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ABSTRACT: Bedaquiline (BDQ), a diarylquinoline compound, is
an inhibitor of mycobacterial ATP synthase, specifically with FDA
approval as a treatment for multidrug-resistant tuberculosis (MDR-
TB). M2 is the main metabolite of BDQ and is active against
tuberculosis. The objective of this study was to establish and
validate a sensitive and convenient ultraperformance liquid
chromatography tandem mass spectrometry (UPLC-MS/MS)
approach to concurrently quantify BDQ and M2 in rat plasma
and to examine whether resveratrol, a CYP3A4 inhibitor, could
influence the pharmacokinetics of BDQ and M2 in rats. Plasma
samples containing the internal standard (IS) linezolid were
formulated by adding acetonitrile for a simple one-step protein precipitation, and the analytes in samples were quantified by the
UPLC-MS/MS method. BDQ and M2 were successfully calibrated in the ranges of 0.5−1000 and 1.0−200 ng/mL, where the lower
limit of quantification (LLOQ) was 0.5 and 1.0 ng/mL, respectively. The precisions and accuracies of BDQ and M2 were in
compliance with the FDA analytical standards. Recoveries and matrix effects of the analytes were satisfactory, and the analytes
remained stable under four different temperatures and conditions. The well-validated UPLC-MS/MS method was successfully
applied to the study of the food-drug interaction in rats. Remarkably, resveratrol increased the level of exposure of BDQ.
Furthermore, the effect of resveratrol on the metabolism of BDQ and M2 needs further clinical studies.

1. INTRODUCTION
Multidrug-resistant tuberculosis (MDR-TB) is an infection in
which Mycobacterium tuberculosis (TB) is resistant to at least
rifampin and isoniazid.1 Second-line antituberculosis drugs are
recommended for the treatment of MDR-TB, which usually
costs 18−24 months.2 Bedaquiline (BDQ) is an FDA-
approved drug for treating MDR-TB and is one of the
second-line antituberculosis drugs.3 BDQ is a diarylquinoline
compound that is specifically able to inhibit mycobacterial
ATP synthase.4 It was found that in a randomized phase II
placebo-controlled clinical trial, patients with MDR-TB who
received the standard MDR regimen and BDQ therapy
converted to negative cultures within 8 weeks in 48%, versus
9% in the placebo group receiving only the standard MDR
regimen.5 After 24 weeks, the proportions of successfully
treated patients in the BDQ and placebo groups were 78.8 and
57.6%, respectively.5 Nevertheless, QT interval prolongation
could be caused by BDQ, which might result in irregular and
fatal heart rhythms.6 In addition, other adverse reactions, such
as drug-related hepatic disorders, metabolism and nutrition
disorders (hyperuricemia being the most common), electrolyte
disorders, and gastrointestinal system disorders can also occur
during the treatment of BDQ.7

The description of BDQ metabolism will be valuable for the
prediction and prevention of BDQ-related drug- or food-drug
interactions. M2, the N-monodes-methyl metabolite, is one of
the main products of BDQ which is metabolized in the liver by
cytochrome P450 (CYP) isoenzyme 3A4.8 M2 is 3 to 6 times
less active against tuberculosis than BDQ.9 Studies have shown
that the cytotoxicity and phospholipidogenic potential of M2
was greater than that of BDQ.9 Moreover, concentrations of
M2 have also been associated with QT-prolongation.10

Therefore, it is necessary to describe the metabolic process
of M2 in vivo11 Drug-drug and food-drug interactions related
to CYP3A4 could strongly affect plasma or tissue drug
concentrations and therefore lead to serious toxic effects.

Resveratrol (3,5,4′-trihydroxystilbene, RVT) is a polyphenol
phytochemical that is a common ingredient in many plants or
beverages (e.g., berries, grapes, peanuts, soybeans), wine,
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cranberry and grape juice, and many other plant products.12,13

Because of the wide range of pharmacological effects of
RVT,14−17 it has been ingested as a dietary supplement.
Investigations have shown that RVT can inhibit the activity of
CYP3A4.16,18 High intake of RVT could theoretically increase
the bioavailability and toxicity risk of drugs by inhibiting
intestinal CYP3A4 and reducing the first-pass effect.16 As a
consequence, there is a risk of food-drug interactions in
patients who ingest large doses of RVT in combination with
other drugs metabolized by CYP3A4.

