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Nemonoxacin (TG-873870) is a novel nonfluorinated quinolone with broad-spectrum activities against
Gram-positive and Gram-negative aerobic, anaerobic, and atypical pathogens, as well as against methicillin-
resistant Staphylococcus aureus, vancomycin-resistant S. aureus, and multiple-resistant bacterial pathogens. We
conducted a randomized, double-blind, placebo-controlled, dose-escalating study to ascertain the safety, tol-
erability, and pharmacokinetics of nemonoxacin. We enrolled 46 healthy volunteers and used a once-daily
oral-dosing range of 75 to 1,000 mg for 10 days. Additionally, the food effect was evaluated in subjects in the
500-mg cohort. Nemonoxacin was generally safe and well tolerated, with no significant changes in the clinical
laboratory tests or electrocardiograms. Adverse effects, including headache, contact dermatitis, and rash, were
mild and resolved spontaneously. Nemonoxacin was rapidly absorbed within 2 h postdosing, and generally, a
steady state was reached after 3 days. The maximum plasma concentration and the area under the plasma
concentration-time curve were dose proportional over the dosing range. The elimination half-life was approx-
imately 7.5 h and 19.7 h on days 1 and 10, respectively. Approximately 37 to 58% of the drug was excreted in
the urine. Food affected the pharmacokinetics, with decreases in the maximum plasma concentration and area
under the plasma concentration-time curve of 46% and 27%, respectively. However, the free AUC/MIC90 of
nemonoxacin was more than 100 under both the fasting and fed conditions, predicting the efficacy of nemon-
oxacin against most of the tested pathogens. In conclusion, the results support further clinical investigation of
once-daily nemonoxacin administration for antibiotic-sensitive and antibiotic-resistant bacterial infections.

Nemonoxacin (TG-873870) (31) is a novel nonfluorinated
quinolone developed from a series of 8-methoxy nonfluori-
nated quinolones (25). It lacks the characteristic fluorine at the
sixth position in fluoroquinolones (FQs) (Fig. 1). Nemonoxa-
cin is a potent antibacterial agent with broad-spectrum activity
against clinical isolates and reference strains in both in vitro
studies and experimental infections in animals. It is active
against Gram-positive, Gram-negative, and atypical pathogens,
including penicillin- and quinolone-resistant Streptococcus
pneumoniae (PRSP and QRSP), methicillin-resistant Staphylo-
coccus aureus (MRSA), quinolone-resistant MRSA (QR-
MRSA), and vancomycin-resistant enterococci (4, 17). The
nemonoxacin MIC90 range is 0.06 to 1 �g/ml for MRSA clin-
ical isolates and 0.03 to 1 �g/ml for PRSP clinical isolates from
North America and Taiwan (17, 24, 33). For QR-MRSA clin-
ical isolates, the MIC90 range is 1 to 2 �g/ml; this is 4- to
64-fold lower than the MIC90s of FQs in parallel testing, in-
cluding ciprofloxacin, levofloxacin, and moxifloxacin (17, 24).
There is increasing concern about vancomycin-intermediate S.
aureus (VISA) among clinical isolates. Nemonoxacin showed
an MIC90 of 2 �g/ml against heterogeneous VISA, VISA, and
vancomycin-resistant S. aureus clinical isolates from the United
States (24). Moreover, nemonoxacin is less prone to develop

resistance than other FQs. The drug requires mutations in
three different bacterial genes, gyrA, gyrB, and parC, rather
than the usual two genes needed for FQs to develop significant
resistance (16).

