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ABSTRACT
Introduction: Levornidazole is a novel
nitroimidazole antimicrobial agent active

against anaerobes. We aimed to investigate the
pharmacokinetic (PK) profile of levornidazole
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after single and multiple oral doses of
levornidazole tablets in healthy Chinese sub-
jects and propose the dosing regimen based on
pharmacokinetic/pharmacodynamic  (PK/PD)
analysis.

Methods: A single-center, randomized, double-
blind, placebo-controlled study was conducted
with a single ascending dose (250, 500, 1000,
and 1500 mg) and multiple doses of 500 mg
levornidazole q12h for 7 days. Food effect on PK
and absolute bioavailability were investigated at
the 500 mg dose level. Blood and urine samples
were collected to determine the PK parameters
of levornidazole. The probability of target
attainment (PTA) and cumulative fraction of
response (CFR) were calculated by Monte Carlo
simulation to predict the clinical efficacy of
levornidazole tablets.

Results: Plasma concentration reached peak
about 0.5 h after single dose (250-1500 mg) of
levornidazole tablets. The maximal concentra-
tion (Cpax) and exposure (AUCy_,) of
levornidazole increased linearly with dose.
High-fat diet did not affect the absorption
extent of levornidazole tablets. The absolute
oral bioavailability of levornidazole tablets was
98.3% =+ 7.6%, associated with large apparent
volume of distribution (48.68 + 4.92 1) and
long half-life (11.93 + 1.28 h). The urinary
excretion of levornidazole was 7.99%.
Levornidazole, administered at either 500 mg
q12h or 750 mg q24h, achieved a CFR > 95.4%
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and PTA > 99% for B. fragilis (minimum inhi-
bitory concentration < 1.0 mg/l) infections.
Conclusion: Levornidazole tablets are absorbed
rapidly and completely and distributed extensively
with a long half-life and low urinary excretion after
a single dose or multiple doses in healthy Chinese
subjects. Levornidazole tablets can be taken with or
without food. Levornidazole tablets 500 mg q12h
and 750 mg q24h are expected to achieve the
desired efficacy in B. fragilis infections.

Clinical Trail Registration: Trial registration
number CTR20160786 at http://www.china
drugtrials.org.cn/.

Keywords: Bacteroides fragilis; Dosing regimen;
Levornidazole; Pharmacokinetics; Pharmaco
kinetic/pharmacodynamic analysis

Why carry out this study?

Levornidazole is a novel nitroimidazole
antimicrobial agent active against
anaerobes.

The pharmacokinetic properties and
optimal dosing regimen of levornidazole
tablets have not been studied adequately
in Chinese subjects.

This single-center, randomized, double-
blind, placebo-controlled study aimed to
evaluate the PK profiles of levornidazole
after single ascending doses and multiple
doses in healthy volunteers. Food effect
on PK and absolute bioavailability were
also investigated.

The probability of target attainment (PTA)
and cumulative fraction of response (CFR)
were calculated by Monte Carlo
simulation to predict the clinical efficacy
of levornidazole tablets administered by
different dosing regimens.

What was learned from the study?

We found that plasma concentration
reached its peak about 0.5 h after a single
dose (250-1500 mg) of levornidazole
tablets. The maximal concentration

(Cmax) and exposure (AUCO0-o0) of
levornidazole increased linearly with
dose. High-fat diet did not affect the
absorption extent of levornidazole tablets.

The absolute oral bioavailability of
levornidazole tablets was 98.3 £+ 7.6%,
associated with large apparent volume of
distribution (48.68 + 4.92 1) and long half-
life (11.93 £ 1.28 h).

The accumulation ratio was 1.98 £ 0.17
after multiple doses of levornidazole
tablets 500 mg q12h.

The urinary excretion of levornidazole and
its major metabolite M16 was 7.99% and
34.02%, respectively. Levornidazole,
administered at either 500 mg q12h or
750 mg g24h, achieved a CFR > 95.4%
and PTA > 99% for B. fragilis (minimum
inhibitory concentration < 1.0 mg/l)
infections.