In this study, the pharmacokinetics of BDQ and M2 were
investigated in rats with an ultraperformance liquid chroma-
tography tandem mass spectrometry (UPLC-MS/MS) meth-
od. Best of our knowledge, no data are available concerning the
impacts of RVT on the pharmacokinetics of BDQ and M2.
Therefore, this study was conducted to research the effect of
RVT on the pharmacokinetics of BDQ and M2 in rats. The
results may be useful for the evaluation of interactions in BDQ,
M2, and RVT in the clinic.

2. EXPERIMENTAL SECTION
2.1. Chemicals and Materials. BDQ (purity >98%), M2

(purity >98%), linezolid (used as an internal standard, IS,
purity >98%), and RVT (purity >98%) were obtained from
Beijing sunflower Technology Development Co., Ltd. (Beijing,
China). Analytical grade of formic acid was also purchased
from Beijing Sunflower and Technology Development Co.,
Ltd. Methanol (LC-MS grade) and acetonitrile (LC-MS
grade) were acquired from Merck (Darmstadt, Germany).
Sodium carboxymethyl cellulose (CMC-Na) was sourced from
Canspec Scientific Instruments Co., Ltd. (Shanghai, China).
The ultrapure water used to prepare the solutions, and the
mobile phase was produced by Milli-Q purification (Millipore,
Bedford).

2.2. UPLC-MS/MS Conditions. Samples were analyzed
using a Waters ACQUITY UPLC I-Class system (Milford,
MA) coupled to a Waters Xevo TQ-S triple quadrupole mass
spectrometer. Chromatographic separation was conducted at
40 °C using gradient elution with different ratios of 0.1%
formic acid aqueous solution (A)-acetonitrile (B) on a UPLC
BEH C18 (2.1 × 50 mm, 1.7 μm) column. After the mobile
phase ratio was optimized several times, the gradient elution
procedure was adjusted as follows: 0−0.5 min (B, set at 10%),
0.5−1.0 min (B, linearly increased to 90%), 1.0−1.4 min (B,
maintained at 90%), and 1.4−1.5 min (B, quickly decreased to
10%). Finally, at 1.5 and 2.0 min, 10% acetonitrile was
equilibrated for the baseline. The temperature of theautosam-
pler was controlled at 10 °C during the running of sequences
with the flow rate of 0.3 mL/min.

With the electrospray ionization (ESI) interface set to
positive ion mode, positively charged ions were collected.
Through the precursor ion scan and the product ion scan, the
strong and stable [M + H]+ ions and their corresponding
daughter ions were identified. The chemical structure and mass
spectra of BDQ, M2 as well as IS were described in Figure 1. In
multiple reaction monitoring (MRM) mode, the quantitative
analysis was performed following one selective transition for
each compound with m/z 555.00 → 58.08 for BDQ, m/z
540.93 → 479.92 for M2, and m/z 338.01 → 296.03 for IS
(shown in Table 1). For BDQ, M2, and IS, the collision energy
was 20, 15, and 15 eV, respectively. The cone voltage of each
analyte was 30 V. The selected parameters of MS were: 1000
°C desolvation gas temperature, 2.0 kV capillary voltage, 200

L/h cone gas, 0.15 mL/min collision gas, and 1000 L/h
desolvent gas. The acquisition and analysis of all data were
carried out using Masslynx 4.1 software (Waters Corp.,
Milford, MA).

2.3. Solution Preparation. Initial stock solutions of 100
μg/mL were prepared in methanol by dissolving accurately
weighed BDQ, M2 and IS standard solutions, respectively. A
range of working solutions used to construct quality control
samples (QCs) and calibration curves were obtained by
gradually diluting stock solutions of BDQ and M2 with
methanol.

Preparations were made for four levels of QCs, which
included high (HQC), medium (MQC), low (LQC), and
lower limit of quantification (LLOQ) concentrations. The IS
working solution was also obtained by using methanol as a
diluent. The IS working solution (200 ng/mL) remained
unchanged during the entire methodological validation. All
primary stock solutions were preserved at −80 °C prior to use.

2.4. Plasma Sample Treatment. In a newly labeled
centrifuge tube, a 100 μL plasma sample was mixed with 20 μL
of IS solution and 300 μL of acetonitrile. Subsequently, the
whole mixture was vortexed briefly for 1.0 min. After 10 min of
centrifugation (13,000g, 4 °C), the 100 μL supernatant was
pipetted into a new autosampler vial. The injection volume of
UPLC/MS-MS was set to 2 μL during the running of the
samples.