The notable adverse effects (AEs) of FQs include phototox-
icity, hepatotoxicity, and prolongation of cardiac repolarization
(3, 19, 23, 29). In preclinical toxicology studies, nemonoxacin
was found to lack these side effects and was considered safe (7,
8, 14, 15). Prior to this study, a double-blind, placebo-con-
trolled, single-dosing study was conducted in 56 healthy sub-
jects. The safety, tolerability, and pharmacokinetics (PK) of
nemonoxacin were studied over a dosing range of 25 to 1,500
mg in this phase 1a study (18). Nemonoxacin was found to have
a good safety profile with no clinically relevant changes in vital
signs, hematology, blood chemistry, or electrocardiograms
(ECGs). No serious AEs were observed. The drug was toler-
ated well up to the maximum tolerated dose of 1,500 mg. The
most frequent AEs included contact dermatitis associated with
ECG electrode application in the chest area, pruritus, and
erythema; of these, four events of pruritus were assessed as
moderate in severity and associated with higher-dose groups.
The relatively long half-life of 9 to 14 h in the single-dose PK
study supported the once-daily oral-dosing schedule used in
the present study.

The present study was designed to evaluate the safety and
tolerability of multiple daily doses of nemonoxacin in the range
of 75 to 1,000 mg for 10 days by using healthy adult subjects
and to determine the multiple-dose PK parameters following
oral administration of the drug.

(The preliminary data were presented at the 45th Annual
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Meeting of the Infectious Diseases Society of America, abstr.
440, 2007.)

MATERIALS AND METHODS

Subjects. Healthy male and surgically sterile or postmenopausal female sub-
jects between the ages of 18 and 45 years were eligible to participate in the study.
They were screened over a 21-day period prior to study admission and were
qualified to participate in the study when the baseline assessments on day �2 and
day �1 met the criteria. The baseline assessment included medical history,
physical examination, clinical laboratory tests, and ECG studies. Eligible subjects
were those with no evidence of diseases of the major organs, diabetes, chronic
viral hepatitis, HIV infection, or prolonged ECG QTc interval and no clinically
significant abnormalities of chemistry, hematology, or urinalysis data. Addition-
ally, the body mass index of the subjects was within 10 to 30 kg/m2. Those with
a history of hypersensitivity to any drugs, alcohol or controlled drug abuse, or
investigational drug use within 30 days prior to dosing were excluded. All study
subjects provided informed consent to participate in the study.

Study design. A randomized, double-blind, placebo-controlled, multiple- and
ascending-dose study was conducted at a single study site (Parexel Clinical
Research Unit, Harbor Hospital Center, Baltimore, MD). The study consisted of
two study periods. In the first study period, each subject received a once-daily
oral dose of nemonoxacin or a placebo at five dose levels (75, 250, 500, 750, and
1,000 mg) during a 10-day dosing period, with subsequent follow-up. Dosing was
carried out in ascending dose cohorts by administering nemonoxacin and the
placebo at a ratio of 6:2 for the 75- and 250-mg cohorts and a ratio 8:2 for
the 500-, 750-, and 1,000-mg cohorts. The subjects received nemonoxacin in the
morning after a 12-h fast (fasting state). Food intake was not allowed for 4 h after
drug administration, but water was allowed ad libitum. All subjects stayed at the
study site from the evening 2 days before dosing initiation to 96 h after admin-
istration of the last dose. In the second study period, the food effect was studied
with the 500-mg dosing cohort, which received an additional dose after a high-fat
meal on day 16. These subjects stayed at the study site until day 18 for obser-
vation.