Our results indicate that levornidazole
tablets are absorbed rapidly and
completely and distributed extensively
with a long half-life and low urinary
excretion after a single dose or multiple
doses in healthy Chinese subjects.

Levornidazole tablets can be taken with or
without food. Levornidazole tablets 500
mg q12h and 750 mg q24h are expected
to achieve the desired efficacy in B. fragilis
infections.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14125682.

INTRODUCTION

Levornidazole is a mnovel nitroimidazole
antimicrobial agent killing bacteria by blocking
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the synthesis of the DNA helix or the tran-
scription and replication of bacterial DNA.
Levornidazole is the levo isomer of ornidazole
with the same antibacterial mechanism but
improved safety, especially a lower incidence of
adverse reactions in the central nervous system
[1]. The in vitro activity of levornidazole against
most anaerobic species, such as Bacteroides
thetaiotaomicron, Clostridium difficile, Clostridium
perfringens, Peptostreptococcus spp., and espe-
cially Bacteroides fragilis, is similar to or slightly
stronger than those of metronidazole, ornida-
zole, and dextrornidazole [2, 3]. The data from
the completed clinical trials have proved that
levornidazole is a safe and highly effective new
anti-anaerobic agent with good market
prospect.

Levornidazole is available in two dosage
forms, i.e., an injectable formulation and
tablets. The pharmacokinetic (PK) study on the
injection of levornidazole and sodium chloride
in Chinese adults has shown that single-dose
administration is safe within the range of
500-1500 mg. Accumulation is observed after
administration of repeat doses. Levornidazole is
primarily metabolized to phase II inactive
metabolite M16 (glucuronide conjugates) in
human liver and eliminated via kidneys [4-6].
The PK profiles of levornidazole tablets have
been examined after single ascending doses of
250-1000 mg and multiple doses of 500 mg
g12h in healthy Chinese subjects. However, the
safety and tolerability as well as accumulation
of levornidazole have not been evaluated for
levornidazole tablets after multiple oral doses
[7]. Furthermore, it is required to further clarify
the absolute oral bioavailability and the route of
elimination of levornidazole tablets.

Pharmacokinetic/pharmacodynamic (PK/
PD) analysis plays a crucial role in dose opti-
mization of antimicrobial agents [8]. Early
studies have shown that levornidazole is a
concentration-dependent antibiotic. The area
under the plasma unbound drug concentration-
time curve/minimum inhibitory concentration
(AUC/MIC) and maximal plasma unbound drug
concentration/MIC (Cpax/MIC) are the PK/PD
indices most relevant to levornidazole efficacy
[9]. The previous findings of our team suggest
that the accumulation of levornidazole will be

alleviated if the dosing regimen is changed from
500mg ql12h to 750 mg q24h. PK/PD studies
also indicate that both dosing regimens can
achieve good microbiological efficacy for com-
mon anaerobes [4, 10]. However, no data are
available to support the desired probability of
target attainment (PTA) and cumulative frac-
tion of response (CFR) (> 90% required for both
indices) of levornidazole tablet 500 mg q12h or
750 mg q24h in the treatment of anaerobic
infections.

This study was designed to analyze the PK
properties of levornidazole after single and
multiple oral doses of levornidazole tablets in
healthy Chinese subjects, including the effects
of food on PK profile, absolute bioavailability,
and the route of elimination of levornidazole
tablets. PK/PD analysis was also performed to
evaluate the optimal dosing regimen in clinical
practice.

METHODS

Study Design

This study was approved by Huashan Hospital
Institutional Review Board of Fudan University
(IRB# 2016-349). The conduct of this study
conformed to the ethical principles of the Dec-
laration of Helsinki and the International
Council for Harmonisation Good Clinical Prac-
tice guidelines. All subjects signed informed
consent voluntarily before screening proce-
dures. This clinical trial was registered at China
Drug Trials Registry (no. CTR20160786) at
http://www.chinadrugtrials.org.cn/.

