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Abstract

Sitafloxacin, a new fluoroquinolone, has strong antibacterial activity. We evaluated the effects of sitafloxacin granules
in single-dose and multidose cohorts and the effects of ABCB1, UGT1A1, and UGT1A9 genetic polymorphisms on the
pharmacokinetics (PK) of sitafloxacin in healthy subjects. The single-dose study included 3 fasted cohorts receiving 50,
100, and 200 mg of sitafloxacin granules and 1 cohort receiving 50 mg of sitafloxacin granules with a high-fat meal. The
multidose study included 1 cohort receiving 100 mg of sitafloxacin granules once daily for 5 days. PK parameters were
calculated using noncompartmental parameters based on concentration-time data. The genotypes for ABCB1, UGT1A1,
and UGT1A9 single-nucleotide polymorphisms were determined using Sanger sequencing. Subsequently, the association
between sitafloxacin PK parameters and target single-nucleotide polymorphisms was analyzed. Sitafloxacin granules
were well tolerated up to 200 and 100 mg in the single-dose and multidose studies, respectively. Sitafloxacin AUC and
Cmax increased linearly within the detection range, and a steady state was reached within 3 days after the administration
of multiple oral doses.Our findings showed that Cmax was lower in the ABCB1 (rs1045642) mutation group,whereas t1/2
was longer in the UGT1A1 (rs2741049) and UGT1A9 (rs3832043) mutation groups. In conclusion, sitafloxacin granules
were safe at single doses and multiple doses up to 200 and 100 mg/day, respectively, with a linear plasma PK profile.
However, ABCB1 (rs1045642), UGT1A1 (rs2741049), and UGT1A9 (rs3832043) genetic polymorphisms are likely to
influence the Cmax or t1/2 and thereby merit further clinical evaluation.

Keywords

ABCB1, gene polymorphism, pharmacokinetics, safety, sitafloxacin,UGT1A1,UGT1A9

Sitafloxacin (DU-6859a) is a fourth-generation flu-
oroquinolone with broad-spectrum antibacterial
activity.1-3 Sitafloxacin plays a significant role in the
management of quinolone-resistant Pneumococcus
spp., Staphylococcus aureus, Pseudomonas spp., and
vancomycin-resistant enterococci.4-6 Sitafloxacin was
first marketed in Japan for the treatment of bacterial
infections, including complicated intra-abdominal
abscesses, bronchopneumonia, community-acquired
pneumonia, and skin infections.

Appropriate bioavailability can be achieved with
oral doses of sitafloxacin, owing to its solubility char-
acteristics as an amphoteric electrolyte, which enables
its rapid absorption.6 Several studies have previously
demonstrated that sitafloxacin is rapidly absorbed
after oral administration and has high bioavailability
(89%).7-9 The results of a sitafloxacin pharmacoki-
netic (PK) study in healthy volunteers showed that the
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cumulative urinary excretion of unchanged sitafloxacin
within 48 hours after administration was about 70%.10

The main metabolite of sitafloxacin is glucuronic acid
conjugate, with concentrations of about 30%-38%
in the serum and 5%-12% in the urine of rats.6,11 In
vitro study has shown that sitafloxacin has a moderate
inhibitory effect on CYP1A but no effects on other
CYP450s.12 In addition, in vitro studies have shown
that UGT1A1 and UGT1A9 enzymes are involved
in the glucuronidation of sitafloxacin in human liver
microsomes.13 Alvarez et al14 reported that the drug
efflux transporter ATP-binding cassette B1 (ABCB1)
significantly affected the PK disposition of quinolones.
Sitafloxacin is a substrate for ABCB1 and can be
effluxed after glucuronidation.15 However, the influ-
ence of genetic polymorphisms in ABCB1, UGT1A1,
and UGT1A9 on the PK of sitafloxacin has remained
unknown.

In this study, we aimed to describe the PK properties
as well as safety profiles of the oral doses of sitafloxacin
granules and to determine the effects of genetic poly-
morphisms in ABCB1, UGT1A1, and UGT1A9 on the
PK characteristics of sitafloxacin following the admin-
istration of a single oral dose or multiple oral doses in
healthy Chinese subjects.

