This article was downloaded by:

On: 22 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

e Journal of Asian Natural Products Research
Publication details, including instructions for authors and subscription information:
4 [nul o http://www.informaworld.com/smpp/title~content=t713454007
Asian Natural
Products
Research Effect of buagafuran on liver microsomal cytochrome P450 in rats
e - En Li% Jin-Ping Hu* Bao-Lian Wang?; Yan Li*
s 3_?& @ Department of New Drug Development, Institute of Materia Medica, Peking Union Medical College
- ‘(Eg and Chinese Academy of Medical Sciences, Beijing, China
N Vo (==
u,_ 4 7 X Online publication date: 20 May 2010
Fy L - '. ar a” &_ i f
g £ e

PRI .o’ VAP )
b o VS

To cite this Article Li, En , Hu, Jin-Ping , Wang, Bao-Lian and Li, Yan(2010) 'Effect of buagafuran on liver microsomal
cytochrome P450 in rats', Journal of Asian Natural Products Research, 12: 5, 371 — 381

To link to this Article: DOI: 10.1080/10286021003781507
URL: http://dx.doi.org/10.1080/10286021003781507

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713454007
http://dx.doi.org/10.1080/10286021003781507
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18:27 22 January 2011

Downl oaded At:

Journal of Asian Natural Products Research
Vol. 12, No. 5, May 2010, 371-381

Taylor & Francis
Taylor & Francis Group

ORIGINAL ARTICLE

Effect of buagafuran on liver microsomal cytochrome P450 in rats

En Li, Jin-Ping Hu, Bao-Lian Wang and Yan Li*

Department of New Drug Development, Institute of Materia Medica, Peking Union Medical College

and Chinese Academy of Medical Sciences, Beijing 100050, China
(Received 21 December 2009; final version received 16 March 2010)

Buagafuran (BF), derived from a-agarofuran, is a promising anti-anxiety drug in
phase I clinical trials. The present study was undertaken to examine the regulation of BF
on liver cytochrome P450 (CYP) isoforms in rats. After being administered (4, 16, and
64 mg/kg) by gavage for 7 continuous days, the activities of CYP isoforms were
measured by the qualification of six metabolites from CYP probe substrates using
LC-MS/MS analysis. The mRNA and protein levels of CYPs were detected by reverse
transcription polymerase chain reaction and Western blotting assay, respectively.
Using phenacetin and chlorzoxazone as probe drugs, the activities of CYP1A2 and
CYP2E1 were monitored in vivo. The result indicated that BF significantly increased
the activity and protein levels of CYP1A2 and CYP2E1, while the mRNA levels were
elevated to a certain extent. CYP2C6 and CYP2C11 were also slightly induced by BF,
but no effect on liver CYP3A was detected in rats. Treatment of BF orally resulted in
the decreasing of AUC, MRT and increasing of CL/F of phenacetin as well as
production of acetaminophen in rats. The similar pharmacokinetic changes were also
observed when using chlorzoxazone as a probe drug. Collectively, BF has inducing
potential of liver CYP1A2 and CYP2El and may influence the corresponding

pharmacokinetics of other drugs.
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1. Introduction

Anxiety disorders, with the increasing
competition in modern life, have already
become one of the most widespread
psychiatric diseases. Although the thera-
peutic approaches are diverse, pharmaco-
therapy remains the first-line treatment [1],
and the development of new anti-anxiety
drugs with more efficiency and less side
effects is a very active field.

Buagafuran (BF, 4-butyl-a-agarofuran,
CsH300, MW = 262.4; Figure 1, pre-
viously named as AF-5) is a synthetic
derivative of agarofuran, which showed

significant anti-anxiety activity in several
animal models, with higher potency and
lower toxicity compared with diazepam
and buspirone [2]. The possible anti-
anxiety mechanism of BF was related to
the modulation of central monoamine
neurotransmitters [3]. The preclinical
pharmacokinetics studies indicated that
the absorption of BF was extremely poor
with an absolute bioavailability below
9.5%. The highest radioactivity of *H-BF
was found in the gastrointestinal tract,
followed by the liver and kidney (unpub-
lished results). Liver cytochrome P450
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Figure 1. Chemical structure of BF.

(CYP) enzymes [4] and intestine P-
glycoprotein [5] were involved in the
biotransformation of BF and after multiple
dosing the decrease in AUC_, values and
MTR was observed compared with single
dosing, suggesting that there was an
inductive effect of BF on the metabolism
of itselfin dogs [6]. However, there is still a
lack of information about the influence of
BF on CYP enzymes.

