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Abstract

Baicalin and baicalein, a flavone glucuronide and its aglycone, are bioactive constituents of Scutellariae Radix
with various beneficial activities. We have characterized and compared the metabolic pharmacokinetics of
baicalin and baicalein in rats. Baicalein was administered intravenously and orally to rats, and baicalin was
orally administered. An HPLC method was used to determine the concentration of baicalein before and after
hydrolysis using 3-glucuronidase/sulfatase. The pharmacokinetic parameters were calculated by using
WINNONLIN. Unpaired Student’s z-test was used for statistical comparison. The result showed that after
intravenous administration of baicalein, 75.7% of the dose was circulating as its conjugated metabolites.
After oral administration of baicalein, absorption of baicalein itself was negligible, whereas the glucuronides/
sulfates of baicalein were predominant in the plasma. When compared with intravenous bolus administration
with dose correction, the absolute absorption was 40%. When baicalin was administered orally, glucuronides
and sulfates of baicalein were exclusively circulating in the plasma. The relative absorption for baicalin was
65% when compared with baicalein. Profound differences of serum profile and pharmacokinetics were
observed between oral baicalein and baicalin. Baicalin demonstrated significantly later time to peak concen-
tration (t,ax and lower peak serum concentration (C ) Of baicalein conjugated metabolites than baicalein,
indicating baicalin was absorbed more slowly and to a lesser extent than baicalein.

Introduction

In recent years, flavonoids have attracted increasing interest because of their various
beneficial biological activities to human health. Baicalin and baicalein, a flavone
glucuronide and its aglycone (Figure 1), are flavone constituents of Scutellariae
Radix, which is widely used in clinical Chinese medicine as a treatment for inflamma-
tion, fever and allergic diseases. Anti-inflammatory (Nakajima etal 2001), anti-HIV
(Kitamura et al 1998), anticancer (Matsuzaki et al 1996; Chan et al 2000; Ikemoto etal
2000), free radical scavenging and antioxidant (Gao etal 1999; Shieh etal 2000)
activities were reported for baicalein and/or baicalin by in-vitro studies using cell
lines. In addition, anti-inflammatory and vasodepressor effects were reported in rats
(Lin & Shieh 1996; Takizawa etal 1998).

Many flavonoid glycosides are generally absorbed after being hydrolysed by bac-
terial enzymes to corresponding aglycones in the gut. Baicalin had been found to be
transformed, in part, to baicalein before absorption, then formed its conjugated
metabolites in man and rats (Muto etal 1997; Akao etal 2000). However, limited
metabolic pharmacokinetic data of baicalin or baicalein is available in the literature.
Therefore, in this study, we have attempted to characterize and compare the metabolic
pharmacokinetics of equimolar baicalin and baicalein in rats (Akao etal 2000).

Materials and Methods

Chemicals

Baicalin, baicalein, 8-glucuronidase/sulfatase (HP-2, from Helix pomatia), glycofurol
and propyl paraben were purchased from Sigma Chemical Co. (St Louis, MO).
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Baicalin: R = glucuronic acid
Baicalein:R=H

Figure 1 The structures of baicalin and baicalein.

Dimethyl sulfoxide (DMSO), PEG 400 and hydrochloric
acid were obtained from Merck (Darmstadt, Germany).
Acetonitrile, methanol and ethyl acetate were LC grade
and purchased from Mallinckrodt Baker, Inc.
(Phillipsburg, NJ). L-(4)-Ascorbic acid was obtained from
Riedel-deHaen (Seelze, Germany). Milli-Q plus water
(Millipore, Bedford, MA) was used throughout the study.

Instrumentation and HPLC conditions

The HPLC apparatus included one pump (LC-6AD,
Shimadzu, Osaka, Japan), a UV spectrophotometric
detector (SPD-6A, Shimadzu) and a chromatopac (C-
R6A, Shimadzu) with an automatic injector (Series 200
Autosampler, Perkin Elmer, Norwalk). The Inertsil ODS-
2 column (5 pm, 4.6 x 250 mm, GL Science Inc., Tokyo,
Japan) was equipped with a guard column (4.6 x 50 mm,
GL Science Inc.). The detection wavelength was set at
270nm and flow rate was 1.0mLmin~'. The mobile
phase consisted of acetonitrile/0.05% phosphoric acid
(40:60, v/v) for baicalein assay in serum.