Safety assessment. All 46 subjects (36 in the nemonoxacin group and 10 in the
placebo group) were included in the safety analysis. Assessment of vital signs,
physical examinations, AE monitoring, and clinical laboratory tests—including
clinical chemistry, hematology, urinalysis, and 12-lead ECG studies—were per-
formed according to predefined schedules. Baseline assessments were performed
1 and 2 days before dosing (i.e., days �2 and �1) for pairwise comparison at
corresponding time points. ECG studies were performed at the time of screen-
ing; 0 h (predose); 1, 2, 4, 8, 12, and 24 h on days �1, 1 (first dose), and 10 (10th
dose); and 2 h after dosing on days 3, 5, and 7. Blood samples were collected at
0 (predose) and 0.5, 1, 1.5, 2, 4, 6, 8, 12, 16, and 24 h after dosing on days 1 and
10. Additional blood samples were collected at 36, 48, 72, and 96 h after the last
dose on day 10 to calculate the terminal-phase elimination half-life (t1/2) and
plasma concentration-time curves. Trough blood samples were also collected
prior to dosing on days 3, 5, 8, and 9. Blood was collected from the 500-mg fed
cohort after dosing on day 16 at the same time points as in the fasting cohort
studies and at 36 and 48 h after dosing. The blood samples were collected in vials
containing sodium heparin as an anticoagulant and centrifuged to obtain plasma.
The total urine output was collected over the intervals �3 to 0 (predose), 0 to 4,
4 to 8, 8 to 12, and 12 to 24 h after dosing on days 1 and 10. Additional urine
samples were collected over the intervals 24 to 36, 36 to 48, 48 to 72, and 72 to
96 h after dosing on day 10. Urine was also collected from the 500-mg fed cohort
over the same time intervals as in the fasting study until 48 h after dosing. Blood
and urine samples were stored at �70°C until subsequent analysis.

Sample analysis. Bioanalyses of plasma and urine samples were performed at
Charles River Laboratories (Worcester, MA) using a process of nemonoxacin
extraction followed by solid-phase extraction, evaporation, reconstitution, and

final analysis by high-performance liquid chromatography with a tandem mass
spectrometer. The method was validated over a nemonoxacin concentration
range of 5 to 5,000 ng/ml in urine. The limit of quantification was 5 ng/ml. The
between- and within-run coefficients of variation over this range were less than
6% and 14%, respectively. For the plasma samples, the analytical method was
validated for a concentration range of 5 to 5,000 ng/ml in plasma. The coefficient
of variation over this range was no greater than 16%.

Pharmacokinetic analysis. Concentration-versus-time data for nemonoxacin
in plasma were derived by standard noncompartmental methods (12) with Win-
Nonlin (version 4.1; Scientific Consulting Inc., KY). The maximum plasma con-
centration (Cmax) and the time at which this concentration was achieved (Tmax)
were estimated by visual inspection of the plasma concentration-versus-time
data. The minimum plasma concentration (Cmin) was also determined by direct
measurement. The apparent t1/2 was calculated as ln(2)/�z, where �z is the
elimination rate constant derived from the slope of the linear regression line of
the apparent terminal linear portion of the log concentration-time curve at a
minimum of the last three data points. The area under the plasma concentration-
time curve from 0 to 24 h (AUC0–24) and the area under the plasma concentra-
tion-time curve from 0 to the last observation after dosing (AUC0-last) were
calculated using the linear trapezoidal method. The AUC from time zero to
infinity (AUC0-�) was calculated as the sum of AUC0-last and Clast/�z, where Clast

is the last measurable drug concentration. Oral clearance (CLo) was calculated as
the dose divided by AUC0-�. The degree of accumulation was calculated as the
ratio of Cmax and AUC0–24 at day 10 to day 1.

The amount of nemonoxacin excreted into urine was calculated based on the
drug concentration in each urine sample multiplied by the volume of urine
obtained during the respective collection period. The amounts of unchanged
nemonoxacin in the urine from 0 to 24 h (U0-24) were calculated using the
cumulative amount excreted in the urine on days 1 and 10, and on day 16 for the
500-mg fed cohort. Total urinary recovery (Ae) of nemonoxacin was expressed as
a percentage of the administered dose. Renal clearance (CLr) was calculated as
U0-24/AUC0–24.