CYP is known to be a superfamily of
mixed function oxidases that are respon-
sible for the metabolism of most of the
drugs, and numerous substrate drugs
have been found to induce the activity
and expression of CYP enzymes [7].
The induction of CYP enzymes may
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cause a decrease in plasma concentration
of a co-administered drug that may
compromise drug efficacy or enhance the
formation of an active compound which
results in an adverse event [8]. Therefore,
the induction of CYP of an investigational
new drug should be defined during the
development duration.

Here, we report the results from both
ex vivo and in vivo studies to evaluate the
potential influence of BF on the major
hepatic CYP enzymes in rats.

2. Results and discussion

2.1 Effect of BF on the activities of rat
hepatic CYP enzymes

The activities of CYP enzymes were
characterized by the metabolite formation
of probe drugs using LC-MS/MS analysis.
As shown in Figure 2, CYP1A2 and
CYP2E1 activities were significantly
enhanced to 1.56- to 3.07-fold and 1.40-
to 1.79-fold by BF, respectively. In
addition, CYP2C6 and CYP2CI11 activi-
ties were also elevated to a certain extent,
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Figure 2. Effect of BF (4, 16, and 64 mg/kg X 7 days) on liver microsomal CYP1A2, CYP2C6,
CYP2C11, CYP2D2, CYP2EI, and CYP3A2 activities in rats (means = SD, n = 5). *P < 0.05,
#*#P < 0.01, and ***P < 0.001 vs. control group. The activities of CYP450s were represented by the
metabolite formation of probe substrates. CYP1A2, CYP2C6, CYP2C11, CYP2D2, CYP2EI1, and
CYP3A2 activities in the control group were 1.06, 0.61, 2.16, 0.31, 0.72, and 0.11 nmol/min/mg

protein, respectively.
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whereas CYP2D2 activity was decreased
by BF. No effect on CYP3A2 activity was
observed. The induction of [-naphtho-
flavone and ethanol (as positive inducers)
on CYP1A2 and CYP2EI activities was
similar as reported previously [9].

2.2 Effect of BF on CYP450s mRNA
levels

Reverse transcription polymerase chain
reaction (RT-PCR) assays were employed
to characterize the specific CYP gene
expression induced by BF in rats. The
results showed that BF slightly increased

A) 1 2 3

O CYP1A2
3+ B CYP2E1

= N
[6)] N [6;]
T T T

(times of control)

Relative expression of CYP1A2 and CYP2E1 mRNA
o
[6)]
T

the mRNA levels of CYPIA2 and CYP2EI
(Figure 3), followed by CYP2C6 and
CYP2CI11I, and no significant impact on
CYP2D2 and CYP3A2 was observed in the
rat liver (data not shown).

2.3 Effect of BF on CYPIA2 and
CYP2EI protein levels

The overexpression of liver CYP1A2 and
CYP2EI induced by BF was evaluated at
protein levels by Western blotting. The
results showed that BF elevated hepatic
CYPIA2 and CYP2EI protein levels to
over 3.0- and 2.0-fold, respectively

* **

Control 4amg/kg  16mg/kg

64mg/kg  Positive
control

Figure 3.  Effects of BF on liver CYP/A2 and CYP2EI mRNA expression in rats. (A) and (B) Lanes
1, control; 2—4, BF 4, 16, and 64 mg/kg; 5, positive control (-naphthoflavone and ethanol).
(C) Ratio of PCR products relative to [-actin. Data were expressed as means = SD (n = 4).
#*P < 0.05, ##P < 0.01, and ***P < 0.001 vs. control group.
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Figure 4. Effects of BF on liver CYP1A2 and CYP2EI protein levels in rats. (A) and (B) Lanes 1,
control; 2—4, BF 4, 16, and 64 mg/kg; 5, positive control (3-naphthoflavone and ethanol). (C) Ratio
of CYP1A2 and CYP2EI protein relative to B-actin. Data were expressed as means = SD (n = 4).

*P < 0.05, **#P < 0.01 vs. control group.

(Figure 4). B-Naphthoflavone and ethanol,
as the prototypical inducers, also enhanced
the protein expression of CYP1A2 and
CYP2EI intensively.

