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Abstract

Some of the components found in herbs may be inhibitors or inducers of cytochrome P450 enzymes, which may therefore
result in undesired herb-drug interactions. As a component extracted from Radix Scutellariae, the direct effect of baicalin on
cytochrome P450 has not been investigated sufficiently. In this study, we investigated concentration-dependent inhibitory
effect of baicalin on the plasma protein binding and metabolism of chlorzoxazone (CZN), a model CYP2E1 probe substrate,
in rats in vitro and in vivo. Animal experiment was a randomized, three-period crossover design. Significant changes in
pharmacokinetic parameters of CZN such as Cp,,y, t1/2 and V4 were observed after treatment with baicalin in vivo (P<<0.05).
Cmax decreased by 25% and 33%, whereas t;,, increased by 34% and 53%, V4 increased by 37% and 50% in 225 mg/kg and
450 mg/kg baicalin-treated rats, respectively. The AUC and CL of CZN were not affected (P>0.05). Correlation analysis
showed that the changes in CZN concentrations and baicalin concentrations were in good correlation (r>0.99). In vitro
experiments, baicalin decreased the formation of 6-OH-chlorzoxazone in a concentration-dependent manner and exhibited
a competitive inhibition in rat liver microsomes, with a Ki value of 145.8 uM. The values of C,,,,/Ki were 20 and 39 after
treatment with baicalin (225 and 450 mg/kg), respectively. Protein binding experiments in vivo showed that the plasma
free-fraction (fu) of CZN increased 2.6-fold immediately after baicalin treatment (450 mg/kg) and in vitro showed that
baicalin (125-2500 mg/L) increased the unbound CZN from 1.63% to 3.58%. The results indicate that pharmacokinetic
changes in CZN are induced by inhibitory effect of baicalin on the plasma protein binding of CZN and CYP2E1 activity.
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which is the main reason for drug-induced toxicity via drug—drug
interactions [7]. It had demonstrated that Radix Scutellariae and its
extracts, including baicalin, influenced the pharmacokinetics of co-

Introduction

Baicalin is a major flavone extracted from Radix Scutellariae, a

plant which was widely used in traditional Chinese herbal
medicine [1,2]. Baicalin has been reported to possess a wide
variety of pharmacological properties including anti-inflammatory,
anti-oxidant, anti-viral, anti-cancer properties,and scavenging
potential [3]. As a main component, baicalin has been used in a
variety of preparations such as Huang-Lian-Jie-Du-Tang, San-
Huang-Xie-Xin-Tang, Da-Chai-Hu-Tang, and Xiao-Chai-Hu-
Tang et al [4]. These herbal medicines have been used in Asia
since ancient times and have also been taken by European and
American as remedy supplements and herbal teas in recent years
[5,6].

Some of the components found in herbs may be inhibitors,
inducers, or substrates of cytochrome P450 (CYP) enzymes, and
may cause undesired herb-drug interactions, and potentially limit
its clinic application. CYP enzymes are heme-thiolate proteins that
are responsible for the oxidative metabolism of numerous
xenobiotics as well as endogenous substrates. The activities of
CYP enzymes can be increased or decreased by many drugs,
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administered cyclosporine [8]. Previous studies have found that
baicalin enhanced the levels of liver microsomal CYP and
selectively induced CYP1A1, 2B1, and 2C11 in mice [9]. Jang
et al reported that oral treatment to mice with baicalin resulted in
a significant decrease in acetaminophen-induced CYP2E] activity
together with its inhibition of acetaminophen-induced CYP2EI
expression [10]. Recent studies had found that baicalin could
significantly induce CYP2B6-catalyzed bupropion hydroxylation
and had no effect on gene expression of CYP3A4 and MDRI1
[4,11]. In summary, the effect of baicalin to different kinds of
cytochrome P450 has not been completely understood and the
direct relationship between baicalin and CYP2E1 is still unclear.

