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Abstract

A simple HPLC method with ultraviolet detection was developed for the simultaneous determination of baicalein and its major metabolite,
baicalein 7-glucuronide (baicalin) in rat plasma. Following solid phase extraction with HLB cartridge, the analytes were separated using a
gradient mobile phase consisting of methanol-acetonitrile—phosphate buffer. The flow-rate was set at 1 ml/min and the eluent was detected
at 320 nm. The method is linear over the studied range of 1-10 and Qu@@ml for baicalein and baicalin, respectively. The intra-day and
inter-day variations of the analysis were less than 6.38%, with relative error ranging-f8d8rto 6%. The limit of quantification in plasma
was 0.05.g/ml for both baicalein and baicalin. The developed method proves to be an improved and more reliable method because of its
capability for determining baicalein and baicalin simultaneously in a single chromatographic run.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ported by Wakui et a[8]. But it is not convenient and quite
sample consuming. Recently, Lai et al. developed a HPLC
Flavonoids have aroused increasing awareness because ahethod to determine B only in rat plasma and its conju-
their potential health beneficial effeft]. Baicalein (B), a gated metabolites were quantified by detecting the increased
flavonoid found in the root oScutellaria baicalensishas concentration of B in plasma after 8-h treatment @f
been widely used in traditional Chinese medicine for a long glucuronidase/sulfata$®]. However, as conjugated metabo-
time[2]. Baicalin (BG), the 7©-glucuroinide of baicalein, is  lites of B include not only baicalein ©-glucuronide but also
the predominant metabolite found in the blood after admin- the glucuronides of baicalein at 6-OH and/or 5-OH position,
istration of baicalein to roden{8]. The reported pharma- baicalein sulfates as well as baicalein glucuronidated and
cological effects of both B and its metabolites, BG, include sulfated multi-conjugateflO]. Such enzymatic hydrolysis
anti-inflammatory4], anti-allergid5], anti-oxidative6], an- approach is not specific for the determination of BG con-
tibacterial effec{7]. centration in plasma since it cannot distinguish individual
As both B and BG are bioactive, it is essential to de- conjugates.
velop a method to determine all of them in plasma samples.  Inthe present study, we have developed a reliable and spe-
Back in early 1990s, separated HPLC systems and plasmecific HPLC method for the simultaneous determination of B
sample preparation methods for B and BG were already re-and BG in rat plasma after solid phase extraction. In addi-
tion, we applied the developed method to the simultaneous
* Corresponding author. Tel.: +852 2609 6832; fax: +852 2603 5295, determination of rat plasma levels of B and BG following
E-mail addressjoanzuo@cuhk.edu.hk (Z. Zuo). intravenous administration of B.
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2. Materials and methods concentrations of 150, 100, 50, 20, 10, 5, 2, 1, anqu@/snl,
respectively.
2.1. Reagents and chemicals Standard solution of IS was prepared by dissolving the ap-

propriate amount of 6-HF in a solution containing methanol
Baicalein and Baicalin were purchased from Aldrich and phosphate buffer (pH 2.5) comprising 1% ascorbic acid
Chem Co. 6-Hydroxyflavone (6-HF) used as an internal stan- (50:50 (v/v)) to yield a concentration of 1@/ml.
dard (IS) was from Indofine Chemical Co. Waters O&sis The samples for plasma standard calibration curves were
hydrophilic—lipophilic-balanced (HLB, 1cc) copolymer ex- prepared by spiking the blank rat plasma (1@0with 10 .l
traction cartridges were purchased from Waters. Acetonitrile of the appropriate working solutions to yield the following
(HPLC grade) and methanol (analytical grade) were obtained concentrations of B and BG: 15, 10, 5, 2, 1, 0.5, 0.2, 0.1,
from Labscan (Labscan Asia, Thailand). All reagents were of and 0.05.g/ml, respectively. Specific quality control samples
analytical grade and used without further purification. Dis- representing low, medium and high concentration were 0.1,
tilled and deionized water was used for the preparation of all 1, 5 and 1Qug/ml for both BG and B.
solutions.
2.5. Calibration curves
2.2. Instruments
The plasma samples for standard curve were prepared as
The HPLC system is composed of Waters 600 controller described irSection 2.4 Calibration curves were plotted by
(pump), Waters 717 auto sampler and Waters 2487 dual wavethe peak-area ratios of each analyte/internal standard ver-
length detector. The chromatographic separation of B, BG Sus concentrations of analyte in plasma. In order to avoid
and internal standard was achieved by using a reversed-phasgndue bias to the low concentrations of the standard curve
HPLC column (BDS reversed phase column, 25c#6 mm by the high concentrations, the calibration curves of both
i.d.; 5um particle size, Thermo Hypersil) connected with a BG and B were split into two ranges: 10.0-L@/ml and
guard column (Delta-Pak4g Guard-Pak, Waters). 1.0-0.05ug/ml.

