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Abstract

A simple HPLC method was developed for the determination of desloratadine in dog plasma and was used for evaluating the
bioequivalence of desloratadine fumarate tablets and desloratadine tablets in dogs. Chromatographic separation was performed
on a Hypersil CN column (150 mm× 5.0 mm, 5�m) using a mixture of methanol, acetonitrile and phosphate buffer (pH 5.5;
0.01 mol/l) (35:35:30, v/v/v) as mobile phase delivered at a flow rate of 0.8 ml/min. The detection was set at 241 nm. The limit
of quantitation was 5.0 ng/ml. The calibration range was from 5.0 to 800.0 ng/ml. Inter- and intra-day precision ranged from 1.8
to 3.8% and from 2.2 to 9.0%, respectively. The recovery of desloratadine from dog plasma ranged from 78.8 to 82.0%. The
developed method was applied to the bioequivalence studies of desloratadine fumarate tablets (test preparation) and desloratadine
tablets (reference preparation) in five dogs. Pharmacokinetic parameterstmax, Cmax, AUC0–t , AUC0–∞, t1/2 were determined
from plasma concentration-time profiles of both preparations. The analysis of variance (ANOVA) did not show any significant
difference between the two preparations and 90% confidence intervals fell within the acceptable range for bioequivalence. Based
on these statistical inferences it was concluded that the two preparations exhibited comparable pharmacokinetic profiles and that
desloratadine fumarate tablets was bioequivalent to desloratadine tablets.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Desloratadine (Fig. 1A), the major metabolite of
loratadine, is a selective peripheral histamine H1-
receptor antagonist devoid of any substantial effects on
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the central and autonomic nervous system[1]. Com-
pared with loratadine, desloratadine shows a higher
affinity for histamine H1 human receptors. In vivo,
desloratadine exhibits two- to three-fold greater oral
potency over loratadine in inhibiting the histamine-
induced wheal and flare skin response in the guinea-
pigs [2].

On account of the poor solubility and instability of
desloratadine to light and heat, desloratadine fumarate
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Fig. 1. Chemical structures of (A) desloratadine, (B) desloratadine fumarate and (C)N-methyl-desloratadine (internal standard).

(Fig. 1B) was developed to achieve improvement of
the above properties. Desloratadine fumarate exhibits
good solubility and high stability in vitro. But it is
unknown if desloratadine fumarate can show compa-
rable pharmacokinetic behavior with desloratadine in
vivo. Therefore, an analytical method is needed for the
determination of the concentrations of desloratadine
in plasma to evaluate the bioequivalence between the
two drugs.

A recent literature survey revealed that some meth-
ods have been used for the determination of deslorata-
dine in plasma, such as high performance liquid chro-
matography (HPLC)[3,4], gas chromatography (GC)
[5] and HPLC-MS[6–8]. HPLC methods are preferred
in most of laboratories for its high efficiency of separa-
tion and accuracy. But the HPLC methods available for
the determination of desloratadine in plasma adopted
either fluorescence detection or mass spectrometry de-
tection. With fluorescence detection, a complex and
time consuming process of derivatization was often
involved. With mass spectrometry detection, it was of-
ten costly and not suitable for ordinary laboratories.
This paper describes a simple, specific and accurate
HPLC method with ultraviolet detection for the deter-
mination of desloratadine in dog plasma and its appli-
cation to bioequivalence evaluation of desloratadine
fumarate tablets and desloratadine tablets in dogs.

2. Experimental

2.1. Reagents and chemicals

Desloratadine (ca. 99.8% purity),N-methyl-deslor-
atadine (ca. 99.6% purity) and desloratadine fumarate
were from Shenyang Pharmtech Institute of Pharma-
ceuticals (Shenyang, China). Desloratadine fumarate
tablets (each tablet containing 6.9 mg of deslorata-

dine fumarate, equivalent to 5 mg desloratadine) as
test preparation and desloratadine tablets (each tablet
containing 5 mg desloratadine) as reference prepa-
ration were also from Shenyang Pharmtech Institute
of Pharmaceuticals. HPLC-grade methanol and ace-
tonitrile were purchased from Shandong Yuwang
Reagent Company (Jinan, China). Toluene, isopropyl
alcohol, sodium hydroxide and potassium dihydrogen
phosphate were all analytical-grade chemicals from
Shenyang Reagent Company (Shenyang, China).

2.2. Instrumentation

Chromatographic separation was performed with
an HP series 1100 chromatographic system equipped
with a G1310A iso pump, a G1314A variable UV-Vis
detector, a 3395 integrator and a G1328A manual
injector with 20�l loop (Agilent, USA). A Shimadzu
UV-2201 UV-Vis double-beam spectrophotometer
(Shimadzu, Japan) was used for scanning and select-
ing the detection wavelength.

