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Bicyclol is a synthetic antihepatitis drug with antioxidative property. This study was
designed to investigate the effects of bicyclol on the activity, gene and protein
expressions of hepatic microsomal cytochrome P450s (CYPs) during hepatic ischemia
and reperfusion (I/R) in rats. The rats were subjected to 90 min of hepatic ischemia
followed by reperfusion for 3 and 24 h. Bicyclol (300 mg/kg) was orally administered
three times before hepatic ischemia in rats. Liver injury was evaluated by biochemical
examinations. Hepatic microsomal malondialdehyde (MDA) was measured spectro-
photometrically. Total hepatic CYP content and activities of four CYP isozymes were
evaluated with a differential spectrophotometer and liquid chromatography—mass
spectrometry analysis. The gene and protein expressions of four CYP isozymes were
determined by reverse transcriptional-polymerase chain reaction and Western blotting
assay. As a result, bicyclol significantly inhibited the elevation of serum alanine
aminotransferase and hepatic microsomal MDA and prevented the decrease of total
hepatic CYP content in I/R rats. In addition, bicyclol markedly attenuated the decrease of
2C6, 2C11, 3A1/2 activity and reduction of mRNA or protein expression of 2C6 and 3A
inI/R rats. As for CYP2E1, bicyclol further aggravated the decrease of protein expression
in I/R rats. These results suggested that bicyclol may ameliorate the abnormalities in the
activity and expression of certain CYP isoforms during I/R, and this protective effect was

likely due to its antioxidative and hepatoprotective properties.
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1. Introduction
Hepatic ischemia—reperfusion (I/R) injury
is implicated in the pathogenesis of a
variety of clinical conditions, such as liver
resection, liver transplantation, hypovole-
mic shock, and trauma [1]. Reoxygenation
of ischemic liver leads to the generation of
reactive oxygen species (ROS), which are
thought to be one of the earliest and most
important factors responsible for hepatic
I/R injury [2].

ROS were known to cause direct
cellular damage via protein oxidation and

degradation, lipid peroxidation, and DNA
damage. It has been reported that cyto-
chrome P450 (CYP) is susceptible to peroxi-
dative damage [3]. For example, several
chemical agents may stimulate lipid peroxi-
dation, which results in CYP degradation,
and purified CYP is destroyed in the
presence of various lipid peroxides [4].
A number of previous studies have shown
that hepatic microsomal CYP plays an
important role in the biotransformation of
various substances, such as the synthesis
of steroid hormones and prostaglandins,
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Figure 1. Chemical structure of bicyclol.

activation of vitamin D5 and bile acids, and
metabolism and detoxication of drugs [5].
Therefore, the generation of ROS after
hepatic I/R may damage CYP protein (heme
protein) and then influence the liver
function.

Bicyclol (Figure 1) is a synthetic
antihepatitis drug for the treatment of
chronic hepatitis B patients in clinic [6].
It has been demonstrated that bicyclol has
significant pharmacological properties
including antioxidation, anti-inflammation,
and antiapoptosis [7—8]. In addition, the
effect of bicyclol on metabolic enzymes,
especially hepatic CYP activity, has been
reported. After multiple administration
of bicyclol, CYP2EI activity in rats was
mildly induced, whereas the activities of
CYP2C and 2D were inhibited in certain
extents [9]. However, there is limited
information about the effect of bicyclol on
individual CYP isoforms during liver
injury.

The purpose of this study was to
investigate the effect of bicyclol on hepatic
I/R injury, especially the profile of major
CYP isozyme activity, and gene/protein
expressions.

2. Results and discussion

2.1 Effect of bicyclol on serum alanine
aminotransferase and lipid peroxidation
in hepatic I/R rats

To assess the effect of bicyclol on hepatic
injury induced by I/R, serum alanine
aminotransferase (ALT) was detected at
3 and 24 h after reperfusion. The results
showed that serum ALT was raised by
29.8-fold at 3h and 2.5-fold at 24 h after
reperfusion in I/R rats compared with
those of sham-operated (SM) rats. Bicyclol
pretreatment significantly inhibited the
elevation of serum ALT at different time
points after reperfusion.