CYP2EI is a natural ethanol-inducible enzyme and responsible
for six percent drug metabolism involving a diversity of drugs,
including alcohols, monocyclic compounds (e.g., benzene, p-
nitrophenol), bicyclic heterocycles (e.g., coumarin,) and even fatty
acids [12].The probes for CYP2E1 activity usually are chlorzox-
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azone (CZN), p-nitrophenol, aniline, and N-nitrosodimethyl-
amine. Among these, CZN, a centrally-acting agent for painful
musculoskeletal conditions, is widely used as a CYP2E1 probe for
in vivo studies. 6-hydroxychlorzoxazone is the major metabolite of
CZN which is mostly formed via CYP2El in both rats and
humans [13].

Therefore, the objective of this study was to determine the
pharmacokinetic changes of CZN after baicalin treatment and to
explore the correlation between these changes and baicalin
concentrations. Moreover the study identified the mechanisms
underlying these alterations in the Cy,.x, Va, ti,2 by evaluating the
effects of baicalin on CYP2E] activity and CZN protein binding

in vitro.

Materials and Methods

Ethics Statement

This study was carried out strictly accordance with the Guide
for the Care and Use of Laboratory Animals. All the experimental
procedures reported here were reviewed and approved by the
Zhengzhou University Animal Care and Use Committee.

Animals

Female Sprague—Dawley rats (180-220 g) were purchased from
the Laboratory Animal Center of Henan province. These animals
were housed in a temperature-controlled room with a 12 h light-
dark cycle, with free access to the standard laboratory chow and
water. The rats were fasted overnight before the pharmacokinetic
experiments.

Chemicals and Reagents

Baicalin (>98.5% purity) was kindly gifted by Henan Provincial
Institute of Food and Drug Control. Chlorzoxazone (>99.5%
purity) was purchased from the National Institute for the Control
of Pharmaceutical and Biological Products (Beijing, China). 6-
hydroxychlorzoxazone was purchased from Toronto Research
Chemicals Inc. Methanol was HPLC grade and purchased from
Siyou Chemical Reagent Co. (Tianjin, China). Reduced nicotin-
amide adenine dinucleotide phosphate (NADPH) was purchased
from Solarbio Science and Technology co. Ltd (Bejjing, China).
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All the other reagents were of analytical grade. Mill-Q) water
(Millipore, USA) was used throughout the study.

Effects of Baicalin Treatment on CZN Pharmacokinetics
Eighteen female Sprague-Dawley rats were chosen to conduct
this experiment. Animal experiments were designed to test the
effect of co-administering CZN with baicalin on the pharmaco-
kinetic profile of CZN in single dose as well as multidose
pretreatment studies. The study was a randomized, three-period
crossover design at intervals of 4 days. Drug dosing was done via
the tail vein in all the pharmacokinetic studies.
Different doses of baicalin treatment. Nine rats were
divided into three groups to receive an i.v. dose of saline (control)
or 225 mg/kg baicalin or 450 mg/kg baicalin in the phase I. After
the pretreatment an iv. dose (15 mg/kg) of CZN was given
immediately. The study was repeated twice with a washout period
of 4 days. Blood samples were collected at predose, 0, 5, 15, 30, 60,
90 and 120 min by puncture of the orbital venous sinus. Plasma
was separated from the blood by centrifugation at 4000 rpm for
10 min. The plasma samples were stored at —30°C until analysis.
Seven-day baicalin treatment. Nine rats were divided into
two groups to receive a dose of saline (control) or 450 mg/kg
baicalin in the phase I. After that CZN was given immediately.
Then the study was repeated once again in the phase II. In the
phase III, nine rats were pretreated with baicalin (450 mg/kg/d)
for 7 days. During the pretreatment period, the rats were kept in a
12 h light-dark cycle animal room. Rats were allowed free access
to diet and water. Immediately after the final pretreatment, the
experiment was performed as described in the previous section.
Moreover pooled plasma obtained from rats (n =9) treated by
baicalin at 450 mg/kg in different doses of baicalin studies was
used for CZN protein-binding analysis.

