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A simple HPLC method using UV detection was developed and validated for the determina-
tion of levodropropizine (LDP) in dog plasma. The sample was prepared for injection using a
liquid-liquid extraction method with 1-phenypiperazine as the internal standard. The mobile
phase was methanol - diethylamine solution (0.05 M) (20:80, v/v, pH adjusted to 3.0 with
H;PO,) with a detection wavelength of 240 nm. The limit of quantitation (LOQ) of LDP in a bio-
logical matrix was determined to be 25.25 ng/mL. The calibration curve was linear across the
concentration range of 25.25 to 2020 ng/mL. The intra-day and inter-day precision values (CV
%) were within 7% and accuracy (R.E. %) was within 6% of the nominal values for medium
{252.5 ng/mL) and high (2020 ng/mL) LDP concentrations. For the LDP concentration at the
LOQ, the intra-day and inter-day precision and accuracy were within 20% and 10%, respec-
tively. The average absolute recovery for LDP was 70.28%. This method was successfully
used to analyze plasma samples in a steady-state bioavailability study of a newly developed
sustained-release LDP tablets (SR) using immediate-release tablets (IR) as the reference. The
relative bioavailability of the SR was determined to be 106.3 + 12.8% (n=6). The C..., of the
SR was significantly lower (P<0.05), and the t,., was significantly longer than that of the IR
(P<0.05). The results of ANOVA and two one-sided tests indicated that the SR exhibited
acceptable sustained release properties and was bioequivalent to the IR.
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INTRODUCTION

Levodropropizine (LDP), (2S)-3-(4-phenylpiperazin-1-yl)
propane-1, 2-diol (Fig. 1), is an anti-cough drug with a
peripheral mode of action that has been developed by
Dompe S.p.A (ltaly). In several pharmacological and
clinical studies, LDP has been shown to exhibit an anti-
tussive activity comparable to dropropizine, with a reduced
sedative effect on the central nervous system (Malandrino
et al., 1988; Melillo et al., 1988). A sustained-release
formulation would further improve the safety profile of
LDP and allow for a more convenient dosing regimen as
compared to immediate-release formulations.

After oral administration to the dog, LDP is absorbed
from the intestine, undergoes first pass metabolism to
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reach peak plasma concentrations (Cmax, 270 ng/mL) at
approximately 60 min (2 mg/kg, Hu ef al., 2000). In a
study involving six healthy volunteers administered 60mg
of LDP, Cmax was reached within 40 to 60 min, with
individual Cmax values of 500, 920, 610, 960, 390, 470
ng/mL, (average 641 ng/mL, Zaratin et al., 1988). The
pharmacokinetics of LDP were linear over a wide range of
doses in 12 healthy male volunteers (30 to 90 mg); dose-
dependent increases of Cmax and area under the plasma
concentration time curve (AUC) were observed without
concomitant changes in the elimination half-life (Borsa et
al., 1991).

Compared with the immediate-release formulations, a
sustained-release formuiation would offer three potential
benefits: 1. Sustained blood levels. The slower the rate of
absorption, the less will the blood concentrations fluctuate
within a dosing interval. For LDP, a sustained-release
formulation may maintain therapeutic concentrations over
prolonged periods of time. 2. Further improve the safety
profile. With conventional dosage forms, high peak blood
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concentrations may be reached soon after administration
with possible adverse effects related to the transiently
high concentration levels in the blood. 3. Improved patient
compliance. LDP needs to be taken at frequent time
intervals to maintain effective blood concentrations within
the therapeutic range. A reduction in the number of daily
doses offered by a sustained-release formulation has the
potential to improve patient compliance.

Zarantin, ef al. (1988) have reported on a gas chromato-
graphic-mass spectrometric (GC-MS) method that enables
the measurement of levodropropizine concentrations in
the plasma of humans. This GC-MS method was found to
be extremely sensitive (5 ng/mL) and specific, but
unfortunately sophisticated instrumentation was required
and the derivatization procedure with B-bis (trimethylsilyl)
trifluroacetamide was found to be difficult and tedious.
Tagliaro, et al. (1996) have more recently developed a
high-performance liquid chromatographic method using
fluorescence detection. This method was validated and is
both simple and specific; however, a large volume of toxic
organic solvent (5 mL of chloroform-2-propanol for each
sample) must be used in sample preparation. For both of
the preceding analytic methods p-methoxylevodropropizine
was used as an internal standard (1.S.).

The present paper describes a simpler specific and
accurate HPLC-UV method for measuring LDP in dog
plasma with 1-phenypiperazine used as the 1.S. (Fig. 1).
This method has been validated according to the criteria
established by the State Food and Drug Administration of
China and was successfully applied to a multiple-dose
steady state bioavailability study of newly developed LDP
sustained-released tablets in dogs (SFDA: Guidance,
2004).