Figure 1. Chemical structures and mass spectra of BDQ (A), M2 (B),
and linezolid (IS, C) in the present study.

Table 1. Specific Mass Spectrometric Parameters and
Retention Times (RTs) for the Analytes and IS, Including
Cone Voltage (CV) and Collision Energy (CE)

analytes precursor ion product ion CV (V) CE (eV) RT (min)

BDQ 555.00 58.08 30 20 1.62
M2 540.93 479.92 30 15 1.61
IS 338.01 296.03 30 15 1.42
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2.5. Methodological Validation. The analytical method
in this current experiment was fully validated based on the
FDA guidelines.19 Sensitivity, linearity, selectivity, accuracy,
precision, matrix effect, extraction recovery, and stability of the
developed method were investigated as follows.
2.5.1. Selectivity. Blank plasma, blank plasma samples with

added analyte and IS, and actual plasma samples administered
orally with BDQ and M2 were compared to evaluate the
selectivity of the method (n = 6). The analytical method was
found to have good selectivity because interference from
matrix components or other substances did not influence the
retention time of each analyte.
2.5.2. Sensitivity and Linearity. Concentrations of

calibrated curves for BDQ and M2 were 0.5−1000 and 1.0−
200 ng/mL, respectively. Each calibrated curve containing 8
points was used to assess the linearity of sample concentrations
and response values. The ratios of the peak area of each analyte
to the IS versus the plasma concentration were employed to
generate the calibration curve. The linear equation was
constructed using a weighted (1/x2) least-squares regression
method. The correlation coefficient (r2) supposed to be >0.99
was used to evaluate the linear relationship. The concen-
trations were obtained by back-calculation based on the peak
area.

LLOQ was the minimum concentration of the calibration
curve that had a reasonable precision (RSD%) below 20% and
an accuracy (RE%) between 80 and 120%.
2.5.3. Accuracy and Precision. Assessments of intraday and

interday precision and accuracy were performed by six-tuple
analysis of QCs on three consecutive days. There were four
QC levels including 0.5, 1, 80, and 800 ng/mL as LLOQ,
LQC, MQC, and HQC for BDQ, and 1.0, 2.0, 40, and 160 ng/
mL for M2, respectively. According to the FDA analytical
standards, the accuracies of QC concentration (except LLOQ)
calculated from the calibration curve should be less than ±15%
of its nominal level and precisions were within 15%.
2.5.4. Extraction recovery and Matrix Effect. Assessment of

extraction recovery for each analyte was conducted by
comparing processed QCs versus extracted blank plasma
with the addition of analytes. Matrix effects were assessed by
comparing the peak areas of analytes added to extracted
plasma samples at QCs (HQC, MQC, and LQC) versus
standard solutions of corresponding concentrations (n = 6).
2.5.5. Stability. Similarly, the stability of the analytes in rat

plasma was examined by using three concentrations of QCs. It
was carried out including stability at room temperature (2 h
storage at room temperature), stability after preparation (5 h
storage in an autosampler at 10 °C), stability in the long term
(21 days at −80 °C), and frozen-thaw stability (three repeated
freeze−thaw cycles). Replications of each QC were performed
5 times for analysis, and the deviations were calculated to
demonstrate the stability.

2.6. Animals and Food-Drug Interaction. Ten healthy
male Sprague−Dawley rats (SD rats, weight 190 ± 10 g) for
the pharmacokinetic study were purchased from the
Laboratory Animal Center of the First Affiliated Hospital of
Wenzhou Medical University (Zhejiang, China), and the
animal experimental operations were approved by the Animal
Care Committee of the First Affiliated Hospital of Wenzhou
Medical University (Zhejiang, China). First, the rats were
housed for 1 week in an environment with adequate light,
water, and food for acclimatization. Animals were then fasted
for 12 h prior to gavage administration, but water intake was

not restricted. BDQ and RVT were administered at a dosage
that was one-tenth of the standard daily human dose. For
studying the effect of RVT on the pharmacokinetic of BDQ
and M2, ten SD rats were divided into two groups: 20 mg/kg
BDQ alone (group A, n = 5) and 20 mg/kg BDQ with the
combination of 50 mg/kg RVT group (group B, n = 5).20,21

The drugs were suspended in 0.5% carboxymethyl cellulose
(CMC) solution. RVT was given by gavage half an hour before
BDQ administration. Approximately 0.3 mL of rat tail vein
blood was collected at 0.33, 0.67, 1, 1.5, 2, 3, 4, 6, 8, 12, and 24
h after oral administration, placed in heparin-containing tubes,
and centrifuged at 4000 rpm for 8 min immediately. Afterward,
the supernatant was transferred to a new tube and saved at
−80 °C to be analyzed.