Determination of Plasma CZN and Baicalin Concentration

The plasma concentration of CZN was determined according to
the method of Chittur SV et al with modifications [14]. Briefly,
the separation of CZN was achieved by using a Diamond Cig
column (4.6 x200 mm, 5 pm), with a mobile phase of methanol
and water (60:40, v/v) at a flow rate of 1 mL-min~' and 25°C
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Figure 1. Mean plasma concentration-time profiles of baicalin in rats. (A) after i.v. administration baicalin at 225 mg/kg and 450 mg/kg. (B)
after i.v. administration baicalin at 450 mg/kg/day for 1 day and 7 days in rats (mean = SD, n=9).

doi:10.1371/journal.pone.0053038.g001
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Figure 2. Effect of baicalin treatment on CZN pharmacokinetics. (A) (B)The concentration-time profile of CZN (15 mg/kg,iv) after treatment
with saline (control) or baicalin in rats. (C) (D) The changes in CZN (15 mg/kg, i.v) concentrations (%) after treatment with baicalin compared with
control. (A) (C) treatment with baicalin (225 or 450 mg/kg, i.v). (B) (D) 1 day-treatment or 7 day-treatment with baicalin (450 mg/kg/day, i.v). Each

point represent the mean=SD (n=9).
doi:10.1371/journal.pone.0053038.9g002

column temperature. The UV detection wavelength was 287 nm.
The extraction method came from Rockich K and Blouin R with
modifications [15]. Briefly, 1 ml acetic ether was added to 0.1 ml
of plasma from each sample and vortexed for 2 min. The samples
were centrifuged and the organic phase was evaporated to dryness
under a stream of nitrogen. The residue was reconstituted in
100 pl of mobile phase and 40 pl was injected to the HPLC
system.

The plasma concentration of baicalin was determined according
to the method of Zeng MF et al with modifications [16]. An
aliquot of 25 pl plasma was precipitated with 100 pl methanol,
vortexed for 1 min and centrifuged for 10 min at 15000 rpm. 5 ul
clear supernatant was injected to the HPLC system. The mobile
phase consisted of methanol and 2% phosphoric acid (68:32, v/v)
at a flow rate of | mL-min~" and 25°C column temperature. The
UV detection wavelength was 278 nm.

Measurement of Rat Plasma Protein Binding of CZN
in vivo and in vitro [15]

The protein-binding of CZN in pooled plasma (n=9) at
different sampling times after treatment with baicalin (450 mg/kg,
iv) were evaluated by ultrafiltration.

In vitro experiment, binding of CZN to protein in fresh plasma
from female SD rats (r = 5) was measured. A 0.5 ml plasma sample
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was spiked to give a final CZN concentration of 50 mg-L ™"
Plasma baicalin concentrations varied from 0 to 2500 mg-L ™" by
adding of baicalin to plasma samples. The samples were incubated
for 15 min at 37°C and 0.3 ml aliquots were placed into an
ultrafiltration device (Millipore, USA). The samples were centri-
fuged at 3200 rpm for 25 min. Concentrations of CZN in the
filtrate were determined by the HPLC.

Effects of Baicalin on CYP2E1 Activity in vitro

The incubation mixture contained rat liver microsomes
(0.375 mg/mL), NADPH (1 mM), 100 mM phosphate buffer
(pH 7.4), CZN and baicalin at different concentrations. To
determine the ICs5y of baicalin, the concentration of CZN in
incubation mixture was chosen to approach K,,, and a series of
baicalin were in the range 12.5~400 uM. To estimate the Ki
value, different concentrations of CZN (6.25~200 uM) and
baicalin (0, 50, 100, and 200 uM) were used.

After pre-incubating the mixture at 37°C for 5 min, the reaction
was started by adding the NADPH and incubated for 30 min at
37°C.. After the incubation, the reaction was stopped by placing
into ice-bath. The method of determining 6-OH-chlorzoxazone
was same as CZN. The kinetic constants (K,, and V,,,,) for the
formation of 6-OH-chlorzoxazone were calculated using the
nonlinear regression method.
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Statistics

Pharmacokinetic analysis of data was calculated by DAS 2.0
(Mathematical Pharmacology Professional Committee of China,
Shanghai, China). The results were reported as mean=SD. The
maximum concentration (Cy,,) and minimum concentration
(Cinin) were determined by inspecting the individual drug plasma
concentration—time profiles. Statistical analysis was performed
with SPSS 17.0 software (SPSS Inc., Chicago, 1L, USA). The
significance of difference between groups was analyzed by paired
sample ¢ test. The level of significance was set at P<<0.05.