A single-center, randomized, double-blind,
placebo-controlled study was designed to eval-
uate the PK and safety profiles of levornidazole
after oral administration of a single dose and
multiple doses. The subjects received a single
ascending dose of 250, 500, 1000, or 1500 mg. A
self-crossover design was applied for the 500 mg
dose level to examine the effects of food on PK.
Ten subjects were enrolled in each dose group
(250, 1000, and 1500 mg) except the 500 mg
dose group, which included 12 participants to
repeat the dose under fed conditions (high-fat
diet) after the end of a single dose under fasted
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conditions. In a multiple-dose study of
levornidazole tablets, 500 mg levornidazole was
administered q12h to ten subjects for 7 con-
secutive days. Only one dose (morning dose)
was scheduled on Day 7. In each dose group,
there were equal numbers of males and females.
Two subjects received placebo and the remain-
ing subjects received levornidazole tablets in
each dose group.

The absolute oral bioavailability was inves-
tigated in a single-center, randomized, open-
label, self-crossover, two-cycle study design.
Each of the 12 enrolled male subjects took
levornidazole tablets 500 mg orally under fasted
conditions, followed by a 5-day washout period,
and received 500 mg levornidazole and NaCl via
IV infusion.

Study Participants

All the enrolled subjects were healthy Chinese
males or females aged 18-75 years, with body
mass index of 19-26 kg/m?. Physical examina-
tion, vital signs, 12-lead -electrocardiogram
(ECG), and laboratory tests did not show
abnormality. The subjects were excluded for
any of the following: surgery that may affect
drug absorption or a history of cardiovascular or
neuropsychiatric disorders; known or suspected
hypersensitivity to nitroimidazoles or history of
allergy to any drug; pregnant or breastfeeding
women; positive result for any of HIV-Ab,
HBsAg, HCV-Ab, or syphilis test.

The subjects were monitored after drug
administration by physical examination, vital
signs, 12-lead ECG, adverse events, and labora-
tory tests on the day of discharge.

Investigational Drug and the Matching
Placebo

Levornidazole (lot number: 201507011) was
provided as levornidazole 250 mg tablets. The
levornidazole-matching placebo (lot number:
201608042) was provided as pregelatinized
starch/starch/magnesium stearate tablets, com-
pletely the same as levornidazole tablets in
color, smell, and appearance. Injection of
levornidazole and NaCl (100 ml/vial, Ilot

number:  201605061)  contains 500 mg
levornidazole. The investigational drug and
placebo were provided by Sanhome Pharma-
ceutical, Co., Ltd (Nanjing, China).

PK Sample Collection

Blood samples were collected at pre-dose (O h)
and 0.25, 0.5, 1, 2, 4, 8, 12, 24, 36, 48, 60, 72,
and 96 h post-dose in single-dose study. In the
multiple-dose study, blood samples were drawn
before the first dose and 0.25, 0.5, 1, 2, 4, 8, and
12 h post-dose on Day 1, before the first dose on
Days 2-6, before the final dose, and 0.25, 0.5, 1,
2,4,8,12, 24, 36, 48, 60, 72, and 96 h after the
final dose. The blood samples for calculating
absolute bioavailability were drawn pre-dose
(Oh) and 0.25, 0.5, 1, 2, 4, 8, 12, 24, 36, 48, 60,
72, and 96 h post-dose. Each levornidazole dose
was administered via intravenous infusion over
1 h. Blood samples (4 ml) were put into a hep-
arin tube and subjected to centrifugation at
3000 rpm for 10 min to separate plasma. The
supernatant was aliquoted to two cryovial tubes
for storage at — 20 °C until assay.

Urine samples were collected at pre-dose
(— 12 to 0 h) and at the following intervals post-
dose in the absolute bioavailability study: 0-4,
4-8, 8-12, 12-24, 24-48, 48-72, and 72-96 h.
The urine samples were stored at —20 °Cor
lower in a refrigerator until assay.

