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Abstract

B4 - mygiEe] AAARE o 9 cytochrome PA507HS] & ZHgel glojM kel H¥L #A o
T7 A9 AT et B dPMe KH #EFixol AFdIANEE s, JERAZE fdd 2
H§ Aol QlE cytochrome P4509) HHAY As) AxE HE stz Ik

Wy KE o] AdANSLE AAStE AR E B8] dstd AEug FAste BEIFA LI
UF linoleic acid® thdoz AAIE Ay AN} KH BEHS] s AEAHA As) E3E 23
Stk £P A9 B2AL olgaie, AN FANE FEF F I8 Yol A5 E ARSAUT
283 cytochrome P450& A= 159 1A1, 1A2 € 2E1¢9] €4& 714 EROD, MROD, p-nitrophenol,
aniline Yo = ST

A3 f FE KW B AXY 749 X8 AP linoleic acide} H43HE A R AY FE
o 9zRoz JANET, AW 2y BAHE $94 YA AsISHAT. E aryl hydrocarbon
receptor (AHR)-E &413} A]#A polycyclic aromatic hydrocarbons (PAHs)ell 2]3 A8#A AE L AA
2 ¢ A cytochrome P450 1A1 R 1A29] L ¥ A R en, 53] A F58 ¢F dirlel &
of 3= P450 2E1& Z3stAl A AR

Key words : A oFxd, A&A34}3), cytochrome P450, EROD, ¥ #A 2
I. Introduction species (ROS) has been implicated in the patho-

genesis of cardiovascular diseases such as athe-

Increased production of reactive oxygen rosclerosis, restenosis, hypertension and heart

C IR EAY, AR %A AZE WHA SZ0eT 3 failure™ as well as the role of ROS. ROS are
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) key components the integration in athero-
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+ B QTE )R/ S2RNAY 29D AT S84 sclerotic events® and the generation of large
9 Aoz $95 & (RI3-2005-013-01000-0) , ‘
LE3:2006 /11"/—07 -SA}:ZO% /1205 ) A9 - 2006/12/07 amounts of ROS that they may induce increased

- 177 -



s Z1 B .

oy - ¢ 0
lipid peroxidation (LPO) and subcellular damage
such as DNA fragmentation4). Therefore, in re-
cent years, there has been a global trend toward
the development of LPO-attenuation targeted
natural product in herbs or oriental medicine®”.
In other pathway, polycyclic aromatic hydro-
carbons (PAHs) have been known to induce
atherosclerosis®. It has been reported that the
metabolic activation of PAHs by cytochrome P
(CYP) 450

duced atherosclerosis.

is an important step for PAH-in-
PAHs are generally
known to produce the toxic effects through the
activation of aryl hydrocarbon receptor (AHR)®.
However, detailed mechanisms responsible for
the toxicities have remained unknown. AHR is
a basic helix-loop-helix (bHLH) protein belong-
ing to the Per-Amt-Sim (PAS) family of tran-
scription factors. CYP 1Al is an enzyme well
known to bioactivate carcinogenic compounds
such as BlalP one of the typical PAHs™. The
expression of CYP 1Al is induced by PAHSs in-
cluding BlalP and other xenobiotics via AHR.
Recently, several reports have suggested that
the metabolic activation of PAHs by CYP iso-
zymes is a necessary step for PAH-induced
atherosclerosis™.

Aqua-acupuncture solution were widely
used in traditional medicine’®. We demonstrated
that the Circium japonicum aqua-acupuncture
solution (CJAS) shows effectively free radicals
scavenging activities on various exposure con-
dition of oxidative stress™. However, the mech-
anisms of how CJAS bio-medical activities in
the preventive effects of LPO and inhibition of

CYP isozymes on in vitro condition remains
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unclear.

Our group hypothesized that CJAS has
preventive effects on oxidative stress induced
by LPO and inhibitory activity on CYP iso-

zymes—-mediated atherosclerosis.