Subjects and Methods
Subjects
A total of 30 subjects were enrolled in the study. All
the participants in the study were healthy adult Chinese
male and female volunteers aged 18 to 45 years.
Principal Inclusion Criteria. The principal inclusion

criteria in the study were body weight ≥ 50 kg and
body mass index (BMI) ≥ 19 and < 25.0 kg/m2 at
screening. In addition, all participants were judged by
the researcher to be healthy, based on physical exam-
ination findings (subjective symptoms and objective
findings), body temperature, pulse rate, blood pres-
sure, electrocardiogram, and laboratory tests (clinical
chemistry, endocrinology, hematology, and urinalysis)
at screening and before administration of the study
drug. The subjects fully understood the purpose of the
trials, the pharmacological effects of the drug, and
the adverse drug reactions, and they voluntarily signed
the informed consent.
Principal Exclusion Criteria. The study excluded partic-

ipants with any prior serious cardiovascular, gastroin-
testinal, renal, or hepatic diseases that could impact
the absorption or disposition of sitafloxacin; any
prior nervous system disease; any abnormal clinical
laboratory results before the start of study; any prior
positive screening test results for medicine, tobacco, or
alcohol; or a known allergy to any drug, especially to
fluoroquinolones. In addition, subjects who were on

any prescription or over-the-counter medication during
the 2 weeks before the trial start date, who had been
on any investigational drug in the preceding 3 months,
or who were classified as unqualified candidates for the
trial by the investigator for any reason before or during
the study were excluded. Female subjects who were
menstruating or had been confirmed to be pregnant
were also ineligible.

Safety Monitoring
In this study, all subjects were continuously observed
at the unit, and details of adverse effects were obtained
and recorded by the research personnel. Routine safety
assessments were performed at every scheduled study
visit to identify adverse effects as indicated by the
results of physical examinations, laboratory tests, and
electrocardiogram (ECG) measurements. The adverse
effects observed during the study could be classified
as serious (requiring hospitalization, incapacitating or
life-threatening, or led to death), moderate (uncom-
fortable feelings that interfered with daily activities), or
mild (the participant was aware of a sign or symptom,
but it was tolerable). Adverse effects were recorded and
managed in accordance with good clinical practice.

Study Design
This was a single-center, open-label, randomized trial
carried out from January 2015 to April 2016. The study
was conducted at the clinical pharmacology laboratory
of the First Affiliated Hospital of Nanjing Medical
University, China. The study protocol was approved
by the Institutional Review Board of the First Affili-
ated Hospital of Nanjing Medical University, and the
trial identifier was 2014-MD-139. The drug clinical
trial batch number (2014L00334) was awarded by the
National Medical Products Administration. The study
was conducted in accordance with the Declaration
of Helsinki and Good Clinical Practices consolidated
guidelines. All subjects provided written informed
consent before participating in any study procedures.
Subjects could withdraw from the study at their own
request for safety, for behavioral or administrative
reasons, or for any other reason at the discretion of the
investigator or sponsor.
Single-Dose Study. The safety of sitafloxacin was as-

sessed by an open-label, single-dose clinical trial (Ta-
ble 1). The study population was 50% male and 50%
female and was randomly divided into 50-, 100-, and
200-mg dose groups with 10 subjects in each group. An
initial dose of 50mgwas orally administered to the sub-
jects, whichwas increasedwhen the 50-mg dose was ver-
ified to be safe.
Multiple-Dose Study. An open-label clinical trial was

performed following the 100-mg single-dose group. The
same 10 subjects remained in the multidose study.
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Table 1. Demographic Characteristics and Genotype Study Group

Demographic
Characteristics

Single Dose,
50 mg

Single and Multiple Doses,
100 mg

Single Dose,
200 mg Summary

Age,
a
year 23.9 (3.5), [18-30] 24.7 (3.5), [19-29] 25.1 (3.4), [20-30] 24.7 (3.4), [18-30]

Weight,
a
kg 58.0 (5.5), [52-67] 59.8 (5.5), [54-72] 59.2 (6.3), [50.5-69] 59.0 (5.7), [50.5-72]

Height,
a
m 1.66 (0.06), [1.58-1.77] 1.66 (0.06), [1.58-1.75] 1.67 (0.06), [1.58-1.74] 1.66 (0.06), [1.58-1.75]

