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Background & objectives: Moxifloxacin (MFX) is reported to have promising antimycobacterial activity,
and has a potential to shorten tuberculosis (TB) treatment. We undertook this study to examine the
influence of rifampicin (RMP) and isoniazid (INH) on the steady state pharmacokinetics of MFX
individually in healthy individuals.

Methods: A baseline pharmacokinetic study of MFX (400 mg once daily) was conducted in 36 healthy
adults and repeated after one week of daily MFX with either RMP (450/600 mg) (n =18) or INH (300 mg)
(n =18). Plasma MFX concentrations were determined by a validated HPLC method.

Results: Plasma peak concentration and exposure of MFX was significantly lower and plasma clearance
significantly higher when combined with RMP (P<0.001). The C,,,, to MIC and AUC,_, to MIC ratios of
MFX were significantly lower during concomitant RMP (P<0.001). INH had no significant effect on the
pharmacokinetics of MFX.

Interpretation & conclusions: Concomitant RMP administration caused a significant decrease in C,,,, and
AUC,, of MFX, the mean decreases being 26 and 29 per cent, respectively. It is uncertain whether this
decrease would affect the treatment efficacy of MFX. Prospective studies in TB patients are needed to

correlate MFX pharmacokinetics with treatment outcomes.
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Tuberculosis (TB) continues to remain a major
public health problem, globally and in India. Though
highly effective regimens have been available for
the treatment of TB for the past many years, the
long duration of such regimens has posed problems
for TB treatment and control. The delivery of TB
chemotherapy in the field would be much easier if
the duration of treatment could be shortened without
sacrificing efficacy. This requires the development
of agents with potent bactericidal and/or sterilizing
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activity against Mycobacterium tuberculosis, which
allow shortening the treatment duration, or agents with
improved pharmacokinetics which allow lengthening
of the dosing interval.

Earlier the fluoroquinolone group of drugs has
been demonstrated to have significant therapeutic
potential in the management of TB'2, Among the newer
generation of fluoroquinolones, moxifloxacin (MFX),
a 8-methoxy fluoroquinolone, is a drug with promising
antimycobacterial activity. Using a murine model,
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Nuermberger et al** have demonstrated that MFX has
a potential to shorten TB treatment by 2 months when
substituted for isoniazid (INH). Moreover, the activity
of MFX against ‘persisters’ was greater than that of
INH and other fluoroquinolones in an in vitro model
which has been confirmed in human studies where
MFX has shown greater extended early bactericidal
activity (EBA) than INH>¢. This suggests that MFX
may be an ideal drug to be used to shorten the duration
of TB treatment. MFX also has an activity similar to
rifampicin (RMP) in human subjects with pulmonary
TB, suggesting thatit should undergo further assessment
as part of a short course regimen for the treatment of
drug-susceptible TB’.

Rifampicin induces a number of drug-metabolizing
enzymes, having the greatest effects on the expression of
cytochrome P450 (CYP)3A4 intheliverand in the small
intestine®. In addition, RMP induces some of the drug
transporter proteins, and also phase II glucuronidation
pathway®. MFX undergoes phase II metabolism by
means of sulphate and glucuronide conjugation'.
Pharmacokinetic studies done in pulmonary TB
patients'! and healthy subjects'? have shown that RMP
reduces plasma concentrations of MFX. However, the
study was done in patients who were receiving RMP
and INH, which did not allow discrimination between
an effect of RMP or INH on the metabolism of MFX.
The objective of this pharmacokinetic study was,
therefore, to examine the pharmacokinetic interaction
between MFX and that of RMP and INH individually,
and also to study the influence of concomitant MFX
on the pharmacokinetics of RMP and INH in healthy
subjects.

Material & Methods

Subjects: The study was performed in 36 healthy adults
(students of Madras Medical College, Chennai) (age
>20 yr) with body weight >45 kg, and not suffering
from any illness at the time of the study. All study
subjects were contacted by investigator personally
and underwent a complete clinical examination by a
medical officer; haematology and clinical biochemistry
testing, chest X-ray and electrocardiogram were also
performed. A total of 38 volunteers were initially
contacted and two of them were excluded as they
were not willing to stay long in hospital. Only those
subjects willing to participate and gave informed
written consent were included. Smokers and chronic
alcoholics were excluded. Sample size was calculated
according to IJTLD 2005 which is 14 to 16 subjects

for pharmacokinetic/bioavailability studies. The study
protocol was approved by the Institutional Ethics
Committee of Madras Medical College, Chennai.