Results

Effect of Baicalin Treatment on CZN Pharmacokinetics in
Rats

Pharmacokinetics of baicalin. The baicalin plasma con-
centration—time curves were shown in Figure 1. The C,,,, in rats
treated with baicalin at 225 mg/kg and 450 mg/kg were
(1290%x255) and (2543%564) mg/L respectively. Furthermore,
the differences of main parameters between the rats after 1-day
treatment and 7-day treatment with baicalin (450 mg/kg/day, i.v)
were not significant (Data were not shown).

Different doses of baicalin treatment. The plasma CZN
concentration—time profiles after single pretreatment with baicalin
(225 or 450 mg/kg, iv) or saline (control) were shown in
Figure 2A. This clearly illustrated that the administration of
baicalin to female Sprague-Dawley rats significantly altered the
pharmacokinetics of CZN. Table 1 listed the pertinent pharma-
cokinetic parameters for the control and treated groups. The Ci,,.«
decreased by 25% and 33%, whereas t;,o increased by 34% and
53%, V4 increased by 37% and 50% in different doses (225 and
450 mg/kg) of baicalin treated rats, respectively. No significant
effects on the CL and AUC of CZN were observed by the single
baicalin treatment. The changes in CZN concentrations (%) at
different sampling times after treatment with baicalin (225 or
450 mg/kg, 1.v) compared with saline control were shown in
Figure 2C. It clearly illustrated that CZN concentration decreased
at first and increased subsequently after treatment with baicalin.

Seven-day baicalin treatment. [Iigure 2B showed the
plasma CZN concentration—time profiles and Figure 2D showed
the changes in CZN concentrations (%) compared with saline
control after 7 day-treatment or 1 day-treatment with baicalin
(450 mg/kg/day, iv). From the pharmacokinetic parameters in
Table 2, it could conclude that the C,,,, decreased while t;,o and
Vg increased in both of the treatment groups. Furthermore, in
multiple pretreatment the effect of baicalin on C,,,x of CZN was
observed to be significantly lower compared with the single dose
administration (P<<0.01).

Correlation of CZN Changes and Baicalin Concentrations
or Pharmacokinetic Parameters

Correlation between CZN concentration changes and
baicalin. We explored the correlation between the changes in
CZN concentrations in different sampling times and correspond-
ing baicalin concentrations in rats after baicalin treatment
(Figure 3A,C,E). The results showed that there were no significant
correlations only in two rats treated with baicalin at 450 mg/kg
and three rats treated with baicalin at 225 mg/kg (P>0.05).
Figure 3B, D, F were correlation plots of the mean changes in
CZN concentrations after baicalin treatment versus mean baicalin
concentrations in rats. The correlation coefficients (%) were
0.9925, 0.9832 and 0.9837 in different pretreated rats with
baicalin. It suggested a good prediction of baicalin effect on
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plasma concentration of CZN from the value of baicalin plasma
concentration.

Correlation between CZN pharmacokinetic parameters
changes and baicalin. We studied the correlations between
percentage of saline control in different parameters of CZN such
as Chax tiye, Va and Ci., AUC of baicalin after baicalin
treatment. Excepted Ciax, Va of CZN in rats treated with baicalin
at 225 mg/kg and C,,,, of baicalin, there were no significant
correlations (Figure 4).

Plasma Protein Binding of CZN in vivo and in vitro

In order to explain why CZN concentration decreased at first
after treatment with baicalin, we studied plasma protein binding of
CZN in vivo and in vitro.