2.3. Chromatographic conditions 2.6. Sample preparations

The mobile phase, consisting of a mixture of methanol,  The Oasi& HLB cartridge was preconditioned with 1 ml
acetonitrile and 20 mM sodium dihydrogen phosphate buffer 0f methanol, followed by 1 ml of 25 mM sodium dihydrogen
(pH 4.6), was run using a linear gradient elution program Phosphate buffer (pH 2.5). In 10 of plasma sample, 10l
as shown irTable 1 The flow-rate was 1 ml/min, and the ©f 50% methanol in phosphate buffer (pH 2.5) comprising
total running time was 25 min. The auto-sampler was set at 1% ascorbic acid11] and 5Qul of internal standard (6 HF,

10°C. The detection wavelength was set at 320 nm for B and 101.9/ml) were added. The sample was then diluted with 1 ml
BG. of 35% methanol in 25 mM sodium dihydrogen phosphate

buffer (pH 2.5) containing 1% ascorbic acid. After vortexing
for 15 sec and centrifuged at 16,0809 for 10 min, the su-
pernatant was loaded on the preconditioned HLB cartridge.
Stock solutions of B and BG (1 mg/ml) were prepared The cartridge was flushed with 1 ml of 25 mM sodium dihy-
separately by dissolving the appropriate amount of each au-dregen phosphate buffer (pH 2.5) followed by 2ml of 50%
thentic sample in methanol. The working solutions contain- methanol in _25 mM sodlum.dlhy(_:lrogen phosphate buffer (pH
ing both B and BG were prepared by mixing and diluting the 2.5) contamlng 1% ascorbic acid. The analytes were eluted
above separate solutions with methanol and phosphate buffef/om the cartridge by 1 ml methanol. The eluent was then

(pH 2.5) comprising 1% ascorbic acid (50:50 (v/v)) to yield evaporated to dryness in a Centrivap concentrator, and the
residue was reconstituted with 1@0of 35% methanol in

2.4. Preparation of standard solutions

Table 1 25mM sodium dihydrogen phosphate buffer (pH 2.5) con-
HPLC mobile phase for simultaneous detection of BG, B and 6- taining 1% ascorbic acid. An aliquot of p0 was injected
hydroxyflavone into the HPLC column.

Time (min) Flow rate (ml/min) Percentage of each eluent (%)

2.7. Validation of the assay method
Methanol ACN Buffef

g 1 g ;g 23 2.7.1. Specificity
12 1 0 60 20 The specificity of the method was investigated by compar-
18 1 5 15 80 ing the chromatogram of blank plasma samples from different
20 1 5 15 80 rats with that of blank plasma spiked with standard solution
25 1 5 15 80 and the samples collected after intravenous administration of

2 20 mM sodium dihydrogen phosphate buffer (pH 4.6). baicalein.
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2.7.2. Precision and accuracy

The intra-day precision was determined within one day |,
by analyzing five replicates control samples at concentra-
tions of 0.1, 1, 5 and 1Qg/ml. The inter-day precision was
determined on five separate days for the control samples. The
intra-day and inter-day precision was defined as the relative
standard deviation (R.S.D.) and accuracy was determined by Baicalein (B)
calculating the relative error (R.E.).

OH O

2.7.3. Recovery

Recovery was calculated by comparing the peak areas of
the extracted quality control samples to that of the unextracted
standard solutions containing the equivalent amount of ana-
Iytes . 6-Hydroxyflavone (6-HF)

Fig. 1. Chemical structure of Baicalein (B), Baicalin (BG) and 6-

2.7.4. Sensitivity hydroxyflavone (6-HF).

The limit of detection (LOD) was defined as the lowest
concentration of the drug resulting in a signal-to-noise ratio spectively. The plasma sample was stored-80°C until
of 3:1. The limit of quantification (LOQ) was defined as the analysis.
lowest concentration of spiked plasma samples that can be
determined with sufficient precision and accuracy, i.e. R.S.D.
less than 20% and relative error-eR0 to 20%. 3. Results and discussion

Because of the significant difference in polarity between B

2.7.5. Stability and BG, simultaneous determination of B and BG in plasma

Freeze—thaw stability of the plasma samples was evaluatedyit good sensitivity becomes difficult in a single HPLC
by exposing quality control samples to three freeze—thaw Cy- rn Therefore, most of the published method, e.g. Wakui

cles before sample preparation. The stability of the samplesg; 5 ysed separate HPLC methods with two isocratic mo-
in auto-sampler was evaluated by analyzing extracted qual-pjje phases to determine B and BG individually. The major
ity control samples after being placed in the auto-sampler at .y hiribution of the present HPLC method is to employ a gra-
10°C for 24 h. dient elution program to reduce the HPLC running time and
give satisfactory specificity and sensitivity for both B and BG
2.8. Assay application at the same time. In addition, both liquid—liquid extraction
and protein precipitation had been tried for sample prepa-
B was administrated to five male Sprague Dawley rats rations in the current study. However, serious interferences
intravenously with bolus dose of 10 mg/kg. Venous blood to both analytes, especially BG, were observed in the chro-
samples were collected and centrifuged at 1, 3, 5, 10, 12, matograms. Hence, solid phase extraction was employed for
14, 16, 20, 60, 120, 180, 240, 360, 480 and 600 min, re- sample preparatioRig. 1

