
1. Introduction

Bedaquiline  (BDQ),  a  new  antimycobacterial  novel  drug  was  approved  for  the  treatment  of

multidrug resistance tuberculosis (MDR-TB) by US Food and Drug Administration in 2012 [1]. MDR-

TB is the type of infection which is caused by bacteria that are resistant to the potent first line anti-

tubercular  drugs  isoniazid  and  rifampicin  [2].  It  is  majorly  caused  by  the  transmission  of  multi

resistant strains from one person to other person, by genetic factors [3] and by poor adherence to

treatment [4]. Isoniazid resistance is observed because of katG (catalase peroxidase) and kasA(β-

ketoacyl synthase) gene alterations and mutations in beta unit of ribonucleic acid (RNA)-polymerase

results in rifampicin resistance [5]. The incidence of MDR-TB has increased and turned out to be a

global  threat.  A  total  of  approximately  one  hundred  and  thirty  thousand  incident  multidrug

resistant patients with TB emerge annually in India which includes approximately 79,000 patients

with MDR-TB among notified pulmonary cases [7].

To overcome this multi-drug resistance-Bedaquiline, a diarylquinoline of antimycobacterial class [8]

is  prescribed  along  with  other  second  line  anti-tubercular  drugs  (ethionamide,  kanamycin,

cycloserine,  linezolid,  pyrazinamide)  [9]  for  faster  culture  conversion,  good  efficacy  and  better

patient  outcome [10,  11].  Recommended dose of  Bedaquiline  is  400mg OD orally  for  2  weeks

followed by 200 mg thrice weekly for 22 weeks. After 22 weeks of Bedaquiline therapy, MDR-TB

treatment should be continued as revised national tuberculosis control program (RNTCP) guidelines

[12].

Bedaquiline binds to C subunit of an enzyme mycobacterial adenosine triphosphate (ATP) synthase

(an enzyme necessary for the energy metabolism in M. tuberculosis) and inhibits its activity [13, 14,

and 15]. The high selectivity index (>20 000) of the drug towards mycobacterium species less likely

to produce toxicity in the host cells [16]. The unique mechanism of action & distinct target of the

drug reduces the potential for cross-resistance with the existing anti-tuberculosis (TB) agents [17].

Bedaquiline  acts  on  both  dormant  and  replicating  bacteria;  this  unique  bactericidal  activity

differentiates it from other current anti-TB drugs [18].

Bedaquiline is  well  absorbed orally [19].  The volume of distribution of Bedaquiline is about 164

Liters [20]. Bedaquiline is 99.9% highly protein bound [21]. The administration of drug along with

food increases its bioavailability [22].  Bedaquiline is eliminated primarily through feces [21]. 
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Bedaquiline  is  metabolized  by  cytochrome  (CYP)  3A4  enzyme  majorly  and  other  enzymes  like

CYP2C8,  CYP2C19.  Thus,  when  patients  receive  BDQ  together  with  CYP3A4  inhibitors,  BDQ

metabolism  is  not  blocked  completely  [23].  Administration  of  Bedaquiline  along  with  potent

CYP3A4 inducers should be avoided as it decreases therapeutic efficacy [24].Bedaquiline should not

be prescribed with drugs that prolong QT-interval as it may result in additive QT prolongation [12,

25,]. 

The major adverse drug reactions observed during Bedaquiline treatment are QTc prolongation,

arthralgia, headache, diarrhea, dizziness and nausea [26, 27].

Pharmacokinetic (PK) studies were performed in the healthy male volunteers and Pharmacokinetic

profile  of  Bedaquiline  was  monitored.  This  study  showed  a  linear  and  proportionate  increase

between Bedaquiline doses, maximum concentration (Cmax) and area under the curve (AUC) [28].

Phase  I  studies  in  265  subjects  have  been  conducted  from  2005  to  2012  to  evaluate

pharmacokinetic  characteristics,  administration,  drug-drug interactions,  tolerability  and safety of

Bedaquiline. Current evidence of clinical efficacy of Bedaquiline is supported by data from phase II

clinical  trials,  primarily  phase  IIb  studies  [29].  A  study  was  conducted  to  evaluate  the  safety,

efficacy, and pharmacokinetics of Bedaquiline in adult Japanese patients with MDR-TB. In this study,

patients received Bedaquiline for 24 weeks or more (maximum 48 weeks) with an individualized

background regimen (BR). Efficacy was assessed as the time to sputum culture conversion after the

initiation of Bedaquiline treatment [30]. 

