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Abstract

A sensitive and rapid high-performance liquid chromatography (HPLC) method with solid-phase extraction (SPE) to simultaneously deter-
mine albiflorin and paeoniflorin in rat serum was described. Serum samples were pretreated with solid-phase extraction using ExXifact-Clean
cartridges, and the extracts were analyzed by HPLC on a reversed-pfaas#utnn and a mobile phase of acetonitrile-0.03% formic acid
(17:83 (v/v)) with ultraviolet detection at 230 nm. Pentoxifylline was used as the internal standard (IS). The linear ranges of the calibration
curves were 29-1450 ng/ml for albiflorin and 10—2000 ng/ml for paeoniflorin. The intra- and inter-day precisions (R.S.B)04986 for
albiflorin and<11.29% for paeoniflorin, respectively. Mean recovery was determined to be 89.75% for albiflorin and 85.82% for paeoniflorin.
The limit of quantification was 29 ng/ml for albiflorin and 10 ng/ml for paeoniflorin, respectively. The validated method was applicable to
pharmacokinetic studies of albiflorin and paeoniflorin from rat serum after oral administration of Si-Wu decoction. The pharmacokinetic study
indicated that albiflorin and paeoniflorin had poor absorption and rapid elimination. This assay result was necessary for the pharmacokinetic
evaluation of Si-Wu decoction.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Chuanxiong Rhizoma chuanxiong), which were all recorded
in Chinese Pharmacopoeia (2000 Edition).

Traditional Chinese medicine (TCM) is the natural ther-  R. paeoniae is the major component of Si—-Wu decoction.
apeutic agent used under the guidance of the theory ofAlbiflorin and paeoniflorin (structures shown kig. 1), the
traditional Chinese medical sciences. In clinical applica- major constituents irR. paeoniae and Si—-Wu decoction,
tion, most herbal medicines are prescribed in combination are water-soluble compounds isolated from the roots of
to obtain the synergistic effects or to diminish the pos- Paeonia lactifloria [2,3]. Paeoniflorin has been reported to
sible adverse reactionfl]. This medical approach has exhibit anti-coagulanf4], neuromuscular blockingb—7],
played an important role in the prevention and treatment of immunoregulating [8], cognition-enhancing[9-11] and
diseases. anti-hyperglycemic effectd12]. Pharmacological inves-

Si-Wu decoction is one of the famous tonic Chinese pre- tigation showed that paeoniflorin was one of the major
scriptions and widely used in China and Japan with the effect active principles of Si—-Wu decoctiofi3]. Albiflorin, as
of improving a deficiency of blood, promoting blood circu- well as paeoniflorin, are the characteristic constituents of
lation, regulating menstruation and relieving pains. Si-Wu R. paeoniae and used as markers to evaluate the quality of
decoction is composed of BaishaBaflix paeoniae), Di- R. paeoniae [14,15] The metabolic process of albiflorin
huang Radix rehmanniae), Danggui Radix angelicae) and by human intestinal bacteria was similar to that of paeoni-

florin [16]. In addition, it has been reported that albiflorin
mspondmg author. Tel+86-10-82801516: had relatively weak i_nhi_bif[ory effects on DNA cleavage
fax: 1+86-10-82802700. [17] and completely inhibited the EEG power spectrum

E-mail address: gda@bjmu.edu.cn (D. Guo). changes as well as the extracellular calcium and potassium
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CH,OH Control of Pharmaceutical and Biological Products (Bei-
HO 0 CH, jing, China). The internal standard (IS), pentoxifylline, was
HO o o purchased from Sigma (St. Louis, MO, USA). Acetonitrile
HO and methanol were of HPLC grade (J.T. Baker, Phillips-
burg, NJ, USA). The deionized water was prepared from
o Millipore water purification system and was filtered with
| 0.45pm membranes.