The pharmacokinetics of the analytes were evaluated from
the plasma concentration−time data of BDQ and M2 of each
animal, and the main parameters were calculated using the
noncompartment method by the Drug and Statistics Software
(DAS). The maximum plasma concentration (Cmax) and the
time to reach Cmax (tmax) could be obtained directly from the
data. While the area under the plasma concentration−time
curve (AUC0−t) could be calculated, and AUC0−∞ was the
extended area extrapolated from the predicted and quantifiable
concentrations at the last time point. t1/2 refers to the
elimination of half-life. Apparent clearance (CLz/F) was the
ratio of dose to area under the plasma concentration−time
curve. The independent samples t-test for pharmacokinetic
parameters was performed using the Statistical Package for
Social Sciences (SPSS, version 18.0, Chicago, IL) in order to
assess the interactions of RVT on BDQ and M2, and a p-value
<0.05 was regarded as significantly different.

3. RESULTS AND DISCUSSION
3.1. UPLC−MS/MS Method Conditions. In the current

study, we established a bioanalytical method with high
sensitivity and reliability for the simultaneous determination
of BDQ and M2 in rat plasma by UPLC-MS/MS. The
compounds were easily protonated on amino groups; there-
fore, MRM was selected for positive monitoring mode. The [M
+ H]+ of BDQ, M2, and IS were m/z 555.00, 540.93, and
338.01 (as exhibited in Figure 1), and the most abundant
product ions were m/z 58.08, 479.92, and 296.03, respectively.
As a consequence, the mother-to-daughter of quantifier
conversions were m/z 555.00 → 58.08 for BDQ, m/z 540.93
→ 479.92 for M2, and m/z 338.01 → 296.03 for IS,
respectively.

For the purposes of achieving desirable separations,
symmetrical peak shapes, and shorter retention time, as well
as minimizing matrix effects, the chromatographic conditions
(mobile phase, analytical column, flow rate, and gradient
elution) were optimized. Acetonitrile was used as the organic
phase on the basis that it provided a flatter baseline and better
quantitative results. With regard to the aqueous phase, when
0.1% formic acid aqueous solution was used, it facilitated the
positive ionization of the analytes, obtaining favorable peak
shapes and a shorter retention time.

It was also optimized for mass parameter conditions to
obtain a better resolution and higher response. At the end of
MS/MS optimization, the signal of the fragment with the
highest abundance was used for quantification (presented in
Table 1).

3.2. Plasma Sample Treatment. In the preparation of
plasma samples, protein precipitation (PPT) is an easy-
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operated method. The use of organic solvents for PPT allowed
the removal of large amounts of plasma proteins rapidly with
little pollution and less cost. It has been shown from previous
experiences that the sample processing using acetonitrile for
PPT was short and the recovery was high.22,23 Therefore,
acetonitrile was used for the precipitation of plasma proteins in
the current sample processing.

3.3. Validation of Methodology. 3.3.1. Selectivity.
Typical chromatograms for assessing selectivity are shown in
Figure 2, indicating that there were no endogenous substances

interfering. It was found that the retention time of BDQ, M2
and IS was 1.62, 1.61, and 1.42 min, respectively,
demonstrating the high selectivity of the analytical method.
3.3.2. Linearity and Sensitivity. For the calibration curves,

there were excellent linearities in the ranges of 0.5−1000 ng/
mL for BDQ and 1.0−200 ng/mL for M2 (as demonstrated in
Table 2). The validated linear regression equations were as
follows: Y = 4.99893X + 0.399759 (r2= 0.997, BDQ) and Y =
28.072X + 2.81722 (r2= 0.999, M2). The LLOQ values of
BDQ and M2 were 0.5 and 1 ng/mL, respectively, and the
samples showed identifiable peaks with sufficient sensitivity for
pharmacokinetic studies of BDQ and M2.

3.3.3. Precision and Accuracy. The developed method was
validated over three consecutive days. An accurate and precise
summary of the LLOQs and QCs were presented in Table 3.