BMI,
a
kg/m2 21.1 (1.4), [19.2-23.4] 21.7 (1.2), [19.6-24.3] 21.2 (1.6), [19.2-23.3] 21.3 (1.4), [19.2-24.3]

Sex, n (%)
Male 5 (50) 5 (50) 5 (50) 15 (50)
Female 5 (50) 5 (50) 5 (50) 15 (50)

Race, n (%)
Han 10 (100) 10 (100) 10 (100) 30 (100)

ABCB1
rs10248420 GG (2) GG (2) GG (1) GG (5)

AA (3) AA (3) AA (3) AA (9)
GA (5) GA (5) GA (6) GA (16)

ABCB1
rs1045642 CC (3) CC (5) CC (3) CC (11)

TT (3) TT (1) TT (1) TT (5)
TC (4) TC (4) TC (6) TC (14)

ABCB1
rs1128503 CC (2) CC (1) CC (1) CC (4)

TT (6) TT (6) TT (4) TT (16)
TC (2) TC (3) TC (5) TC (10)

ABCB1
rs2032582 GG (2) GG (4) GG (1) GG (7)

G/A·T (3) G/A·T (3) G/A·T (7) G/A·T (13)
T·A/ T·A (5) T·A/ T·A (3) T·A/ T·A (2) T·A/ T·A (10)

UGT1A1
rs8175347 AA (10) AA (10) AA (9) AA (29)

TA (0) TA (0) TA (1) TA (1)
UGT1A1
rs887829 GG (9) GG (10) GG (8) GG (27)

GA (1) GA (0) GA (2) GA (3)
UGT1A9
rs2070959 AA (5) AA (5) AA (6) AA (16)

GG (1) GG (0) GG (0) GG (1)
GA (4) GA (5) GA (4) GA (13)

UGT1A9
rs2741049 TT (4) TT (4) TT (4) TT (12)

CC (3) CC (2) CC (2) CC (7)
TC (3) TC (4) TC (4) TC (11)

UGT1A9
rs3806598 TT (6) TT (5) TT (6) TT (17)

GG (1) GG (0) GG (0) GG (1)
GT (3) GT (5) GT (4) GT (12)

UGT1A9
rs3832043 TT (5) TT (1) TT (3) TT (9)

AA (5) AA (9) AA (7) AA (21)
UGT1A9
rs6759892 GG (1) GG (0) GG (0) GG (1)

TT (5) TT (5) TT (5) TT (15)
GT (4) GT (5) GT (5) GT (14)

BMI, body mass index.
aExpressed as mean (SD), [range].
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A single dose of the drug was administered on the first
day, and no dose was administered on the second day.
From the third day of the trial, the subjects were ad-
ministered 100 mg once a day for 5 consecutive days.
Food Effect Study. A single-dose (50-mg), open-label,

randomized, 2-period, 2-sequence crossover study was
designed to investigate the effects of nutrition (fasting
or a high-fat meal). During the first period, 5 randomly
chosen subjects were given a high-fat meal for break-
fast within a half-hour before drug administration, and
they were compared with other fasting subjects. Dur-
ing the second period, subjects who were fasted during
the first period were given a high-fat meal, whereas the
other subjects were fasting. This study also included a
washout period of 5 days to separate the 2 periods.

Sample Collection and Analysis
For the single-dose groups (50, 100, and 200 mg), blood
samples were taken before dosing and 10, 20, 30, and
45 minutes and 1, 1.25, 1.5, 2, 3, 5, 8, 12, 24, and 36
hours after the initial dose. For the multiple-dose group
(100 mg), blood samples were collected before dosing
on days 5 through 6, and on days 1 and 7, blood sam-
ples were collected at the same times as in the single-
dose group. Drug concentration was not measured in
the single-dose group before the administration of drug
to the multiple-dose group. Plasma was also isolated by
centrifuging the blood samples at 3500g for 8 minutes
at 4°C and was stored at approximately −80°C. For the
50-mg single-dose group, urine samples were collected
at predose (0 hours) and 0-3, 3-6, 6-12, 12-24, 24-36,
36-48, and 48-60 hours after oral dosing. Urine vol-
ume was recorded, and the samples were stored at ap-
proximately −80°C until analysis. If the time of blood
collection overlapped with the time of urine collection,
priority was given to blood collection. All the experi-
mental procedures were carried out in the dark.

