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Abstract

The effects of the methanol extract of the leaves of Brassica juncea and isorhamnetin 3-0-B-D-glucopyranoside,

major compound isolated from the ethyl acetate fraction of this plant on hepatic lipid peroxidation and drug-metabolizing
enzymes, were evaluated in rats treated with bromobenzene. The extract and isorhamnetin 3-0-3-D-glucopyranoside of oral
administration did not show any significant effects on activities of aminopyrine N-demethylase and aniline hydroxylase,
enzymes forming toxic epoxide by bromobenzene as well as on glutathione content. However, both methanol extract and
isorhamnetin 3-0-B-D-glucopyranoside significantly recovered the decreased activities of glutathione s-transferase and epoxide
hydrolase, and also reduced the lipid peroxide level in rats treated with bromobenzene. From the results, the protections of this
plant against bromobenzene-induced hepatotoxicity are thought to be via enhancing the activities of epoxide hydrolase and
glutathione S-transferase, enzymes removing toxic epoxide, and reducing the lipid peroxide level.
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Introduction

Three types of mustards are Sinapsis alba (white mustard),
Brasscia juncea (brown or oriental mustard), and Brasscia
nigra (black mustard), which belong to Cruciferaceae
family (1). Apart from their seeds has been popularly used
as a spicy, mustard leaves are widely used as green
vegetables such as salad and kimchi.

The seeds of B. juncea (Korean name; gaf) have been
used as a spice and in traditional folk medicine as a
treatment agent of several diseases such as arthritis,
lumbago, dyspepsia, neuralgia, and rheumatism (2). And
the leaves of this plant are used as a major or supplemental
ingrident of kimchi which is a traditional fermented
vegetable food in Korea. The kimchi made of the leaves of
B. juncea is usually called by gatkimchi (3) and in watery
radish kimchi (dongchimi), comprised over 30% of the
constituents (4).

From the leaves of B. juncea, flavonoids (5) such as
kaempferol and isorhamnetin glycosides including
isorhamnetin 3-0-f3-D-glucopyranoside (1G), PB-carotene
(6), and essential oils (7) were previously isolated, and
several biological activities such as antifungal (7) and
antioxidant (8, 9) effects, effects on cholesterol metabolism
(10) in rats, and protective effects on renal ischemia-
reperfusion in rats (11) and on diabetic oxidative stress
(12). No study has been conducted yet on the effect of this
plant on hepatic drug metabolizing emzymes.

Xenobiotic chemicals are mainly metabolized by hepatic
drug metabolizing enzymes to either toxic intermediates or
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nontoxic metabolites. The main metabolizing enzymes are
microsomal cytochrome P450 (CYP) and glutathione $-
transferase (GST), which are responsible for the phase I
oxidation-reduction reactions and phase II conjugation
reactions. The oxidation of xenobiotics sometimes
converts into toxic metabolites.

Bromobenzene (BB) is metabolized into toxic epoxide
intermediate, BB 3,4-oxide by hepatic CYP mono-
oxygenase. And then this toxic epoxide readily conjugate
with glutathione (GSH) to result in the depletion of the
hepatic GSH content and covalently bind to cellular
macromolecules, which cause lipid peroxidation in
membrane phospholipids associated with hepatic cell
death. The toxic intermediate can be detoxified either by
hydration to 3,4-dihydrodiol by epoxide hydrolase (EH) or
by conjugation with reduced GSH catalyzed by GST.

In the present study, effects of the methanol extract
(ME) of the leaves of B. juncea and 1IG, one of major
component of this plant on lipid peroxidation and the drug
metabolizing enzymes were investigated in the liver of rats
treated with BB. '

Materials and Methods

Plant material The leaves of B. juncea were purchased
from a farmer, Dolsan region, Yeosu, Jeonnam, South
Korea in April, 2005. A voucher specimen has been
deposited at the Herbarium of Sunchon National
University.

Extraction and isolation of IG The air-dried leaves of
B. juncea (3.7 kg) was refluxed with methanol 4 times for
3 hr and evaporated to gain extract (996 g). This extract
was successively partitioned with dichloromethane, ethyl
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acetate, n-butanol, and aqueous fraction using organic
solvents of different polarities. The ethyl acetate fraction
(18 g) was carried out silica gel (70-230 mesh) column
(6.3x70 cm) chromatography by elution with CH,CL, and
CH,CL,-CH;0H-H,0 mixtures (5:1:1 — 65:35:10, lower
layer) as elution solvents to gain eight fractions (BJ1-8).
And the BJS fraction was chromatographed on a Sephadex
LH-20 column with acetone to yield 2 subfractions (BJS8A
and B). BJ8A fraction was recrystalized with methanol to
gain IG (947 mg, Fig. 1) as one of major component of
this plant and its structure was elucidated by the
comparison NMR spectral data with those of reference
(13). And its nuclear magnetic resonance (NMR) data was
summarized as follow.