Assay of Levornidazole and Major
Metabolite M16 in Plasma and Urine

The validated ultra-performance liquid chro-
matography-tandem mass spectrometry (UPLC-
MS/MS) was used to determine the concentra-
tions of levornidazole and the major metabolite
M16 in plasma and urine samples [11, 12]. The
samples were processed by liquid-liquid
extraction before the assay. The UPLC-MS/MS
assay demonstrated a linear range of
0.0100-5.00 mg/l  for  determination  of
levornidazole in plasma and urine samples. For
assay of M16, the plasma samples were pro-
cessed by solid-phase extraction while the urine
samples were processed by liquid-liquid extrac-
tion. The UPLC-MS/MS assay provided a linear
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range of 0.00500-2.50 mg/1 for determination
of M16 in plasma and a linear range of
0.0100-10.0 mg/1 for determination of M16 in
urine.

PK Analysis

Phoenix WinNonlin 6.3 (Certara Corp., USA)
software was used to calculate the PK parame-
ters of levornidazole and M16 based on non-
compartmental approaches. Student’s t-test
(IBM SPSS Statistics 19.0, USA) was used to
compare the PK parameters of levornidazole on
Day 1 and Day 7. The accumulation ratio (AR)
was calculated to evaluate levornidazole accu-
mulation in the body. Linear regression analysis
was performed between C,x or AUCy ,, and
doses using the power model.

WinNonlin software was used to fit the PK
parameters after multiple doses of levornidazole
tablets 500 mg q12h based on a two-compart-
ment model. The resulting parameters were
used to predict the PK parameters of levornida-
zole following multiple doses of levornidazole
tablets 750 mg q24h for 7 consecutive days.

PK/PD Analysis

The in vitro PD data of levornidazole were
excerpted from our previous study [2].
Levornidazole was tested in vitro for the activity
against the 375 strains of anaerobes isolated
from the blood, feces, and secretions of patients

in Shanghai Huashan Hospital during the per-
iod from 2006 to 2013 by MIC determination.
The test strains included 181 strains of gram-
negative bacilli, 139 strains of gram-positive
bacilli, 44 strains of gram-positive cocci, and 11
strains of gram-negative cocci.

The PK and MIC results of levornidazole were
combined to perform Monte Carlo simulation.
Assuming the target values of PK/PD indices for
levornidazole against B. fragilis as Cpax/MIC =

14.1 and AUC.,4/MIC = 157.6 [9], the corre-
sponding PTA and CFR were calculated for
levornidazole tablets 500 mg q12h and 750 mg
g24h in treatment of infections caused by B.

fragilis.

RESULTS

Safety and Tolerability

Of the 64 subjects enrolled in this study, 10
received placebo and 54 received the investiga-
tional drug. The demographic details are pre-
sented in Table 1. Study drug-related adverse
events (AE) were reported in five (7.4%, 4/54)
subjects after oral single ascending doses of
250-1500 mg levornidazole tablets. All the AEs
were mild and transient and resolved sponta-
neously without treatment. No study drug-re-
lated AE was observed after multiple doses of
levornidazole tablets (Table 2).

Table 1 Demographic data of healthy Chinese subjects in terms of levornidazole dose group

Demographic Unit  Placebo Single dose Multiple  Bioavailability
250 mg 500 mg 1000 mg 1500 mg gg(s)ersng 500 mg

Male/female  NA 5/5 4/4 5/5 4/4 4/4 4/4 12/0

Age Years 253 (5.1) 25.6 (14) 269 (5.8) 261 (64) 239(3.9) 261 (3.1) 251 (46)

Height m 1.69 (0.06) 1.65 (0.04) 1.64 (0.10) 1.67 (0.06) 1.64 (0.06) 1.66 (0.10) 1.67 (0.05)

