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A B S T R A C T

Objective: To compare a fixed-dose combination (FDC) of Rifampicin 450mg, Isoniazid 300mg, Pyrazinamide
1500mg and Ethambutol 800mg (usual care group) and regimen of Rifampicin 200mg, Isoniazid 300mg and
piperine 10mg along with Pyrazinamide 1500mg and Ethambutol 800mg (intervention care group).
Methods: A randomized, prospective, parallel group study was conducted on newly diagnosed tuberculosis pa-
tients. The drugs were given during intensive and continuous phase of treatment to newly diagnosed sputum
positive pulmonary tuberculosis. All the patients were subjected to sputum examination, biochemical in-
vestigations followed by adverse drug event (ADE) monitoring.
Results: A total of 63 patients completed the study. No significant difference was observed in baseline char-
acteristics of patients between the study groups. At the end of the continuous phase, both the groups showed zero
bacteria detection. However, in the intervention group, the rate of sputum conversion was much faster than the
usual care group. The rate of increase in SGOT and SGPT was much higher in the usual care group (p<0.0001)
than the interventional group (p<0.05). Urea and creatinine has also increased from pre-treatment to end visit.
The number of patients reported ADEs was less in the intervention care group (22.22%) when compared to the
usual care group (36.84%).
Conclusion: Rifampicin 200mg with piperine 10mg FDC is compatible with the usual CAT-1 regimen.

1. Introduction

Tuberculosis (TB) is a contagious lung disease affecting 40% Indian
population and about 10% will develop active TB during their lifetime.
In 2013, it is appraised 9 million people globally develops TB [1].
World Health Organization (WHO) recommends Directly Observed
Treatment Short – Course (DOTS) therapy for control of TB. Standard
DOTS Category I drugs comprise Isoniazid, Rifampicin, Ethambutol and
Pyrazinamide [2]. Poor medication adherence to the treatment regimen
is a major cause of treatment failure and of the emergence of drug-
resistant TB. The major factors for non-adherence to TB treatment are
long term duration of therapy and adverse effects of the drugs etc.

Recent data show that current pharmacotherapy for TB is in-
adequate to achieve therapeutic drug serum levels [3,4]. Therefore,
there is a necessity to identify a new molecule for the control of TB. The
fixed drug combination (FDC) of Rifampicin, Piperine and Isoniazid is

available for the treatment of tuberculosis. By adding Piperine, the dose
of rifampicin is reduced to 200mg which possesses to achieve the
therapeutic serum level of Rifampicin as of 450mg [5]. Since the dose
of Rifampicin is reduced and the toxicity of Rifampicin is also reduced
and thereby better patient compliance is expected. Thus, defaulter rate
and development of drug resistance can be reduced. Many studies have
considered this point and evaluated the relationship of Piperine and
Rifampicin. However, limited data are available in clinical practice
[6–8]. The present study was undertaken to find out the superiority of
piperine included FDC in TB management.

2. Methods

2.1. Study design

The study was designed as a randomized, prospective, open-label,
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parallel group study. Human Institutional Ethics Committee approval
was obtained prior to the commencement of the study (481/IEC/2013)
and the study was registered in the Clinical Trial Registry – India
(CTRI/2015/01/005475). The study was conducted in two centers (1)
Department of Pulmonary Medicine, SRM Medical College Hospital and
Research Center, Kattankulathur, Kanchipuram district, (2)
Government Hospital – Kanchipuram, Thiruvallur district, Tamil Nadu,
India.

2.2. Study criteria

Patients were aged between 18 and 60 years, either gender, without
co-morbidities and newly diagnosed sputum positive pulmonary tu-
berculosis, according to RNTCP guidelines and willing to provide in-
formed and written consent were enrolled for the study. A patient with
a history of known cases of pulmonary tuberculosis, extra- pulmonary,
severe alcoholic, cardiac disorders, HIV positive, pregnant women and
lactating mothers, intolerance to FDC for the treatment of tuberculosis
and voluntary withdrawal were excluded from the study.