Analytical Assay
Plasma and urine samples were analyzed with validated
high-performance liquid chromatography-tandem
mass spectrometry (HPLC-MS/MS) methods using
Applied Biosystems/Sciex Triple Quad 5500 (Foster
City, California). The compounds were separated on
a Poroshell 120 SB-C18 column (50 × 2.1 mm, 2.7
μm; Agilent, Santa Clara, California) at 38°C. The
internal standard was moxifloxacin (purity, 96.1%;
European Pharmacopeia reference standard), which
was dissolved in methanol-water (50:50) and diluted
with formic acid (chromatographic purity, Darmstadt,
Germany, Merck Company) and methanol (chro-
matographic purity; Los Angeles, California, Aladdin
Company). The mobile phase consisted of water con-
taining 0.1% formic acid and methanol (62:38, v/v).
For the analysis, 1.0 μL of sample was injected into the

HPLC-MS/MS system using electrospray ionization
in positive mode. The multiple reaction monitoring
transitions for sitafloxacin and internal standard (mox-
ifloxacin) were 410.1→392.0 m/z and 402.2→384.1
m/z, respectively. The total run time per sample was
2.5 minutes at a flow rate of 0.5 mL/min. Data process-
ing, statistics, and calculations were performed using
Analyst 1.6.2. software (Sciex, Redwood, California).
The standard curves of sitafloxacin were linear over
the concentration ranges of 10.03-4010 ng/mL and
−0.2503 to 200.2 μg/mL in the plasma and urine sam-
ples, respectively. The intra- and interbatch precision
and accuracy values (<15%) met the acceptance crite-
ria according to the Guidance for Industry, Analytical
Procedures and Methods Validation for Drugs and
Biologics.16

PK Analysis
The calculation of PK parameters was performed
with DAS software (version 2.1.1 Hefei, China) us-
ing noncompartmental analysis techniques. The fol-
lowing PK parameters were calculated: area under the
concentration-time curve (AUC) from 0 to t (AUC0-t),
AUC from time 0 extrapolated to infinity (AUC0-∞),
steady-state AUC (AUC(0-tau)ss), maximum observed
concentration (Cmax), time to Cmax (Tmax), the mini-
mum value of the steady plasma drug concentration
(Cmin), elimination half-life (t1/2), the average steady-
state concentration (AUC), the degree of fluctuation
(DF; [Css max − Css min]/Cav). For the PK analysis, the
prepeak below low quantitation (BLQ) samples were
assigned values of zero, and the postpeak BLQ samples
were processed as no data. When drawing the individ-
ual concentration-time curves, the BLQ samples were
all treated as no data. In the statistical analysis, the BLQ
samples were all assigned values of zero.

Genotyping
A total of 11 single-nucleotide polymorphisms (SNPs),
4 for ABCB1, 2 for UGT1A1, and 5 for UGT1A9,
were selected based on previous evidence of functional
significance on drug response using the relevant lit-
erature and PharmGKB database.17-19 Whole-blood
samples were collected from 30 patients to obtain
genomic DNA. Genomic DNA was extracted using
a Tiangen (Beijing, China) genomic DNA purifica-
tion kit. Next, we genotyped SNPs in the following
genes: ABCB1, rs1128503, rs10248420, rs2032582,
rs1045642; UGT1A1, rs887829 and rs8175347;
and UGT1A9, rs2070959, rs2741049, rs3806598,
rs3832043, and rs6759892. SNP coordinates were ob-
tained from the National Biotechnology Information
Center SNP database (https://www.ncbi.nlm.nih.gov/
projects/SNP/). The SNPs were profiled using Sanger
sequencing technology at the Center for Shanghai

https://www.ncbi.nlm.nih.gov/projects/SNP/
https://www.ncbi.nlm.nih.gov/projects/SNP/
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Sangon Bio-Tech Co., Ltd. (https://www.sangon.com/
[in Chinese]). Detailed information about the genotyp-
ing protocol can be found in a previous study.20 All the
subjects’ SNPs were successfully genotyped with a call
rate of 100%.