Body weight kg 64.9 (8.8) 629 (44) 61.6(84) 63.0(8.6) 605 (79) 634 (54) 632(52)

BMI kg/m> 228 (2.5) 23.1(1.2) 229 (1.8) 225 (1.8) 224 (1.8) 229 (1.6) 228 (1.8)

Data are expressed as mean (SD) unless otherwise specified
BMI body mass index, NA not applicable
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Table 2 Levornidazole-related adverse events in healthy Chinese subjects following oral administration of levornidazole
tablets

Adverse event Single dose Multiple
doses
250 mg 500 mg 1000 mg 1500 mg 500 mg
(N =28) (N = 10) (N =8) (N =28) (N =8)
Subject with any drug-related 0 1 (10.0%) 1 (12.5%) 2 (25.0%) 0
AE
Clinical AE 0 0 0 2 (25.0%) 0
Dizziness 0 0 0 2 (25.0%) 0
Laboratory abnormality 0 1 (10.0%) 1 (12.5%) 0 0
Elevated alanine 0 0 1 (12.5%) 0 0
aminotransferase
Increased cosinophil percent 0 1 (10.0%) 0 0 0
Elevated aspartate 0 0 1 (12.5%) 0 0
aminotransferase

AE adverse event
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Fig. 1 The semilog plot of levornidazole plasma concentration-time profiles after oral single dose under fasted and fed
conditions (a) or multiple doses under fed conditions (b) of levornidazole tablets in healthy subjects

PK Parameters listed in Table 3. Levornidazole was absorbed

rapidly after oral administration under fasted
The semi-log plot of plasma concentration-time conditions and reached peak plasma concen-
profiles following single ascending doses of tration about 0.5 h post-dose. The mean Cpax
levornidazole 250-1500 mg are presented in and AUC,_,, increased with dose within a dose
Fig. 1a. The corresponding PK parameters are  range from 250 to 1500 mg. Power regression
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model analysis demonstrated that levornidazole
Cmax and AUCq_,, increased proportionally with
dose within a dose range from 250 to 1500 mg
(Fig. 2). High-fat diet delayed the median Ty,
from 0.5 h to 2 h post-dose but had no signifi-
cant effect on C,,,x and AUC (P > 0.05).

The absolute bioavailability study found that
after IV infusion, the C,,.x of levornidazole was
33.9% higher than that following an oral single
dose of levornidazole tablets in healthy subjects
(P <0.01). The other PK parameters did not
show a significant difference (P > 0.05)
(Table 3), such as Ty, (11.93 £ 1.28 wvs.
11.74 £+ 1.12 h) and apparent volume of distri-
bution (48.68 &+ 4.92 versus 47.88 &+ 5.60 1).
The absolute oral bioavailability of levornida-
zole tablets calculated from AUCq.., was
98.3% =+ 7.6%. At 96 h after oral administration
and IV infusion, the average cumulative urinary
excretion was 7.99% and 8.13% for levornida-
zole and 34.02% and 35.78% for metabolite
M16, respectively. The AUCy_,, ratio between
M16 and levornidazole (i.e., metabolic ratio)
was 13.05% and 12.83%, respectively. The

a Rsq = 0.9183, Intercept = -3.892, Slope = 1.033
G
] o g
3.5— (o] o]
8
. O
5 < ©
g = )
c
- 2.5
—D 8
2—D
.
)
1'5 1 l 1 I 1 l 1
55 6 6.5 7 7:5
LnDose

Fig. 2 Power model to fit the increase of levornidazole
Crax () and AUC,_., (b) with increasing doses. Power
model formula: LnPara = Inat + f# X InDose, where Para
denotes the PK parameter, and Ino and f represent
intercept and slope, respectively. AUC,_,, area under the

trough plasma concentration increased gradu-
ally after multiple doses of levornidazole tablets
500 mg ql12h in healthy subjects and reached
steady state 3 days later. Compared to the PK
parameters of levornidazole after the first dose
on Day 1, the mean C,,,x value after the final
dose on Day 7 increased by 85.4% (13.0 mg/1 vs.
24.1 mg/l) and AUC,_,, increased by 1.46-fold
(163.79 mgh/l vs. 403.14mgh/l) (P <0.01)
(Table 3). Levornidazole accumulated in the
body after administration of levornidazole
tablets 500 mg ql12h for 7 consecutive days,
evidenced by AR of 1.98 4+ 0.17.