The  pathophysiological  alterations  that  occur  in  critically  ill  patient’s  shows  impact  on  the

absorption, distribution, metabolism and elimination patterns of a drug administered. During the

diseased conditions the environment at the administration site and the physical properties of a drug

differ from the healthy population which affect the PK parameters of the drug [31-37]. Till date, the

pharmacokinetic properties of Bedaquiline in patients with MDR-TB infection have not been studied

extensively in Indian scenario.  

The present research aimed to investigate the pharmacokinetic profile of Bedaquiline in patients

with  MDR-TB  under  clinical  settings.  The  impact  of  the  patient’s  physiological  &  pathological

conditions on PK of Bedaquiline also examined. This study serves as the evidence for the physicians

to manage drug therapy for better patient outcomes in routine clinical practice.
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2. Materials and Methods

The study was conducted from December 2018 to May 2019 in Government Chest and TB hospital,

Hanamkonda,  Warangal.  The  study  protocol  was  approved  by  the  Institutional  HUMAN  ethics

committee  (IHEC/CCPER/2019/009),  Chaitanya  College  of  Pharmacy  education  &  Research,

Warangal,  Telangana, India.  All patients included in this study gave written informed consent to

participate in this pharmacokinetic study.

Patients suspected of MDR-TB, adults of age 20-50 years,  receiving Bedaquiline as part of their

treatment regimen served as inclusion criteria. Subjects were excluded with low hemoglobin count,

coexisting medical illness like HIV, immunity disorders and other infectious diseases. 

A total of 58 patients with diagnosed, smear-positive, MDR-TB were enrolled in this study that was

on  Bedaquiline regimen.  Their  standard  treatment  was  according  to  RNTCP  guidelines  which

comprised of Bedaquiline 400mg orally once daily for the first 2 weeks and 200mg three times a

week for the following 22 weeks in combination with optimized background regimen. 

For  each  MDR-TB  suspect,  baseline  demographic,  clinical  &  therapeutic  data  were  collected.

Patient’s  adherence  to anti-tuberculosis  drugs  was  monitored regularly. 2ml  blood sample  was

collected at predose followed by at 1, 2, 3, 4, 5, 6, 8, 12, 24 hours first post-dose and at the 14 th day

with similar time intervals. The collected samples were then centrifuged respectively at 3000rpm

for 10 min. the obtained plasma was separated and stored at -26°C. 

2.1 Chemicals and Reagents

Bedaquiline  100mg  tablets  were  procured  from  Govt.  TB  and  chest  hospital,  Hanamkonda,

Warangal.  Methanol  (HPLC  grade),  Diammonium  hydrogen  ortho  phosphate  (Analytical  grade),

Acetonitrile (HPLC grade), Apremilast were procured from Chembros Private Limited, Hyderabad,

India. Blank plasma was collected from Red Cross Society (Warangal, Telangana).

2.2 Chromatographic Conditions

The chromatrographic analysis was performed by high performance liquid chromatography (HPLC)

equipped  with  ultra-violet  (UV)-detector.  The  compounds  of  interest  were  separated  by  using

Phenomenex C18 (250 mm× 4.6mm, 5µ) column. Mobile phase consisting of a mixture of 0.01M



diammonium hydrogen ortho phosphate buffer prepared at a pH of 4.5 (ortho-phosphoric acid -

OPA)  and methanol at a ratio of 10:90 v/v pumped at a flow rate of 1.5ml/min with a runtime of  6

min. The sample was injected through a fixed sample loop having a volume of 25 μl. The column

temperature was maintained at 25˚C and the eluents were monitored at 250nm.Aprimalast was

used as internal standard as it was similar to the structure of Bedaquiline. This method showed

good accuracy and precision.

2.3 Preparation of quality control samples

25milligrams  of  standard  Bedaquiline  and  internal  standard  were  separately  dissolved  in  the

suitable  diluent  to  get  the  stock  solution  having  concentration  of  1  mg/ml  respectively.  The

concentrations ranging from 500 - 5000ng/ml were prepared by serial dilution method. In the same

manner, spiked quality control (QC) samples were prepared by spiking plasma with known amount

of drug to the calibration range. High quality control (HQC), medium quality control (MQC), low

quality control (LQC) & lower limit of quantification (LLOQ) samples were used for further studies.

2.4 Sample Pretreatment

A simple protein precipitation method was followed. A mixture of acetonitrile & methanol (84:16 v/

v) was used precipitating reagent for greater recoveries.

2.5 validations 

The developed method was validated in accordance with FDA guidelines [39]. The linearity of the

method  was  examined  as  the  ratio  of  the  peak  area  of  the  drug  to  that  of  the  IS.  This  was

performed in the concentration range of 500 - 5000 ng/mL. The correlation coefficient was found to

be 0.985. The least square equation was used for the determination of test concentrations. The

precision and accuracy of the method were evaluated for the HQC, MQC, LQC and LLOQ samples.