Our data also indicated that lipid
peroxidation occurred in liver microsomes
of I/R rats, because a significant increase
(24 and 38%) of malondialdehyde (MDA)
content was found at both 3 and 24 h after
reperfusion. Bicyclol showed a remarkable
inhibition on the elevation of liver
microsomal MDA in I/R rats (Table 1).

2.2 Effect of bicyclol on liver
microsomal CYP content in hepatic I/R
rats

Hepatic microsomal CYP content was
found to be significantly decreased by 32

Table 1. Effect of bicyclol on serum ALT and lipid peroxidation of liver microsomes in I/R rats.

ALT (IU/1) MDA (nmol/mg protein)
Groups 3h 24h 3h 24h
SM 37.1 *+ 3.6 76.9 = 13.1 427 +0.41 443 +0.32
I/R 1107.2 = 118.9" 192.6 + 43.0" 5.31 = 0.38" 6.10 = 1.02"*
Bicyclol 131.9 + 17.4* 98.2 + 38.7*" 408 = 0.76"* 4,87 + 0.38%*

Notes: Bicyclol (300 mg/kg) was administered three times before operation. Samples were collected at 3 and 24 h

after reperfusion.

#p < 0.05, P < 0.01 vs. SM; “P < 0.05,"*P < 0.01 vs. I/R.
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and 45% at 3 and 24 h after reperfusion in
I/R rats, compared with that in SM rats.
Bicyclol administration markedly pre-
vented such decrease (Figure 2).

2.3 Effect of bicyclol on the activities of
CYP isozyme in hepatic I/R rats

As shown in Table 2, the activities of
hepatic microsomal CYP2C6, 2C11, and
3A1/2 were significantly reduced by 50, 21,
and 20% at 24 h after reperfusion, although
no changes were observed at 3 h in I/R rats.
These decreases (CYP2C6, 2C11, and
3A1/2) were markedly ameliorated by
bicyclol pretreatment in certain extents.
Moreover, a 16% decrease in CYP2EI1
activity was found at 3 h after reperfusion,
which was further decreased to 60% at 24 h,
whereas bicyclol had no effect on the
decrease of CYP2E1 in I/R rats.

2.4 Effect of bicyclol on mRNA
expressions of CYP isozyme in hepatic
I/R rats

The mRNA expression of CYP2C6 in I/R
rats was dramatically decreased by 13 and
32% at 3 and 24 h after reperfusion, which
was attenuated by bicyclol pretreatment,
respectively. A similar reduction (18%) of
CYP3A1 was also found at late stage of
reperfusion, and bicyclol showed a strong

inhibition on the reduction of CYP3Al in
I/R rats. In addition, no changes on the
mRNA expressions of CYP2C11, 2E1, and
3A2 were observed in I/R rats after
reperfusion (Figure 3).

2.5 Effect of bicyclol on the protein
expressions of CYP2E1 and 3A in hepatic
I/R rats

The protein expression of CYP2E1 in liver
microsomes was downregulated at 3 and
24 h after reperfusion, whereas bicyclol can
further reduce CYP2EI protein expression
in I/R rats. In addition, no significant change
of CYP3A expression was observed at 3h
after reperfusion, but CYP3A expression
was markedly reduced at the late phase
(24h) in I/R rats. Bicyclol pretreatment
was found to suppress the reduction in
CYP3A expression significantly (Figure 4).

2.6 Discussion

Liver injury after hepatic I/R comprises
two distinct phases [10], i.e. the acute
phase of injury, which is mainly charac-
terized by increased production of oxygen
radical species at 3—6h after reperfusion,
and a subacute inflammatory phase, which
ensues at 18—24h after reperfusion and
leads to the cellular damage mediated
primarily by neutrophil infiltration.
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Figure 2. Effect of bicyclol on total CYP content in hepatic I/R rats (n = 8). Bicyclol (300 mg/kg)
was given orally to rats three times before operation. Liver microsomes were collected at 3 and 24 h
after reperfusion. P < 0.01 vs. SM; “P < 0.01 vs. I/R.
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Table 2. Effect of bicyclol on hepatic microsomal CYP isozyme activities in I/R rats.

