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Abstract

To evaluate the bioavailability of puerarin sustained release tablet (SR-Tab.) and Yufengningxin tablet (YU-Tab.), a liquid chromatography
method was developed and validated to determine puerarin in dog plasma. Chromatographic separation was performed on Diamonsil C18 column
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sing a mixture of methanol–acetic acid–water (25:6:69, v/v/v) delivered at a flow rate of 1.0 ml/min and detected by UV. 4-Hydroxybenzaldehyde
as used as the internal standard. The linear range for puerarin was from 60 to 1800 ng/ml (r = 0.9991) with a limit of quantitation of 60 ng/ml.
ithin-day accuracy and precision ranged from −3.0 to 2.2% and from 1.2 to 4.3%, between-day accuracy and precision ranged from −4.1 to

.6% and from 1.3 to 5.7%, respectively. The mean extraction recoveries of puerarin determined over the three concentrations were (90.3 ± 5.2)%,
95.7 ± 1.4)% and (93.1 ± 3.5)%. A significant difference was observed in main pharmacokinetic parameters of Tmax, Cmax and AUC0–∞ between
uerarin SR-Tab. and YU-Tab. in dogs. The smoother plasma concentrations were obtained from SR-Tab. in dogs and the results were as expected.
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. Introduction

Puerarin (structure shown in Fig. 1, chemical name is 7,4′-
ihydroxyisoflavone-8�-glucopyranoside) is one of the bioac-
ive components isolated from the root of Pueraria lobata
Willd.) Ohwi and P. thomsonni Benth which is a traditional Chi-
ese medicinal herb. It has been reported that puerarin exhibits
any pharmacological effects of cardiac/cerebral blood vascular

iseases such as anti-hypertension, anti-arteriosclerosis, dilating
oronary arteries, decreasing myocardial oxygen consumption
nd improving microcirculation in both animals and humans suf-
ering from cardiovascular disease [1–3]. Yufengningxin tablet
marketed in China and included in Chinese pharmacopeia) is
formulation of total isoflavones (mainly consisting of puer-

rin) from P. lobata, and have been used for the treatment of
ypertension, senile schemic cerebrovascular disease and angina
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pectoris. Patients were given three to five Yu-Tab. for three
times within 1 day in the clinic. In earlier literature [4,5], it
was also reported that the elimination half-life period of puer-
arin in the volunteers and patients was so short that the plasma
concentration was fairly low after a single dose of 5 mg/kg was
given by intravenous injection for about 4 h. Therefore, it is
necessary to prepare puerarin sustained release dosage forms to
reduce dosing frequency, maintain a more even blood level and
hopefully improve patient compliances [6]. Puerarin sustained
release tablets (SR-Tab.) were prepared in our laboratory, which
consisted of a mixture of drug, chintosan, lactose, alginate-Na,
magnesium stearate and PVP K30 [7,8]. The oral bioavailability
of SR-Tab. has not been reported in either animals or humans
until now. Thus far, a number of HPLC methods with ultraviolet,
fluorescence detection have been reported for the determination
concentration of puerarin [9–12]. However, all those methods
either lacked internal standard to quantify, or lacked selectivity
and took longer analysis time. This study was to develop and
validate a rapid and accurate liquid chromatography method to
evaluate the relative bioavailability of SR-Tab. and YU-Tab. in
dogs.
731-7085/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2005.11.041
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Fig. 1. Structure of puerarin.

2. Experimental

2.1. Chemicals and reagents

Puerarin reference standard was provided by National Insti-
tute for the Control of Pharmaceutical and Biological Prod-
ucts (Beijing, China). Yu-Tab. (P. lobata isoflavone, contain-
ing 13 mg puerarin per tablet) used as reference preparation
was a commercial product from Beijing Tongrentang Pharma-
ceutical Co. (Beijing, China). Puerarin material was provided
by Zhongce Pharmaceutical Co. (Yantai, China). Puerarin SR-
Tab. was prepared in our laboratory. 4-Hydroxybenzaldehyde
was purchased from Beijing second Chemical Reagents Co.
HPLC-grade methanol, glacial acetic acid were obtained
from Tedia Company Inc. (Fairfield, USA). All other chem-
icals used were of analytical grade unless otherwise indi-
cated. Double-distilled water was used for all prepara-
tions.