¢c—o—cu, ©OH

=)

2.3. HPLC method
® An Agilent 1100 liquid chromatograph system consisting
of a quaternary pump, an autosampler and UV detector cou-
CHZOHO CH;, pled with an analytical workstation was used. Separations
HO were performed on an Inertsil ODS-3 C-18 reversed-phase
HO 5o o o column (5um, 250 mmx 4.6 mm) with a RP18 (fum) guard
\C column (both from Dikma). The isocratic mobile phase was
0.03% formic acid—acetonitrile (83:17 (v/v)). The flow rate
o ) was 1 ml/min. Detector was set at 230 nm and all the mea-

” OH surements were performed at 5.
C—O0—CH,

H

2.4. Animals
(b)

Male Sprague—Dawley rats (200—-220g) were obtained
from the Laboratory Animal Center of Peking University
Health Science Center (Beijing, China). They were kept in
concentration changes related to seizure act[#i8}. Thus,  environmentally controlled breeding room for 3 days before
it is important to quantify albiflorin and paeoniflorin in rat  starting the experiments and fed with standard laboratory

serum and investigate their pharmcokinetics for evaluating food and water ad libitum and fasted overnight before the
the clinical applications of Si-Wu decoction. There are tggt.

some reported quantitative methods and pharmacokinetic

studies on paeoniflorin in biological samplg$-24] But 25 Content of albiflorin and paeoniflorin in S—Wu

simultaneous determination of albiflorin and paeoniflorin gecoction

in rat serum and their pharmacokinetic study were not pre-

viously reported. The present study described a sensitive T calculate the administered dose of albiflorin and

and rapid solid-phase extraction— liquid chromatographic paeonifiorin, their contents in Si—-Wu decoction were quan-

(SPE-HPLC) method to simultaneously determine albi- tjtatively determined. The lyophilized extract of Si-Wu

florin and paeoniflorin in rat serum after oral administration gecoction was mixed with deionized water and diluted to

of Si-Wu decoction, so as to take a limited view of their the concentration of 4 mg/ml. The mixture was centrifuged

pharmacokinetic profiles. at 3000 rpm for 10min and the supernatant solution was
obtained, and then 1l of this solution was injected into
the HPLC system for analysis. The contents of albiflorin

Fig. 1. Chemical structures of albiflorin (a) and paeoniflorin (b).

2. Experimental and paeoniflorin in the lyophilized extract of Si-Wu decoc-
tion were determined to be 0.38 and 0.61%, respectively,
2.1. Herbal materials with external standard method.

Baishao, Dihuang, Danggui and Chuanxiong, were pur- 2.6, Sample preparation-solid-phase extraction procedure
chased from Tong Ren Tang Pharmaceutical Group (Beijing,
China). The sliced crude drugs were extracted twice by re-  Extract-Cleah cartridges (Alltech Associates Inc.) were
fluxing with boiling water (1:10, g/ml) for 1 h, and the so- applied for isolation of albiflorin and paeoniflorin from rat
lution obtained was concentrated and lyophilized. The dried serum. The columns were conditioned and equilibrated with

powder was stored at°€ before use. methanol followed by deionized water before use. Rat serum
with albiflorin, paeoniflorin and IS (pentoxifylline) (4 ml)
2.2. Chemicals and reagents was transferred into a SPE column cartridge. After wash-

ing the cartridge with deionized water, the compounds were
The reference standards of albiflorin and paeoni- eluted using 60% methanol. The elute was evaporated to
florin were purchased from the National Institute for the dryness at 30C in vacuo and dissolved in 240 of mobile
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phase. Twenty microliters of the sample was injected into oral dose of 24 g/kg of Si—-Wu decoction. A blood sample

HPLC for analysis. was collected at times of 5, 10, 15, 20, 40, 60,120, 180,
240 min after dosing. Within 30 min after blood withdrawal,
2.7. Calibration curve the samples were centrifuged and the separated serum sam-

ples were frozen in polypropylene tubes-a20°C prior to
Stock solutions of albiflorin, paeoniflorin and IS (pentoxi- analysis.