Groups
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The results of this study demonstrated that
bicyclol had an overall protective effect
against hepatic I/R injury in both acute and
subacute phases by the inhibition of ALT
elevation, attenuation of lipid peroxi-
dation, and improvement of the activities
and expressions of CYP isozymes.

A previous study has shown that ROS is
generated and released from hepatocytes,
Kupffer cells, and the adherent leukocyte-
sinusoidal endothelium system after
reperfusion [11]. Antioxidative systems,
such as superoxide dismutase (SOD) and
glutathion (GSH), can offer protection from
cell damage by scavenging superoxide
anion radical in the upper stream of reactive
oxygen metabolism cascade. Our previous
study has shown that bicyclol can offer an
antioxidative protection by restoring SOD
activity in I/R rats [12]. In this study, lipid
peroxidation in liver microsomes was
significantly increased after reperfusion,
which was consistent with previous study
[12]. Bicyclol showed a remarkable pro-
tective effect, as indicated by the alleviation
of the formation of hepatic microsomal
MDA, a marker of ROS-mediated lipid
peroxidation.

Itis well known that serum ALT level is
a common biomarker for hepatocytes
damage. In addition, total hepatic CYP
content may partially reflect the ability of
detoxification and metabolism mediated by
drug-metabolizing enzymes. Our results
indicated that serum ALT level in I/R rats
was strikingly increased at acute phase after
reperfusion. With the increase in reperfu-
sion time, the elevation in serum ALT level
declined, but it still remained higher than
that in SM rats. In contrast, total hepatic
microsomal CYP content decreased at 3 h
and further aggravated at 24h after
reperfusion, which was consistent with
previous studies [13—14]. Bicyclol not only
attenuated the hepatocellular damage
by the inhibition of elevated serum
alanine aminotransferase (SALT) but also
improved hepatic drug-metabolizing

101.2 = 11.7%
165.9 + 25.9*

126.5 = 10.8

127.0 = 10.0
1445 £ 18.2
123.3 £ 6.23

369.2 + 50.0"*
4204 + 104.9

615.7 = 85.1

626.8 + 44.0
528.9 + 57.4%
5183 + 46.5

162 + 1.9
172 + 1.6%

20.6 = 4.0

20.1 = 6.0

202 +£5.9
16.2 = 3.6

1103.4 + 109.8
546.8 = 74.6™
766.0 = 182.0%

1033.9 = 233.0

1070.2 = 34.3
767.7 = 85.7

Notes: Bicyclol (300 mg/kg) was administered three times before operation. Liver microsomes were collected at 3 and 24 h after reperfusion. *P < 0.05,"P < 0.01 vs. SM; *P < 0.05,

P <0.01 vs. /R,

SM
I/R
Bicyclol
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Figure 3. Effect of bicyclol on the mRNA expression of CYP isozymes in hepatic I/R rats. Bicyclol
(300 mg/kg) was administered orally three times before operation. Lane 1, SM-3 h; Lane 2, I/R-3 h;
Lane 3, By-3 h; Lane 4, SM-24 h; Lane 5, I/R-24 h; Lane 6, By-24 h. *P < 0.05, P < 0.01 vs. SM;

“P < 0.05,""P < 0.01 vs. /R.

dysfunction by increasing the total CYP
content.