Statistical Analysis
All analyses were carried out using SPSS version 11.0
(SPSS, Inc., Chicago, Illinois). PK parameters, includ-
ing AUC and Cmax, were calculated using the natural
logarithms of individual values before the analysis. To
explore dose proportionality, analysis of covariance
was used to determine the 90% confidence intervals
(CIs), and the slope β was provided by the power
model: ln(PK) = β0 + β1 × ln(dose). A regression
coefficient at a level of 0.1 was considered significant.
This study used a predefined standard of (0.5, 2.0)21,22

and a standard interval of (0.500, 1.500). Across the
different dose groups, the relevant PK parameters were
calculated using an analysis of variance (ANOVA)
except for Tmax, which was calculated using a non-
parametric test. A paired t test was used to compare
the PK parameters between single and multiple doses,
and an independent t test was used to compare the PK
parameters between the male and female subjects. To
determine the steady state in the multiple-dose group,
ANOVA was used to compare the differences in Cmin-ss

on days 5, 6, and 7. The PK parameters of each dose
group were divided into different groups according to
sex, and an independent-sample t test (Tmax nonpara-
metric test) was performed. The PK parameters of the
male and female subjects in each dose group were then
statistically analyzed.

The Kolmogorov-Smirnov and Levene tests were
used to evaluate the distribution of continuous data
and the homogeneity of variance, respectively, with
parametric and nonparametric tests applied appropri-
ately. Comparisons of the PK parameters among the
groups that were genotyped for ABCB1, UGT1A1, and
UGT1A9 were performed using 1-way ANOVA and
nonparametric Mann-Whitney, and Kruskal-Wallis
tests. A post hoc Duncan test or a Dunn test was
used to determine if there was a significant differ-
ence between each of the genotypic groups when a
statistically significant association was identified by a
Kruskal-Wallis or ANOVA test, respectively. A P< .05
indicated statistical significance.

Results
Study Population
The demographic features of the subjects are presented
in Table 1. Thirty healthy subjects were involved in the
study; none of them withdrew.

Safety
Sitafloxacin was safe across the 3 dose groups (50, 100,
and 200 mg). Drug-related adverse events, including
hypersensitivity, gastrointestinal tract reaction, photo-
toxicity, and central nervous system effect, were not
observed during the study. There were no significant
changes in the mean baseline values of the clinical labo-
ratory variables (clinical chemistry, coagulation, hema-
tology, stool routine, and urinalysis) or vital signs. The
values outside the normal ranges were not clinically
meaningful. In addition, there were no clinically signif-
icant changes in the heartrate or ECG measurements
during the study.

Single-Dose Study
The mean plasma drug concentration-time curve is
presented in Figure 1. The mean (standard deviation
[SD]) values of PK parameters are shown in Table 2.
Sitafloxacin was rapidly absorbed, with an average Tmax

of 0.48-0.83 hours across the different dose groups. The
mean t1/2 at doses ≥ 100 mg ranged from 4.94 to 5.58
hours, whereas that at the lowest dose (50 mg) was 4.36
hours. The Cmax values of the 50- and 200-mg doses of
sitafloxacin were 757.9 and 2612 ng/mL, respectively,
and their corresponding AUC0-∞ values were 3330 and
14 169 ng·h/mL, respectively. In the 50-mg dose group,
70.0%± 6.4% sitafloxacin was recovered from the urine
within 60 hours after drug administration (Table 2).

Across the dose range used in this study, the mean
Cmax, AUC0-t, and AUC0-∞ increased linearly with the
dose, as shown by the linear regression analysis. A pro-
portional dose-response relationship was also observed
(P > .05) by an analysis of variance of ln(Cmax/dose)
and ln(AUC/dose) of the 3 dose groups. In addition,
the mean slope of ln(dose) versus ln(AUC) or ln(Cmax)
was close to 1, and the slopes of the 90%CIs were
fully controlled within a predetermined dose ratio
range (0.5000-1.500). The mean slopes (90%CIs) of the
parameters were: Cmax, 0.942 (0.842-1.041); AUC0-t,
1.106 (1.001-1.210); and AUC0-∞, 1.102 (0.996-1.207).
Therefore, AUC and Cmax were proportional to the
study doses that were tested in disparate ways. As
the dose increased, absorption and elimination of
sitafloxacin decreased.

Multiple-Dose Study
The mean drug concentration-time curve in plasma
after the first and last administration of sitafloxacin
is shown in Figure 2, and the PK parameters of the
noncompartmental analysis of the plasma drug con-
centrations that were measured on days 1 and 7 are
summarized in Table 2.