fylline) were prepared with deionized water. All the standard ~ The rat serum samples (4 ml) with internal standard were
solutions were diluted to give concentrations in the range performed as described und8ection 2.6 Twenty micro-
of 1.16-58.g/ml for albiflorin, 0.4-8Qug/ml for paeoni- liters of this sample was analyzed. The serum concentra-
florin and 15.3qug/ml for pentoxifylline. Then, 10Q.l of tions of albiflorin and paeoniflorin at different time point
each solution was added together to blank serum (4 ml), were evaluated by means of linear regression analysis. Data
the resulting serum contained 29-1450 ng/ml of albiflorin, were expressed as meanS.D. All statistical analysis was
10-2000 ng/ml of paeoniflorin and 384 ng/ml of pentoxi- performed using Microsoft Excel 2000. The relevant phar-
fylline, respectively. The serum was processed according to macokinetic parameters were calculated using the computer
the procedure described above. The concentrations of alb-program 3p97 (the Chinese Society of Mathematical Phar-
iflorin and paeoniflorin in serum samples were determined macology).
using internal standard method. Limit of detection was de-
termined at a signal to noise of baseline in the ratio of 3:1.
The limit of quantification in serum was defined as the low-
est c_o_ncentratiqn on the cglipration curve for which assay 3 1 Solid-phase extraction and recovery
precision (coefficient of variation (CV)) was less than 20%.

3. Result and discussion

o In the present study, the method for estimation of albi-
2.8. Precision and accuracy florin and paeoniflorin in rat serum was described. Due to
o ) the structural similarity, the chemical properties of albiflorin

The precision and accuracy of this method were evalu- ang paeoniflorin were very similar. Therefore, the method
ated by analyzing serum samples spiked with four concen-for jsolation of paeoniflorin from rat serum was also appli-
trations of albiflorin and paeoniflorin. The intra-day variance caple to the isolation of albiflorin. In the previous reports
was determined by assaying the six replicates on the sameg22], the biological samples were obtained by precipitating
day and inter-day variance was assayed on four Cons’chtiV‘afﬁ)lrotein with acetonitrile and extracted with ether to remove
days. Precision was expressed as the percent coefficient o on-polar interfering impurities, which was cumbersome
variation. Accuracy was determined by comparing the cal- gng involved in the use of toxic solvents. On the basis of our
culated concentration using calibration curves to the known previous study24], solid-phase extraction was performed to
concentration. isolate the albiflorin and paeoniflorin from interfering com-
pounds in rat serum. Proteins and interfering compounds can
be removed by deionized water, and albiflorin and paeoni-
florin retained on the Extract-CleHf cartridge were com-

i i pletely eluted with 60% methanol. Most of the endogenous
were assessed at four different concentrations (58, 145, 7254 ,hstances could be removed with SPE process. The mean

1015 ng/ml for albiflorin and 80, 200, 400, 1000 ng/ml for - gyiraction efficiency for albiflorin and paeoniflorin from
paeoniflorin). The recovery of internal standard, pentoxi- o+ serum were 89.75 and 85.82% respectivable 2.
fyIIine,_was evaluated at _the_concentrgtiop used in sam.pleln addition, the recovery of pentoxifyline was 92.93%
analysis (384 ng/ml). Albiflorin, paeoniflorin and pentoxi- : its concentration used in the assay, which suggested

fylline were spiked into blank serum to give the_ aboy_e CON- that the extraction for the analyzed compounds was quite
centrations. The samples were treated as descriligelition efficient.