Hepatic CYP enzymes, a key factor in
drug elimination, are involved in clinically
significant inhibitory and inductive drug
interactions. Isozymes belonging to CYP2C
subfamily were known to participate in the

process of drug metabolism, such as
warfarin, mephenytoin, tolbutamide and so
on. Previous studies have demonstrated that
the generation of ROS during hepatic I/R
may damage CYP protein. In addition to
ROS, cytokines, such as tumor necrosis
factor-a (TNF-a), are also believed to be
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Figure4. Effectofbicyclol on the expression of CYP2E1 and 3A in hepatic I/R rats (n = 8). Bicyclol
(300 mg/kg) was administered orally three times before operation. Lane 1-2, SM; Lane 3-4,

I/R; Lane 5-6, bicyclol. A, CYP2E1; B, CYP3A.

involved in the regulation of CYP isozymes
[15]. TNF-a downregulates CYP2C11 and
3A2 in rat liver, whereas two other
constitutive CYPs, 2A1 and 2C6, seem to
be refractory to TNF-a [16]. The activities
of both CYP2C6 and 2C11 were remarkably

reduced after reperfusion in this study,
whereas the extent of CYP2CG6 reduction at
activity and mRNA levels was much more
than that of CYP2CI1 in I/R rats. Our
previous study has demonstrated that
bicyclol can alleviate the secretion of
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inflammatory factors, such as TNF-a, and
inhibit oxidative stress to protect against
hepatic I/R injury in rats [12]. Therefore,
bicyclol pretreatment might attenuate
the decrease in their expressions and
activities through its antioxidative and anti-
inflammatory properties.

CYP2E]I, an ethanol-inducible isoform
for the oxidation of small molecular
compounds, is considered to contribute the
hepatotoxicity induced by those chemical
toxins [17]. Induction of CYP2EI1 leads to
several folds of increase in ROS formation
and lipid peroxidation. CYP2E1 inhibitors,
such as cyclosporine A and diallyl sulfide,
have been shown to reduce ethanol-induced
liver injury [18—19]. In this study, the
activity of CYP2El was significantly
suppressed at both early and late phases
after reperfusion, with a coincidental
reduction in its protein level, whereas the
mRNA expression of CYP2El was
unchanged in I/R rats. The above results
were consistent with the previous studies
[20-21]. Bicyclol was found to further
reduce the protein expression of CYP2EI,
whereas it had no influence on the activity
of CYP2EIL. The above results, in combi-
nation with oxidative injury induced by I/R,
suggested that ROS may involve in the
downregulation of CYP2EI activity at the
translational level. Interestingly, bicyclol
could only downregulate the expression of
CYP2EI, but it had no influence on the
decrease in CYP2EI activity. The exact
underlying mechanisms, such as protein
inactivation, degradation, and synthesis,
need further investigation.

CYP3A subfamily plays an important
role in the metabolism of xenobiotics and
the first pass elimination of many drugs.
The activity of CYP3A1/2 was strikingly
diminished after reperfusion in I/R rats,
which was consistent with the previous
studies [13]. Moreover, the mRNA
expression of CYP3A1 was also markedly
decreased at the same time, whereas that of
CYP3A2 was unchanged. The change in
CYP3A protein expression had a similar

trend to the activity and mRNA
expression. Bicyclol showed the protec-
tion on the decrease of CYP3Al at all
three levels. The above results suggested
that the generation of ROS in I/R can
modulate the transcription of CYP3Al
rather than CYP3A2, whereas bicyclol
attenuated the decrease in CYP3A1/2
activity and expression due to its antiox-
idative and anti-inflammatory properties.

In conclusion, bicyclol ameliorated the
abnormalities of certain CYP isoforms at
activity and expression levels during I/R,
and this protective effect was likely due
to its antioxidative and hepatoprotective
properties. Although the production of
ROS during I/R was believed to damage
CYP isozymes, the individual CYP
isozyme was differentially changed at
activity, mRNA and protein levels.
The complicated regulatory mechanism
on CYP isozymes by bicyclol needs to be
further investigated.