2.3. Treatments

Patients satisfying above study criteria were enrolled in the study.
Clinical information relevant for the study was collected from the

patients, health care professionals, necessary records and as well as
from patient representatives in few cases. Patients were randomized
into two groups, namely Usual Care (UC) and Intervention Care (IC)
groups. UC group patients received CAT – I regimen (Rifampicin
450mg, Isoniazid 300mg, Pyrazinamide 1500mg and Ethambutol
800mg) in intensive phase. Isoniazid 300mg and Rifampicin 450mg in
the continuous phase. IC group patients received Rifampicin 200mg,
Isoniazid 300mg and piperine 10mg along with Pyrazinamide 1500mg
and Ethambutol 800mg in intensive phase. Isoniazid 300mg and
Rifampicin 200mg and piperine 10mg in continuation phase.

2.4. Clinical investigation

Both the group patients were subjected to sputum examination and
biochemical investigations. The primary efficacy evaluation was based
on assessing sputum conversion. The standard bacteriological assess-
ment was performed by a sputum acid fast bacillus (AFB) test. Ziehl-
Neelsen's staining of sputum smear was performed. Grading of slides in
AFB microscopy was done according to Revised National Treatment
Control Program (RNTCP).

Assessment of liver, kidney functions and adverse drug event
monitoring were considered to be the secondary tolerability outcome
measures. The tolerability of the liver is very important during the
treatment of tuberculosis. Rifampicin is a potent drug and the risk of

Fig. 1. CONSORT diagram for flow of patients.
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liver damage is high. In order to monitor the tolerability and func-
tionality of the liver, Serum Glutamic Oxaloacetic Transaminase
(SGOT) and Serum Glutamic Pyruvic Transaminase (SGPT) parameters
were taken into consideration. In the current study, along with liver
tolerability, kidney tolerability was also considered. The chances of
renal impairment are seen in many studies during the chemotherapy of
tuberculosis. To monitor the tolerability and normal functionality of
kidney, serum urea and creatinine levels was measured. All the as-
sessments were performed at baseline, End of Intensive Phase (END IP)
i.e. on Day 60, Middle of Continuous Phase (MID CP) i.e. on Day 120
and at the End of Continuous Phase (END CP) i.e. on Day 180. On every
follow-up, patient's medication adherence and adverse drug events (if
any) were monitored. During the study period, patients were assessed
for adverse events (nature, severity and casual relationship), which
were further classified according to their type, severity and possible
associations with the treatments.

2.5. Statistical analysis

Quantitative variables were expressed as mean (SD). The prob-
ability value less than 0.05 was considered for statistical significance.
Paired t test was used for the comparisons within the groups. Student t
test was used to compare the scores between the groups using GraphPad
Prism Version 4.03. Per protocol analysis has been performed.

3. Results

A total of 72 patients attended the screening phase for sputum po-
sitive newly diagnosed pulmonary tuberculosis, out of which 66 pa-
tients met the study criteria. The patients who got enrolled after giving
written informed consent were randomized into two groups. In the UC
group, out of 34 patients, 32 patients completed the study and in the IC
group, out of 32 patients, 31 patients completed the study. Finally, 63
patients completed all the follow-up visits (Fig. 1).

Baseline characteristics like age, body mass index (BMI), gender,
sputum conversion rate, liver and renal function tests are shown in
Table 1. No significant difference was observed with respect to baseline
characteristics of patients between the study groups (p>0.05).

Measurement of sputum conversion rate was the primary efficacy
outcome. The mean (SD) values of UC and IC group patients during
baseline were found to be 1.947 (0.84) and 1.912 (0.87) respectively.
The same on END IP was found to be 0.632 (0.91) and 0.118 (0.48).
During MID CP, the value of UC group was 0.105 (0.31) whereas in the
intervention group it was zero. During END CP period, both the groups
showed zero bacteria detection (Fig. 2).

In IC group, only 1 patient has not completed their intensive phase
by day 60, since their sputum conversion test was positive, due to pa-
tient non-compliance, whereas in UC group, 8 patients could not
complete intensive phase by day 60 in spite of their regular medication.
By the mid of the continuous phase, sputum AFB test is negative in all
the patients of IC group where as in UC group 2 patients were left with
positive results. This may reflect that in terms of bacteriological suc-
cess, IC group patients were found to be clinically as well as statistically
higher in sputum conversion rate when compared to UC group patients.