The dosing regimen of levornidazole tablets
750 mg q24h for 7 consecutive days was simu-
lated, and the AUCg.54, Cmax, and AR of
levornidazole after the final dose on Day 7 were
expected to be  293.35 + 39.37 mgh/l,
23.7 £ 4.35mg/l, and 1.35 + 0.07, respectively.

Results of PK/PD Analysis

Figure 3 depicts the PTA of two dosing regimens
of levornidazole tablets (500 mg ql2h and

b 5 Rsq = 0.9438, Intercept = -1.442, Slope = 1.072
8
o3
6 —
e
=) (e}
o e
2
<
e
-
5 —
D
* — T " T I " J
5.5 6 6.5 7 7.5
LnDose

concentration-time curve from time 0 extrapolated to
inﬁnity, C,,.x Maximum concentration
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Fig. 3 The probability of target attainment (PTA) of
levornidazole for Bacteroides fragilis in terms of AUCq_,4/
MIC and C,,,,/MIC. Histograms represent the distribu-
tion frequency, corresponding to the left ordinate. The
broken lines represent PTA, corresponding to the right
ordinate. The horizontal dotted line represents 90% PTA,
corresponding to the pharmacodynamic effect of 3 log

750 mg q24h, for 7 days) for B. fragilis. When
levornidazole MIC < 1 mg/1 was used against B.
fragilis, both dosing regimens resulted in the
desired PTA (> 99%) in terms of AUCq_p4/MIC
target (157.6) or Cynax/MIC target (14.1). When
levornidazole MIC =2 mg/l, levornidazole
500 mg ql12h achieved up to 95% PTA for
AUCy 4/ MIC target, but <90% PTA for the
Cmax/MIC target. Levornidazole 500 mg q24h
achieved PTA < 90% for both AUCy_4MIC and
Cmax/MIC targets. Considering the distribution
of levornidazole MIC values against B. fragilis,
both dosing regimens are expected to achieve
CFR values of 97.2% and 96.7% in terms of
AUCq_»4/MIC and 95.4% and 96.4% in terms of
Crmax/MIC.

reduction of bacterial load. The target values are derived
from in vitro PK/PD studies [9]. AUC,_»4 area under the
concentration-time curve from time 0 to 24h, C,,,.
maximum concentration, M/C minimum inhibitory con-
centration, PK/PD pharmacokinetic/pharmacodynamic,
PTA probability of target attainment

DISCUSSION

Table 4 summarizes the key PK parameters of
levornidazole versus metronidazole tablet [13],
tinidazole tablet [14], and ornidazole tablet [15].
Levornidazole tablet is absorbed rapidly in the
human body, associated higher exposure than
tinidazole tablet, longer T7,, than metronida-
zole, and PK parameters close to tinidazole.
However, levornidazole is used at a lower dose
than tinidazole tablet in clinical settings. The
PK parameters after a single oral dose of
levornidazole tablets in the present study were
comparable to those in a previous report [7].
High-fat diet delays the rate of absorption after
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Table 4 Summary of key pharmacokinetic parameters of levornidazole tablets compared with metronidazole, tinidazole,

and ornidazole

Parameter Levornidazole Metronidazole tablet [13] Tinidazole tablet Ornidazole tablet
tablet” [14] [15]
500 mg 400 mg 2000 mg 1000 mg
Conar (mg/]) 12.1 (3.21) 6.9 (0.9) 47.7 (7.5) 162 (2.6)
oo (B) 0.50 (025, 400)° 2.3 (0.9) 1.6 (0.7) 121 (0.68)
AUCqy o, (mgh/ 183.17 (35.37) 79.97 (6.73) 901.6 (126.5) 332.95 (46.53)
)
CL, (I/h) 2.78 (0.56) NA NA NA
Vi) 44.11 (8.93) 57.6 (4.8) 50 NA
Ty, () 11.07 (123) 8.4 (0.4) 13.2 (14) 147 (0.8)
MRT(_ (h) 16.03 (1.53) NA NA NA