II. Materials and Methods

1. Materials

All the plastics were obtained from Falcon
Labware (Becton-Dickinson, Fraanklin Lakes,
NJ). Chemicals used in this study were pur-
chased from Sigma Chemical Co. (St. Louis,
Mo), and other chemicals used were analytical
grade and obtained from either Merck (Merck
KGaA, Germany) or Junsei (Junsei Chemical
Co., Ltd., Japan).

2. Preparation of GJAS Extracts

Circium japonicum was purchased from a

Dongguk Korean Medicine Hospital and con-

firmed by comparison with descriptions of char-

acteristics at laboratory of Diagnostics, college
of oriental medicine, Dongguk University in
Kyungju. The extract was prepared that a 60
g sample of crude plant was cut into small pieces
and then added 500 mL of distilled-water. The
detail description of CJAS extracts were ac-
cording to the method on our previous report
(Lee et al)*.

3. Ferric thiocyanate assay

The lipid preoxidation preventing activity

analysis using ferric thiocyanate (FTC) was
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slightly modified to the method by Osawa et
al 1 mg of the CJAS and CJWS (compared
with Circium japonicum water extract) were
dissolved in 0.1 mL of distilled water, and 2.9
mL of a 251% linoleic acid solution in absolute
ethanol and 9 mL of a 50 mM potassium phos-
phate buffer (pH 7.4) were added. The mixture
was incubated at 40°C in a dark screw-cap tube,
and then during the incubation time aliquot of
1 mL from the mixture. The aliquot mixture
were diluted with 9.7 mL of 75% ethanol, fol-
lowed by the addition of 0.1 mL of 30% ammo-
nium thiocyanate. Correctly, after the solution
incubated at room temperature for 3 min, added
by 0.1 mL of 20 mM ferrous chloride (FeClz *
nH:0) in 35% hydrochloric acid (HC.
Oxidation of the linoleic acid was monitored (for
the red color develop) spectrometrically by
measuring absorbance at 500 nm over a 24-hr
period. The level of lipid peroxidation prevention
by each samples (CJAS, CJWS and positive
L-ascorbic acid) were calculated from the ab-
sorbance ratio to that of a control without any
addition. The time scanning of CJAS extract
tested ranged from 0 to 72 hours.

4. Preventive Effect of Linoleic Acid
Oxidation on GJAS

Preventing effects of CJAS on linoleic acid
oxidation was carried out according to the
method of Emmons et al. with slightly modi-
fications. 3 mg of & ~carotene was dissolved in
30 mL of chloroform, and 3 mL was added to
40 mg of linoleic acid and 400 mg of Tween 40.

Chloroform was removed under a stream of ni-

trogen gas in LN protected basket. After added
100 mL of distilled water, and the solution was
gently mixed. Aliquots (3 mL) of the & —carotene
Alinoleic acid emulsion were mixed with 0.05 mL
of various concentration CJAS (ranged from
0.005 to 0.05 mg/mL) and incubated in a water
bath at 50C. The blank sample contained same
volume of solvent in place of the CJAS, and then
the absorbance was measured at 470 nm. Refer-
ence positive sample were used vitamin E at a
final concentration from 0.05 mg /mL. The pre-
ventive effects of CJAS are expressed as per—
cent inhibition relative to the blank after 60 min

incubation using from the following equation:

PE = [DRc | DRs] / DRe x 100

* PE is the preventive effect of the CJAS

* DRc is the degradation rate of the control
(=In(a/b)/60) ‘

* DRs is the degradation rate in the pres-
ence of the sample (=In(a/b)/60)

5. Animals and Preparation of Tissue
Fractions'®

Male Sprague-Dawley rats (weight 150~
200 g) were obtained from the Orient Bio corpo-
ration (Seongnam, GyeongGi-Do). All animals
were housed in plastic cages with wired floors
and allowed free access to food and water
throughout the adaptation period. They were
maintained in a room under controlled conditions
(12 h light and dark cycle, set temperature 24
+ 27T, and supplement of 60% humidity). Rats
were randomly assigned to each experimental or

control group (six animals for a groups). How-
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ever, oxidation study was obtained normal liver