Assessment of Liver Function Tests (LFT) and Renal Function Tests
(RFT) values were the secondary measures to assess the tolerability of
liver and kidney. From Table 2, it is shown that, the base value (pre-
treatment) and final review value (END CP) for SGOT and SGPT have
significantly increased to higher values, but when we observe both
values, the rate of increase is much higher in the UC group (p<0.0001)
than the Interventional group (p<0.05) indicating that Rifampin
200mg with Piperine 10mg (FDC) is safer to liver than the Rifampin
450mg (control group regimen).

Urea and creatinine has also increased from pre-treatment to END
CP (Table 2). However, the significance is shown only in urea level in
the UC group (p<0.01). No significant increase was observed in
creatinine level in both groups. It is evident from Table 3 that IC group
is safer to liver and kidney. A significant change is observed in SGOT
and SGPT parameters in between group analysis (Table 3) and no sig-
nificant difference with respect to urea and creatinine.

Tolerability assessment is also performed by monitoring adverse
drug events (ADEs). ADEs gauged during six month treatment period
are summarized in Table 4. A total of 5 different ADEs was reported by
the study patients. All the ADEs were of minor clinical importance in
both the groups. The number of patients reported ADEs was less in the
IC group (22.22%) when compared to UC group (36.84%). All the
suspected adverse events were assessed for causality using Naranjo's
algorithm and it was confirmed by the panel of experts that most of the
ADEs were possibly related to the study medications. No patients
withdrew their consent from the study due to adverse events.

4. Discussion

Tuberculosis (TB), a complex socioeconomic disease, remains a
global health threat in India and accounts nearly one third of prevalent
cases worldwide. TB remains as a major cause of morbidity and mor-
tality. TB is a curable disease if diagnosed and treated properly with
anti-tuberculosis therapy (ATT). In addition to benefits, poor and
variable bioavailability of ATT drugs produces a challenge to successful
anti-tubercular program [9].

Rifampicin is the first line drug of choice in the chemotherapy of TB
since 1960s and it is a potent inducer of CYP-450 enzymes. This leads to
a number of adverse drug interactions [10]. In addition, this results in
over expression of P-glycoprotein-drug efflux pumps [11]. Both these
effects lead to sub-therapeutic levels, which are seen usually after
continuous use of rifampicin for 10–14 days [12]. Apart from this,
conventional rifampicin is poorly tolerable. Nausea, vomiting, upper
abdominal discomfort, hepatotoxicity and gastrointestinal are most
common adverse effects of rifampicin [13].

In order to overcome the above discussed limitations of conven-
tional rifampicin, a new formulation of rifampicin was developed. A
boosted rifampicin containing a fixed dose combination (FDC) product
(Rifampicin 200mg+Piperine 10mg) that has been approved in India
for use as an anti-tubercular drug. Piperine is an alkaloid obtained from
black pepper (Piper nigrum Linn) and long pepper (Piper longum Linn).
It inhibits auto-induction processes in the liver and thereby maintains
the same level of rifampicin throughout therapy [14].

Preclinical studies carried out in M. tuberculosis infected mice model
reported that the Th-1 up-regulatory effect of piperine can augment the
therapeutic efficacy outcome of Rifampicin treatment. In addition, in-
vitro studies reported that piperine enhances the anti-mycobacterial

Table 1
Baseline characteristics of the patients.

Demographic variables Usual care Intervention care

Age (years) 43.89 (13.05) 40.0 1 (11.44)
BMI (kg/m2) 25.62 (1.86) 26.15 (1.33)
Gender, n (%)
Male 18 (56.25) 16 (51.61)
Female 14 (43.75) 15 (48.39)

Sputum conversion rate 1.947 (0.84) 1.912 (0.87)
LFT (U/L)
SGOT 19.00 (4.02) 21.11 (3.53)
SGPT 20.05 (3.17) 22.58 (4.41)

RFT (mg/dl)
Urea 18.21 (2.32) 20.02 (5.35)
Creatinine 0.64 (0.16) 0.54 (0.18)

BMI: Body Mass Index; LFT: Liver Function Test; SGOT: Serum Glutamic
Oxaloacetic Transaminase; SGPT: Serum Glutamic Pyruvic Transaminase; RFT:
Renal Function Test
Data expressed as Mean (SD), No significant differences were found in the
baseline characteristics between the groups.
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activity of Rifampicin and significantly prolong its post antibiotic effect
[15].