Data are expressed as mean (standard deviation) unless otherwise specified

AUC),_, area under the concentration-time curve from time 0 extrapolated to infinity, CL, total clearance, C,,,,, maximum
concentration, MRT_,, mean residence time from time 0 extrapolated to infinity, NA not available, 7', half-life, 7,

time to maximum concentration, »; volume of distribution

* The PK data are derived from single-dose study under fasted conditions

b . . .. .
Tmax is expressed as median (minimum, maximum)

a 500 mg oral dose of levornidazole tablets
compared to the absorption under fasted con-
ditions, but does not affect the extent of
absorption. Therefore, levornidazole tablets can
be administered with or without food. The
absolute oral bioavailability of levornidazole
tablets is close to 100%, proving its complete
absorption. This finding informs clinicians that
levornidazole tablets can be used subsequent to
injection of levornidazole and NaCl to institute
a sequential regimen for treatment of the intra-
abdominal, pelvic, and oral infections caused by
anaerobic pathogens in clinical practice.

Our previous studies characterized the
metabolism of injection of levornidazole NaCl
in young healthy Chinese adults. The phase I
metabolites of levornidazole include two
oxidative products (M1 and M2) and one
hydrolytic dechlorination product (M4) of
levornidazole and two cleavage products of the
imidazole ring (M3 and MS). The metabolic
ratio is < 3% for all the five phase I metabolites.
For phase II metabolites M6 (sulfate conjugate)
and M16 (glucuronide conjugate), the meta-
bolic ratio is 0.03% and 15.05%, respectively

[4, 10]. In the present study, the metabolic ratio
of M16 was 13.05% after a single oral dose of
levornidazole tablets, comparable to the result
(12.83%) after IV infusion of levornidazole in
healthy Chinese subjects. These ratios are
essentially consistent with the result from pre-
vious study. Overall, about 43% of parent drug
levornidazole and its metabolite M16 is elimi-
nated via the kidneys, suggesting that
levornidazole tablet is similar to the drugs in the
same class, primarily metabolized in human
liver by phase II glucuronization and eliminated
through the kidneys.

The AR of levornidazole is up to 1.98 after
repeated oral doses of levornidazole tablets
500 mg q12h. This proves the accumulation of
levornidazole in the human body. However,
levornidazole was safe and well tolerated fol-
lowing an oral single ascending dose of
levornidazole tablets from 250 to 1500 mg and
multiple doses of 500 mg q12h for 7 consecu-
tive days in healthy Chinese subjects. The dos-
ing regimen of levornidazole tablets 750 mg
q24h may reduce the AR of levornidazole to
1.35 and so significantly decrease drug
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Table S PK/PD indices of levornidazole following multiple doses of levornidazole tablets 500 mg q12h and 750 mg q24h

Organism MICyy (mg/l) 500 mg q12h 750 mg q24h
Cinax/ MICyg AUC_,4/MICyq Cinax/ MICyg AUC_»4/MICy,

Bacteroides fragilis 05 48.2 779.4 474 586.7
Other Bacteroides spp. 1 24.1 389.7 237 2934
Clostridium difficile 0.25 96.4 1558.8 94.8 1173.4
Other Clostridium spp. 2 12.1 194.9 11.85 1467
Peptostreptococcus 1 24.1 389.7 237 2934
Prevotella 2 12.1 194.9 11.85 146.7

AUC_54 area under the concentration-time curve from time 0 to 24 h, C,,,. maximum concentration, MICyy minimum
inhibitory concentration inhibiting 90% of the test strains, PK/PD pharmacokinetic/pharmacodynamics, MICy, data are

excerpted from Ref. [2]

accumulation in the body. This result is con-
sistent with the AR result for injection of
levornidazole NaCl 500 mg q12h and 750 mg
g24h dosing regimens [4, 10].