2.2. Apparatus and chromatographic conditions

Chromatographic separation was performed with a chromato-
graphic system (Shimadzu, Japan) equipped with a LC-10AD
pump and a SPD-M10A UV–vis detector. An analytical column,
Diamonsil C18 column (200 mm × 4.6 mm, 5 �m) from Dikma
Technologies (Beijing, China) and a DL-II type guard column
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by vortexing and a 20 �l volume was injected into the LC
system.

2.4. Method validation

Plasma samples were quantified using the peak area ratio of
puerarin to 4-hydroxybenzaldehyde. To evaluate linearity, serum
calibration standards at concentrations of 60, 200, 500, 1000
and 1800 ng/ml were prepared and assayed in triplicate on 3
consecutive days. The accuracy and precision were assessed by
determining quality control (QC) samples at three concentration
levels on 3 different days. The accuracy (RE) was expressed as
((mean observed concentration − spiked concentration)/(spiked
concentration)) × 100% and the precision as relative standard
deviation (R.S.D.). Concentrations of puerarin in plasma sam-
ples were determined by back-calculation of the observed peak
area ratios of the analyte and internal standard from the best-fit
calibration curve using a weighted (1/x2) linear regression. The
extraction recoveries of puerarin at three QC levels (60, 500
and 1800 ng/ml, n = 3 at each concentration) were determined
by comparing the peak area ratio of puerarin to internal stan-
dard from plasma samples spiked prior to extraction with those
from plasma samples spiked post-extraction. The internal stan-
dard was added to both sets of samples. The stability of puerarin
in the reconstituted solution under 20 ◦C for 24 h and in serum
stored at −20 ◦C for 1 month was assessed by placing QC sam-
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acked with YWG-C18 (10 mm × 4.0 mm, 10 �m) from Tianjin
hromatographic Science and Technology Company (Tianjin,
hina) were used for chromatographic separation. Mobile phase
onsisted of a mixture of methanol–acetic acid–water (25:6:69,
/v/v) delivered at a flow rate of 1.0 ml/min. The injection vol-
me was 20 �l. Detection was performed at 250 nm at a constant
emperature (25 ± 1 ◦C).

.3. Sample preparation

To 1 ml of dog plasma, 50 �l of internal standard solu-
ion (4-hydroxybenzaldehyde, 9 �g/ml in methanol) and 1 ml

ethanol were added and vortex mixed for 5 min, 1.0 ml of
erchloric acid solution (0.58 M) was added to precipitate pro-
ein and vortex mixed for 2 min and centrifuged (3000 rpm)
or 15 min. The separated supernatant was evaporated to dry-
ess in a water bath at 50 ◦C under the protection of nitrogen.
he residue was reconstituted with 200 �l of the mobile phase
les at three concentrations in triplicate.

.5. Application of the developed LC method

The study was based on a single-dose, randomized, two-
eriod crossover design at intervals of 1 week. Six dogs
13.6 ± 2.1 kg) were from the Laboratory Animal Center of
hanghai Medical University. In the morning of phase I, fol-

owing an overnight fast (10 h), six dogs were given single dose
f either one SR-Tab. (a dose equivalent to 130 mg puerarin) or
0 YU-Tab. (a dose equivalent to 130 mg puerarin) with 50 ml
ater. No other food was allowed until 4 h after dose adminis-

ration while water intake was free. About 2 ml of blood samples
as collected from the foreleg vein into heparinized test tubes

t predose and at 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12 and 16 h after
osing. Plasma was separated by centrifugation and kept frozen
t −20 ◦C until analysis. After a washout period of 7 days, the
tudy was repeated once again.