Drug administration and blood collection

Male Sprague-Dawley rats (300~380 g) were fasted for
15 h before drug administration and for a further 3 h after
dosing. Water was freely available. The animal study
adhered to “The Guidebook for the Care And Use of
Laboratory Animals (2002)” (Published by The Chinese
Society for the Laboratory Animal Science, Taiwan,
ROC). For intravenous (i.v.) administration, baicalein
was dissolved in glycofurol and filtered through a 0.22-pm
membrane. The intravenous bolus was given to rats
(n=6) via the tail vein at a dose of 37 umolkg". Blood
samples were withdrawn via cardiac puncture before
dosing and at 5, 10, 20, 30, 60, 120, 240 and 360 min
post-dosing. For oral (p.o.) administration, baicalin was
dissolved in a solvent mixture containing DMSO, dimethyl-
acetamide, PEG 400 and H,O (trace:1:5:4), and baicalein
was dissolved in glycofurol. Baicalin and baicalein admin-
istrations were carried out via gastric gavage at an equi-
molar dose of 224 umolkg'. For baicalin treatment,
blood samples were withdrawn via cardiac puncture at
0, 10, 30, 60, 180, 300, 480, 1440 and 2160 min post-dosing.
For baicalein treatment, blood samples withdrawn via
cardiac puncture at 0, 10, 30, 60, 120, 240, 480, 1440 and

2160 min post-dosing. All blood samples were centrifuged
at 9860 g for 15 min and the serum obtained was stored at
—30°C for later analysis.

Quantification of baicalein and its conjugated
metabolites in serum

The concentration of conjugated metabolites of baicalein
in serum was determined after §-glucuronidase/sulfatase
treatment. For enzymolysis, 100 4L serum was mixed with
50 uLL B-glucuronidase/sulfatase (121.9/4.1 and 6095/205
UmL ™" in pH 5 acetate buffer for oral and intravenous
dosing, respectively), 10 uL ascorbic acid (200 mgmL™")
and incubated at 37 °C for 8 h under anaerobic conditions
and protected from light. After hydrolysis, the serum was
acidified with 25yl 0.1 m HCI and partitioned with
175 uL ethyl acetate (containing 0.5 pgmL ™" of propyl
paraben as internal standard). The ethyl acetate layer
was evaporated under N, gas to dryness and reconstituted
with an appropriate volume of mobile phase, then 20 uL
was subjected to HPLC analysis. For the assay of
baicalein free form, 100 uL serum sample was subjected
to the process described above except for the addition of
50 uLL pH 5 buffer instead of 8-glucuronidase/sulfatase. For
calibrator preparation, 100 4L serum mixed with various
concentrations of baicalein was added with 50 uL pH 5
buffer. The latter procedure was the same as that
described above for serum samples. The calibration
graph was plotted by linear regression of the peak area
ratios (baicalein to internal standard) against concentra-
tions of baicalein.

Validation of assay method for serum

The system suitability was evaluated through intraday and
interday analysis of precision and accuracy. The accuracy
of this method was further assessed with recovery studies
by adding baicalein into blank serum and water in tripli-
cates to afford 0.16, 0.63 and 1.25 ug mL ™", respectively,
and the concentrations obtained in blank serum to the
corresponding ones in water were compared. The LOQ
(limit of quantitation) represents the lowest concentration
of analysis in a sample that can be determined with accept-
able precision and accuracy, whereas LOD (limit of
detection) represents the lowest concentration of analysis
in a sample that can be detected with signal/noise greater
than 3.

Data analysis

The peak serum concentration (Cp,,x) and the time to peak
concentration (ty.y) were obtained from experimental
observation. The pharmacokinetic parameters were ana-
lysed by a non-compartmental method with the aid of the
program WINNOLIN (version 1.1 SCI software,
Statistical Consulting, Inc., Apex, NC). The area under
the serum concentration—time curve (AUC,_,) was calcu-
lated using the trapezoidal rule to the last point. Unpaired
Student’s ¢-test was used for the statistical comparison



of pharmacokinetic parameters between treatments of
oral baicalin and baicalein. The other pharmacokinetic
parameters were calculated from the following relation-
ships:

AUCy_¢ (BE conjugatesy Of baicalein (BE) iv.=
AUCofl (BE+BE conjugates) of baicalein 1.v. — AUCofl (BE)
of baicalein 1.v.

absolute absorption of baicalein = AUCy_ (conjugates) Of
baicalein p.o. X 37/AUCy_{ (BE4BE conjugatesy Of baicalein
iv. x 224

relative absorption of baicalin (BG) to baicalein =
AUC071 (BE conjugates) of baicalin p-0~/AUC071 (BE conjugates)
of baicalein p.o.