3. Materials and methods
3.1 Chemicals

Bicyclol was kindly provided by Beijing
Union Pharmaceutical Plant (Beijing,
China), and its purity is more than 99%.
ALT assay kit was purchased from Beijing
Chemical Plant (Beijing, China). Coomas-
sie blue assay kit was obtained from
Nanjing Jiancheng Bioengineering Insti-
tute (Nanjing, China). Trizol was obtained
from BioDev Tech Co., Ltd. (Beijing,
China). Reverse transcriptional —polymer-
ase chain reaction (RT-PCR) kit was
obtained from Takara Biotechnology Co.
(Osaka, Japan). CYP2EI and 3A antibodies
were the products from Abcam plc.322
Cambridge Science Park (London, UK)
and Santa Cruz Biotechnology (Santa Cruz,
CA, USA). The compounds mentioned
below were all purchased from Sigma (St
Louis, MO, USA): diclofenac, mepheny-
toin, chlorzoxazone, 4-hydroxydiclofenac,
4-hydroxymephenytoin, 6-hydroxychlor-
zoxazone, 1-hydroxymidazolam, and
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NADPH. Midazolam was obtained from
National Institute for the Control of
Pharmaceutical and Biological Products
(Beijing, China). Other chemicals were of
analytical grade and were obtained from
the local market.

3.2 Animals

Male Sprague-Dawley rats weighing 220—
240g were obtained from Beijing Vital
River Experimental Animal Co., Ltd (Beij-
ing, China). The animal study protocol was
in compliance with the guidelines of China
for animal care, which was conformed to
internationally accepted principles in the
care and use of experimental animals.

3.3 Hepatic I/R model

The segmental (70%) hepatic ischemia
model was used in this study [22]. Briefly,
a midline laparotomy was performed under
anesthesia with 10% chloral hydrate
(0.3 g/kg, intraperitoneally) in rats. All
structures in the portal triad (hepatic artery,
portal vein, and bile duct) of the left and
median liver lobes were occluded with a
microvascular clamp for 90 min, and then,
the clamp was removed for reperfusion.
The abdomen was immediately closed with
continuous 4—0 silk suture. The animals
were sacrificed at 3 and 24h after
reperfusion, and then, blood and liver tissue
samples were collected for further analysis.

3.4 Animal treatment

Three groups of male rats were included in
the study: SM group, in which rats under-
went anesthesia, laparotomy, and exposure
of the portal triad without hepatic ischemia
(n=06); I/R group, in which rats were
subjected to I/R as described above (n = 8);
bicyclol-pretreated (By) groups, in which
rats were given bicyclol (300mg/kg,
suspended in 0.5% sodium carboxymethyl
cellulose) orally for three times in two
consecutive days, and ischemia was per-
formed at 1h after the last administration

(n = 8). At the same time, the rats in SM
and I/R groups received an equivalent
volume of vehicle as control.

3.5 Preparation of liver microsomes

Liver tissues were homogenized in 50 mM
Tris—HCI buffer (pH 7.4) containing
200 mM sucrose. The homogenates were
centrifuged at 10,000 X g for 20 min. The
resulted supernatant was further centri-
fuged at 105,000 X g for 60 min. Then, the
pellet was resuspended with 50 mM Tris—
HCI buffer (pH 7.4) containing 250 mM
sucrose. All procedures were carried out at
4°C. Protein concentrations of liver micro-
somes were determined using a Coomassie
blue assay kit. Microsomal fractions were
stored at — 80°C for further analysis.

3.6 Detection of serum ALT and hepatic
microsomal lipid peroxidation

Serum ALT levels and hepatic microsomal
MDA contents were determined by using
commercial assay kits according to the
standard procedure.

3.7 Assay of CYP enzyme activity

Total CYP contents were quantified by the
method of Omura and Sato [23]. The
activities of CYP isozymes were deter-
mined by the formation of probe metab-
olites and liquid chromatography—mass
spectrometry (LC—MS) methods after
microsomal incubations as reported pre-
viously [24].

Microsomal incubations were per-
formed according to the following method.
In brief, the system of microsomal incu-
bation contained 1 mg/ml microsomal pro-
teins, 1.2mM NADPH, 50 mM Tris—HCl
(pH 7.4), 100 uM mephenytoin or 20 uM
diclofenac, or 100/20 wM chlorzoxazone/
midazolam in a final volume of 500 pl. The
reaction was initiated by addition of
NADPH after 5 min preincubation at 37°C.
After a given incubation time (10 or 20 min),
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the reaction was terminated by adding
500wl of cold acetonitrile. Then, the
samples were centrifuged at 14000 X g for
5 min, the supernatant was transferred to a
disposable vial in an autosampler and 5 pl
was injected for LC—MS analysis.