2.6 and analyzed by HPLC. For albiflorin and paeoniflorin,

the recoveries were calculated by comparing their peak areag 2 sdectivity

ratios to IS of the extracted serum samples with standard so-

lutions at the same concentration level. For pentoxifylline,  Chromatographic profiles of blank serum, blank serum

the extraction efficiency was determined by comparing the spiked with albiflorin, paeoniflorin and 1S, and serum ob-

peak area of pentoxifylline to that of standard solution in- tained 15 min after oral administration of Si-Wu decoction

jected directly into the HPLC system without extraction. were shown inFig. 2 The retention times of albiflorin,
paeoniflorin and IS were 10.30, 12.26 and 22.37 min, re-

2.10. Application of the method and pharmacokinetic study spectively. A baseline separation of these compounds was
obtained under the specified chromatographic conditions.

The utility of the worked-out method was demonstrated No interfering peaks were detected. This indicated that the
in the in vivo conditions. Each rat was administered an selectivity of the elaborated procedure was appropriate.

2.9. Recovery

Recoveries for albiflorin and paeoniflorin from rat serum
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Table 1
Recovery of the albiflorin and paeoniflorin assay= 3)
Compound Spiked concentration (ng/ml) Recovery (%) R.S.D (%) Average (%)
Albiflorin 58 90.52+ 6.21 6.86 90.15
145 95.43+ 7.04 7.37
725 87.78+ 0.59 0.67
1015 86.88+ 1.05 121
Paeoniflorin 80 81.6% 6.17 7.55 85.82
200 85.27+ 1.97 231
400 94.79+ 2.23 2.35
1000 81.51+ 0.52 0.64
3.3. Standard curve it was linear over the range of 10-2000 ng/ml, producing

a regression of = 0.0013% + 0.065101 with a correla-
The standard curve for albiflorin in rat serum was linear tion coefficientr? of 0.9961, the limit of quantification was
over the range of 29-1450 ng/ml, producing a regression of 10 ng/ml and the limit of detection was 3.2 ng/ml.
y = 0.001476& + 0.011465 with a correlation coefficiert
of 0.9944 (wherg is the peak area ratio amdhe concentra- ~ 3.4. Precision and accuracy
tion of analyte), the limit of quantification was 29 ng/ml and
the limit of detection was 9.5 ng/ml. While for paeoniflorin, ~ The intra- and inter-day precision and accuracy were
evaluated in four concentration levels (albiflorin at 58,

145, 725 and 1450 ng/ml; paeoniflorin at 40, 200, 800 and
VWD1 A, Wavelength=230 nm (SWT\SERUM028.D)

mAU 1400 ng/ml). As shown inTables 2 and 3the intra-day
20 accuracy of albiflorin and paeoniflorin was 92.55-94.43
15 and 95.40-109.82% with the CV values less than 9.93 and
10 11.29%, respectively. The inter-day accuracy of albiflorin

and paeoniflorin ranged from 90.45 to 92.89% and from
5 M 96.01 to 100.3% with the CV values less than 10.49 and
0 10.88%, respectively. The overall reproducibility of the

method was acceptable.

-5 : : : : :
@A) o 5 10 15 20 25 min
VWD1 A, Wavelength=230 nm (SWT\SERUMO024.D) 3.5. Application of analytical method in pharmacokinetic

mAU studies
20 2
15 1 The described method was applied to analysis of serum
samples after oral administration of Si—-Wu decoctiéig. 3
10 LS. showed the mean serum concentration—time profile of albi-
JU florin and paeoniflorin{ = 5). The absorption of albiflorin
0 and paeoniflorin was rapid, with peak concentrations occur-
- : : : : : ring at 15 min for albiflorin and 20 min for paeoniflorin after
®) 0 5 10 15 20 25 min oral administration of Si-Wu decoction. The concentration
VWD1 A, Wavelength=230 nm (SWT\SERUM026.D) was lower than limit of quantification after 3 h for albiflorin
mAU | and 4 h for paeoniflorin.
20 1 \} As calculated from the serum concentrations of albiflorin
15 1 and paeoniflorin following oral administration of Si—-Wu de-
10 | coction, the non-compartmental pharmacokinetic parame-
ters were calculated and listedTable 4 These parameters
indicated that albiflorin and paeoniflorin were absorbed and
01 cleared quickly from the body.
© 50 : " s 30 35 i TCMs are widely used in China and Japan and in most