Results

Typical chromatograms of baicalein in serum are shown
in Figure 2. A good linear relationship was obtained for
baicalein in the concentration range of 0.08—10.00 zgmL ™
(y=1.74 x4+0.07, r=0.9999) in serum. The precision
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Figure 2 Chromatograms of (A) blank serum; (B) serum mixed
with baicalein and internal standard; and (C) serum sample collected
at 60 min after oral dose of baicalein and hydrolysed with enzymes.
1, baicalein; 2, internal standard (propyl paraben).
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Figure 3 Mean (+s.d.) serum concentration-time profiles of
baicalein and its conjugates after intravenous administration of baicalein
(37 pmol kgfl) to rats (n=06).

and accuracy of this method indicated that all coeffi-
cients of variation (CVs) were below 6.3% and the relative
errors were below 12.3%. The LOQ and LOD for
baicalein were 0.08 and 0.04 ugmL ™", respectively. The
recoveries of baicalein from serum were 95.7, 92.7 and
93.1% for the concentrations of 0.16, 0.63 and 1.25 ug mL~!,
respectively.

Mean serum concentration—time profiles of baicalein
and its conjugates after intravenous administration of
baicalein are shown in Figure 3, revealing that the blood
profile of baicalein conjugates was much higher than that
of the baicalein parent form during the initial 120 min.
The AUC, 360 of baicalein parent form and its conjugates
after intravenous administration of baicalein are listed in
Table 1, respectively, indicating that the conjugated metab-
olites accounted for 76% of the total baicalein includ-
ing the parent form with its conjugates in the circulation.

After oral dosing of baicalein, the parent form of
baicalein was only detected in a few samples during the
early phase. The serum profiles of baicalein conjugates after
oral doses of baicalin and baicalein (as shown in Figure 4)
indicated that the patterns differed markedly between the
two compounds. The pharmacokinetic parameters of

Table 1 The AUC) 350 (nmolminmL™") of baicalein and its con-
jugates after intravenous administration of baicalein (37 umolkg™") to
six rats.

AUC 360 (nmol min mL™")

Total baicalein (BE + BE conjugates)
Baicalein parent form (BE)

Baicalein conjugates (BE conjugates)
Baicalein conjugates/total baicalein

1224.84+547.6

297.64+142.2

927.24+462.8
75.7£10.8%

Values are mean +s.d.
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Figure4 Mean (+s.d.) serum concentration-time profiles of conjugated metabolites of baicalein after oral administration of (A) baicalein

(224um01kg71) and (B) baicalin (224um01kg71) to rats (n =9 each).

Table 2 Pharmacokinetic parameters of baicalein conjugates after oral administration of equimolar dose

of baicalin and baicalein (224 yumol kgfl) to rats (n=9 each).

Parameters Baicalin Baicalein Difference (%)
Cax (nmolmL™") 29+1.3 13.6+£9.0 370.0 £+ 349.0%*
tmax (mMin) 395.6+438.8 10.0£0.0 —97.5+42.5*
AUCy 5160 (nmolminmL™") 1943.7+810.6 2980.5+1751.2 53.3+173.1
MRT (min) 696.9 +320.8 651.7+£262.9 —6.5+76.2

MRT, mean residence time. *P < 0.05, **P < 0.01 compared with baicalin. Values are mean=+s.d.

baicalein conjugates are listed in Table 2. The mean Cyax
of baicalein conjugates was significantly higher by 370.0%
for oral baicalein than that of baicalin. The t,.x of
baicalein conjugates after oral baicalein was significantly
earlier than that of baicalin. By comparing the AUCy ;60
of baicalein conjugates between oral baicalin and
baicalein, the relative absorption of baicalin to baicalein
was 65%.

The oral dose of baicalein given in this study was
approximately six times that of the intravenous bolus,
therefore, based upon dose correction, the comparison
of AUC,_, of baicalein conjugates after oral dose was
compared with the total baicalein including baicalein
and its conjugates after intravenous bolus. The absolute
absorption of baicalein was 40%.