2.3. Drug administration and sample collection

This study was based on a single-dose, randomized,
two-treatment and two-period crossover design. In the
morning of phase I, after an overnight fast (10 h), five
dogs (weighing from 14 to 21 kg) were given single
dose of either two desloratadine fumarate tablets (a
dose equivalent to 10 mg desloratadine) or two deslo-
ratadine tablets (a dose equivalent to 10 mg deslorata-
dine). No food was allowed until 4 h after dose ad-
ministration, while water intake was free. About 4 ml
of blood samples were collected from the foreleg vein
before (0 h) and at 0.5, 1, 1.5, 2, 3, 4, 6, 9, 12, 24,
36, 48 and 58 h after dosing. Plasma was separated by
centrifugation at 3000× g for 10 min and kept frozen
at −20◦C until analysis. After a washout period of 7
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days, the study was repeated in the same manner to
complete the cross-over design.

2.4. Sample preparation

To 1.0 ml of dog plasma, 100�l of methanol,
100�l of N-methyl-desloratadine solution (internal
standard, 3�g/ml) and 100�l of 1 mol/l sodium
hydroxide were added. To this mixture, 2 ml of a
mixture of toluene-isopropyl alcohol (95:5, v/v) was
added, vortex mixed for 5 min and centrifuged at
3000 × g for 5 min. The separated organic phase
was evaporated to dryness under N2 at room tem-
perature. The residue was reconstituted with 100�l
of mobile phase and 20�l was injected onto the
HPLC column. Standard samples were prepared by
spiking blank plasma with known amount of deslo-
ratadine and used for construction of calibration
curves.

2.5. Chromatographic conditions

Separation was achieved on a Hypersil CN column
(150 mm×5.0 mm, 5�m) from Elite (Dalian, China).
The mobile phase consisted of a mixture of methanol,
acetonitrile and potassium dihydrogen phosphate
buffer (pH 5.5; 0.01 mol/l) (35:35:30, v/v/v). The
flow rate was maintained at 0.8 ml/min. Chromatog-
raphy was performed at room temperature. The de-
tection was made at 241 nm. The run time was about
14 min.

2.6. Data analysis

Pharmacokinetic analysis was performed by means
of a model independent method. The maximum con-
centration (Cmax) and the corresponding peak time
(tmax) were determined by the inspection of the indi-
vidual drug plasma concentration-time profiles. The
terminal elimination rate constant (ke) was deter-
mined by least-square regression analysis of terminal
log-linear portions of the plasma concentration-time
profile (ke = −2.303 × slope). The elimination
half-life (t1/2) was calculated as 0.693/ke. The area
under the curve to the last measurable concentration
(AUC0–t) was calculated by the linear trapezoidal
rule. The area under the curve extrapolated to infinity
(AUC0–∞) was calculated asAUC0–t + Ct/ke, where

asCt is the last measurable concentration. The relative
bioavailability (F) of desloratadine fumarate tablets
was calculated as follows:F = AUCtest/AUCreference,
where the subscripts indicate the preparation.

2.7. Statistical analysis

For the purpose of bioequivalence analysis, AUC
was considered as a primary parameter. Bioequiva-
lence was evaluated by means of an analysis of vari-
ance (ANOVA) for cross-over design and calculating
standard 90% confidence intervals (CI) of the ratio of
test/reference using log-transformed data. The prod-
ucts were considered bioequivalent if the difference
between compared parameters fell within 80–125%.
The acceptance range forCmax may be wider than that
for AUC, particularly for drugs having highly variable
peak concentrations; the recommended range forCmax
is 70–143%[9–11].

3. Results and discussion

3.1. Development of the HPLC method

Different liquid-liquid extraction (LLE) conditions
were evaluated with various aqueous pH values and
different organic solvents for the extraction of the
drug. As a result, a 0.1 ml of 1 mol/l sodium hy-
droxide solution was found to be optimal for the
extraction. Five kinds of organic solvents were evalu-
ated: ethyl acetate, diethyl ether, chloroform, toluene
and toluene-isopropyl alcohol (95:5, v/v). Among
them, toluene-isopropyl alcohol yielded the highest
recovery.