Intraday and interday precision of the three QCs and LLOQ
was found to be less than 12.2%. And the accuracy of the
analytes did not exceed ±14.0%. This present method achieved
good data reproducibility, as all data were within the
acceptable validation criteria for the compounds.
3.3.4. Matrix Effect and Recovery. High extraction

recoveries (>75%) were obtained for each analyte, as shown
in Table 4. Moreover, the data of matrix effect ranged from

92.5 to 114.6% for all analytes, indicating negligible ion
enhancement or suppression in rat plasma was observed under
the developed analytical conditions of BDQ, M2 and IS. The
recoveries and matrix effects met the requirements for
methodological validation, demonstrating the measurability
of this analytical method was good.
3.3.5. Stability. The results of the stability assay were

presented in Table 5. It was revealed that BDQ and M2 were
stable at four different temperatures and conditions.

3.4. Food-Drug Interaction. The currently developed
UPLC-MS/MS approach has been used to quantitatively
determine the plasma concentrations of BDQ and M2 in rats
after a single oral dose of 20 mg/kg BDQ alone or combined
with 50 mg/kg RVT. Mean plasma concentration−time curves
of groups A and B are shown in Figure 3. The main

Figure 2. Representative MRM chromatograms of BDQ, M2 and IS
in SD rat sample: blank plasma (A), blank plasma spiked with
standard solutions (B) and real plasma sample collected from a rat
following oral administration of 20 mg/kg BDQ after 1 h (C).

Table 2. Calibration Curves for the Analytes of BDQ and
M2 in SD Rat Plasma

analytes regression equation r2
linear range
(ng/mL)

LLOQ
(ng/mL)

BDQ y = 4.99893x + 0.399759 0.997 0.5−1000 0.5
M2 y = 28.072x + 2.81722 0.999 1.0−200 1

Table 3. Accuracy and Precision of Each Analyte in SD Rat
Plasma (n = 6)

intraday interday

analytes
concentration

(ng/mL)
RSD
(%) RE (%)

RSD
(%) RE (%)

BDQ 0.5 12.2 2.1 11.6 6.2
1.0 7.3 −13.8 9.2 −14.0
80 2.3 3.8 6.7 8.6
800 3.3 −13.4 3.2 −12.0

M2 1.0 11.1 −9.0 11.2 −8.1
2.0 7.0 −8.0 9.2 −3.7
4.0 1.5 5.4 7.1 12.0
160 2.8 4.7 2.9 5.3

Table 4. Recovery and Matrix Effect of Each Analyte in SD
Rat Plasma (n = 6)

recovery (%) matrix effect (%)

analytes
concentration

(ng/mL) mean ± SD
RSD
(%) mean ± SD

RSD
(%)

BDQ 1.0 76.5 ± 4.2 5.5 96.8 ± 13.0 13.4
80 76.8 ± 2.7 3.5 101.6 ± 1.6 1.6
800 77.3 ± 1.6 2.0 92.5 ± 2.5 2.7
2.0 87.3 ± 6.4 7.3 114.6 ± 14.1 12.3

M2 40 89.0 ± 3.4 3.9 106.9 ± 5.7 5.4
160 91.2 ± 4.9 5.3 112.8 ± 4.3 3.9

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.4c07752
ACS Omega 2024, 9, 48650−48656

48653

https://pubs.acs.org/doi/10.1021/acsomega.4c07752?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c07752?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c07752?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c07752?fig=fig2&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c07752?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


pharmacokinetic parameters of BDQ and M2 were concluded
in Tables 6 and 7, with the values expressed as mean ±
standard deviation (SD).

Compared with BDQ dosed alone, AUC0→t and AUC0→∞ of
BDQ were significantly increased, and CLz/F was markedly
decreased in combination oral of RVT with the p-value <0.05,

suggesting that RVT could increase the oral bioavailability of
BDQ. No statistical differences were found for other
pharmacokinetic parameters, probably owe to the finite
number of animals. In addition, there were no significant
changes in the pharmacokinetic parameters of M2 in the oral
RVT group compared with the BDQ-only group.