Study design: This was a two-period, open-label,
sequential-design pharmacokinetic study. Eligible
subjects were administered MFX 400 mg once daily
for five consecutive days under supervision. Baseline
pharmacokinetic study of MFX was conducted on
day 6 (Occasion 1). On day 7, the study subjects were
randomly divided in to two groups comprising 18
subjects each, one group received MFX with RMP and
the other group received MFX with INH daily under
supervision for a period of 6 days. The doses of the
drugs were RMP 450 mg for those with body weight
<60 kg or 600 mg for those weighing >60 kg, and INH
300 mg. The pharmacokinetic study was repeated on
day 13 (Occasion 2). By adopting this study design,
each subject served as his/her own control. Thus the
pharmacokinetics of MFX was determined on two
occasions, first when MFX was given alone and
second when MFX was given with either RMP (n =
18) or INH (n = 18); the effect of each drug on MFX
pharmacokinetics was studied in 18 subjects. All
drugs were administered through the oral route under
complete supervision throughout the study period. All
study subjects were instructed not to consume alcohol,
grape juice or drugs that were known to act on the
cytochrome P-450 enzyme system.

Conduct of study: The study was carried out at the
Pharmacology Ward in Madras Medical College,
Chennai, India during April - December 2010. During
both occasions, the study participants were requested
to get admitted to the ward a day prior to the study
day. On the day of the study, a sample of blood (2
ml) was collected in a heparinised vacutainer (pre-
dosing) after an overnight fast. The participants were
administered either MFX (Occasion I), or MFX with
RMP or INH (Occasion 2) under supervision with 200
ml water. Serial blood samples were collected at 1, 2,
4, 6, 8 and 12 h after drug administration. Care was
taken to ensure that the study subjects did not take any
substance that would interfere with the absorption of
the study drugs. The blood samples were centrifuged
immediately and plasma stored at -20°C until MFX
levels were estimated. MFX levls were estimated in all
the plasma samples collected during both occasions,
while RMP and INH concentrations were estimated in
samples collected during the second occasion of the
study.
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Table I. Steady state pharmacokinetics of moxifloxacin (MFX) alone and in combination with rifampicin (RMP)

Values are mean + SD
"P<0.001 compared to MFX alone

Study groups Clas Tnax () AUC )1, (png/ml.h) Cl (I/min)
(n=18) (ng/ml)

MFX 6.32+1.38 2.06 = 1.00 48.62 +10.40 5.42+1.18
MFX + RMP 4.66+0.74" 1.72 £0.96 3426 +6.37 8.13 £ 1.68"

Conaxs peak concentration; T,,,,, time to attain C,,,; AUC .12, exposure; Cl, clearance

Drug estimations: Plasma MFX concentrations were
determined by HPLC (Shimadzu, Kyoto, Japan)
according to the method of Hemanth Kumar et ail®.
In brief, plasma samples were deproteinized using
perchloric acid and analysis of the supernatant was
performed using a reversed-phase C,s column (150 mm)
and fluorescence detection at an excitation wavelength
0f 290 nm and an emission wavelength of 460 nm. The
assay was specific for MFX and linear from 0.125 to
10.0 pg/ml. The average accuracy of the method was
99.4 per cent. Plasma RMP and INH were estimated by
HPLC according to validated methods'*'*. Plasma RMP
estimation involved deproteinization with acetonitrile
and analysis using a reversed-phase C,3 column and
UV detection at 254 nm. The assay was linear from
0.25-15.0 pg/ml with an average accuracy of 98 per
cent. Plasma INH estimation involved deproteinization
of plasma with para hydroxy benzaldehyde and
trifluoroacetic acid and analysis using a reversed-phase
C; column and UV detection at 267nm. The assay was
linear from 0.25 - 10.0 pg/ml with an average accuracy
of 102.1 per cent.

Pharmacokinetic analysis: Certain pharmacokinetic
variables such as maximum or peak concentration
(Cpax), the time to attain C,,, (T,..,), exposure or area
under the time concentration curve from 0 to 12 h
(AUC,.,,), apparent oral clearance (Cl) and half life
(t,,) were calculated by a non-compartmental model
using WinNonlin software (Version 5.1) (Pharsight
Corporation, Mountain View, CA, USA).