'H-NMR (DMSO-dg, 400 MHz) &: 7.93 (1H, d, J=2.04
Hz, H-2"), 7.50 (1H, dd, }=2.04 & 8.4 Hz, H-6"), 6.92 (1H,
d, J=8.4 Hz, H-5"), 6.46 (1H, d, J=2.04 Hz, H-8), 6.22 (1H,
d, J=2.04 Hz, H-6), 5.56 (1H, d, J=7.4, anomeric H of
glucose), 3.84 (3H, s, -OCH;); *C-NMR (DMSO-ds,
100.5 MHz) &: 177.4 (C-4), 164.1 (C-7), 161.2 (C-5),
156.4 (C-2), 156.3 (C-9), 149.3 (C-3"), 146.9 (C-4"), 1329
(C-3), 122.0 (C-6"), 121.0 (C-1"), 115.2 (C-2"), 113.4 (C-5"),
104.0 (C-10), 100.7 (C-1"), 98.7 (C-6), 93.7 (C-8), 77.3
(C-3"), 76.3 (C-5"), 74.3 (C-2"), 69.8 (C-4"), 60.6 (C-6"),
55.6 (-OCHj3).

Animals Male Sprague-Dawley rats, 6 to 7 weeks old
weighing about 180-200 g, were used for the study.
Animals were fed with commercial standard rat diet and
water ad libitum, and maintained at 20+2°C and with a 12
hr light/dark cycle. Animals were orally administered daily
with ME (250 or 500 mg/kg) or IG (1, 3, or 5 mg/kg) for
one week. Ascorbic acid (20 mg/kg, AA) was used as a
reference compound. Samples were dissolved in 1%
Tween 80. Normal group was given 0.2 mL of 1% Tween
80 solution per 200 g.

Induction of hepatic injury BB (460 mg/kg) was ip.
injected four times with 12 hr interval during final 2 days
of the oral treatment of ME, IG, or AA. The animals were
starved overnight before sacrificed in order to reduce the
variation of hepatic metabolism. Animals were killed
under

through exsanguinations anesthesia condition

OH

Fig. 1. Structure of isorhamnetin 3-0-B-D-glucopyranoside.
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induced by CO, gas after 12 hr since final BB injection.

Enzyme source The liver was immediately removed
and weighed after exhaustive perfusion with ice-cold
saline through portal vein until uniformly pale. After
trimmed and minced, the liver was homogenized with 4
volumes of ice cold 0.1 M potassium phosphate buffer (pH
7.5). The homogenate was centrifuged at 600xg for 10
min. The resulting supernatant was recentrifuged at 10,000
xg for 20 min, and the supernatant was further centrifuged
at 15,000xg for 60 min to obtain the upper fraction as
cytosol. The peliet was resuspended in the same volume of
0.1 M potassium phosphate buffer and centrifuged at
15,000xg for 60 min to obtain the microsomal fractions.
The cytosolic fraction was used as the enzyme sources
of GST. And the microsomal fraction was used for the
measurement of the activities of aminopyrine N-
demethylase (AD), aniline hydroxylase (AH), and EH.

Enzyme assays AD: AD activity was assayed by
measuring the production of formaldehyde formed by the
demethylation of aminopyrine (14). The reaction mixture
consisted 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 37°C and 0.5 mM NADPH was added to
initiate the reaction. After 30 min the reaction was stopped
by the addition of 0.5 mL of 15% ZnSO, and saturated
Ba(OH),, and cooled at room temperature. After centrifuga-
tion at 1,000xg for 10 min, 1 mL of the supernatant was
mixed with 5 mL of Nash reagent. Then the tubes were
capped and heated at 60°C for 30 min. After cooling in tap
water, the absorbance was read at 415 nm against water
blank. The activity was expressed as nmol of
formaldehyde per mg protein per min.

AH: AH activity was assayed by determining p-
aminophenol formation from aniline (15). The basic
incubation system was same as described above, except
that | mM aniline was used as the substrate. The reaction
was initiated by the addition of 0.5 mM NADPH. After
shaking for 30 min at 37°C, the reaction was terminated by
the addition of 0.5 mL of 20% trichloroacetic acid. The
mixture was centrifuged at 1,000xg for 10 min and 1 mL
of the supernatant was added to 1 mL of 0.2 N NaOH
containing 2% phenol. After mixing, 1 mL of 10% Na,COs
was added. After 20 min at room temperature the
absorbance was read at 640 nm against a water blank. The
activity was expressed as nmol of p-aminophenol per mg
protein per min.