protein from homogenized and were induced cy-

tochrome P450 1Al and 1AZ with & —naphthofla-

vone for three days (ip. injection of 80mg/kg

body weight). And then, pyrazole-treated (four

daily
weight) liver fraction were used to study the ef-
fects of CJAS on cytochrome P450 2E1 activi-
ties. The animals were Killed by cervical dis-
location 24 hr after the last inducible-treat-
ments. Hepatic tissue was homogenized (Teflon
Plotter Elvehiem Homogenizer, Glas-Col, USA)
in 0.15 M KCl buffer (pH 7.0) and high centri-
fuged at 12,000 mpm for 20 min. The supernatant
was discard and microsomal bellets were ob~
tained by ultra-centrifugation (Beckman coult~
er, USA) at 36,000 rpm for 60 min. The micro-
somes were finally re-suspended in the
Tris—HCI] solution (pH 7.4), containing 0.25 M

of sucrose in water. In this experimental steps

rat ip. injection of 200 mg/kg body

were maintained at 4C. The liver homogenized
fraction or microsomal protein concentration
were determined by using a bicinchoninic pro-
tein kit using bovine serum albumin as the
standard. Liver fraction and microsomal protein

were stored at -86C deep freezer until use.

6. FeCl-ascorbic Acid Stimulated Lipid
Peroxidation in Rat Liver Homogenate

The preventive effect of CJAS on rat liver
homogenate stimulated FeClo-ascorbic acid in—
duced lipid peroxidation was determined by the
slightly modification of Lin et al’™ The reaction
mixture containing 0.5 mL of 7.5 mg/mL liver
homogenate, 0.1 mL of Tris-HCl buffer (pH 7.2),
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0.05 mL of 0.ImM ascrobic acid, 0.05 mL of 4
mM FeCl; and 0.05 ml. of various concentrations
of CJAS, and using the positive control by vita-
min E. It was then incubated for 60 min at 37T,
added after incubation 0.9 mL of distilled water
and 2 mL of thiobarbituric acid (TBA). Then,
the solution was shaken vigorously, and the
mixture was heated for 30 min in a boiling water
bath at 100C. After cooling on ice, 5 mL of
n-butanol was added and the mixture was then
mixed gently. The n-butanol layer was sepa-
rated by centrifugation at 3,000 rpm for 10 min.
The supernatant was collected and measured by
spectrophotometry at 532 nm.

1. Total cytochrome P450 contents

The activities of CYP 1Al, 1A2 and 2E1
enzymes were determined by the modified
methods of Burke et al.lg), Dicker et al.'® and

Christopher et al o

(1) Inhibition of Cytochrome P450 1A1 and
1A2

Inhibitory effects of 4 —naphthoflavone-
induced cytochrome P450, including 1Al and
1AZ using different substrate assay system. For
assays of 7-ethoxyresorufin O-deethylation
(EROD) and 7-penthoxyresorufin O-depenthy-
lation (PROD) activities, incubations contained
200 1 L microsomal protein (for EROD test, 0.2
mg/mL; and MROD, 1 mg/mL), 10 # L of sub-
strates (prepare stock solutions 0.1 mg/mL), 100
u L of BSA, 20 4 L of 025 M MgCls, 10 ¢ L of
500 ¢ M dicournarol, and various concentrations

of sample, made up to a final volume of 610
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Fig. 1. Preventive effect of CJAS on hydroxyl
radical-mediated linoleic acid oxidation.
The concentrations tested 1 mg/mf.
Absorbance of the extracts from CJAS by
FTC method with increasing incubation
time, " p €0.05, and ™ p €0.01 ; compared
with the control group.

# L with 50 mM Tris-HCI buffer (pH 7.5). The
reaction solution were preincubated for 3min in
a shaking water bath maintained at 37T.
Reactions were started by the addition 60 ¢ L of
nicotinamide adenine dinucleotide phosphate
hydrogenase (NADPH) generating system (2.5
U glacose 6-phosphate dehydrogenase, 40 z L of
cofactor solution containing NADP ™ and glucose
6-phosphate) and were allowed to incubated
with shaking for 4 min at 37°C, prior to quench-
ing with 2 volumes of ice-cold methanol.
Precipitated protein was removed by cen-
trifugation (VISION VS-5500CF, Korea) for 20
min at 4,000 rpm. The fluorescent product, re-
sorufin was measured at an excitation wave—
length of 550 nm and an emission wavelength
of 585 nm using a fluorescence spectropho-
tometer (BIO-TEK SFMZ25, USA).