Statistical analysis. Dose proportionality of Cmax, AUC0–24, and AUC0-last by
each cohort and study day was assessed using the power model (13) of the form
y � �(x)�, where y denotes the PK parameter and x the dose. Applying the
natural log on both sides gives a linear equation in x and y with the slope
represented by �, which was estimated for each PK parameter. The criterion for
dose proportionality, which was the slope (�) close-in value to 1 based on the
95% confidence interval (CI) for the slope, was computed (28). All data were
expressed as the mean � standard deviation (SD).

RESULTS

Subject demographics and baseline characteristics. In total,
46 healthy subjects—2 females and 44 males—were enrolled in
the study. Of these, 43 were evaluable for pharmacokinetics
and safety on all study days. The mean age was 31 years (range,
19 to 45 years); the mean body weight was 80.04 kg (range, 60.2
to 106.6 kg). Twenty-six subjects (56.6%) were African-Amer-
ican, 13 Caucasian (28.3%), 6 Hispanic (13%), and one Asian
(2.2%). Two subjects, one in the placebo group and the other
in the 250-mg cohort, withdrew on day 1 and day 10, respec-
tively, because of personal reasons. One subject in the 750-mg
cohort withdrew because of mild skin rash on day 8.

Safety and tolerability. Nemonoxacin was generally safe and
well tolerated across all the doses. There were no significant
clinical abnormalities in vital signs or physical examinations.

No serious or severe AEs were reported in the study. Table
1 summarizes all AEs in the treatment groups by causality. In
total, 64 AEs were reported by 23 of the 46 (50%) subjects,
including 11 AEs in 5 of the 10 (50%) subjects who received
the placebo and 53 AEs in 18 of the 36 (50%) subjects who
received nemonoxacin. No apparent difference was observed
on comparing the numbers of drug-related AEs among the
treatment groups. Although more AEs were reported in the
75- and 1,000-mg cohorts (20 and 15 AEs, respectively), mul-
tiple AEs were reported by the same subject in these two

FIG. 1. Structure of nemonoxacin (TG-873870).
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dosing groups. One subject from the 750-mg group was with-
drawn from the study because of a mild rash. The most com-
mon AE was headache (13.9% in the nemonoxacin group and
10% in the placebo group). The other frequently reported AEs
(by two or more subjects) were contact dermatitis due to ECG
electrode application (8.3% in the nemonoxacin group and
10% in the placebo group), rash (8.3% in the nemonoxacin
group), abdominal pain (12.8% in the nemonoxacin group and
10% in the placebo group), ECG electrode application site
pruritus (2.8% in the nemonoxacin group and 10% in the
placebo group), diarrhea (5.6% in the nemonoxacin group),
pollakiuria (5.6% in the nemonoxacin group), pruritus (5.6%
in the nemonoxacin group), and somnolence (5.6% in the
nemonoxacin group). The most common drug-related AE de-
termined by the investigator was headache. All AEs were mild
in intensity. In conclusion, a dose-related increase in the inci-
dence of AEs was not observed.

There were sporadic increases in creatine phosphokinase
values in some subjects. One subject in the 1,000-mg group had
an elevated serum amylase concentration. The investigator did
not consider the elevated levels of creatine phosphokinase and
serum amylase to be clinically significant. An increased lipase
concentration was also observed in one subject in the 750-mg
group, but the level was found to have returned to normal
when followed up 1 month later.

None of the subjects in any of the dose cohorts had a QTc
(QTcB or QTcF) greater than 500 ms or a QTc change from
baseline greater than 60 ms. A blinded review of ECG data
from cohort 5 (1,000-mg nemonoxacin or placebo) was per-
formed by an independent cardiologist, who concluded that
the ECG findings were not clinically alarming or suggestive of

any kind of drug-related effect. The ECG changes detected in
this study are similar to those frequently reported in healthy
subjects. There were no apparent differences in the ECG in-
tervals in subjects taking nemonoxacin with food or in the
fasting state.