The mean recovery of the drug was 93.4%. The LLOQ was found to be 500ng/ml. No endogenous

peaks interfered with the analyte indicates the specificity of the method. The stability studies like

freeze-thaw, short-term, long-term and bench-top stability of Drug and internal standard (IS) was

investigated. 



3. Results

From December 2018 to May 2019, a total of 58 patients with smear-positive, multidrug-resistant

pulmonary tuberculosis administering Bedaquilline were included in this study (TABLE1). The study

population was predominantly male and HIV-negative with a median age of 33 years (18 - 57). 

The blood samples  were collected from the first  day  of  administration of  the Bedaquiline  and

followed  up  to  14th  day  of  the  drug  therapy.  All  the  patients  were  under  bedaquilline  with

background regimen under treatment. Patient consent along with the data was taken before blood

sample was drawn. All patients were confirmed to have an organism resistant to both rifampin and

isoniazid, as indicated by rapid screening tests, susceptibility tests, or both, and at least 85% of the

patients  showed  mycobacterial  susceptibility  to  each  of  the  following  drugs:  capreomycin,

kanamycin, ethionamide, and ofloxacin. 

The drug dose prescribed to patients was 400mg once daily with 4 tablets of 100mg each. The pre

dose samples were also collected from the subjects prior the treatment has been administered. The

collected plasma samples  were  analyzed  by  high  performance  liquid  chromatography  equipped

with UV- visible spectrophotometer using c18 column. The pharmacokinetic data was drawn by

using  software kinetica 2000,  version 5.03.  To show the applicability  of  the method in  routine

clinical  practice,  plasma  samples  from  patients  with  MDR-TB  were  analyzed  and  the  plasma

concentration-time profile was drawn.

The mean value of the pharmacokinetic data was obtained for included subjects.  The drug has

shown  the  linear  relationship  with  respect  to  the  dose  with  rapid  absorption  showing  mean

maximum time (tmax ) at 4 hours. The observed mean Cmax was 2523.08 ng/mL, AUC  (0-24) was 21727.1

ng *hr/mL, area under the moment curce (AUMC) (0-24) was 222953.8 ng *hr2/mL after the first

oral dose of 400mg (figure 1). Whereas the half-life of the drug was found at 7.02 hrs. And mean

residence time (MRT) was found to be 10.25 hrs.  (TABLE 2). The data was even on 14 th day of

therapy. The Cmax is shown to be 5937.1ng/mL reaching the maximum concentration at about 5

hours. While the AUC (0-24) was found to be 65780 ng *hr/mL (TABLE 3).  



4. Discussion

In this present study a new, simple and selective method was developed and validated for the

determination of Bedaquiline in the MDR-TB patient plasma. Bedaquiline is a newly approved drug

by FDA in 2012.Till date there are no reported studies in Indian clinical settings which was  basis for

our study and BDQ is newly approved drug with minimum reported studies which was meant to be

analyzed in clinical settings.

This study states the pharmacokinetic parameters of bedaquilline, the drug approved for MDR-TB in

Indian clinical settings. The results depicts as mean Cmax values were within the expected ranges.

Very few showed the low Cmax. Delayed absorption did not appear to be the primary reason. Albeit

patients received the background regimen, it is unlikely that these medications reduced the drug

absorption. 

This study reported data for first and 14th day in which subjects were on the treatment of 400mg OD

with 100mg tablets each while the recommended dosage of Bedaquiline is 400 mg orally daily for 2

weeks [28]. In this study Bedaquiline was given to patients along with the background regimen of 5

second line anti-tubercular drugs kanamycin, ethionamide, pyrazinamide, cycloserine and linezolide

as per RNTCP guidelines [27]. 

The interpretation of graph (FIGURE 1) after first  oral  dose depicts  that there is  an increase in

plasma concentration after the oral administration represents the drug absorption phase. The drug

reached its maximum concentration of 2523 ng/ml with the Tmax at 4 hrs. After reaching the peak

plasma concentration the graph declined  with reaching  to its  first  half-life  which is  about  7.02

hours.  The Tmax was found to be similar  to the previously  reported open-label,  phase-2 study

conducted in  Japanese  MDR-TB patients  [23].  The observed  value  was  consistent  to  previously

reported pharmacokinetic drug interaction trial [32]. Area under the curve which was similar to the

value reported open-label, randomized phase IIa trial [33].