(2) Inhibition of Cytochrome P450 2E1

The activity of CYP 2E1 was measured as
the rate of p—nitrocatechol formation from p-ni-
trophenol and p~aminopheno!l formation from a
aniline, respectively. In this tests, 1.5 mg/mL of
microsomal protein were used final volume 0.75
mixture. Then,
NADPH-generating system was mixed well,
and incubated for 5 min at 37C in water bath.
After added various concentrations of sample

mL containing reaction

and the mixture was incubated for 20 min at 3
7T shaking water bath. The stop reaction by
adding stop solution. Reference sample was
used 0.25 4 M of diallyl sulfide. Results have
been expressed as % inhibition as the p-nitro—-

catechol and p-aminophenol formation.

8. Statistical Analysis

The data were analyzed for statistical sig—
nificance using a variance (SigmaPlot, ver-
sion6.l for Windows) and Student’s t-test.
Values were expressed as the mean £ S.D. and
less than P<0.05 were considered to be signifi-

cant.

. Results and Discussions

1. Time-dependent Inhibition of Lipid
Peroxidation by CJAS

The preventive effect of the CJAS was
measured using ferric thiocyanate (FTC) test.
In this assay, which determines the amount of
peroxide produced at the initial stage of lipid
peroxidation, a lower absorbance indicates a

higher level of resistance action. The results
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Fig. 2. Preventive effect of CJAS in the linoleic
acid/B -carotene system. CJAS sample
was used at a final concentration of 1 to
10 ug/ml and vitamin E was used at same
concentration. Measurements were carried
out in triplicate. Means and standard devi—
ations are indicated. © p <0.01 ; compared
with the control group. ; compared with
the control group.

shows that CJAS was changes in the absorb-
ance for each times during 72 hr of incubation
at 40C in comparison with vitamin E, but the
CJWS was not effectively against lipid perox-
idation (Fig. 1.). The absorbance of control in-
creased in proportion to the incubation time, and
the absorbance of others also increased with

time-dependent.

2. Inhibition of G&~Carotene/Linoleic Acid
Oxidation by CJAS

In the results shows that CJAS inhibited
8 -carotene/linoleic acid emulsion system. This
reaction using the discoloration of & ~carotene
is widely used, because & -carotene is ex-
tremely susceptible to free radical-mediated
oxidation. Free radicals are often generated as

byproducts of biological reaction or from exoge-
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Fig. 3. Preventive effects of CJAS and vitamin E
on MDA production in rat liver homoge-
nate induced by FeCls-ascorbic acid in
vitro. MDA data are presented as mean *
S.D. (n=3), values within the same column
with different superscript letters are sig—
nificantly different at p <0.05 (" p <0.05,
and ¥ p €0.01 ; compared with the control
group).

nous factor. However, £ —carotene is discolored
easily by oxidation of linoleic acid, because its
double bonds are sensitive to oxidation. CJAS
was tested at a final concentration of 50 ¢ g/mL,
and vitamin E was compared with under the
same conditions. As the shown the results,
CJAS had a normally against lipid peroxidation,
but not concentration dependent. Moreover,
CJAS exhibited weak resistantly effect of lipid

peroxdation in this assay.