Covic et al. [16] examined the relationship between serum

concentration levels of piperine and Rifampicin in pulmonary tu-
berculosis patients. They found a significant increase in Cmax (10.2 µg/
ml from 8.15 µg/ml) and AUC (81 µg.h/ml from 47.49 µg.h/ml) of Ri-
fampicin. They concluded that administration of piperine along with
Rifampicin out-turn in increased bioavailability of Rifampicin.

A clinical trial conducted in newly diagnosed smear positive pul-
monary tuberculosis patients, reported that the plasma levels of ri-
fampicin declines after two weeks of administration of standard
Rifampicin (450mg). Nevertheless, the plasma levels of piperine with
rifampicin (200mg) maintains after two weeks of administration
[17,18].

In the present study, though the values of SGOT, SGPT between the
groups seem meager in magnitude, a statistically significant difference
was observed between the groups. The study concludes that interven-
tion care group was found to be compatible with the usual care group
by not only considering the SGOT, SGPT statistical significance, but also
the faster sputum conversion rate, the protective effect of liver and
reduced number of ADRs in intervention care group patients.

The outcome of the present study can be of immense clinical utility
while managing patients of tuberculosis with liver and kidney ab-
normalities. Limited sample size, short duration of the period and the
open label study design are limitation of the study. Since we get pro-
mising result, we continue this study for longer duration with large
population to authenticate the observations. We also planned to ex-
amine the level of rifampicin in the blood and cavitary lung lesion of
patients.

Fig. 2. Comparisons of sputum conversion test between usual and intervention care groups.

Table 2
Within group analysis of LFT and RFT parameters.

Parameters DAY 0 END IP MID CP END CP

UC IC UC IC UC IC UC IC

SGOT 19.00 (4.02) 21.11 (3.53) 26.36 (2.77)c 24.82 (3.57) 30.10 (3.41)c 24.76 (4.29) 32.63 (4.24)c 25.58 (4.25)a

SGPT 20.05 (3.17) 22.58 (4.41) 26.68 (2.53)c 26.17 (4.00) 29.78 (2.71)c 27.64 (2.76)b 31.94 (2.95)c 26.05 (5.01)
Urea 18.21 (2.32) 20.02 (5.35) 21.15 (2.58) 23.23 (5.11) 22.00 (2.82) 22.58 (4.55) 23.0 (2.72)b 23.29 (5.09)
Creatinine 0.64 (0.16) 0.54 (0.18) 0.65 (0.12) 0.69 (0.27) 0.73 (0.12) 0.66 (0.16) 0.77 (0.12) 0.66 (0.15)

SGOT: Serum Glutamic Oxaloacetic Transaminase; SGPT: Serum Glutamic Pyruvic Transaminase; UC: Usual Care; IC: Internvention Care; END IP: End of Intensive
Phase; MID CP: Middle of Continuous Phase; END CP: End of Continuous Phase.

a p<0.05.
b p<0.01.
c p<0.0001, Data expressed as Mean (SD).

Table 3
Between group analysis of LFT and RFT parameters.

Parameters Mean difference 95% CI

Lower Upper

SGOT 7.050 2.842 11.260
SGPT 5.890 1.682 10.100
Urea 0.290 −4.498 3.918
Creatinine 0.110 −4.098 4.318

CI: Confidence Interval; SGOT: Serum Glutamic Oxaloacetic Transaminase;
SGPT: Serum Glutamic Pyruvic Transaminase.

Table 4
Adverse Drug Events in study patients.

Organ system
involved

Type of ADEs Usual care Intervention care Total
ADEs

Gastrointestinal Nausea 1 1 2
Vomiting 2 1 3
Diarrhea 1 – 1
Abdominal pain 2 1 3

Cutaneous Itching 1 1 2
Total 7 4 11

ADEs: Adverse Drug Events.
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