeutic monitoring of RMPin
TB patients. Further studies are desperately needed to
evaluate the bioavailability of RMP from local FDC
preparations used in TB patientsin context of its highest
sterilizing potential and alarming increasein theincidence

JBUMDC 2015; 5(3): 121-126

Page-125



Abida Shaheen', Tausif Ahmed Rajput?, Fahad Azam®

of MDR-TB in Pakistan. The quality control problems
are needed to be seriously addressed in local drug
preparations especially FDCs, widely used among TB
patients in Pakistan.

REFERENCES:

1.  World Health Organization. Global tuberculosis control:
WHO report 2013. Report no. WHO/HTM/TB/2013.11

2. Mitchison DA. The Garrod L ecture. Understanding the
chemotherapy of tuberculosis-current problems. JAnti-
microb Chemother 1992; 29: 477— 93

3. PanchagnulaR, Sood A, ShardaN, Kau K, Kaul CL.De-
termination of rifampicin and its main metabolitein pl-
asmaand urinein presence of pyrazinamide and isoniazid
by HPL C method. J Pharm Biomed Anal 1999; 18: 101
3-20

4.  ICH Harmonized Tripartite Guideline International con-
ference on harmonization of technical requirementsfor
registration of pharmaceuticalsfor human use Validation
of analytical procedures: Text and methodology 2005

5. World Medica Association Declaration of Helsinki. Et-
hical Principlesfor Medical Research Involving Human
Subjects. Adopted by the 18" WMA General Assembly
(1964) Helsinki, Finland and amended by the 59" WMA
General Assembly 2008, Seoul

6. Weber A, Opheim KE, SmithAL, Wong K. High pressure
liquid chromatographic quantitation of rifampicin and
itstwo major metabolites in urine and serum. Rev Infect
Dis 1983; 5: 433-9

7. Unsadan M, Sancar M, Bekce B, Karagoz T, | zzettin FV,
Rollas S. Therapeutic monitoring of isoniazid, pyrazin-
amide and rifampicin in tuberculosis patients using LC.
Chromatographia 2005; 61:595-8

8. Allanson AL, Cotton MM, Tettey JN, Boyter AC. Deter-
mination of rifampicin in human plasmaand blood spots
by high performance liquid chromatography with UV
detection: a potential method for therapeutic drug moni-
toring. J Pharm Biomed Anal 2007; 44: 963-9

9. OswddS, PetersJ, Venner M, Siegmund W. LC-MSMS
method for the simultaneous determination of clarithro-
mycin, rifampicin and their main metabolitesin horse
plasma, epithelial lining fluid and broncho-alveolar cells.
JPharm Biomed Anal 2011; 55:194-201

10. Ratti B, Parenti R R, Tosdlli A, Zerilli L F. Quantitative
assay of rifampicin and its metabolite 25-desacetyl rifa-
mpicin in human plasma by reverse-phase high perfor-
mance liquid chromatography. J Chromatogr 1981; 225:
526-31

11. Cadlei E,Delorenzi E, Furlanetto S, Massolini G, Ca-
ccialanza G Validation of a RP-LC method for the simu-
Itaneous determination of isoniazid, pyrazinamide and
rifampicin in a pharmaceutical formulation. 2002; 29:10
89-96

12. Tarczak MT, Flieger J, Szumilo H. High-performance
liquid-chromatographicn determination of rifampicinin

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

complex pharmaceutical Preparation and in serum myco-
bacterium Tubercul osis infected patients. Acta Poloniae
Pharmaceutica-Drug Research 2005; 62: 251-6

JS,, S AR, MS. Development and Validation of Liquid
Chromatography-Mass Spectrometry Method for the Es-
timation of Rifampicin in Plasma Indian J Pharm Sci 2
011; 73: 558-63

Shaheen A, Ngjmi MH, Saeed W, Farooqi Z. Pharmacok-
inetics of standard dose regimens of rifampicinin patients
with pulmonary tuberculosis in Pakistan. Scandinavian
Journal of Infectious Diseases 2012; 44: 459-64
Peloquin CA. Using therapeutic drug monitoring to dose
the antimycobacterial drugs. Clin Chest Med 1997; 18:
79-87

Kimerling ME, Phillips P, Patterson P, Hall M, Robinson
CA, Dunlap NE. Low serum antimycobacterial drug le-
velsin non-HIV infected tuberculosis patients. Chest 1
998; 113: 1178-83

Zhang JN, Liu XG, Zhu M, Chiu FC, Li RC. Assessment
of presystemic factors on the oral bioavailability of rifa-
mpicin following multiple dosing. JChemother 1998;10:
354-9

Mehta JB, ShantaveerapaH, Byrd RP, Morton SE, Foun-
tain F, Roy TM. Utility of rifampin blood levelsin the
treatment and follow-up of active pulmonary tuberculosis
in patients who were slow to respond to routine directly
observed therapy. Chest 2001; 120: 15204
Wilkins JJ, Savic RM, Karlsson MO, Langdon G, Mclll-
eron H, Pillai G et a. Population pharmacokinetics of
rifampin in pulmonary tuberculosis patients, including
asemi mechanistic model to describe variable absorption.
Antimicrob Agents Chemother 2008; 52: 2138-48
Ellard GA. The evaluation of rifampicin bioavailabilities
of fixed-dose combinations of antituberculosis drugs:
Procedures for ensuring laboratory proficiency. Int J Tu-
bercle Lung Dis 1999; 3:322-4

van Crevel R, Aligahbana B, de LangeWC, Borst F, Da-
nusantoso H, van der Meer W et a. Low plasma conce-
ntrations of rifampicin in tuberculosis patientsin Indon-
esia. Int J Tuberc Lung Dis 2002; 6: 497-502

Sankar R, Sharda N, Singh S. Behaviour of decomposi-
tion of rifampicin in the presence of isoniazid in the pH
range 1-3. Drug Dev Ind Pharm 2003; 29: 733-8
PanchagnulaR, Agrawal S. Biopharmaceutic and pharm-
acokinetic aspects of variable bioavailability of rifam-
picin. Int J Pharm 2004; 271: 1-4

Mcllleron H, Wash P, Burger A, Norman J, Folb Pl, Sm-
ith P. Determinants of rifampin, isoniazid, pyrazinamide
and ethambutol pharmacokineticsin a cohort of tuberc-
ulosis patients. Antimicrob Agents Chemother 2006;
50: 1170-7

Tappero JW, Bradford W Z. Agerton T B, Hopewell B,
Reingold A.L, Lockman S, et a . Serum concentration
of antimycobacterial drugsin patients with pulmonary
tuberculosisin Botswana. Clin Infect Dis 2005;41:461-9

....*....

JBUMDC 2015; 5(3): 121-126

Page-126