Statistical evaluation: Analysis of data was performed
using SPSS (version 14) package (SPSS Inc., Chicago,
IL, USA). The significance of differences in the C,,,,
AUC,,, and C,,, to MIC, AUC,, to MIC ratios of
MFX, when administered alone and in combination
with RMP or INH was calculated using paired t-test.

Results

The mean age and body weight of the study subjects
who received MFX with RMP were 23.4 £ 2.9 yr and
62.5 + 9.8 kg, and MFX with INH were 23.4 + 2.3 yr
and 60.0 = 7.6 kg, respectively. There were 32 males
and 4 females. The study subjects in the RMP and INH
groups did not significantly differ in age, body weight
and baseline pharmacokinetics of MFX. Eight and ten
subjects, respectively received 450 and 600 mg RMP
doses. The dose per kg body weight did not significantly
differ between these two groups of subjects (8.3 vs. 8.7
mg/kg body weight). Hence no subgroup analysis to
find the impact of dose variation on kinetic pattern was
performed.

The pharmacokinetic variables calculated based
on plasma concentrations of MFX alone and in
combination with RMP are presented in Table I. RMP
co-administration caused significant reduction in C,,,
and AUC,._;, of MFX (P<0.001). This was accompanied
by asignificant increase in the plasma clearance of MFX
(P<0.001). The mean decrease in C,,, and AUC,_,, of
MFX during concomitant RMP administration was 26
and 29 per cent, respectively. INH did not cause any

Table II. Steady state pharmacokinetics of moxifloxcin (MFX) alone and in combination with isoniazid (INH)

Values are mean £+ SD

Study groups (n = 18) Chax (Lg/ml) T ax () AUC g 1) (ng/ml.h) CI (1/min)
MFX 6.06 +1.41 1.72+0.96 4824 +13.21 5.59+1.87
MFX + INH 5.56+£0.96 1.78 £ 0.94 41.85+6.61 5.95+1.35

Conax peak concentration; T, time to attain C,,,; AUC ), exposure; Cl, clearance
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Table III. Pharmacodynamic values of MFX against M.
tuberculosis

Study groups C i/ MIC” AUC.1,/MIC
(n=18)

MFX 12.64 £2.75 97.24 + 20.92
MFX + RMP 9.32" +1.47 68.53" +12.73
MFX 12.11 £2.82 96.48 +26.41
MFX + INH 11.11 £ 1.91 83.70 + 13.23

Values are mean = SD
"MIC = 0.5 pg/ml; *P<0.001 vs. MFX alone

Table IV. Steady state pharmacokinetics of rifampicin
(RMP) and isoniazid (INH) during moxifloxacin (MFX) co-
administration

Pharmacokinetic ~ Rifampicin Isoniazid
variables (n=12) n=12)

Cnax (ng/ml) 7.80 +3.87 6.22 +1.66
T () 2.75+1.43 1.17+0.39
AUC .5 (pg/ 41.71+£20.68 30.63 +12.98
mlLh)

Cl (L/min) 16.23 +11.63 11.30 £ 6.55
ty,(h) 3.03+£0.97 3.08 £ 1.06

Values are mean = SD
C.uxo peak concentration; T,,,,, time to attain C,,,;
AUC (.15, exposure; Cl, clearance; t,,, half-life

significant change in the pharmacokinetics of MFX
(Table II). The arithmetic mean ratios of AUC,, of
MFX when given alone to that combined with RMP
and INH was 0.70 and 0.87, respectively.

Since there was a huge variation in the number
of males and females (16 males vs 2 females in each
group), gender based subgroup analysis was not
done. However, the mean plasma MFX values were
almost similar in males and females. The mean C,,,,
to MIC and AUC,, to MIC ratios of MFX with and
without RMP and INH are given in Table III. While
concomitant RMP caused a significant decrease
in both the ratios (P<0.001), INH did not cause a
significant change.

Among the 36 subjects who took part in this study,
RMP and INH estimations were undertaken in 12 subjects
each. The mean doses of RMP and INH were 8.4 and
4.8 mg/kg body weight, respectively. Table IV gives the
steady state pharmacokinetics of RMP and INH.