Pharmacokinetics. The pharmacokinetics of nemonoxacin
determined in single and repeat doses are summarized in Ta-
ble 2. The plasma concentrations of nemonoxacin on days 1
and 10 are shown in Fig. 2A and B, respectively. Nemonoxacin
was absorbed rapidly following oral administration in the fast-
ing state, with the Cmax attained in 1 to 2 h after dosing and the
mean Tmax values attained between 0.92 and 2.07 h after dos-
ing. The Tmax values appeared to increase slightly with increas-
ing doses but remained relatively constant within individual
dose groups. The mean t1/2 of nemonoxacin was calculated as
19.65 h at multiple doses in the steady state. Plasma concen-
trations were similar on days 1 and 10 within each cohort,
suggesting little accumulation over the 10-day dosing period
(Table 2 and Fig. 3). The theoretical accumulation ratios
(mean � SD) of the Cmax and AUC0–24 on day 10 compared to
those on day 1 were 1.11 � 0.08 and 1.21 � 0.06, respectively.
Mean trough concentrations of nemonoxacin in plasma were
compared across days 2, 3, 5, 8, 9, 10, and 11 for all the dose
groups. As shown in Fig. 3, a dose-dependent increase in the
trough concentrations was observed 3 to 5 days before a steady
state was reached.

The concentrations of nemonoxacin in plasma increased
with increasing doses following once-daily administration of
the study doses for 10 days (Fig. 2A and B). The dose-normal-
ized Cmax ratios were 6.7:8.0:10.2:7.7:7.7 on day 1 and 6.8:9.6:
11.1:9.1:8.2 on day 10, showing a slight increase in the dose-

TABLE 1. Number and frequency of subjects with adverse events by causality for all treatment groups

AE

No. (%) of subjects

Nemonoxacin

Placeboa

(n � 10)

Total (n � 46)

75 mg
(n � 6)

250 mg
(n � 6)

500 mga

(n � 8)
750 mg
(n � 8)

1,000 mg
(n � 8)

Total (n � 36)

Related Not
related Related Not

related

Headache 2 1 1 1 0 3 (8.3) 2 (5.6) 1 (10) 4 (8.7) 2 (4.3)
ECG electrode application

site dermatitis
2 0 0 0 1 0 (0.0) 3 (8.3) 1 (10) 0 (0.0) 4 (8.7)

Rash 0 0 1 2 0 1 (2.8) 2 (5.6) 0 (0.0) 1 (2.2) 2 (4.3)
Abdominal pain 1 0 0 0 0 1 (2.8) 0 (0.0) 1 (10) 1 (2.2) 1 (2.2)
ECG electrode application

site pruritus
0 0 0 0 1 0 (0.0) 1 (2.8) 1 (10) 0 (0.0) 2 (4.3)

Diarrhea 2 0 0 0 0 2 (5.6) 0 (0.0) 0 (0.0) 2 (4.3) 0 (0.0)
Pollakiuria 0 0 0 1 1 2 (5.6) 0 (0.0) 0 (0.0) 2 (4.3) 0 (0.0)
Pruritus 0 0 0 1 1 2 (5.6) 0 (0.0) 0 (0.0) 2 (4.3) 0 (0.0)
Somnolence 2 0 0 0 0 2 (5.6) 0 (0.0) 0 (0.0) 2 (4.3) 0 (0.0)
Otherb 3 5 2 2 5 12 (33) 5 (13.9) 4 (40) 2 (4.3) 0 (0.0)

No. (%) of subjects
reporting an AE

4 3 3 4 4 18 (50.0) 5 (50) 23 (50.0)

Total no. of AEs reportedc 20 6 5 7 15 53 11 64
No. (%) of relatedd AEsc 16 4 1 4 10 35 (66.0) 4 (36.4) 39 (60.9)

a Includes AEs reported following dosing in both the fed and fasting states.
b Other AEs, each reported once, included ECG electrode application site irritation, burning sensation, altered bowel habits, dizziness, dysgeusia, dysmenorrhoea,

dyspepsia, pancreatitis, dysuria, erythema, flatulence, flushing, injury, muscle tightness, nausea, noncardiac chest pain, abnormal urine odor, abdominal discomfort,
constipation, ear pain, and ocular hyperemia.