Table 2
Linearity of calibration curve, intra-day, inter-day accuracy and precision for determination of B and BG in plasma
Compounds Nominal Intra-day 6 = 5) Inter-day (1 =5) Linearity
((:on;:rilr;tratlon Determined Precision Accuracy Determined Precision Accuracy Range R?
Ko concentration (%R.S.D.) (%R.E.) concentration (%R.S.D.) (%R.E.) (rg/ml)
(meant S.D. (meant S.D.
(g/mi)) (g/mi))
BG 100 9.80+0.12 118 -2.0 9.99+0.29 288 -0.1 10.0-1.0 0.9999
5.0 5.00+ 0.07 140 00 5.04+0.10 194 08
1.0 0.964+0.017 177 -3.6 0.983+0.029 292 -17 1.0-0.05 0.9999
0.10 0.105+0.002 162 50 0.102+ 0.006 592 20
LOQ 0.05 0.052+0.004 699 40 0.050+ 0.006 112 0.0
B 10.0 9.79+0.12 125 -21 10.0£0.2 232 00 10.0-1.0 0.9999
5.0 4.93+0.03 Q67 -1.4 5.03+0.15 289 06
1.0 1.00+£0.01 114 00 1.03+£0.03 268 30 1.0-0.05 0.9998
0.10 0.106+0.007 638 6.0 0.105+ 0.005 518 50

LOQ 0.05 0.049+0.002 335 -20 0.050+0.003 620 00




640 L. Zhang et al. / Journal of Pharmaceutical and Biomedical Analysis 36 (2004) 637-641

0.124 Table 3
1104 Stability of BG and B in plasma after three freeze-thaw cycles as well as in
prepared samples in auto-sampler for 24 h
= 0.081 Compounds Nominal concentration Determined concentration
= 0084 (g/ml) (meanz S.D. (ug/ml))
0.04 BG 100 9.85£0.26¢  9.87+0.22
0.021 J\u 5.0 4.87+£0.03  5.08+0.31°
0.00 1.0 0.96+0.02  0.96+0.11
y 5.60 T 1‘0.'00' 15'00 — 20‘00 2‘5.00 0.10 0.094+0.002  0.092+ 0.002
(A) Minutes B 10.0 10.4+0.12 9.49+0.65
5.0 511+0.03%  4.89+0.2P
1.0 1.03+0.02  0.937+0.009
0.0201 BG B 0.10 0.107+0.00%  0.092+ 0.004
0.0154 > E 2 In plasma after three freeze-thaw cycles.
= %S b In prepared samples in auto-sampler for 24 h.
< 0.010-
0.0054 2 at the retention time of both the analytes and the internal
s
R M Lot standard.
" 500 1000 1500 2000  25.00 » o o
(B) Minutes 3.2. Precision, accuracy, linearity and sensitivity
The inter-day and intra-day precision and accuracy of the
BG analytical method are listed ifable 2 The R.S.D. of both
0.101 ' B inter-day and intra-day for B and BG were below 6.38%.
2 5 IS The accuracy calculated as the relative error of inter-day and
0.05+ i G intra-day at low, medium, high concentration were within
g il e the range of-3.6 to 6%. In addition, as shown ifable 2
0.00 . ’“%1; — ‘lﬁtﬁ o -J, Er L — calibration curves for B and BG were linear over both the
5.00 1000  15.00 20.00 25.00 low and high concentration ranges with satisfied regression
© Minutes coefficients. For both B and BG, the LOQ was 0,agml

Fig. 2. Chromatograms of rat plasma samples. (A) Blank plasma; (B) and the LOD was O'Oﬁg/ml'

blank plasma spiked with both B and BG at the concentrationyad/nl;
(C) plasma sample obtained 10 min after intravenous administration of B 3.3. Recovery
(10 mg/kg) to arat.
The recoveries of B and BG in plasma at low, medium and
3.1. Specificity high concentration were determined and ranged from 79.3 to
91.0% for BG and 79.7 to 93.1% for B, respectively. Because
The representative chromatograms of blank plasma, of the weak acid nature of BG, an acidic wash buffer (pH 2.5)
plasma samples spiked with B and BG, and a plasma sam-was chosento flush the cartridge in order to increase the reten-
ple obtained from a rat following iv administration of B  tion of BG in the HLB cartridge so as to increase its recovery.
(10 mg/kg) were shown iRig. 2 Under the assay condition, In addition, instead of using Bond Eluygas suggested by
no interference from the endogenous plasma was observedVakui et al.[8], the present method employed O&sisLB
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Fig. 3. Plasma concentration of B and BG vs. time profile in rats after intravenous administration of B (10 mg/l&) (
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cartridge containing water-wettable sorbent so that there istaneous determination of B and its major metabolites BG in

no impact of sorbent drying. Moreover, optimization of the plasma samples.

percentage of methanol in the wash buffer indicated that 50%

methanol in wash buffer could provide both clean background

of the samples and satisfactory recoveries for all the analytes.
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