According to previous reports, RVT could influence the
pharmacokinetics of drugs by inhibiting the CYP3A4. For
example, RVT could increase the AUC of buspirone by 1.33-
fold in humans,24 Cmax and AUC of nicardipine by 2.2 and 2.3-
fold,25 AUC and Cmax of diltiazem by 1.6-fold in rats.26 These
drugs were the substrates of CYP3A4. In our study, RVT could
increase the AUC0→t and AUC0→∞ of BDQ. There was a
possibility that RVT inhibited CYP3A4 in the intestine,
decreasing the first-pass effect of BDQ and thus increasing the
bioavailability. Therefore, exposure to BDQ would be
significantly increased, and its associated side effects would
be more serious and frequent. It has also been reported that
therapy drug monitoring (TDM) can be used for patients
taking oral antituberculosis drugs to individualize dosing for
reducing adverse effects.27 Given the widespread availability of
RVT, the combination of BDQ and RVT should be monitored
in the clinic. Finally, further studies about the effect of RVT on
BDQ metabolism in clinical studies and its inhibitory
mechanism should be further investigated.

4. CONCLUSIONS
In the current study, a UPLC-MS/MS method with sensitivity
and rapidity was developed for simultaneously determining
BDQ and M2 in the plasma of SD rats. It was economical and
rapid in sample preparation with a short retention time and
achieved low LLOQ values for BDQ and M2. Subsequently,
the method was well employed for pharmacokinetic studies in
rats. In addition, by administering RVT orally 0.5 h earlier, the
effect of food-drug interaction on the pharmacokinetic

Table 5. Stability Results of Each Analyte in Rat Plasma under Different Conditions (n = 5)

room temperature, 2 h autosampler 10 °C, 5 h three freeze−thaw −80 °C, 21 days

analytes concentration (ng/mL) RSD (%) RE (%) RSD (%) RE (%) RSD (%) RE (%) RSD (%) RE (%)

BDQ 1.0 13.5 −1.6 9.3 6.9 13.3 −8.7 14.5 −14.4
80 4.7 6.2 6.8 14.3 2.6 −0.6 3.6 −4.9
800 3.2 −0.3 3.7 −12.8 3.9 −7.9 3.8 −8.4

M2 2.0 9.5 −6.6 9.7 −3.2 7.7 −0.8 6.4 −4.5
40 6.4 8.1 8.6 13.5 4.0 7.4 3.7 2.1
160 4.2 10.1 4.6 11.0 4.2 −0.3 4.1 −2.8

Figure 3. Mean plasma concentration−time curves of BDQ and M2 in male SD rats after oral administration of 20 mg/kg BDQ alone or with 50
mg/kg resveratrol (n = 5, Mean ± SD).

Table 6. Main Pharmacokinetic Parameters of BDQ in SD
Rats after Orally Administrated 20 mg/kg BDQ Alone and
Combined with 50 mg/kg Resveratrol in SD Rats (n = 5,
Mean ± SD)

parameters BDQ BDQ + resveratrol

AUC0→t (ng/mL·h) 6050.75 ± 1997.91 8789.61 ± 1387.01a

AUC0→∞ (ng/mL·h) 7160.24 ± 2368.25 11708.62 ± 3223.98a

t1/2 (h) 8.36 ± 2.50 11.18 ± 3.37
Tmax (h) 5.50 ± 2.40 3.60 ± 1.52
CLz/F (L/h/kg) 3.07 ± 1.05 1.82 ± 0.50a

Cmax (ng/mL) 530.06 ± 193.37 771.64 ± 217.22
ap < 0.05, significant in comparison to rats dosed with BDQ alone.

Table 7. Main Pharmacokinetic Parameters of M2 in SD
Rats after Orally Administrated of 20 mg/kg BDQ Alone
and Combined with 50 mg/kg Resveratrol in SD Rats (n =
5, Mean ± SD)a

parameters BDQ BDQ + resveratrol

AUC0→t (ng/mL·h) 1976.23 ± 1266.28 1313.64 ± 398.41
AUC0→∞ (ng/mL·h) 6204.78 ± 3330.23 3919.04 ± 1119.79
t1/2 (h) 7.54 ± 4.44 10.29 ± 5.95
Tmax (h) 12.00 ± 0.00 14.40 ± 5.37
CLz/F (L/h/kg) 3.91 ± 1.75 5.46 ± 1.60
Cmax (ng/mL) 115.20 ± 68.10 73.45 ± 18.29

ap < 0.05, significant in comparison to rats dosed with BDQ alone.
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behavior of BDQ and M2 was investigated. The results
indicated that there was potential inhibition of RVT on the
metabolism of BDQ, which contributes to individualized
dosing of BDQ clinically. Also, the findings could be a valuable
reference for other drugs with similar properties.
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