To our knowledge, this is the first time PK/
PD analysis has been performed on the dosing
regimens of levornidazole tablets 500 mg q12h
and 750 mg g24h based on the levornidazole
MIC values against the anaerobic pathogens
isolated from Chinese patients. Our findings
justify the utility of these dosing regimens.
Monte Carlo simulation demonstrates that both
dosing regimens of levornidazole can achieve
CFR > 90% against B. fragilis, informing good
microbiological efficacy. When levornidazole
MIC < 1mg/l is used against B. fragilis, both
dosing regimens can achieve > 90% PTA on
average in terms of the specified PD targets.
Therefore, it is expected that for the infections
caused by B. fragilis (levornidazole MIC < 1 mg/
1), levornidazole tablets 500 mg q12h or 750 mg
g24h for 7 consecutive days will achieve the
desired clinical efficacy. In addition to PK/PD
analysis targeting B. fragilis, we also calculated
the PK/PD indices for both dosing regimens of
levornidazole against common anaerobes using
the single point estimation method. Both dos-
ing regimens of levornidazole tablets resulted in
high PK/PD indices (Cpax/MICo > 23.7,

AUCg_24/MICgq > 293.4, Table 5) for other
Bacteroides spp., Clostridium difficile, and Pep-
tostreptococcus, but not Prevotella and other
Clostridium spp. Therefore, levornidazole tablets
of either 500 mg q12h or 750 mg q24h can be
recommended for treatment of the infections
caused by common anaerobes. The dosing reg-
imen of 750 mg q24h is especially preferred for
lower accumulation and good compliance.
Additionally, we found in a previous study that
injection of levornidazole and NaCl showed
similar PK profiles in both elderly and young
healthy subjects [4]. The finding may inform
that the dosing regimen of levornidazole tablets
500 mg q12h or 750 mg q24h is also indicated
for elderly patients. Levornidazole tablets pro-
vide additional treatment options for managing
anaerobic infections in the elderly.

Adverse drug reactions may occur more fre-
quently in the elderly because of physiological
dysfunction and atrophy of tissues and organs
[16]. Our previous studies did not find drug-re-
lated adverse events in healthy elderly subjects
and patients of different ages after intravenous
injection of levornidazole [4, 5]. The results of
this study also showed that levornidazole was
well tolerated with a good safety profile. The
incidence of adverse reactions of levornidazole
did not vary significantly with age.
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Antimicrobial resistance is a global issue
threatening public safety. All healthcare pro-
fessionals should be aware of the knowledge on
antimicrobial resistance and the rational use of
antimicrobial agents [17]. The potential and
emergence of levornidazole resistance in
pathogenic anaerobes should be monitored
closely in future trials and clinical practice.

The proposed dosing regimens of levornida-
zole tablets in this study are based on the results
of PK data and PK/PD studies in healthy sub-
jects. They should be further verified in well-
designed clinical trials in real patients with
anerobic infection. These simulated results
should also be confirmed in real-world patients.

CONCLUSION

Levornidazole is absorbed rapidly and com-
pletely, distributed extensively in the body with
a long half-life and low urinary excretion rate
after single and multiple doses of levornidazole
tablets in healthy Chinese subjects. Oral
levornidazole treatment is safe and well toler-
ated. Levornidazole tablets can be taken with or
without food. The dosing regimen of
levornidazole tablets 500 mg ql12h or 750 mg
g24h is expected to achieve satisfactory clinical
efficacy for the infections caused by B. fragilis
and other common anaerobic pathogens.
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