Discussion

Due to the fact that no authentic standard of baicalein
glucuronides or sulfates was available, baicalein in serum
sample was determined before and after treatment with
[-glucuronidase/sulfatase to calculate the concentration
of glucuronides/sulfates. The serum concentration of
baicalein was assayed by a modified HPLC method (Wakui
etal 1992). The serum profiles of the baicalein parent
form and its conjugated metabolites after intravenous

bolus of baicalein (shown in Figure 3) indicated that con-
jugation metabolism of baicalein occurred very rapidly
and extensively. The profile of conjugated metabolites
was much higher than that of baicalein, indicating that
most baicalein was circulating as its conjugated metab-
olites. The AUC, 34 of conjugated metabolites constituted
76% of the total AUC 36 of baicalein with its conjugates.
In contrast with our previous study on intravenous dosing
of a Citrus flavanone naringenin (50 mgkg ") to rabbit,
which showed that only 18% was metabolized to its glu-
curonides/sulfates (Hsiu etal 2002), it clearly indicated
that baicalein was more extensively metabolized by the
liver than naringenin.

When baicalein was administered orally, the glucu-
ronides/sulfates of baicalein were almost exclusively circu-
lating in the bloodstream, whereas baicalein itself was
negligibly absorbed. The C,, of baicalein conjugated
metabolites occurred at the first sampling time (10 min),
indicating very rapid absorption and simultaneous glucu-
ronidation/sulfation.

Comparison of the AUC;_, of baicalein parent form
between oral and intravenous administrations of baicalein
indicated that the absolute systemic bioavailability of bai-
calein parent form was almost zero. By contrast with the
absolute systemic bioavailability of naringenin (4%) (Hsiu
etal 2002), it corresponded well with the finding in the
intravenous study that baicalein was more extensively



metabolized by the conjugation enzymes than naringenin.
This indicated that extensive conjugation metabolism of
baicalein occurred during the fist pass at gut and liver,
which is in good agreement with a study by Spencer etal
(1999). Those authors reported that glucuronidation/sul-
fation was central to the flavonoid metabolism and
absorption. The absolute absorption of baicalein (40%)
was much higher than that of naringenin (8%) (Hsiu etal
2002). This could be accounted for by the fact that the
lipophilicity of baicalein was greater than naringenin from
the observation of their retention times on the reversed
HPLC chromatogram (data not shown).

When baicalin was orally administered at the equi-
molar dose with baicalein, the marked difference
between their values of tn,.x showed that baicalin was
absorbed more slowly than baicalein. This indicated that
baicalin might be absorbed only after hydrolysis by
enterobacteria in the colon, whereas baicalein was
directly absorbed through the small intestine. The
much lower mean Cp,,x and AUC ;40 of baicalein glu-
curonides/sulfates after oral baicalin compared with that
after the equimolar dose of baicalein indicated that the
absorption rate and extent of baicalin were lower than
those of its aglycone baicalein. As a natural glyco-
side, baicalin exhibited better water solubility than its
aglycone baicalein. However, unlike digoxin and glycyr-
rhizin, the lipophilicity of baicalin was too poor to be
absorbed as its parent form. In contrast to the tpa.y
(10 min) of baicalein conjugated metabolites after oral
baicalein, it took approximately 396 min for oral baicalin
to reach C.,y, indicating that bacterial hydrolysis was
the rate-limiting step for its absorption.

Baicalin served as a sustained-release prodrug of
baicalein. Oral administration of baicalin and baicalein
exclusively presented in the plasma as baicalein glucu-
ronides/sulfates, therefore the conjugated metabolites of
baicalein were in fact responsible for the in-vivo effects of
baicalin and baicalein. Baicalin itself is one of the con-
jugated metabolites after administration of oral baicalin
(Akao etal 2000) or baicalein. The activity of baicalin
reported in in-vitro studies could only explain in part the
in-vivo effects of oral baicalin and baicalein.

In conclusion, our results showed that there were
marked differences in the metabolic pharmacokinetics
between oral baicalin and baicalein. The absorption rate
was slower and the C,.x was lower for oral baicalin
compared with oral baicalein. It is suggested that biolo-
gists focus less on the biological activities of baicalein and
more on baicalin as well as other glucuronides/sulfates of
baicalein for in-vitro studies. The previous reports using
baicalein in in-vitro pharmacological investigations can
not be extrapolated to the effects of oral baicalein and
need further evaluation.
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