Figure 5A listed the concentration of unbound CZN (%) in
pooled plasma samples at different sampling times from rats (n = 9)
after treatment with baicalin (450 mg/kg, iv). Our results showed
that the concentration of unbound CZN was 1.14% without
baicalin in vitro, while the unbound CZN increased by 163%,
115% and 50% at 0, 5, 15 min, and increased by about 30% from
30 min to 120 min compared with control (1.14%) in vivo.

As shown in Figure 5B, when the concentration of baicalin was
1000 mg'Lfl, which was equivalent to the Cy,,, value in rat
treated with baicalin at 225 mg/kg, the concentration of unbound
CZN (%) increased approximately 3-fold. Baicalin at different
concentrations (125, 250, 500, 1000 and 1500 mg~L7]) increased
the concentrations of unbound CZN (%) linearly
(y=0.0013x+1.69, R=10.95) from 1.63% to 3.37%. Meanwhile
we found that the concentrations of unbound CZN increased from
3.37% to 3.58% when concentrations of baicalin increased from
1500 mg-L.™" to 2500 mg-L™". The results indicated that the
concentration of unbound CZN (%) increased caused by the
enhanced concentration of baicalin and had a steady trend.

Effects of Baicalin on CYP2E1 Activity in vitro

Analysis of enzyme kinetics indicated that the K, and V .
values for CZN in rat liver microsomes were 89.7 uM, and
1892 pmol/min/mg protein, respectively. To investigate whether
baicalin affected the activity of CYP2E] in rats, the probe reaction
assays were conducted with various concentrations of baicalin.
Results showed that baicalin acted as a competitive inhibitor of rat
CYP2E1, which is responsible for the metabolism of CZN to 6-
hydroxychlorzoxazone, with IG5, and Ki values (Figure 6) of
103.5 uM and 145.8 uM respectively.

Discussion

Inhibition of CYP-dependent metabolism is one of the most
common mechanisms leading to drug-drug interactions and
results in decreased drug clearance and drug accumulation in
target cells, which may lead to serious clinical consequences.
Assessment of the potential for herb to cause herb—drug
interactions via inhibition of CYP-dependent metabolism is
important in the drug discovery process. Although some works
on the effect of baicalin to CYP have been investigated, many
questions about the action of baicalin to CYP are still unclear
because of inappropriate route and dose of administration.

To clarify the inhibitory effect of baicalin on CYP2E] mediated
metabolism, single pretreatment studies at two doses were
scheduled using CZN as a probe drug. Furthermore we conducted
the multiple-pretreatment study. The rats in our experiment were
female. It was reported that differences in the levels of CYP2EI
expression between male and female rats indicated the hormonal
control of CYP expression and CYP2E] is dominant in female rat

January 2013 | Volume 8 | Issue 1 | 53038



p

i
N
M

1.07 o

é 0.8 . o o
S 0.6 2

£o4

-

3

=
=)

107:°  oege® o,
£ 0.8 0
-
S 0.61 o
204
= 3
502
0!0 L) L] L]
0 6 12 18

The number of rat

109 ° _ o o ot 8 10
E ) :
£ 041
S 0.6
S 04
£04
g
5 0.21
L
0.0 : : :
0 3 6 9

The number of rat

Effect of Baicalin on Metabolism of Chlorzoxazone

12 vy =0.0093x - 0.8106
10 R? = 0.9925
-
Z2s
i
556
SF 4
==
Sg 2
8 0 N A )
g 500 1000 1500
Concentration of baicalinfmg/L)
D
25
20 ¢} v =0.0002x - 27524 o
= R? =0.9832
N E15
QE
8 2410
:E
B 5 *
-
o ie
g0 ' ' '
1000 2000 3000
-5 Concentration of baicalinimg/L)
F
35 v =0.014x - 1.72M4
2 =
_ 30 R? = 0.9837
-]
=z 525
No=
Q=20
=2
= 15
2%
®E 10
- P
R
S o

.5 { 500 1000 1500 2000 2500
Concentration of baicalin{img:L)