A. levodropropizine B. 1-phenylpiperazine

Fig. 1. Chemical structures of levodropropizine (A) and L.S. (B)

EXPERIMENTAL

Chemicals and reagents

LDP immediate-release tablets (IR, 30 mg/tablet, No.
030801) were used as the reference formulation and were
purchased from the Shenzhen Haiwang Drug Company
(Shenzhen, China); LDP sustained-release tablets (SR, 90
mg/tablet, No. 030627) were used as the test formulation
and were developed by a pharmaceutical laboratory at
the Sichuan University (Sichuan, China). The LDP (99.58%
purity) and 1-phenypiperazine (1.S.) were supplied by the
Yunnan Yikang Drug Company (Yunnan, China). HPLC

grade methanol and other reagents of analytical grade
were purchased from the Chengdu Reagent Company
(Sichuan, China).

HPLC system

The chromatographic HPLC system (Shimadzu, Kyoto,
Japan) consisted of an LC-10ATvp pump, and an SPD-
10Avp UV detector set at 240 nm. The analytical column
used for these studies was a Diamonsit C18 5 um, 4.0
mm x 200 mm. The mobile phase was methanol and 0.05
M diethylamine solution (20:80, v/v, pH adjusted to 3.0
with H;PO,). The mobile phase flow-rate was maintained
at 1 mL/min with a column temperature of 37°C.

Standard solutions

The LDP stock solution was prepared as a 0.202 mg/
mL solution in redistilled water. Standards for the calibration
curves and QC samples were prepared using serial
dilutions of this stock solution in drug-free dog plasma.
The standard solution of 1-phenypiperazine (1.S.) was
0.05 mg/mL in redistilled water with 20 pL of this solution
added to plasma samples prior to extraction.

Sample preparation

One mL each of the plasma samples (with heparin as
an anticoagulant) were spiked with 20 uL of 0.05 pg/mL
I.S., 100 pL 0.1M NaOH and extracted with five mL of ethyl
acetate. After vortex mixing for one min and centrifugation
(at 4,000 rpm) for five min, four mL of the organic phase
was collected and evaporated under a nitrogen stream.
The residue was dissolved with 200 ulL of the mobile
phase and a sample of 50 pulL was injected.

Method validation

The HPLC-UV method was validated according to
previously established criteria (SFDA: Guidance, 2004,
Bressolle et al., 1996; Causon, 1997; Hartmann ef al.,
1998). Calibration curves were developed using standards
of LDP in plasma with six concentrations varying between
25.25 ng/mL and 2020 ng/mL. The calibration curves were
generated by plotting the ratio of the peak area of the LDP
and |.S. against the LDP concentration in plasma. Linear
regression techniques were used to assess the calibration
curves and the determination of the correlation coefficients.

The limit of quantitation (LOQ) was defined as the LDP
concentration at which: (1) the response was 10 times the
response for the blank plasma and, (2) a concentration at
which there was reproducible precision (coefficient of
variation of less than 20%) and accuracy (measured con-
centration within 20% variation of the nominal concen-
tration).

QC samples were concentrations of 25.25, 252.50, and
2020 ng/mL of LDP in dog plasma representing the limit
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of quantitation (LOQ) and the medium and high concen-
tration quality controls, respectively. The intra- and inter-
day accuracy and precision were determined for each of
these concentrations. The intra-day accuracy and precision
were determined using five replicates of QC samples on
the same day; the inter-day accuracy and precision were
determined by analyzing three calibration curves with five
replicates of QC samples on three separate days.

The recovery of LDP was assessed by comparing the
response of five replicates of extracted QC samples (at
LOQ, mid and high ranges) to the response of the pure
standard at the same concentration level. The recovery of
I.S. was determined by comparing the mean response
levels of 15 LS. samples to the responses of the pure
standard.

To assess the analyte stability, the accuracy and
precision of the measured concentrations were compared
to the nominal concentrations. The calibration standard and
QC samples were prepared on the day of the analysis.
Six stored replicates of the low (25.25 ng/mL) and high
(2020 ng/mL) concentrations of LDP in dog plasma were
analyzed for each storage condition. Short-term temperature
stability was assessed at room temperature (21°C) for 8 h.
Freeze-thaw stability was evaluated after three cycles of
thawing at room temperature followed by re-freezing to
-20°C. Long-term stability evaluations involved an analysis
of QC samples that were stored at -20°C for 30 days.
Post-preparation stability was also determined by using
the extracted samples that were kept at room temperature
for 12 h prior to injection and analysis by HPLC.