2.4 Effect of BF on pharmacokinetics
of chlorzoxazone and phenacetin in rats
in vivo

The mean plasma concentration—time
profiles of phenacetin/acetaminophen
after oral administration of phenacetin
(50 mg/kg) are shown in Figure 5, and the
relevant pharmacokinetic parameters are
listed in Table 1. After 7 daily doses of BF
(16 mg/kg), the lower AUC (69%), shorter
MTR (85%), and higher CL/F (147%)

of phenacetin were observed. However, in
BF-treated rats, the AUC and C,,,, of
acetaminophen were enhanced and the
Tmax Was shorter.

When chlorzoxazone was used as the
probe drug, BF pretreatment caused the
increasing clearance of chlorzoxazone and
production of 6-hydroxychlorzoxazone.
The relative plasma concentration—time
profiles and pharmacokinetics parameters
are summarized in Figure 6 and Table 2,
respectively.

2.5 Discussion

CYP enzymes, located in the hepatic
endoplasmic reticulum, were believed
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Figure 5. Mean plasma concentration—time profiles of (A) phenacetin (50 mg/kg, p.o.) and
(B) acetaminophen in untreated and BF (16 mg/kg X 7 days) pretreated rats (n = 5). Error bars

represent SD.

to cause hepatic elimination primarily.
Previous studies have demonstrated that
most of the CYP forms were subjected
to the induction by xenobiotics [10].
The subsequent result usually appeared to
decrease the exposure of the affected
compound, leading to the therapeutic
failure (e.g. rifampicin and oral contra-
ceptive steroids) or toxicological impli-
cations by higher levels of undesired
metabolites [11].

Generally, the anxiety patients may
possess complex co-morbid conditions
(including depression, alcohol or drug
abuse, etc.) and receive a variety of

medications besides anxiolytic. Therefore,
the unpredictable induction of CYP by
BF should be demonstrated to provide
beneficial suggestions for both disposition
studies and clinical safety. In the present
study, we found that BF could induce
hepatic CYP1A2 and CYP2E1, and had no
intensive impact on CYP2C6, CYP2Cl11,
CYP2D2, and CYP3A2 in rats.

CYPIA2, mainly expressed in the
liver, catalyzes the biotransformation of
several commonly used clinical drugs such
as theophylline, caffeine, imipramine, para-
cetamol, and propranolol [12]. As compared
to some other CYP forms, CYP2EI has
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O (=} =
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Figure 6. Mean plasma concentration—time profiles of (A) chlorzoxazone and (B) 6-
hydroxychlorzoxazone after p.o. administration of chlorzoxazone (50 mg/kg) to untreated and BF
(16 mg/kg X 7 days) pretreated rats (n = 5). Error bars represent SD.

deserves attention. Previous study showed
that the AUC of chlorzoxazone and
phenacetin can be decreased more than 90
and 40% by 3-methylcholanthren and
alcohol treatment [15,16], which indicated
that the influence of BF on CYP1A2 and
CYP2E1 was much weaker than for
classical inducers.

CYP3A was considered the most
abundantly expressed subfamily and was
involved in the breakdown of at least 120
diverse categories of medications. The
induction of CYP3A plays a major role
in enzyme induction-based drug inter-
actions [17]. Moreover, human CYP2C9,

CYP2C19, and CYP2D6 were involved in
a variety of drug metabolisms (especially
a number of psychotropic drugs, the
non-steroidal anti-inflammatory drugs,
the hypoglycemic agents, the proton
pump inhibitors, and the anti-arrhythmics)
[18]. We measured the activities of
liver microsomal CYP3A2, CYP2C6,
CYP2C11, and CYP2D2 in BF-treated
rats. No significant change on CYP3A2
activity, mild induction on CYP2C6,
CYP2C11, and suppression of CYP2D2 by
BF were found in this study. The low effect
of BF on CYP3A, CYP2C6, and CYP2C11
may not influence the hepatic elimination
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of co-administration drugs metabolized by
the above isozymes.

In summary, the present study clearly
identified BF as a co-inducer of CYP1A2
and CYP2El on activity, mRNA and
protein expression to a certain extent,
leading to the decrease in plasma concen-
trations of the probe drug due to the
induction, which suggested that BF has a
potential influence on the metabolism of
combination drugs. Certainly, because of
the species differences of CYP subfamilies
between human and rats, further investi-
gation using human origin should be
considered to validate the conclusion.