Figure 3. Correlation of changes in CZN concentrations and corresponding baicalin concentrations in rats. (A), (C), (E) Correlation
coefficient of changes in CZN concentrations in different sampling times and corresponding baicalin concentrations in rats. (B), (D), (F) Plot of mean
changes in CZN concentrations after baicalin treatment versus mean baicalin concentrations in rats. (A), (B) The rats treated with single dose of
baicalin at 225 mg/kg (n=9). (C), (D) The rats treated with single dose of baicalin at 450 mg/kg (n=18, 9 rats were in different doses and 9 rats were
in multiple dose). (E), (F) The rats treated with baicalin at 450 mg/kg/d for 7 days (n=9). * P>0.05 in correlation analysis.

doi:10.1371/journal.pone.0053038.g003

liver [17,18]. Rockich K et al had explored CZN pharmacoki-
netics after i.v CZN (15 mg/kg) in male rat [15]. The main
pharmacokinetics parameters such as t;,o and V4 were
(30.5%1.78) min and (0.39%0.04) L/kg, respectively and were
similar to our results. This suggested that the gender of rat had
little effect on the metabolism of CZN by CYP2EIL.

The results showed that the C,,,, decreased after treatment with
baicalin and both V4 and t;,9 increased not only in single dose
group but also in multiple dose group. Plasma protein binding
plays an important role in the whole-body disposition of drugs and
it should be taken into account when interpreting changes in total

PLOS ONE | www.plosone.org

plasma concentrations of drugs. It was reported that the plasma
protein binding of baicalin was in the range of 86%-92% [19].
Meanwhile CZN is a low extraction drug, it is important to
measure the change in the protein binding of CZN [15]. In this
study, the free-fraction in the rat treated with baicalin increased
compared with control values. Our results showed that baicalin
had inhibition on CYP2E]1 of rat in vitro, but the CL in vivo was
not change after administration baicalin. The reason may be as
follows. The increase in free fraction of a drug by a displacer will
increase its hepatic clearance and may cover a concomitant effect
of the displacer as an enzyme inhibitor in decreasing drug

January 2013 | Volume 8 | Issue 1 | 53038



E 250 1 ¢ Cmax

S= 172

3N 200 - o ¢

o o 8o b Vi

£ © 150 - D Bk

L £ o

5 £ 100 - s e 9

@ ® F

ZE 50- o

§ 0 T 1 1 1

4 0 500 1000 1500 2000
Cmax of baicalin{mg/L)

c -

S 400+ ¢ Cmax

= <

= - 172

© T 300 - "5 A Vd

£ 5 o4 A O

3 2 200+ A 0g0 o 4

: £ © %%Qé &R

e 9L g0 @

% - %e .'\ o‘. ®.

2 0 T T T 1

2 0 1000 2000 3000 4000
Cmax of baicalin{mg/L)

E =

E 400 - ¢ Cmax

eE " il

S 300 2 A Vd

£3 S @ o

= o o)

LR B W

°E O -

<

£ 100 2

% a W' * 2

8 0 1 T 1

2 1500 2000 2500 3000

Cmax of baicalin{mg/L)

Effect of Baicalin on Metabolism of Chlorzoxazone

E 250 - ; Cmax

g = 200 4 o 112

20 = A Vd

£S 150 ©40 %

-3 ° &

s = 100 4 s 2 e

L]

gy E 50 - .‘. L J

s

S 0 T T T 1

> 15000 20000 25000 30000 35000
AUC of baicalin(mg/L*min)

D .

._g 400 e Cmax

- O

== B § 17

:U 300 - (;? A Vd

='S - o)

=° & &5

5 2 200 2 a

D

°E % &gé g ©

=S 100 1 s, . s

gd o of

3 4 8

2 0 T T T T 1

2 0 20000 40000 60000 80000 100000

AUC of baicalin{mg/L*min)

E 400 - ® Cmax
sz & M (7
SO 300 ' a vd
£% 5 ba 4 o

S 5 5 O

K % 200 -+ A 2 o 4a 8

< E o]

52 100 - 2

£= * e oo

2 0 T T 1 T 1

2 30000 35000 40000 45000 50000 55000

AUC of baicalin(mg/L*min)