c Some subjects reported the same AE more than once.
d Related: possible, probable, and definite combined causalities.
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normalized Cmax from the 75-mg to the 500-mg dosing group.
The dose-normalized AUC0–24 ratios were 50.4:54.7:63.2:61.4:
59.7 on day 1 and 56.9:64.4:77.2:77.9:74.8 on day 10, showing a
slight increase from the 75-mg to the 500-mg dosing group and
then reaching a plateau for the 500-mg group. The mean Cmax

and AUC0–24 values, with a 95% CI, were plotted against the
dose (Fig. 4) and showed dose linearity over the dose range
studied. Dose proportionality was evaluated using the power
model. The slope parameters of Cmax, AUC0–24, and AUC0-�

were 1.07 (95% CI, 0.96, 1.17), 1.08 (95% CI, 0.96, 1.17), and
1.08 (95% CI, 1.00, 1.15), respectively, using single-dose (i.e.,
day 1) data. When multiple-dose (i.e., day 10) data were used,
the slope parameters of Cmax (1.08; 95% CI, 0.97, 1.19),
AUC0–24 (1.12; 95% CI, 1.04, 1.19), and AUC0-� (1.09; 95%
CI, 1.02, 1.16) also showed dose proportionality. The t1/2, CLo,
and Ae24 (cumulative amount of nemonoxacin recovered in
urine from 0 to 24 h) values, which did not change with in-

TABLE 2. PK parameters of nemonoxacin following single oral administration and once-daily oral administration for 10 daysa

Dose group and
time Cmax (ng/ml) Tmax (h) AUC0-24

(h � ng/ml)
AUC0-last
(h � ng/ml) t1/2 (h) CLo (ml/h) Ae24 (%) CLr (ml/h)

75 mg
Day 1 (n � 6) 502.4 (156.4) 1.09 (1.0–1.5) 3,782 (822) 3,779 (822) NA 18,170 (3,848) 56.4 (7.6) 11,869 (4,200)
Day 10 (n � 6) 514.2 (149.8) 0.92 (0.5-1.0) 4,268 (461) 5,452 (515) 22.96 (7.96) 13,453 (15,187) 56.7 (6.5) 10,102 (1,871)

250 mg
Day 1 (n � 6) 2,001.7 (373.6) 1.25 (1.0–1.5) 13,663 (1,298) 13,653 (1,639) NA 16,733 (1,495) 36.8 (7.6) 6,887 (1,994)
Day 10 (n � 6) 2,391.7 (258.4) 1.09 (1.0–1.5) 16,096 (1,298) 18,676 (2,020) 17.58 (7.71) 13,373 (1,422) 49.9 (10.7) 7,763 (1,731)

500 mg
Day 1 (n � 8) 5,121.3 (1,035.2) 1.00 (0.5–1.5) 31,601 (4,333) 31,578 (4,330) NA 14,545 (1,993) 42.2 (13.1) 6,920 (3,020)
Day 10 (n � 8) 5,557.5 (1,389.0) 1.31 (1.0–2.0) 38,599 (7,368) 46,730 (9,778) 18.56 (4.67) 11,018 (2,723) 57.8 (9.6) 7,846 (2,810)
Day 16 (n � 8)b 2,747.5 (1,123.3) 3.07 (0.5–4.0) 22,747 (2,531) 26,043 (3,061) NA 18,781 (2,547) 30.5 (7.9) 6,806 (1,905)

750 mg
Day 1 (n � 8) 5,752.5 (1,177.4) 1.50 (1.0–2.0) 46,064 (9,276) 46,029 (9,269) NA 15,094 (3,178) 47.1 (10.9) 7,955 (2,323)
Day 10 (n � 7) 6,817.1 (1,812.2) 1.51 (1.0–2.0) 58,433 (14,323) 69,254 (16,910) 19.73 (4.32) 11,335 (3,082) 41.8 (10.3) 5,631 (1,741)