Cmax
27.6 = 7.95
169 = 433
(ng/ml)
80.9 = 26.2
148.4 + 27.7%*

(ug/ml)

CL/F (1/h/kg)
1.48 £ 0.371
2.42 + 0.430%
172.8 = 20
284.3 & 64

3. Materials and methods

MRT (h)

3.1 Chemicals and reagents

BF (purity >99.8%) was synthesized and
provided by the Laboratory of Chemical
Synthesis (Chinese Academy of Medical
Sciences). Phenacetin, S-mephenytoin, dex-
tromethorphan, chlorzoxazone, midazolam,
acetaminophen, 4'-hydroxymephenytoin,
dextrorphan, 4'-hydroxydiclofenac, 6-
hydroxychlorzoxazone, 1'-hydroxymidazo-
lam, and B-naphthoflavone were purchased
from Sigma-Aldrich (St Louis, MO, USA).
Diclofenac was obtained from the National
Institute for the Control of Pharmaceutical
and Biological Products (Beijing, China).
Redzol® reagent and oligonucleotide pri-
mers were obtained from SBS Genetech
(Beijing, China). RT-PCR kits were pur-
chased from Takara Biotechnology Co. Ltd
(Otsu, Shiga, Japan). Rabbit anti-rat 3-actin
antibody was the product of Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA,
USA). Rabbit anti-rat CYP2E1 and mouse
anti-rat CYP1A2 antibodies were obtained
from Abcam (Cambridge, MA, USA). All
other reagents were of analytical grade or
HPLC grade.

1.81 £0.184
1.29 £ 0.368:*
2.80 = 0.162
2.0 ® 0.25%:*

Tinax ()

0.5
0.5
1

0.5

ti (h)
1.94 + 0.479
1.50 = 0.324
2.2 *+0.169
1.6 = 0.37:

AUC
(ng/mlh)
22.8 = 4.23*
266.9 £ 31.0
344.2 £ 61.9+

35.2 =543
(ng/mlh)

3.2 Animals and treatments

Male Sprague—Dawley rats weighing
220-240g were obtained from Beijing

Notes: Chlorzoxazone (50 mg/kg) was given orally to rats. Plasma was collected at 0.083—24 h after administration. *P < 0.05, **P < 0.01, and ***P < 0.001 vs. control group

(paired-samples #-test, n = 5). For the description of terms, see Table 1.

Table 2. Pharmacokinetic parameters of chlorzoxazone/6-hydroxychlorzoxazone in untreated and BF (16 mg/kg) pretreated rats.

6-Hydroxychlorzoxazone

Control

Chlorzoxazone
BF

Control

Parameter
BF
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Table 3. CYP probe substrates, reactions, and metabolites.

CYP Substrate Reaction Metabolite

1A2 Phenacetin O-Deethylation Acetaminophen

2C6 Diclofenac 4/-Hydroxylation 4'-Hydroxydiclofenac
2C11 S-Mephenytoin 4/-Hydroxylation 4'-Hydroxymephenytoin
2D2 Dextromethorphan O-Demethylation Dextrorphan

2El Chlorzoxazone I’-Hydroxylation 6-Hydroxychlorzoxazone
3A2 Midazolam 6-Hydroxylation 1’-Hydroxymidazolam

Vital River Experimental Animal Co. Ltd,
Beijing, China. The rats were housed in
cages, and fed ad libitum at 22°C witha 12 h
light/dark cycle. All experimental pro-
cedures were in compliance with the
guidelines of China for animal care,
which was conformed to the internationally
accepted principles in the care and use of
experimental animals.

Rats were given BF at 4, 16, and
64 mg/kg per day (suspended in 0.5%
sodium carboxymethyl cellulose) by gavage
for 7 consecutive days. Other rats received
vehicle, (-naphthoflavone (80mg/kg per
day for 3 days, intraperitoneally) and 20%
ethanol (5 mg/kg per day for 4 days orally)
as positive controls, respectively.
The animals were sacrificed at 24 h after
the last administration. The liver tissues
were removed rapidly for microsome
preparation, and were frozen in liquid
nitrogen for subsequent total RNA isolation.

3.3 Preparation of liver microsomes

Liver microsomes were prepared by
differential centrifugation as described
previously [19]. The pellet was resus-
pended in a homogenization medium and
stored at —80°C until use. Protein concen-
trations of liver microsomes were deter-
mined using the Bradford method [20].

3.4 Measurement of CYP activities with
probe substrates

Six probe substrates (phenacetin for
CYP1A2, diclofenac for CYP2C6, S-mephe-
nytoin for CYP2CI11, dextromethorphan

for CYP2D2, chlorzoxazone for
CYP2E1, and midazolam for CYP3A2)
were chosen to determine the activities
of CYP isoforms in rat liver microsomes.
The selective CYP substrates and reactions
used in the method are listed in Table 3.