cases they are prescribed in combination in clinics. The
Fig. 2. Typical chromatograms for the determination of albiflorin and pharmacokinetic study is an important and useful method
paeoniflorin in serum samples: (A) chromatogra_m of a blan_k serum to approach the pharmacological actions of TCMs since
sample; (B) chromatogram of a serum sample spiked with albiflorin (1) knowledge on the pharmacokinetics might help to explain
and paeoniflorin (2) and internal standard (IS); (C) chromatogram of the . . .

and predict a variety of events related to the efficacy and

serum sample from a rat after 15min of oral administration of Si-Wu - .
decoction. toxicity of herbal preparation®5,26]
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Table 2
Validation of the intra-day assay: & 6)
Compound Spiked concentration (ng/ml) Measured concentration (ng/ml) Accuracy (%) C.V. (%)
Albiflorin 58 53.68+ 5.83 92.55 9.93
145 136.62+ 5.56 94.22 4.07
725 684.62+ 23.07 94.43 3.37
1450 1341.96+ 58.69 92.55 4.37
Paeoniflorin 40 43.93t 4.96 109.82 11.29
200 194.36+ 12.61 97.18 6.49
800 763.20+ 51.71 95.40 6.78
1400 1389.46+ 50.52 99.25 3.64
Table 3
Validation of the inter-day assay & 4)
Compound Spiked concentration (ng/ml) Measured concentration (ng/ml) Accuracy (%) C.V. (%)
Albiflorin 58 52.46+ 5.50 90.45 10.49
145 133.41+ 9.90 92.01 7.42
725 673.13+ 21.83 92.85 3.24
1450 1346.84t 49.30 92.89 3.66
Paeoniflorin 40 38.58t 4.20 96.45 10.88
200 200.52+ 14.28 100.3 7.12
800 768.04+ 72.51 96.01 9.44
1400 1402.24+ 75.93 100.2 5.41

TCM combination is used to cure diseases as a whole.aqueous Si—-Wu decoction to animal subjects, and then to de-
Each herb that constitutes the formula is necessary to the in-termine the serum profiles and pharmacokinetic parameters
tegral effect. As the chemical constituents of the formula are of albiflorin and paeoniflorin in Si-Wu decoction.
complex, the pharmacokinetic study was usually focused on  Previous studies indicated that paeoniflorin has a higher
the main active constituents. Si—-Wu decoction is the water binding affinity to organs and a lower blood distribution and
extract of four herbal drugs in combination. According to the its low bioavailabity caused the low paeoniflorin concen-
previous investigation, the chemical constituents of Si—-Wu tration in plasmg22]. In order to study pharmacokinetics
decoction were mainly monosaccharides, polysaccharidesof albiflorin and paeoniflorin following oral administra-
and water-soluble compoundg7,28] Using HPLC with tion of Si-Wu decoction, a large dose referred to clinical
ultraviolet detection method, the fingerprint of Si-Wu de- application was administered to rats. Although the oral ad-
coction was analyzed and the marker substances of Si—-Wuministration dose of Si-Wu decoction contained 91.2 mg/kg
decoction were determined (data not shown). The resultsalbiflorin and 146.4 mg/kg paeoniflorin, their concentrations
showed that albiflorin and paeoniflorin were two main con- in rat serum were extremely low. The current investigation
stituents of aqueous solution of Si-Wu decoction. There- results were consistent with the above conclusion. And
fore, the current investigation was designed to administer it was found that a relatively greater extent of albiflorin
and paeoniflorin were absorbed after oral administration of
Si-Wu decoction. Therefore, it is important to study their
pharmcokinetics to explain the pharmacological synergistic