The Css-min was not significantly different accord-
ing to ANOVA, which indicated that once-daily admin-
istration of 100 mg of sitafloxacin reached a steady

https://www.sangon.com/
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Figure 1. Mean plasma concentration-time curve of single dose of sitafloxacin (50, 100, 200 mg) mean ± SD. Plasma concentrations
below the limits of quantitation were treated as zero.

state within 3 days. Sitafloxacin was rapidly absorbed
under steady-state conditions, with a mean Cmax of
1239 ng/mL and amean Tmax of 0.62 hours, which were
the same as those of single-dose parameters (day 1).
Plasma sitafloxacin was removed in a biphasic man-
ner with no obvious differences in the t1/2 or AUC be-
tween the first and the last dose. The DF of plasma
sitafloxacin was 4.285.

Effects of Food and Sex
A 50-mg dose of sitafloxacin was administered with
either high-fat food or under fasting condition, and
the results showed that the high-fat group experienced
about a 50% reduction in the mean ± SD Cmax from
757.9 ± 130.9 to 366.8 ± 36.7 ng/mL (Figure 3). The
absorption (Tmax), elimination (t1/2), and total exposure
(AUC0-t and AUC0-∞) were not affected by dosing un-
der the different feeding conditions.

There was a significant difference in t1/2 and Cmax

between the male and female subjects only in the 200-
mg dose group (P < .05). However, we also observed
that sex did not affect AUC0-t, AUC0–∞, or Tmax after
a single oral administration of sitafloxacin granules in
the 50-, 100-, or 200-mg groups (P > .05). As the dose
increased, the male group showed a lower Cmax and a
higher t1/2 than the female group. For the multiple-dose
group, sex had no significant effects on the Cmax, AUC,
t1/2, and Tmax (P > .05).

Genetic Polymorphisms and PK
Thirty healthyChinese adults were enrolled in the study.
There were no significant differences in age or BMI be-
tween the genotypes. The genotype groups of the se-

lected genes are shown in Table 1. All the genotypes
were in Hardy-Weinberg equilibrium (P > .05).

The effects of genetic polymorphisms in ABCB1
(rs1045642, rs1128503, rs2032582, rs10248420),
UGT1A1 (rs887829, rs8175347), and UGT1A9
(rs2070959, rs2741049, rs3806598, rs3832043,
rs6759892) on the PK of sitafloxacin were evalu-
ated. ABCB1 (rs1045642) had a significant effect on
the Cmax/dose, and UGT1A9 (rs2741049, rs3832043)
had a significant effect on t1/2 (P < .05); however, the
other PK parameters were not affected (Figure 4).

Discussion
In this study, sitafloxacin was well tolerated, and re-
peated use of sitafloxacin did not cause any adverse ef-
fects in the healthy subjects.

Sitafloxacin was rapidly absorbed, and the blood
concentrations showed a biphasic and downward
trend that was consistent with the results of previ-
ous studies.23 Furthermore, the AUC and Cmax of
sitafloxacin increased proportionally across the range
of study doses, whereas the Tmax and t1/2 values re-
mained unaffected.

During the repeated-dose study, a steady-state blood
concentration was reached within 3 days. The values
of PK parameters for single and multiple doses of
sitafloxacin were similar. We observed blood concen-
trations of sitafloxacin with a high DF, and these con-
centrations rapidly decreased from Tmax to t. These
data were consistent with those of other PK studies of
sitafloxacin in Japan and China.6,10,23

Administration of fluoroquinolones with food can
delay absorption.24 The effects of a high-fat diet on the
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Figure 2. Mean plasma concentration-time curve of single and multiple doses of sitafloxacin (100 mg) mean ± SD. Plasma concen-
trations below the limits of quantitation were treated as zero.

Figure 3. Mean plasma concentration-time curve of single-dose pharmacokinetic study (50 mg fasting and fed by a high-fat meal)
mean ± SD. Plasma concentrations below the limits of quantitation were treated as zero.