Pharmacokinetic analysis was performed by non-compart-
ental analysis. The maximum puerarin concentration (Cmax)

nd corresponding peak time (Tmax) were determined by the
nspection of the individual drug serum concentration–time
rofiles. The elimination rate constant (Ke) was obtained
rom the least-square fitted terminal log-linear portion of the
erum concentration–time profile. The elimination half-life
t1/2) was calculated by 0.693/Ke. The area under the serum
oncentration–time curve of puerarin from time zero to infin-
ty (AUC0–∞) was determined by the trapezoidal rule to the last

easurable concentration (Ct) plus the additional area from time
to infinity, calculated as Ct/Ke. The relative bioavailability was
alculated as (AUC0–∞)SR-Tab./(AUC0–∞)YU-Tab..
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3. Results and discussion

3.1. Optimization of analytical condition

Under the HPLC conditions used the analyte puerarin showed
adequate separation from the interfering peaks. Acetic acid in
the mobile phase was important for good peak shape probably by
preventing the ionization of puerarin. A trial test indicated that
perchloric acid was suitable for protein precipitation due to less
volume and methanol was used for the extraction of puerarin in
this study to obtain a relatively high recovery of puerarin from
the dog serum.

3.2. Selectivity

The method selectivity was assessed by comparing the chro-
matograms of blank dogs serum with the corresponding spiked
serum. Fig. 2 shows the typical chromatograms of a blank serum
sample, dog serum sample collected after oral administration
of YU-Tab. without the addition of the internal standard, a
blank serum sample spiked with puerarin (500 ng/ml) and 4-

hydroxybenzaldehyde (9 �g/ml) and a serum sample from a
dog 180 min after an oral administration of one SR-Tab. No
significant interferences of endogenous substances from the
blank dog plasma with puerarin or 4-hydroxybenzaldehyde were
detected and no matbolite(s) of puerarin interfered with the
internal standard. Typical retention time for puerarin and 4-
hydroxybenzaldehyde was 5.4 and 6.2 min, respectively. There-
fore, the described LC method is selective for the determination
of puerarin in dog plasma.

3.3. Linearity

Calibration standards were prepared in blank dog serum to
give serum concentrations 60, 200, 500, 1000 and 1800 ng/ml
for puerarin. The linear regression of the peak area ratio
versus concentration was fitted over the concentration range
of 60–1800 ng/ml in dog serum. A typical equation of
the calibration curve was as follows: R = 0.00113C − 0.0372
(r = 0.9991), where R is the peak area ratio of puerarin
to 4-hydroxybenzaldehyde and C is the concentration of
puerarin.
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ig. 2. Chromatograms of puerarin and 4-hydroxybenzaldehyde in serum samples. (A
f YU-Tab. without the addition of the internal standard. (C) Blank serum sample spi
erum sample collected at 180 min after oral administration of one SR-Tab. to a dog.
) Blank serum sample; (B) dog serum sample collected after oral administration
ked with puerarin (500 ng/ml) and 4-hydroxybenzaldehyde (9 �g/ml); (D) dog
Peak 1, puerarin (tR = 5.4); peak 2, 4-hydroxybenzaldehyde (tR = 6.2).
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Table 1
Accuracy and precision of the developed LC method for the determination of
puerarin in dog plasma

Concentration (ng/ml)

60 500 1800

Within-day (n = 6)
Mean ± S.D. (ng/ml) 58.18 ± 2.51 496.35 ± 6.18 1839.41 ± 44.83
R.S.D. (%) 4.3 1.2 2.4
RE (%) −3.0 −0.7 2.2

Between-day (n = 6)
Mean ± S.D. (ng/ml) 57.55 ± 3.43 494.17 ± 6.27 1847.65 ± 39.42
R.S.D. (%) 5.7 1.3 2.2
RE (%) −4.1 −1.2 2.6

S.D.: standard deviation; R.S.D.: relative standard deviation; RE: relative error.
RE (%) = 100 × ((mean concentration − nominal concentration)/nominal con-
centration).