The incubation mixture (final
volume = 0.5ml) contained 50 mM Tris
(pH="74), 4mM MgCl,, and 1mg/ml
microsomal protein. The reaction was
initiated by the addition of NADPH-
generating system (1 mM NADP+, 11U
glucose-6-phosphate  dehydrogenase,
1.11 mM glucose-6-phosphate) and termi-
nated by adding an equal volume of ice-
chilled acetonitrile. All analyses of metab-
olites were performed with validated LC-
MS/MS methods as previously described
[21-23].

3.5 RT-PCR analysis

Total RNA from liver tissue was isolated
with Redzol® reagent according to the
manufacturer’s instructions. The quality
of RNA solutions was determined using
an ultraviolet light spectrophotometer.
A 500ng of total RNA was used for
cDNA synthesis and 10 pl of each reverse
transcription product was added to 40 ul
of the reaction mixture containing 10 .l
of 5XPCR buffer, 0.25ul of 5U/ul
Ex Tag ® DNA polymerase, 1l of 100
pM corresponding primers, and 27.75 pl
of ddH,O for PCR amplification. The
endogenous reference gene, [B-actin, was
used to measure the constitutive level of
the gene and to regulate the variations
in RNA recoveries from each specimen.
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Table 4. Primer sequences (5 — 3') used in this study.
Cycle Annealing Product
Gene Primer sequence no. temperature (°C) length (bp)
CYPIA2 Sense: GTCACCTACGGGAATGCTGTG 26 58 236
Anti-sense: GTTGACAATCTTCTCCTGAGG
CYP2EI Sense: CTCCTCGTCATATCCATCTG 24 58 473
Anti-sense: GCAGCCAATCAGAAATGTGG
B-Actin  Sense: CCACAGCTGAGAGGGAAATCG 30 55 277

Anti-sense: AGAGGTCTTTACGGATGTCAACG

The CYP primer sequences are listed in
Table 4.

PCR was initiated at 94°C for 2 min
followed by 2430 cycles at 94°C for 30,
55-59°C for 30s, and 72°C for 30s, and
was ended with a 10 min final extension at
72°C after the last cycle. The number of
cycles and annealing temperature for each
primer pair were optimized, as shown in
Table 4. The PCR products were separated
by electrophoresis on a 1.5% agarose gel at
100V for 45min and the 100bp DNA
ladder was used as the molecular marker.
The bands were visualized with ethidium
bromide and analyzed by BandScan.

3.6 Western blotting analysis

The protein levels of CYP1A2, CYP2EI,
and [3-actin were determined by Western
blotting. Rat liver microsomal proteins were
separated on 12% (w/v) SDS-polyacryl-
amide gel and then transferred to Poly-
Screen PVDF membranes at 80 V for 40 min
in transfer buffer (20mM Tris—base,
154 mM glycine, and 20% methanol). The
membranes were blocked with 5% non-fat
milk powder in buffer (200mM NaCl,
0.05% Tween 20, and 50 mM Tris—HCI, pH
7.4) at room temperature for 2 h, incubated
with primary antibodies at 4°C for 14h,
washed and incubated with secondary
antibodies at room temperature for 1 h. The
blots with HRP-conjugated antibodies were
developed by the addition of ECL reagents
(Applygen Technologies Inc., Beijing,
China). The densities of bands were semi-
quantified by gelpro32 software program.

3.7 Pharmacokinetic study of
phenacetin and chlorzoxazone in vivo

Phenacetin or chlorzoxazone (suspended in
0.5% sodium carboxymethyl cellulose) at a
dose of 50 mg/kg was administered to rats
intragastrically. Blood samples (approxi-
mately 250 pl) were collected from retro-
bulbar plexus at0.083,0.25,0.5,0.75, 1, 1.5,
2,3,4,6,8, 12, and 24 h after oral dosing.
Plasma was separated by centrifugation
and stored at — 20°C for later analysis.

The plasma sample diluted five times
with blank plasma was precipitated
with a double volume of acetonitrile
and was centrifuged at 14,000 rpm twice.
The supernatant was collected for LC-
MS/MS analysis according to reported
methods [24,25].

Pharmacokinetic analysis was per-
formed using non-compartmental and
compartmental methods via the proprietary
Drug and Statistics computer software
package (version 2.0; Anhui Provincial
Center for Drug Clinical Evaluation, China).

3.8 Statistical analysis

All data were expressed as means = SD.
Statistical analysis was performed using
analysis of variance and the Student—
Newman—Keuls post hoc test. Differences
between groups were considered signifi-
cant at P < 0.05.
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