Pharmacokinetic study

The biocavailability study was designed as a multiple-
dose, steady-state two-treatment, two-period, two-sequence
crossover with a 10-day washout period between the two
phases of the study. Six dogs (4 male, 2 female) weighing
approximately 10 kg each were randomly assigned to one
of the two dosing sequences and scheduled to receive
either 90 mg sustained-release tablets (SR) twice daily for
five days, or 60 mg immediate-release tablets (IR) thrice
daily for five days and then crossed over to the alternative
regimen following washout. The total daily dose of the two
formulations was 180 mg. The sustained-release tablets
were administered at 7 AM and 7 PM each day, and the
immediate-release tablets were administered at 7 AM, 3
PM and 11 PM each day. The blood samples (1 mL)
taken from dogs administered the oral sustained-release
tablets were collected before administration and at 48, 72,
96, 96.5, 97, 97.5, 98, 98.5, 99, 100, 102, 105, and 108
hours after the initial oral dose. The blood samples (1 mL)
taken from dogs administered the oral immediate-release
tablets were collected before administration and at 48, 72,
96, 96.25, 96.5, 96.75, 97, 97.25, 98, 99, 100, 102, and
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104 h after the initial oral dose. Three trough concentra-
tions collected at 48, 72, and 96 h after the initial oral dose
{on three consecutive days) were determined so as to
ascertain that the subjects were at steady state. Samples
were collected into heparinized tubes and centrifuged at
3,000 rpm for 5 min to separate the plasma, which was
stored at - 20°C until analysis.

Statistical analyses

Peak drug concentration (C,..,) and the time to peak
drug concentration (t,.) were determined directly from
the data. Area under the plasma concentration-time curve
was from time zero to time t over a dosing interval at
steady state (AUC,.) which was calculated by the
trapezoidal rule, where t is the dosing interval. The
average drug concentration at steady state (C,) was
calculated by AUC, . divided by 1. Degrees of fluctuation
(DF) at steady state were calculated as follows: DF =
100% x (Cax — Cwin) / Caw Where Cp, was the observed
trough concentration over the last dosing. The relative
bicavailability of SR (F) was calculated by
_AYCo-wen Dy 4009

AUC; iryxDsr

D was the dose of IR tablets (60 mg) and Dg was
the dose of SR tablets (90 mg). A dosing adjustment was
performed on the AUC,, of the SR, which was calculated
by AUC;..sr x 60/90 when comparing the two formula-
tions (SFDA: Guidance, 2004).

Analysis of variance (ANOVA) was performed on AUC,.,
Cmax, Cmins Cav (log transformed) and t.. using SPSS
General Linear Model procedures, and P'<0.05 was
considered statistically different. Two one-sided hypotheses
at «=0.05 level of significance were tested for INAUC,.,
and InC..« by constructing the 90% confidence interval for
the ratio between the test and reference (SFDA: Guidance,
2004; FDA: Guidance, 1997). Linear regression analysis
of the trough concentrations (48, 72, and 96 h) versus
time was performed to test the steady state. The means
of the individual slopes for each preparation were tested
by Student's t test versus a value of zero.

F

RESULTS AND DISCUSSION

Specificity

The plasma from six dogs was tested for interference
and showed no endogenous interference at the retention
times of LDP and the internal standard. Representative
chromatograms of a blank plasma sample, plasma
containing LOQ and medium concentration of LDP and a
plasma sample at 0.5 h after the last dose (60 mg) of IR
of LDP at a steady-state are shown in Fig. 2. Retention
times of LDP and 1.S. were 7.6 and 9.1 min, respectively.
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Fig. 2. chromatograms for the measurement of LDP in dog plasma: (A)
blank plasma; (B) plasma sample containing 252.5 ng/mL of LDP; (C)
plasma sample containing 25.25 ng/mL of LDP; (D) plasma sample at
0.5 h after administration of IR of LDP at a dose of 60 mg. Peaks: (1)
LDP; (2) 1.S.

LOQ, linearity and range

The LOQ for LDP was identified to be at 25.25 ng/mL. A
linear response was observed for the peak area ratio
versus LDP concentration over a concentration range of
25.25-2020 ng/mL. The data for five measurements of the
calibration curve are presented in Table I, and indicates
linearity within the examined concentration range.