1,000 mg
Day 1 (n � 8) 7,753.8 (2,147.3) 2.00 (1.0–4.0) 59,650 (12,459) 59,626 (12,460) NA 15,727 (3,503) 47.9 (8.7) 7,484 (1,799)
Day 10 (n � 8) 8,195.0 (2,032.3) 2.07 (1.5–4.0) 74,837 (14,270) 88,320 (16,423) 19.42 (2.74) 11,558 (2,327) 48.6 (13.7) 6,871 (2,630)

a Values for Tmax are means (ranges); all others are arithmetic means (standard deviations). NA, not applicable.
b After a high-fat meal.

FIG. 2. Mean � SD concentration-versus-time plasma concen-
trations for nemonoxacin following oral administration of 75, 250,
500, 750, and 1,000 mg on day 1 (A) and day 10 (B). The error bars
indicate SDs.

FIG. 3. Mean � SD trough plasma concentration of nemonoxacin
prior to the subsequent oral administration of 75, 250, 500, 750, and
1,000 mg. The error bars indicate SDs.
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creasing doses, indicate the linearity of nemonoxacin pharma-
cokinetics at single and multiple doses (Table 2).

The cumulative amount of nemonoxacin in urine over 24 h
was approximately the same for subjects receiving the single-
and multiple-dose treatments. Approximately 37 to 58% of the
administered nemonoxacin was excreted unchanged in the
urine in the fasting state (Table 2 and Fig. 5). A slight accu-
mulation of the drug was found within each cohort on day 10
compared with day 1, based on the mean Ae24.

The extents of nemonoxacin absorption were different under
the fasting and fed conditions. The mean Cmax and AUC0-24

decreased by approximately 46% and 27%, respectively, in the
fed state, and the Tmax increased twofold from 1.31 to 3.07 h
(Table 2 and Fig. 6 and 7). Dosing in the fed state also led to
a decrease in the Ae24 (Table 2). The AUC0-last decreased by
about 17%, and the mean trough plasma concentration at 24 h
postdosing was similar to that in the fasting state.

DISCUSSION

This is the first report on the safety and pharmacokinetics of
nemonoxacin following multiple once-daily oral administration
to healthy subjects. Orally administered nemonoxacin was gen-

erally safe and well tolerated by the volunteers at doses of 75
to 1,000 mg per day for 10 days, showing favorable results
without the common concerns associated with quinolone class
antibiotics (29).

FIG. 5. Cumulative amounts of nemonoxacin (mean � SD) in
urine following oral administration of 75, 250, 500, 750, and 1,000 mg
on day 1 (A) and day 10 (B). The error bars indicate SDs.

FIG. 4. Mean � SD Cmax (A) and AUC0–24 (B) versus dose fol-
lowing a single dose (day 1) and multiple doses (day 10) of nemon-
oxacin. The error bars indicate the 95% CI.

FIG. 6. Mean � SD plasma concentrations versus time following
oral administration of 500 mg of nemonoxacin on day 1 (fasting state)
and day 16 (fed state). The error bars indicate SDs.
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In this study, all AEs were generally mild and resolved spon-
taneously without medication. There was no drug- or dose-
related increase in the incidence of reported AEs. With the
exception of a transient elevation in serum amylase and lipase
in one subject, no clinical laboratory findings of potential con-
cern were found. Elevation of liver function parameters has
been reported with many fluoroquinolones (9, 34); however,
there were no clinically significant changes in the liver function
test results in this study. Further, no clinically significant ab-
normalities in vital signs, physical examination, ECG intervals,
or morphology findings were observed.

