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Abstract —The full NMR assignment of hispidulin 7-O-neohesperidoside (1) isolated from

Cirsium japonicumn var. ussuriense was made with the aid of 2D correlation NMR techniques
such as HMQC and HMBC. To investigate detoxification of bromobenzene-induced hepatic
lipid peroxidation by compound 1, hepatic lipid peroxide level and the activities of enzymes
responsible for production and removal of epoxide were studied. The level of lipid peroxide
elevated by bromobenzene was significantly reduced by compound 1. This compound ad-
ministered daily over one week before intoxication with bromobenzene did not affect the ac-
tivities of aminopyrine N-demethylase, aniline hydroxylase. glutathione S-transferase. Epo-
xide hydrolase activity was decreased significantly by bromobenzene, which was restored to
the control level by pretreatment of persicarin. The results suggest that the bromobenzene-
induced hepatic lipid peroxidation by compound 1 is reduced by enhancing the activity of

epoxide hydrolase, an enzyme removing bromobenzene epoxide.
Key words — hispidulin-7-O-neohesperidoside: bromobenzene-induced hepatic lipid perox-

idation: epoxide hydrolase.

In the previous study,” a novel flavone di-
glycoside, hispidulin 7-O-nechesperidoside (1)
was isolated from the whole plants of Cir-
sium japonicum var. ussuriense Kitamura
(Compositae), which has been used for the
remedy of inflammation as a folkloric medi-
cine in Korea. As part of our continuing sear-
ch for anti-lipoperoxidative compound from
natural products,” the effect of compound
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1 on the formation of hepatic lipid perox-
ide has been investigated. In addition, the
'H- and “C-NMR signals of this compound
have been fully assigned by utilizing 'H-'H
COSY, HMQC and HMBC experiments.

MATERIALS AND METHODS

isolation of compound and instrument - His-
pidulin 7-O-nechesperidoside was isolated
from whole plants of C. japonicum var.