3.4. Accuracy and precision

The limit of quantification for determination of puerarin in
dog plasma, defined as the smallest sample concentration above
which quantitation could be carried out with adequate accuracy
and precision (Table 1), was found to be 60 ng/ml, which was
sufficient for pharmacokinetic studies of puerarin preparations
in dogs. Within-day accuracy and precision ranged from −3.0 to
2.2% and from 1.2 to 4.3%, between-day accuracy and precision
ranged from −4.1 to 2.6% and from 1.3 to 5.7%, respectively.

3.5. Extraction recovery and stability

The extraction recoveries of puerarin, determined at
three concentrations (60.0, 500.0 and 1800.0 ng/ml), were
(90.3 ± 5.2)%, (95.7 ± 1.4)% and (93.1 ± 3.5)% (n = 3).
The extraction recovery of 4-hydroxybenzaldehyde was
(94.5 ± 2.1)% (n = 3).

Puerarin prepared samples were stable in the reconstituted
solution of methanol–acetic acid–water (25:6:69, v/v/v) for at
least 24 h at room temperature (20 ◦C). The mean relative error
of puerarin between the initial concentrations and the concen-
trations stored at −20 ◦C for 1 month ranged from 4.2 to 1.9%,
which indicated that puerarin was stable for at least 1 month at
storage condition in dog serum.
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Fig. 3. Mean serum concentration–time curves of puerarin after oral adminis-
tration of one SR-Tab. (130 mg) and YU-Tab. (130 mg). Each point represents
the mean and standard deviation of six dogs. Formulation type: SR-Tab. (�);
YU-Tab. (©).

The AUC0–∞, tmax and Cmax values showed significant differ-
ence between SR-Tab. and YU-Tab. The absorption of puerarin
from SR-Tab. resulted in a 1.3-fold increase in bioavailability
compared with YU-Tab. It was demonstrated that the absorp-
tion of puerarin from SR-Tab. was enhanced a little according
to bioequivalence requirement (80–125%). The increased oral
bioavailability following administration of SR-Tab. was most
likely due to the enhancing effect of chitosan on the permeabil-
ity of monolayers of intestinal epithelial cells because chitosan
was used as a sustained release matrix in the formulation of
SR-Tab. [13]. For two formulations of a single drug, the true
terminal elimination half-life should be the similar. Because the
concentrations of the SR-Tab. fell below the LOQ by 16 h and
there were large individual differences, the true elimination half-
life was not captured. The result showed apparent differences in
half-life between YU-Tab. and SR-Tab.

4. Conclusions

A rapid, precise, accurate and reliable HPLC method for
determination the bioavailability of SR-Tab. and YU-Tab. in
dogs has been developed and validated. This method greatly
simplified the process of determination and could be used for
the pharmacokinetic study of pharmaceutical preparations in
human. Moreover, this study also indicated that puerarin SR-
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.6. Bioavailability study and pharmacokinetic analysis

The mean serum concentration–time profiles for the two
ormulations are presented in Fig. 3 and the pharmacokinetic
arameters are given in Table 2.

able 2
harmacokinetic parameters for puerarin in dogs following oral administration

Tmax (h) Cmax (ng/ml)

U-Tab. 1.50 ± 0.32 917.9 ± 123.2
R-Tab. 4.00 ± 0.98** 674.9 ± 91.0**

* p < 0.05.
** p < 0.01.
ab. might provide the smoother plasma concentration and better
ompliance for patients than YU-Tab. in clinical practice. The
esults were as expected.

-Tab. and YU-Tab. formulations (n = 6)

C0–∞ (h ng/ml) Ke (h−1) t1/2 (h)

49.0 ± 565.8 0.4813 ± 0.1232 1.52 ± 0.37
47.8 ± 877.3* 0.2654 ± 0.0828* 2.83 ± 0.84*
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