Figure 4. Comparison of the PK parameters of sitafloxacin in different genotype groups.
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PK parameters of sitafloxacin were studied using fine
granules. The Tmax of sitafloxacin was prolonged when
taken with food, which was likely caused by a delay
in gastric emptying. The Cmax decreased significantly
(50%), but no significant changes in the AUC were
observed. These results indicate that it is better to
administer sitafloxacin under fasting when using the
sitafloxacin granules. There were no sex-influenced dif-
ferences in the AUC or Tmax values, but with increased
dose, the male group had a lower Cmax and a higher t1/2
compared with the female group. The sex-influenced
differences in some of the PK parameters at high dose
were mainly from the degree of elimination; however,
there were no significant sex-influenced differences in
the AUC0-t, AUC0-∞, and Tmax values of sitafloxacin in
healthy Chinese subjects. This implies that the degree
of elimination of sitafloxacin would differ as the dose
increases.

To the best of our knowledge, no previous stud-
ies have explored the effects of genetic polymorphisms
in ABCB1 transporter or in UGT1A1 and UGT1A9
phase II drug-biometabolizing enzymes on the PK pa-
rameters of sitafloxacin in humans. ABCB1 is an efflux
transporter that primarily affects drug clearance.25,26

It is highly expressed in the apical hepatocyte mem-
brane, intestinal epithelium, placenta, and several other
organs.27 Sitafloxacin is a substrate for ABCB1; several
studies have reported that ABCB1 is capable of trans-
porting quinolone-based antibacterial drugs and that it
may promote renal tubular secretion to some extent and
fulfill other elimination processes.14,15 Here, we report
a novel association between the genetic polymorphism
of the human drug transporter ABCB1 (rs1045642)
and sitafloxacin exposure and/or peak concentration.
We showed that the Cmax of sitafloxacin in subjects
who were heterozygous or homozygous for the ABCB1
(rs1045642) variant was significantly lower than that in
subjects without the variant (P < .05). Although there
was no significant difference between the AUC0-∞/dose
of the variant group and the group without the vari-
ant, there were significant trends across the 3 groups
of parameters, which suggests that the expression and
function of ABCB1 (rs1045642) may be increased in the
variant group. This result is consistent with previously
reported trends of allelic mutations that caused func-
tional changes.27

UDP-glucuronosyltransferase (UGT) enzymes are
important phase II drug-biometabolizing enzymes. The
catalytic substrates of these enzymes bind to uridine
diphosphate glucuronic acid groups to increase their
hydrophilicity and facilitate their excretion from the
body.28 The UGT1A family is located on Chr2 (2q37)
and has 13 members in humans. All its members con-
tain exon 1, and the sequence determines the function
of the protein encoded by the UGT1A family. Previ-
ous studies have shown that UGT1A1, UGT1A3, and

UGT1A9, particularly UGT1A1, are involved in the
glucuronidation of sitafloxacin. In addition, UGT1A3
demonstrates relatively low levels of glucuronidation
activity. Northern blot analysis of human tissue sam-
ples indicated that the expression of UGT1A1 was 20-
fold greater than that of UGT1A3, which indicates
that UGT1A3 plays a minor role in the glucuronida-
tion of sitafloxacin in human liver microsomes.13 In
the UGT1A1 (rs2741049) and UGT1A9 (rs3832043)
groups, we found that the subjects had a longer t1/2
for sitafloxacin than those without the variants (P <

.05), which was likely because of the reduction of
metabolism and disposition of sitafloxacin by the SNP
mutations. The results showed that there was no signif-
icant difference in the AUC values of the ABCB1 and
UGT1A groups and no significant change in net expo-
sure (total AUC). We believe that the reduction in Cmax

and the delay in Tmax could not be considered to have
practical clinical significance.

A possible limitation of the current study was the
limited number of subjects. After stratification, the
number of subjects in some genotypic groups was
low, which limits the reliability of the analyses and
comparisons of the genotypic effects. Moreover, all
the subjects were young, and the results of this study
cannot be generalized to the elderly or patients with
infection. As a result, further studies with larger study
populations are necessary.

Conclusions
In summary, the oral dose of sitafloxacin granules
was well tolerated in a population of healthy sub-
jects. Sitafloxacin showed good absorption properties,
and our findings support the once-daily dose. The
genotypes UGT1A (rs2741049), UGT1A (rs3832043),
and ABCB1 (rs1045642) were associated with signifi-
cant differences in sitafloxacin concentrations and t1/2.
Sitafloxacin exhibits concentration-dependent bacteri-
cidal activity, and hence, slight changes in drug concen-
trations are not likely to influence its efficacy.
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