The LC separation was carried out
with a Zorbax SB-C;g column (3.5 pum,
2.1 X 100 mm, Agilent, Santa Clara, CA,
USA). The optimum ESI conditions
included the nitrogen nebulizer pressure
of 40-60psi, the nitrogen drying gas
temperature of 350°C at 7-91/min, and
spray voltage of 4000-4500V. Mobile
phase, ion source, and multiple reaction
monitoring for metabolites of the probe
substrates are shown in Table 3.

3.8 RT-PCR analysis

Total RNA was extracted from liver tissue
using Trizol reagent. cDNA was reverse
transcribed from 0.5 g of total RNA using
an RT-PCR kit. Corresponding primer
sets for PCR are shown in Table 4, and
the final volume of the reaction was 40 1.
The samples were loaded into a thermal
cycler after determining the optimal
number of cycles. For each gene, the
final cycle was followed by extension at
72°C for 10 min. RT-PCR products were
subjected to electrophoresis using 1.2%
agarose gel, and then, the bands were
visualized with ethidium bromide and
analyzed by Pro31 software. Results were
expressed as ratios relative to [3-actin
(density of product/density of (3-actin).

3.9 Western blot assay

Microsomal proteins (30 pg) were separ-
ated by 12% SDS-PAGE and transferred
to polyvinylidene difluoride (PVDF) mem-
brane (Amersham, Inc., London, UK).
Bands were then immunologically detected
by specific primary antibodies to CYP2EI
(ab28146), CYP3A (sc-25845), or B-actin
(sc-1616) and followed by incubation
in horseradish peroxidase-conjugated

CYP enzymes, substrate concentration, mobile phases, ion sources, and multiple reactions monitoring for probe substrates metabolites.

Table 3.

Product

Precursor
(m/z)

Ton
source

Concentration

(m/z)

Mobile phases

Metabolite

(pmol/l)

Substrate

Enzyme

268

312
235
184

ESI(+)

Acetonitrile:water (50:50, 0.1% formic acid)
Methanol:water (45:55, 0.1% formic acid)

20 4-Hydroxydiclofenac
6-Hydroxychlorzoxazone Acetonitrile:water (50:50, 0.005% ammonia water) ESI(—)

Diclofenac

CYP2C6

150
148

APCI(+)

4-Hydroxymephenytoin

100

100
20

Mephenytoin
Chlorzoxazone

CYP2C11
CYP2El

203

342

ESI(+)

1-Hydroxymidazolam

CYP3A1/2 Midazolam




PCR cycle
no.
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anti-rabbit IgG antibody. Finally, the
immunoreactive bands were visualized by
VA SN . .

alaalaral enhanced chemiluminescence (ECL)
Western blot detection system (Kodak,
Inc., San Leandro, CA, USA).

3.10 Statistical analysis

— 00 00 00 0 )
LN NN n o All results expressed as mean *= SD were

Annealing temperature

Size
(bp)
759
248
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Forward CGGGAAGTCATACGACATTAGC Reverse GCAGAGAGGCAAATCCATTG
Forward CTGCTGCTGCTGAAACACGTG Reverse GGATGACAGCGTACTATCAC
Forward CTCCTCGTCATATCCATCTG Reverse GCAGCCAATCAGAAATGTGG

Forward ATCCGATATGGAGATCAC Reverse GAAGAAGTCCTTGTCTGC

Primer sequences

Table 4. PCR primer sets for CYP isozyme.

Gene
CYP2C6
CYP2C11

analyzed by one-way analysis of variance
with SPSS 11.0 statistical software pack-
age. The differences between means were
analyzed by Student—Newman—Keuls test
for multiple comparisons. P value of less

oReg
<+ nAaa than 0.05 was considered statistically
significant.
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