Discussion

Plasma drug concentrations are among the most
important determinants of clinical response accounting

for both efficacy and toxicity. Drug interactions could
play a significant role when combinations of drugs are
used for treatment of illnesses, particularly when any
of the drugs are inducers or inhibitors of the hepatic
microsomal enzyme pathway, which could thereby
decrease or increase blood concentrations. Induction of
CYP3A4 by RMP increases the rate of metabolism and
decreases plasma MFX concentration. This could result
in clinically significant interactions that might lead to
altered therapeutic responses, therapeutic failures or
toxic reactions'S.

In this pharmacokinetic drug interaction study,
significant drug interaction was found to exist between
MFX and RMP. Reduced plasma peak concentration
and exposure and increased clearance of MFX in the
presence of RMP were observed. The interaction could
probably be due to an increase in phase II metabolism
of MFX caused by RMP, which is known to be a strong
inducer of CYP450 isoenzymes, and also induces
phase II metabolism, specifically, glucuronidation and
sulphation’. Increased formation of MFX metabolite,
namely, the sulphate metabolite was observed in healthy
volunteers, when MFX was co-administered with
RMP!2, Concomitant RMP administration caused a 29
per cent mean decrease in plasma exposure of MFX,
which is almost similar to that reported by Nijland et
al (31%) and Weiner et al (27%)'"1? . However, the
pharmacokinetics of MFX did not significantly change
when co-administered with INH, suggesting that RMP
was mainly responsible for reducing plasma MFX
concentrations.

The TBTC study 27/28 on MFX pharmacokinetics
during TB treatment was undertaken by Weiner et a/'’.
This study has compared (i) the pharmacokinetics
of MFX alone versus MFX administered with RMP
in healthy volunteers, and (7i) the pharmacokinetics
of MFX among patients with TB being treated with
multidrug therapy (INH or ethambutol, RMP and
pyrazinamide) to those of healthy volunteers receiving
MFX plus RMP. Although this study has been
completed, the findings have not been published.

It has been reported that the pharmacokinetics of
MFX exhibits inter-individual variability'"'8, In the
present study, this variability was taken care of by
adopting a two-period sequential study design, in which
the same individual was investigated on two occasions,
and served as his/her own control.

Pharmacokinetic data and MIC values can be
used to assist with the selection of an appropriate
dose regimen for clinical trials. The two most relevant
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pharmacodynamic parameters for the concentration-
dependent bactericidal activity of fluoroquinolones
are peak concentration to MIC and exposure to MIC
ratios. The drug is most effective when these ratios are
maximized (C,,, to MIC ratio >10 & AUC, , to MIC
ratio >100)". Using a MIC value of 0.5 pg/ml*, we
calculated the C,,,,, to MIC and AUC,_;, to MIC ratios of
MFX and observed that these ratios were significantly
compromised when MFX was co-administered
with RMP. This suggested that concomitant RMP
administration could lead to reduced therapeutic
efficacy of MFX. In this study, the individuals received
daily MFX; intermittent dosing could possibly amplify
the extent of this interaction.

In combination therapy, it is important to ensure
that adequate plasma concentrations of individual drugs
are maintained within the therapeutic range to obtain
maximal efficacy. In the absence of a control group, the
present study design did not allow a precise evaluation
of the effect of MFX on the pharmacokinetics of
RMP and INH. However, the pharmacokinetic data of
RMP and INH obtained in this study were compared
with that of an earlier study done in our Centre?!, and
found that it compared well with that reported earlier.
These findings suggested that MFX did not alter the
bioavailability of RMP and INH.

Although certain pharmacokinetic studies including
ours, have clearly shown significant reductions in MFX
plasma concentrations during RMP co-administration,
it is uncertain whether this decrease would affect
the treatment efficacy of MFX. It would be useful to
undertake prospective studies in TB patients who are
undergoing treatment with MFX-containing regimens.
The results of the TBTC study 27/28 in TB patients
would provide useful information on this aspect'’. This
would enable to better understand the clinical relevance
of the significant pharmacokinetic interaction between
MFX and RMP. Tuberculosis patients usually receive
a combination of RMP, INH, pyrazinamide (PZA)
and ethambutol (EMB), and it would be worthwhile
to investigate the additive effect of these drugs on the
pharmacokinetics of MFX.
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