Wil 28 No.2, 1997

BSisuriense as in reported previously.” 'H-
”(400 MHz) and “C-NMR (100 MHz) spectra
*were recorded on Bruker model AMX 400
“gpectrometer with TMS as internal standard.
. Animals —Male Sprague-Dawley rats of
'mree groups were used for the study. Ani-
mals were fed with commercial standard rat
diet and water ad Iib., and maintained at
20+2C and with the illumination of a 12
hour light/dark cycle. Animals were orally
.administered daily with 10 mg/kg of com-
pound 1 for one week. Then bromoben-
zene (460 mg/kg) was ip. injected with 12
hours interval for final two days. Sample
was dissolved in 1% Tween 80 solution. Con-
trol group was given with 0.2 ml of 1% Tween
80 solution per 200g. The animals were
starved overnight before sacrificed in order to
reduce the variation of hepatic metabolism.
Preparation of enzyme source-Animals
were sacrificed by exsanguination from the
abdominal aorta under anesthesia with CQ,
gas. The liver exhaustively perfused with
ice-cold normal saline through the portal
vein until uniformly pale and immediately
removed and weighed. After trimmed and
minced, the piece of liver homogenized
with four volumes of ice cold 0.1 M potas-
sium phosphate buffer (pH 7.5) solution.
The homogenate was centrifuged at 600xg
for 10 minutes. The pellet discarded and
supernatant was recentrifuged at 10.000xg
for 20 minutes. The supernatant was fur-
ther centrifuged at 105.000x g for 60 minutes.
The resulting supernatant. cytosolic fraction.
used as the enzyme sources of glutathion
S-transferase, and the microsomal fraction
was used as the enzyme sources of aniline
N-demethylase, aniline hydroxylase and epo-
xide hydrolase.
i« Analytical methods—The thiobarbituric acid
(TBA) reactive substance in the liver was
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measured as a marker of lipid peroxidation
by the method of Ohkawa ef al® The 0.4
ml of 10% liver homogenate in 0.9% NaCl
was added to 1.5ml of 8.1% sodium dode-
cyl sulphate, 1.5 ml of 20% acetate buffer
{pH 3.5) and 1.5ml of 0.8% TBA solution.
The mixture was heated at 95C for 1 hour.
After cooling, 5.0 ml of n-butanol-pyridine
(15:1) was added for extraction, and the
absorbance of the n-butanol-pyridine lay-
er at 532 nm was measured for the deter-
mination of TBA reactive substance. Am-
inopyrine N-demethylase activity” was as-
sayed by measuring the production of for-
maldehyde formed by the demethylation of
aminopyrine. The reaction mixture consi-
sted of 300-400 pg microsomal protein, 0.1 M
Na*/K" phosphate buffer (pH 7.5) and 2.0
mM aminopyrine in a total volume of 2.0
ml. The mixture was preincubated for 3
min at 37C and 0.5 mM NADPH was added
to initiate the reaction. After 30 minutes
the reaction was stopped by the addition
of 0.5ml of 15% ZnSO, and saturated Ba
(OH),. and cooled at room temperature. After
centrifugation at 1,000xg for 10 minutes. 1
ml of the supernatant was mixed with 5 ml
of Nash reagent. Then the tubes were capp-
ed and heated at 60 for 30 minutes. After
cooling in tap water, the absorbance was
read at 415 nm versus a water blank. An-
iline hydroxylase activity” was assayed by
determining p-aminophenol formation from
aniline. The basic incubation system was
same as described above, except that 1 mM
aniline was used as the substrate. The re-
action was initiated by the addition of 0.5
mM NADPH. After shaking for 30 min at 37
C. the reaction was terminated by the ad-
dition of 0.5 ml of 20% trichloroacetic acid.
The mixture was kcentrifuged at 1,000 g
for 10 minutes and 1 ml of the supernatant
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was added to 1ml of 0.2 N NaOH contain-
ing 2% phenol. After mixing, 1ml of 10%
Na,CO; was added. After 20 minutes at
room temperature the absorbance was
read at 640 nm against a water blank. Glu-
tathione S-transferase activity” was ass-
ayed by conjugated glutathione 2 4-dinitro-
benzene formation from l-chloro-2,4-dinitro-
benzene. The reaction mixture consisted of
100 pl cytosol fraction, 0.1 M potassium pho-
sphate buffer (pH 6.5), 1 mM l-chloro-2.4-
dinitrobenzene and 1 mM glutathione in a
total volume of 3.5 ml. The mixture was in-
cubated at 25T for 2 minutes. The meas-
urement was carried out by spectrometric
changes at maximal absorbance wavelen-
gth (340 nm) per unit time and calculated
with molar extinction coefficient (9.6 mM™
cm™). The activity was expressed as formed
product nmole per mg protein per minute.
Epoxide hydrolase activity” was measured
spectrophotometically by monitoring the rate
of transstilbene oxide (TSO) decreasing at
229 nm as described previously. The reac-
tion mixture consisted of 100-200 g micro-
somal protein and 3.0 mM TSO in 50 M pot-
assium phosphate buffer (pH 7.0) in a total
volume of 3.0 ml. The mixture was incub-
ated for 20 minutes at 37C. Protein content®
was determined by using bovin serum alb-
umin as a standard. The statistical differ-
ences between the experimental group were
analyzed with Student’s t-test.

RESULTS AND DISCUSSION

In the HMBC spectrum of compound 1,
the proton-signal at 83.87 (-OCH,) showed
long-range correlation with the carbon-sig-
nal at 8132.9 (C-6), indicating that the me-
thoxyl group is located at the C-6 position
(Table 1). The proton-signal at 85.43 (H-1")
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showed correlation with the signal at 8155.9
(C-7) while the proton-signal at 85.37 (H-
1”) showed correlation with the signals at
876.0 (C-2), indicating a glucose and a
rhamnose are located at C-7 position of fla-
vone aglycone and C-2 position of glucose,
respectively. The chelated hydroxyl proton
at 86.94 (H-3) showed cross peaks because
of long-range coupling with the three quar-
ternary carbons at 8164.4 (C-2), 105.9 (C-
4a) and 121.1(C-1’), and the proton-signal
at 87.13 (H-8) showed correlations with the
signals at 8132.9 (C-6), 155.9 (C-7), 105.9 (C-
4a) and 152.6 (C-8a). On the other hand,

Table L 'H, HMQC and HMBC NMR data of his-
pidulin 7-O-nechesperidoside in DMSO-d,