The influence of the percentage of methanol in mo-
bile phase on the chromatographic behaviors of deslo-
ratadine andN-methyl-desloratadine was studied. It
was found that with the increase of methanol, the
retention time of both desloratadine andN-methyl-
desloratadine was decreased. Since acetonitrile pos-
sesses lower viscosity and good solubility with many
components, the incorporation of acetonitrile favors
the separation. After several trials, the mobile phase
consisting of the mixture of methanol–acetonitrile–
phosphate buffer (0.01 mol/l), (35:35:30, v/v) achieved
the purpose of this study. It was also found that the pH
value of the buffer had no significant influence on the
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Fig. 2. Typical chromatograms for method selectivity and sample determination: (A) standard solution (2�g/ml); (B) blank dog plasma;
(C) blank plasma spiked with 154 ng/ml desloratadine and 230 ng/ml IS; (D) a plasma sample collected from foreleg vein at 2 h after oral
administration desloratadine fumarate tablets. Peaks: 1, desloratadine; 2,N-methyl-desloratadine (IS).

chromatographic separation in the range of 5.0–7.0,
the final pH selected was 5.5.

3.2. Selectivity

The method was evaluated for selectivity by anal-
ysis of dog plasma samples. Typical chromatograms
are shown inFig. 2. Desloratadine and IS exhibited
retention times of ca. 9.5 and 11.0 min, respectively.
Baseline resolution was achieved without interfer-
ence of endogenous substances from the blank dog
plasma.

3.3. Linearity

The calibration curve was constructed by plotting
the peak-height ratios (y) of desloratadine to the IS
against desloratadine concentrations (x) in dog plasma.
The linear range was from 5.0 to 800.0 ng/ml. The
typical regression equation wasy = 1.09 × 10−2 +
3.19× 10−3x, r > 0.997.

3.4. Limit of quantitation

Limit of quantitation (LOQ) is the concentration
above which quantitation can be carried out with ade-
quate accuracy and precision (CV, coefficient of vari-
ation, <20%). The LOQ of desloratadine was found
to be 5.0 ng/ml.

3.5. Accuracy and precision

The accuracy and precision of this method were
examined using dog plasma samples freshly prepared
at desloratadine concentrations of 10.0, 200.0 and
800.0 ng/ml. Six replicate determinations were made
for each concentration and CV served as measure of
the precision. The accuracy was determined by com-
paring the measured concentrations with the expected
concentrations of desloratadine in spiked blank dog
plasma and given as relative error (RE). As shown in
Table 1, the inter-day precision and accuracy of the
method are less than 3.8 and 8.7% (n = 18), respec-
tively. The intra-day precision and accuracy are less
than 9.0 and 9.5% (n = 18), respectively. The results
demonstrate the acceptable accuracy and precision of
the method.

3.6. Recovery

The extraction recovery of desloratadine from dog
plasma was determined by comparing peak heights
from spiked plasma with those from standard solu-
tions. The spiked plasma was prepared by spiking
plasma with known amounts of desloratadine. The
standard solutions were prepared in methanol and can
be directly analyzed without any purification. The
mean recoveries of desloratadine from dog plasma
were 82.0± 4.9, 80.9± 4.4 and 78.8± 1.5% (n = 6)
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Table 1
Accuracy and precision of the developed HPLC method for the
determination of desloratadine in dog plasma

Concentration (ng/ml)

10.0 200.0 800.0

Inter-day (n = 18)
Mean± S.D.

(ng/ml)
10.5 ± 0.4 203.2± 5.5 730.3± 12.8

CVa (%) 3.8 2.7 1.8
REb (%) 4.9 1.6 −8.7

Intra-day (n = 18)
Mean± S.D.

(ng/ml)
10.1 ± 0.9 201.9± 4.4 723.8± 18.3

CV (%) 9.0 2.2 2.5
RE (%) 0.9 1.0 −9.5

a CV: coefficient of variation.
b RE: relative error.

for the final spiked desloratadine concentration of
10.0, 200.0 and 800.0 ng/ml, respectively. For the IS
(3�g/ml), the recovery was 85.1 ± 0.6% (n = 6).