Figure 4. Plots of percentage of control in parameters of CZN versus C,,,, or AUC of baicalin. (A) (B) The rats treated with single dose of
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doi:10.1371/journal.pone.0053038.g004

clearance [20]. The intrinsic clearance (CLiy,,) is calculated from
CL/fu, where fu is the free-fraction of CZN in the plasma [15].
Although there was no difference in CL, intrinsic clearance
decreased owing to the increase of unbound drug. The Cl;,, is
defined as the enzyme’s inherent ability to remove drug from the
body [21]. These results also may explain why no change in the
CL whereas inhibition of baicalin on CYP2El in vitro was
observed.

Vq increased by 37% and 50% in different doses (225 and
450 mg/kg) of baicalin treated rats compared with controls in the
study, respectively. This may be explained by the increase of the

PLOS ONE | www.plosone.org

unbound-fraction of CZN in the baicalin treatment group. A
decrease in drug plasma protein binding in vivo may decrease the
total plasma drug level because of redistribution of unbound drug
to extravascular sites, and/or an increase in clearance. On the
other hand, when the concentration of baicalin increased from
1000 mg-L~" to 2500 mg-L~' (2.5 fold), the concentration of
unbound CZN only increased from 3.19% to 3.58% (1.12 fold).
While the C,,. values of baicalin in rats treated with baicalin at
225 mg/kg and 450 mg/kg were 1290 mg/L and 2543 mg/L,
respectively. The results may partly explain why there was no
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difference in C,,,, values of CZN between rats treated with in CZN concentration and concentrations of baicalin were in good

baicalin of 225 mg/kg and 450 mg/kg. correlation. It meant that we could predict the effect of baicalin on
To obtain further information on the effect of baicalin on the plasma concentration of CZN from the data of baicalin plasma

activity of CYP2E1, an in vitro study was also carried out. The K, concentration.

and V. values of the CZN obtained from the experiments were In this study, self-control was used to observe the effect of the

close to the values reported in the literature [22].The present baicalin on CZN pharmacokinetics. With this approach, we could

in vitro study showed that baicalin acts as a competitive inhibitor find the individual difference. For example, there was no

of rat CYP2E1, which is responsible for the metabolism of CZN to significant correlation in the 5th rat treated by baicalin at

6-OH-chlorzoxazone, with I1C5¢ and Ki values of 103.5 uM and 225 mg/kg (Figure 3A). The reasons for individual difference
145.8 uM, respectively. Given the relatively large Ki values, it remain a problem and need study further.

seemejd that Foaical.in should not pose a major problem in herb— In summary, the study demonstrated that baicalin administra-
drug interaction with CYP2E] substrates. But our results showed tion produced significant increase in V4 of CZN and decrease in
that the C,,,, values of baicalin in rat treated with baicalin at C secondary to reductions in its plasma protein binding

—1 max .
225 mg/kgil and ] 450 mg/kg were 1290 mg-L and Though there was no difference in CL, CL,,, decreased owing to
2543 mg-L. 7, which were equivalent to 2890 uM and increase of unbound drug and these changes were in accordance

5697 uM. So such metabolic interaction had been confirmed with inhibition of CYP2EI activity in vitro.
in vivo experiment. Correlation analysis showed that the changes
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Figure 6. Inhibition of CYP2E1 activities by baicalin. (A) Inhibition of CYP2E1 activities by baicalin in pooled rat liver microsomes, presented as
percentage of control activities (the concentration of CZN is 50 uM). (B) Lineweaver-Burk plots of the effect of baicalin on 6-hydroxychlorzoxazone
formation in rat liver microsomes. Reactions were performed in the presence of CZN (6.25, 12.5, 25, 50, 100, 200 uM) and various concentrations of
baicalin (0, 50, 100, 200uM) in the microsome (0.375 mg/mL) and NADPH-generating system in 100 mM phosphate buffer (pH 7.4), in a final volume
of 200uL at 37°C for 30 min. All the data presented are from an analysis of the means of three separate experiments.
doi:10.1371/journal.pone.0053038.9006
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