Precision, accuracy and recovery

The intra-day and inter-day precision and accuracies
were well within the limits for acceptance with coefficients
of variation (CV%) or relative error (R.E. %) of less than
10% for the medium and high QC samples and 20% for
the LOQ Sample (Table 1l). The recovery of LDP was
consistently greater than 65% at all QC concentrations
tested with a mean recovery of 70.28%. The mean recovery
for I.S. was 61.70%. Results are shown in Table IIl.
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Table 1. The linearity of calibration curves of LDP concentration in
dog plasma

2 2 Correlation

run Slopex10 interceptx10 coefficient
1 0.10 0.81 0.9999
ib 2 0.10 0.50 0.9999

calibration

curves 3 0.12 0.47 0.9998
4 0.1 0.39 0.9997
5 0.10 0.24 0.9994

Table II. Results of intra-day and inter-day validation in dog plasma

Sooiaien - Sonateter v RE(H
Intra-day

25.25 2402+ 164 6.81 -4.87

252.5 252,53+ 1047 415 +0.01

2020 1904.48+ 69.64 3.66 5.72 5
Inter-day

25.25 2462+ 378 1537 -2.50 15

2525 255,56+ 15.85 6.20 +1.21 15

2020 2037.01£101.56 4.99 +0.84 15

R.E. %, relative error

Table lll. Extraction recovery of LDP and internal standard

Concentration Extraction Recovery
(ng/ml) (%) CV (%) n
Low(25.25) 66.64 325
Mid(252.5) 74.44 245
High(2020) 69.77 3.55
1.5.(1000) 61.70 5.03 15
Stability

Acceptable analyte stability was demonstrated for all
phases of storage and processing. The accuracy of LOQ
(25.25 ng/mL) and high (2020 ng/mL) concentrations of
LDP in dog plasma for 8 h room temperature stability (93
and 95%), three cycle freeze-thaw stability (94 and 97%),
30 days at -20°C stability (89 and 92%) and 12 h post-
preparative stability (108 and 102%) were all acceptable.
The CV (%) for each of the stability experiments varied
between 3 and 12%.

Pharmacokinetic study

The three trough concentrations collected at 48, 72, and
96 h after the initial oral dose were 65.45, 59.79, 68.08
ng/mL (SR tablets), and 33.07, 36.31, 47.90 ng/mL (IR
tablets), data consistent with a steady state. The mean
plasma concentration-time curves of the two formulations
from 96 to 108 hours are shown in Fig. 3; the mean
values of pharmacokinetic parameters at steady state are
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Fig. 3. Steady-state mean plasma concentrations of LDP from 96 to 108 h following administration of LDP SR tablets twice daily (dose: 90 mg) and

IR tablets thrice daily (dose: 60 mg) in dogs.

summarized in Table IV.

The t test of the mean slopes of the trough regression
lines versus zero (test for steady state) indicated that both
SR and IR had slopes not significantly different from zero
(p>0.05). The mean slope for SR and IR were 0.055 and
0.031, respectively.

ANOVA and two-one sided tests (Table V) indicated no
statistical differences between the two preparations for In
AUC,., but were statistically different for InC..c and ta

Table IV. The mean values of main pharmacokinetic parameters
after multiple oral doses of LDP IR and SR tablets

Parameter SR IR Difference (%)
AUCp. (ng ‘h/mL) 1009.7*£379.3  947.6 +347.9 6.55
Corax (NQ/ML) 349.06+150.31  452.03+270.20 -22.78
Cuin (ng/mL) 51.89+ 14.83  34.81% 10.04 49.07
Ca (ng/mL) 126.21+ 4741 118.45+ 43.49 6.55
tmax (D) 217+ 041 067 0.13 223.88
MRTg.5(h) 449+ 035 258+ 0.30 74.03
DF (%) 232 + 47 330 £ 98 -29.69

Difference (%) = 100 % x (SR-IRY/IR; * Dose Adjusted Value

Table V. ANOVA and two-one sided test results of the parameters
after multiple-dosing with LDP SR and IR tablets

ANOVA tests (F value) Two-one sided tests

Parameters

preparation period individual t t 90%ClI
INAUC o) 1.24 1.98 3519*  569* 347* 95.2-117.1
INCrnax 10.0¢ 1.05 3764* 032 664* 71.2- 936
INCyin 2381 0.0004 593
InC., 1.24 1.98 35.19*
tmax 720* 0.00 1.16
DF 1225  0.52 4.16
Foos 6, 4 =6.26; Fo 5 a4 =1.71; t(1.0050=2.132
*P<0.05

(p<0.05). The C,..x of SR was significantly lower than that
of IR and the tn. was significantly prolonged, which
suggested that the new SR formulation possessed
acceptable sustained release properties. The relative
bioavailability of the SR was 106.3 £ 12.8% (n=6), and the
90% CI of In AUC,.. was 95.2~117.1% of the reference
formulation, which lie within the acceptable range of
80~125%.

CONCLUSION

A simple HPLC-UV method was developed and validated
for the determination of LDP in dog plasma. This method
was successfluly applied to the analysis of plasma
samples in a steady state bioavailability study of a newly
developed LDP SR tablet. Based on the resuits of the
bioavailability study, it can be concluded that the LDP SR
tablets exhibited acceptable sustained release properties
and was bioequivalent to the reference formuiation.
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