3.7. Stability

The stability of desloratadine was evaluated by
analyzing quality control samples (10.0, 200.0 and
800.0 ng/ml) which were stored for 10 h at 20◦C
and 3 months at−20◦C, respectively. As shown in
Table 2, the mean concentration of desloratadine did
not change substantially when plasma samples were

Table 2
Stability of desloratadine in dog plasma after 10 h at 20◦C and 3 months after stored at−20◦C

Concentration(ng/ml)

10.0 200.0 80.0

1 2 1 2 1 2

10 h at 20◦C
Found (ng/ml) 9.84 9.90 199.0 197.1 769.76 782.9
Mean (ng/ml) 9.87 198.0 776.3
Recovery (%) 98.7 99.0 97.0

Mean± SD(%) 98.2± 1.1

3 months at−20◦C

Found (ng/ml) 9.41 9.69 197.8 193.6 752.9 774.8
Mean (ng/ml) 9.55 195.7 763.8
Recovery (%) 95.5 97.8 95.5

Mean± S.D. (%) 96.3± 1.4

Table 3
Pharmacokinetic parameters of desloratadine in five dogs after oral
administration of desloratadine fumarate tablets (a dose equivalent
to 10 mg desloratadine) and desloratadine tablets (10 mg deslorata-
dine) (Mean± S.D., n = 5)

Pharmacokinetic
parameters

Desloratadine
fumarate tablets
(test preparation)

Desloratadine
tablets (reference
preparation)

AUC0–t (ng h/ml) 5801.9± 4680.2 6293.7± 5305.0
AUC0–∞ (ng h/ml) 5981.1± 4751.4 6511.4± 5500.2
Cmax (ng/ml) 388.1± 258.7 393.2± 315.4
tmax (h) 3.80± 1.48 3.20± 1.64
t1/2 (h) 11.05± 3.06 11.19± 1.51
Ke (h−1) 0.067± 0.018 0.063± 0.009

stored at 20◦C for up to 10 h. The difference from
quality control samples was less than 5% after 3
months of storage at−20◦C.

3.8. Bioequivalence studies

The developed HPLC method yields satisfactory
results for the determination of desloratadine in dog
plasma samples and has been used successfully in a
pilot bioequivalence study of desloratadine fumarate
tablets and desloratadine tablets in dogs following oral
administration. The mean plasma concentration-time
profiles for desloratadine fumarate tablets and deslo-
ratadine tablets are shown inFig. 3. The pharma-
cokinetic parameters of both preparations in dogs are
given in Table 3. Both the mean values and standard
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Fig. 3. Mean plasma concentration-time profiles of desloratadine in five dogs after oral administration of desloratadine fumarate tablets (a
dose equivalent to 10 mg desloratadine) and desloratadine tablets (10 mg desloratadine).

deviation (S.D.) of AUC0–t , AUC0–∞ andCmax were
found to be very close between the two preparations,
indicating that the plasma profiles generated by deslo-
ratadine fumarate tablets are comparable to those pro-
duced by desloratadine tablets.

ANOVA for pharmacokinetic parameters (after
log-transformation of the data) showed no statistically
significant difference between the two preparations
and two periods except that between individuals
(Table 4). 90% CI also demonstrated that the ra-
tio of these parameters of the two drugs lie within
the FDA accepted range of 80–125% (70–143% for
Cmax) (Table 5). Based on the AUC0–t values, the
mean relative bioavailability of the desloratadine
fumarate tablets to desloratadine tablets was found
to be 97.3 ± 14.2% (n = 5). The above results

Table 4
ANOVA results of the pharmacokinetic parameters in 5 dogs after a
single oral dose of desloratadine fumarate tablets and desloratadine
tablets

Parameters F value

Between-
preparation

Between-
period

Between-
individual

In AUC0–∞ 0.05 0.88 22.55∗
In AUC0–t 1.02 8.55 549.84∗
In Cmax 0.02 4.53 33.27∗
tmax 1.59 1.59 7.50

F0.05(4,3) = 9.12; F0.05(1,3) = 10.13.
∗ P < 0.05.

Table 5
Two-one sided tests and (1–2�) confidence interval analysis results
of the parameters after a single oral dose of desloratadine fumarate
tablets and desloratadine tablets

Parameters t1 t2 90% CI Point
estimates (%)

AUC0–t 4.00∗ 5.10∗ 87.7–108.1 97.4
AUC0–8 4.77∗ 6.52∗ 88.8–105.1 96.6
Cmax 2.88∗ 2.69∗ 77.2–134.8 102.0

t(1−0.05)(3) = 2.35.
∗ P < 0.05.

demonstrate that the bioavailability of desloratadine
fumarate remains unchanged compared with deslo-
ratadine in addition to better solubility and stability
than desloratadine in vitro, which are favorable for its
determination and storage.

4. Conclusions

The proposed HPLC method is simple, specific
and accurate for the determination of desloratadine in
dog plasma. This method also offers a rapid and sim-
ple sample preparation procedure, which facilitates
the pharmacokinetic and bioequivalence studies of
desloratadine fumarate tablets. Based on the pharma-
cokinetic and statistical results, it can be concluded
that desloratadine fumarate tablets is bioequivalent to
desloratadine tablets in dogs.
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