The depiction of the FIGURE 2 which is the data on the 14 th day on which the patient is on his last

day of 400mg dose the peak concentration has been reached after 5 hours. The change or increase

in the concentration from the data represented on the first day can be seen. The change even in the

AUC which is  on 14th day represents  higher  than the first  post  oral  dose data.  The data when

compared with the interim analysis done in Japanese patients (23), there is the change for about



11, 710 ng *hr/mL less in the AUC in patients treated in clinical settings. The concentration is about

614.9 ng less in clinical settings. This represents the effect of clinical settings and the factors on the

drug  concentration,  actions  and  their  consequences.  The  factors  that  might  affect  the  drug

concentration  may  be  non-adherence,  missed  dose,  noncompliance  to  the  requested  data,

misinformation about the drug dosage, no guidance while following the dosages, effect of other

drugs co medication and etc.,

While compared to the  study done by KazunariTsuyuguchi et al.,[31] the Cmax is 3990–8110ng/mL

at week 2 and AUC24h ranged from 50,637 to 107,300 ng *h/mL with Tmax being 4.10 hrs, this

study seems to be in the limits. The article written by Juan Carlos Palomino and Anandi Martin the

Cmax of 400mg BDQ is 5500 ng/ml, and the AUC0–24 h was 64750 ng.h/ml, which seems to be less

than that reported in this study. [38].

Patients were on the background therapy of second line anti-tb drugs along with the bedaquilline.

Second line drugs didn’t show any potential effects on CYP activity of Bedaquiline.  Bedaquiline was

well  tolerated by the patients  in this  study.  ECGS were monitored regularly  in the patients for

potential interactions while, slight QTc prolongation was observed which was in safety limits. No

severe adverse effects were reported during the dosing interval which represents no change in the

dosing or the dose of the drug. 

This new and simple method can be further used in laboratories and daily clinical practice. During

the optimization of the method as there are no HPLC-UV methods reported various attempts were

made to prepare a suitable mobile phase and internal standard to obtain optimal separation for

accurate results. In this present study no significant effect of pyrazinamide and ethionamide was

observed on Bedaquiline as they had no remarkable CYP inhibition activities [30]. No interactions

were found between kanamycin and Bedaquiline as kanamycin had low potential for drug drug

interactions  [21].Cycloserine  had  no  effect  on  CYP  activities  and  is  metabolized  by  unknown

pathways therefore no significant interaction was observed in this study [31]. Linezolid didn’t show

any  significant  effect  on  Bedaquiline  as  it  is  not  an  inducer  or  inhibitor  of  CYP  enzymes

[32].Therefore,  these  second  line  drugs  didn’t  show  any  potential  effects  on  CYP  activity  of

Bedaquiline.  Bedaquiline was well tolerated by the patients in this study. ECGS were monitored
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regularly in the patients slight QTc prolongation was observed which was in safety limits. No severe

adverse effects were reported during the dosing interval. 

limitations  of  this  study  includes  less  sample  size  which  might  not  be applicable  to the whole

population, further analysis with high sample size may show a greater change in pk parameters.

Even though, the results should be not neglected.  This study was not followed up till the end of the

drug therapy (week 28) which doesn’t give complete elimination parameters and the change in the

peak plasma concentration. Since the patient is allowed to stay in clinical settings for a period of 14

days, which limited us to further analyses the drug till the end of therapy. 

The advantage of this study is it is done in clinical  settings which serve as the evidence for the

physicians regarding the pharmacokinetic data and their change according to the environmental,

physiological changes and managing drug therapy. The result of this study is useful in application

and also for further investigation in Indian population. There are two ICP-LC/MS methods were only

reported which involved liquid-liquid extraction and solid phase extraction which are expensive and

time consuming [34, 35]. They were not made for pharmacokinetic study analysis. Another LC-MS

method was reported which is unavailable for the laboratories and daily clinical practice [27]. Until

now no HPLC-UV method has been reported in the literature for quantification of Bedaquiline in

MDR-TB patient plasma. Therefore this method remains simple, very much useful selective and l for

further research studies in laboratories and clinical practice. 

5. Conclusion

In this analysis in clinical  settings, there was a minimal change observed in the pharmacokinetic

parameters of week 2 while compared to the trails done and various studies. This study supports

the changes based in parameters and criteria in clinical settings for multi-drug regimen for at least 2

weeks, to treat Indian patients. Close monitoring in patients taking bedaquline might help to reduce

the minimal changes occurred. There has been no interaction or any side effects neither seen in

patients nor reported till week 2. Further study with higher subjects and extended therapy time

period may serve the best results. 
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