2000 -
1800

~ 1600
‘\ED 1400 Table 4
\2/ 1200 Mean pharmacokinetic parameters of albiflorin and paeoniflorin in rat
£ 1000 serum ( = 5) after oral administration Si-Wu decoctfon
<
£ 800 Parameter Estimate (mean S.D.)
Q
g 600 Albiflorin Paeoniflorin
© 400
200 tmax (Min) 13.77+ 0.23 19.36+ 10.34

1014.36+ 21.41
36915.014 429.18
43.71+ 1.74
56.86+ 1.72

Crmax (ng/ml)
AUCp_ » (ngmin/ml)
T]_/z(min)

MRT (min)

1784.74+ 53.50
68423.41 1333.29
63.69+ 10.26
93.32+ 18.06

=1

0 5 10 15 20 40 60 120 180 240
Time (min)

—&—albiflorin —8— paeoniflorin

8 AUCqo_ . the area under curve concentration—tin@yax. maxi-
mum concentration anax, T1/2: elimination half-life time; MRT: mean
residence time.

Fig. 3. Mean serum concentration—time profile for albiflorin and paeoni-
florin in rat serum after oral administration of Si—-Wu decoction.
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effect of Si—Wu decoction in clinical use. In addition, if an  [3] K. Yamasaki, M. Kaneda, D. Tanaka, Tetrahedron Lett. 44 (1976)

ideal vehicle could be found to increase absorption of alb- ' 39?55-d V. Takamateu. K. Teui. T. K chem. Pharm. Bull
iflorin and paeoniflorin, great benefit for improving clinical o (slg;;’) aag.rnaieth 1 TSt 1. Fostge, them. Fharm. B
efficacy of albiflorin and paeoniflorin will be obtained. [5] K. Dezaki, K. Miyahara, M. Kimura, Jpn. J. Pharmacol. 69 (1995)
281.
[6] M. Kimura, I. Kimura, Jpn. J. Pharmacol. 39 (1985) 387.
4. Conclusions [7] M. Kimura, I. Kimura, H. Nojima, Jpn. J. Pharmacol. 37 (1985) 395.
[8] J. Liang, A. Zhou, M. Chen, S. Xu, Eur. J. Pharmacol. 183 (1990)
901.

A simple and reliable SPE-HPLC method has been de- [g) 1. watanabe, Behav. Brain Res. 83 (1997) 135.
veloped for the determination of albiflorin and paeoniflorin  [10] H. Ohta, K. Matsumoto, M. Shimizu, H. Watanabe, Pharmacol.
in rat serum after oral administration of Si-Wu decoction. Biochem. Behav. 49 (1994) 213. o
The assay provided adequate recovery with good precision[ll] H. Ohta, K. Matsumoto, H. Watanabe, M. Shimizu, Jpn. J. Pharmacol.

) . 62(1993) 345.
and accuracy. The method was validated to meet the require [12] FL. Hsu, C.W. Lai, J.T. Cheng, Planta Med. 63 (1997) 323.

ments of th? p_harma(_:OkinetiC investigation of _the _tWO Com' [13] A.Y. Li, Y. Zhao, Chin. J. Exp. Tradit. Med. Formulae 5 (1999) 42.
pounds. This is the first report of pharmacokinetic studies [14] C.D. Jin, J. Chin. Pharm. Univ. 20 (1983) 139.

of albiflorin and paeoniflorin in rat serum after oral admin- [15] N. Ikeda, T. Fukuda, H. Jyo, Y. Shimada, N. Murakami, Yakugaku
istration of Si—-Wu decoction. The pharmacokinetic results __ Zasshi 116 (1996) 138.

. . . . . . [16] Y.Z. Shu, M. Hattori, T. Akao, K. Kobashi, K. Kagei, K. Fukuyama,
provide a firm basis for evaluating the clinical efficacy of T Tsukihara, T. Namba, Chem. Pharm. Bull. 35 (1987) 3726.

Si-Wu decoction. [17] T. Okubo, F. Nagai, T. Seto, K. Satoh, K. Ushiyama, |. Kano, Biol.
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