Correlated
C-atom
position H(mult., SHz) HMQC E{Bf_%;
2 164.4
3 6.94 (s) 1027 2 4a U
4 1824
5 1521
6 132.9
7 155.9
8 7.13 (s) 945 6.7 4a, 8a
4a 105.9
8a 152.6
U 1211
2 8.03 (d, 8.8) 1287 2. 4
3 7.04 (d, 8.8) 1161 1
4 161.5
5 7.04 (d, 8.8) 1161 1V
& 8.03 (d, 8.8) 1287 2.4
glucosyl 1" 543 (d, 1.7 980 7
7 372 (dd. 8.9, 7.7) 76.0
3 3.63 (ad, 8.9. 8.9) 1.7
4 3.34 (dd, 89. 8.9) 69.9
5 3.57-3.60 77.3
6 357-3.60, 3.79-3.85 606
thamnsoyl 17 5.37 (d, 1.1) 1001 2

27 37938 70.5
3" 348 (dd, 94. 31 06
47 329 (dd, 94. 94 721
57 3.79-3.85 68.7
67 121 d: 6.1 182

-OCH; 3.87 (s) 604 6
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«Table II. Effects of hispidulin 7-0—neohesper1dosnde (1) on the hepatic lipid peroxide (LPQO), amino-
pyrlne N-demethylase (AD), aniline hydroxylase (AH), cytosolic glutathione S-transferase (GST) and

epoxide hydrolase (EH) activities in bromobenzene-treated rats

Dose a b c e
Group (mg/kg) LPO AD AH GST* EH
Control 0 21.3%3.22 4.80+0.63 0.47=:0.09 270.3+102  11.6 +£2.07
Bromobenzene 460 (ip)  41.3+472"  6.10+0.89 0.98=0.13""  283.4+124 5.21+0.79**
(BB)
Compound 1 10 (p.o)  35.7%£6.23"  7.00£0.62"  1.06=0.23""  290.6+20.3 7.43+0.97
+BB

The values are mean=®S.D. in five rats. Significantly different from the control value:

01. *unit: malondialdehyde nmole/g of tissue.

protein/min.

the aromatic protons at 88.03 (H-2" and H-6")
showed long-range correlations with the
carbons at 8102.7 (C-2) and 161.5 (C4),
and the one at 87.04 (H-3" and H-5") did so
with that at 8121.1 (C-1"), respectively.
Thus the attachment locations of the meth-
oxyl group, the glycosidic linkages of di-
saccharide. and the connectivities of quar-
ternary carbons in compound 1 were anal-
yzed with the aid of HMBC experiment.
Compound 1 orally administered daily
with 10 mg/kg for one week, significantly
reduced the level of lipid peroxides indu-
ced by bromobenzene (Table II). To deter-
mine the mechanism of the protective ef-
fect of compound 1, the activities of enzy-
mes responsible for production and remo-
val of epoxide, aminopyrine N-demethylase.
aniline hydroxylase, glutathione S-trans-
ferase and epoxide hydrolase were investig-
ated. Activities of microsomal aminopyrine
N-demethylase and aniline hydroxylase in
liver increased significantly by bromoben-
zene injection. Pretreatment of compound 1
did not show any effect on the increases
of the microsomal enzyme activities by
bromobenzene. And no significant differ-
ences were observed in the activity of glu-
tathione S-transferase by bromobenzene and

*p(0.05. *pq0.

°unit: p-aminophenol nmole/mg protein/min. ‘unit:
HCHO-nmole/mg protein/min. “unit: conjugated 1,2-dichloro-4-nitrobenzene.

‘unit: TSO nmole/mg

compound 1. Epoxide hydrolase activity
decreased significantly by the treatment
of bromobenzene. However, the enzymé ac-
tivity was restored in liver of rats given

with compound 1. Epoxides inhibit the ac-

ey . 9.10)
tivities of various enzymes

and act as a
mutagen. Thev are often associated with
cancer, aging and metabolic diseases. Bro-
mobenzene. a xenobiotic liver toxin, is con-
verted to bromobenzene 3.4-oxide by mix-
ed function oxidase system in the liver.
Bromobenzene 3.4-oxide, an epoxide acting
as a liver toxin. is metabolized to a nontoxic
bromobenzene 3.4-dihydrodiol by epoxide
hydrolase. The bromobenzene 3.4-oxide can
also be converted to bromobenzene gluta-
thione by the action of glutathione S-trans-
ferase and excreted thereafter.

In conclusion. the results speculate on a
protective effect of compound 1 from hepat-
ic lipid peroxidation induced by bromoben-
zene. It is thought to be via enhancing the
activity of epoxide hydrolase, an enzyme re-
moving bromobenzene epoxide. rather than
through acting to epoxide-producing system.
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