Nemonoxacin has been carefully evaluated in a battery of
preclinical safety studies due to reported safety concerns about
FQs. There has been no evidence of phototoxicity (6), signif-
icant hepatotoxicity, or severe central nervous system toxicity
(unpublished data). The nonclinical studies completed to date
indicate that nemonoxacin has a safety profile comparable
with, if not better than, those of many of the currently mar-
keted quinolones.

The PK profile of nemonoxacin with multiple-dose oral ad-
ministration in the fasting state is similar to the profile at a
single dose. The PK findings of this study showed that the Cmax

and AUC0–24 were dose proportional and linear over the range
of 75 to 1,000 mg, and the Cmax was reached within 2 h after a
single oral administration. The mean Cmax and AUC0–24 in-
creased slightly from day 1 to day 10 in each cohort. This slight
accumulation following once-daily dosing regimens is in agree-
ment with the theoretical calculation based on the single-dose
data. The values of the t1/2, CLo, and Ae24 remained un-
changed over the escalating doses, indicating that nemonoxa-
cin exhibits linear PK over the range of 75 to 1,000 mg. The t1/2

was determined to be 17.6 to 19.8 h. The Ae24 accounted for 37
to 58% of the drug. The range of renal elimination for nemon-
oxacin falls into the range of data reported for other quino-
lones (20 to 30% for gemifloxacin, 80% for levofloxacin, 20%
for moxifloxacin, and 30 to 50% for garenoxacin) (1, 2, 5, 11,
21, 30). Metabolism studies completed to date indicate that no
metabolite or a minor metabolite (less than 5%) of nemon-
oxacin was formed either in vitro or ex vivo (reference 7 and
unpublished data).

Comparison of the PK data on day 1 (fasting) and day 16
(fed) indicated that food affected the pharmacokinetics of
nemonoxacin. The presence of food led to a decrease in both
the Cmax and AUC and a delay in the Tmax, suggesting that the
rate and extent of nemonoxacin absorption are significantly
reduced by food. Even so, the mean trough plasma concentra-

tion of nemonoxacin (0.297 �g/ml) was well above the MIC90

of the antibiotic-resistant pathogens in our studies (e.g.,
MRSA and PRSP clinical isolates) (17, 24, 33).

The overall PK parameters demonstrated that, over the dose
range studied, sufficient concentrations of nemonoxacin could
be maintained in the plasma over 24 h postdosing. In the early
phase Ia study, plasma binding of nemonoxacin was shown to
be about 16% (18). When administered at a dose of 500 mg or
higher, the free plasma concentration of nemonoxacin was well
above the MIC90s for a wide spectrum of Gram-positive,
Gram-negative, and atypical pathogens for the full 24-h dosing
interval (1, 4). Data from a variety of in vitro, animal, and
human studies have suggested that the bactericidal activity of
FQs is rapid and concentration dependent (10, 20, 26, 27). The
free AUC0–24 (fAUC0–24) over the MIC90 ratio of FQs has
been correlated with bacterial eradication. fAUC0–24/MIC90

ratios of 30 and 40 were used to assess bacterial eradication,
and ratios of 100 to 120 were used to assess resistance devel-
opment (22, 32). Nemonoxacin at 500 mg showed favorable
fAUC0–24/MIC90 ratios for Gram-positive pathogens of com-
munity-acquired pneumonia and skin infections tested in our
in vitro studies, including MRSA, QR-MRSA, and PRSP (33).
If the food effect is considered, fAUC0–24/MIC90 ratios of more
than 100 for nemonoxacin above a 500-mg dose are still at-
tainable for most pathogens tested.

In conclusion, oral administration of nemonoxacin is gener-
ally safe and well tolerated at doses of 75 to 1,000 mg per day
for 10 consecutive days. The PK parameters of single and
repeat administrations are dose proportional and show little
accumulation. Further investigation of the efficacy of once-
daily oral administration of nemonoxacin against clinical bac-
terial infections is warranted.
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