3. CJAS Inhibits FeCls,-ascorbic Acid In-
duced Malondialdehyde Production

The effect of CJAS on malondialdehyde
(MDA) production in rat liver homogenate in-
duced by FeCle-ascorbic acid in vitro. Results
presented that the inhibition of MDA formation
increase with increasing concentration of CJAS
and vitamin E. At concentrations of 5 to 50 u«

- 182 -



KEI ggme XADAs) G CYP AdNjof O|Xl= #

A.
F
109 e
[ =
o
2 sy
c
(]
8 OResveratra
S 1u BCIS
0 5 10 15 D
% Inhibition
B.
- il
c 10ug ’
o
s
S Sug
[&]
S
o O Havone
Tug BCKS
I 1 i !
0 10 2 K8} L D
% Inhibition

Fig. 4. Inhibitory activities of CJAS and positive
controls (EROD; resveratrol and MROD;
flavone) on A: cytochrome P450 1A1 and
B: 1A2, respectively. Cytochrome P450
1Al-mediated EROD and 1A2-mediated
MROD activities by using liver microsome
derived from B —naphthoflavone-treated
rats. The concentration of CJAS samples
tested ranged from 1 to 10 ug/mf.
Experimental details are described in the
Materials and Methods section. The re-
sults are the means of three separate
experiments.

* ¢ p <0.05 as compared to control.

g/ml., CJAS displayed an against lipid perox-
idation activity, with an inhibition rate varies
from 50 to 74% (Fig. 3.). In particular, at a con-

centration of 5 to 25 ¢ g/mL, CJAS on the MDA
formation was inhibited superior than vitamin E.
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Fig. 5. Inhibitory activities of CJAS and diallyl
sulfide on cytochrome P450 2E1. The ef-
fects of cytochrome P450 2E1-mediated A:
p-nitrophenol and B: aniline hydroxylase
activities using liver microsome derived
from pyrazole-treated rats. The concen-
tration of CJAS samples tested ranged
from 1 to 10 ug/ml. Experimental details
are described in the Materials and
Methods section. The results are the
means of three separate experiments.

* p <0.05, and ™ p <0.01 ; compared with
the control group.

In this results is interesting to note, because of
it has been confirmed that vitamin E decreased
atherosclerosis and delay death from myocardial
infraction, inhibition lipid
peroxidation. Also, free radicals scavenging ac-

presumably by
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tivity are well known to be a major against
function of chronic diseases, such as heart

diseases.

4. Inhibitory Effects of GJAS on Cyto-
chrome P450 Isozymes in vitro

We examined was potent CYP 1A family
inhibitor of the CJAS from various concentration
sample. The CJAS weakly inhibited CYP 1Al
and 1A2, respectively, and no significant differ-
ence in EROD or MROD activities. But a com-
parable effect were exhibited strongly inhibited
CYP 1A1 and 1A2 with resveratrol or flavone
(Fig. 4A. and 4B.). However, the CYP 1A iso-
forms can activated a number of cancer or car-
diovascular disease such as atherosclerosis. In
other tests for detect of CYP 2El, the CJAS
were potent inhibitors of the activities used
p-nitrophenol and aniline hydroxylase, primarily
catalyzed by CYP 2E] in pyrazole-induced rat
liver microsomes. The inhibitory activity of
CYP 2E1 using by another substrate assay sys-—
tems, the CJAS were strongly inhibited superior
than or similar to diallyl sulfide. Especially, at
concentrations of 1 to 10 z g/mlL, CJAS displayed
an inhibitory actions, with an inhibition rate
varies from 14 to 369 (Fig. 5A.) in p-nitro-
phenol, and inhibitory effect of CJAS at 6 to
41% (Fig. 5B.) in aniline hydroxylase assay sys-
tem, respectively.

V. Conclusion

The aqua-acupuncture extract of Circium

Jjaponicum was confirmed to show antioxidants
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and resistants of lipid peroxidation. In this study,
our results suggest that the preventive effects
of CJAS on the LPO have a high activities,
which are comparable to vitamin E. Their MTT
assay (data not shown) revealed that CJAS also
contains a low cell toxicity on human hepatoma
cell line HepG2. And then, CJAS may act as re-
sistance agents because of their inhibitory ac-
tivities not only toward CYP 1A family-iso-
zymes in vitro but also strong and specific scav-
enging activity of CYP Z2E1. However, further
study should be investigated to identify the ex—
act molecular mechanism of both the preventive
effect of LPO and interaction of CYP-mediated

atherosclerosis metabolism.
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