GST: GST activity was assayed by conjugated glutathione
2,4-dinitrobenzene formation from 1-chloro-2,4-dinitro-
benzene (16). The reaction mixture consisted of 100 uL
cytosol fraction, 0.1 M potassium phosphate buffer (pH
6.5), 1 mM I-chloro-2,4-dinitrobenzene, and 1 mM
glutathione in a total volume of 3.5 mL. The mixture was
incubated at 25°C for 2 min. The measurement was carried
out by spectrometric changes at maximal absorbance
wavelength (340 nm) per unit time and calculated with
molar extinction coefficient (9.6/mM/cm). The activity
was expressed as nmol of 1,2-dinitro-4-nitro-benzene per
mg protein per min.

EH: Epoxide hydrolase activity was measured spectro-
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photometically by monitoring the rate of decrease in trans-
stilbene oxide (TSO) at 229 nm (17). The reaction mixture
was consisted of 100-200 pg microsomal protein and 3.0
mM TSO in 0.05 M potassium phosphate buffer (pH 7.0)
with a total volume of 3.0 mL. The mixture was incubated
for 20 min at 37°C. The activity was defined as nmol of
TSO per mg protein per min.

Lipid peroxide level: As a marker for lipid peroxidation
the content of malondialdehyde (MDA) the liver was
measured (18). Mixture of 0.4 mL of 10% liver
homogenate, 1.5 mL of 8.1% sodium dodecyl sulphate,
1.5 mL of 20% acetate buffer (pH 3.5) and 1.5 mL of
0.8% TBA solution was heated at 95°C for 1 hr. After
cooling, 5.0 mL of »-butanol-pyridine (15:1) was added
for extraction, and the absorbance of the n-butanol-
pyridine layer was measured at 532 nm.

GSH content: Reduced GSH content of liver was
measured by a colorimetric method (19). Mixture of 0.5
mL of liver homogenate and 0.5 mL of 4% sulfosalicylic
acid was centrifuged at 2,500xg for 10 min. To 0.3 mL of
the resulting supernatant 2.7 mL of disulfide reagent was
added and absorbance at 412 nm was measured after
standing at room temperature for 20 min.

Protein assay: Protein content was determined by Lowry
method (20) using bovine serum albumin as a standard.
Statistical differences between the experimental groups
were determined by using analysis of variance and
Duncan’s multiple range tests.

Results and Discussion

The seed of B. juncea has been popularly used as a spice
because of its pungent taste. The glucosinolates such as
sinigrin, major constituent of this plant seed were
hydrolyzed by enzyme (myrosinase) to yield allyisothio-
cyantes which produce burning sensation on the tongue
(1). Recently, many studies have been conducted the
chemical composition and biological activities for the
gatkimchi as well as raw leaves of B. juncea (6, 8-12, 21,
22). B. juncea has been in large quantity cultivated in the
Dolsan region, Yeosu, South Korea and gatkimchi made in
this region are very popular.

In the present study, ME of the leaves of B. juncea
collected in the region of Dolsan and its major compound,
IG, were investigated for effects on the enzyme activities
associated with hepatic drug metabolism in rats treated
with BB.

In the BB metabolism, the nontoxic BB 2,3-epoxide
readily forms 2-bromophenol and toxic BB 3,4-epoxide
are produced by oxidation induced CYP monooxygenases
such as AD and AH. The toxic BB 3,4-oxide covalently
bind with GSH and protein thiol groups or is further
metabolized into bromophenol. The postulated toxic
mechanisms induced by reactive metabolites of BB result
from arylation of critical cellular macromolecules,
imbalance of Ca®* homeostasis, and lipid peroxidation in
membrane phospholipids associated with hepatic cell
death (23).

Several pathways can protect the hepatic toxicity
induced by BB 3,4-oxide; rearrangement to the 4-bromo-
phenol spontaneously, hydration to the 3,4-dihydrodiol by
EH and conjugation with GSH resulting in the formation
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Fig. 2. Hepatic lipid peroxide contents of bromobenzene (BB)-
intoxicated rats pretreated with the methanol extract (ME) and
isorhamnetin 3-0--D-glucopyranoside (IG), major comopound of
the leaves of B. juncea. Each bar represents the meant SD (n = 6).
Values followed by the same letter are not significantly different (p
<0.05).
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Fig. 3. Aminopyrine N-demethylase activities in the liver of
BB-intoxicated rats treated with the ME and IG, major
comopound of the leaves of B. juncea. Each bar represents the
meantSD (n=6). Values followed by the same letter are not
significantly different (p<0.05).

of mercapturic acid.

Hepatic lipid peroxide levels in the BB-intoxicated rats
with ME (250 or 500 mg/kg) or IG (1, 3, or 5 mg/kg)
isolated from this plant are shown in Fig. 2. Lipid peroxide
levels (MDA) were elevated by BB treatment, oral
administration of ME (500 mg/kg, 41% of BB) or IG (5
mg/kg, 42% of BB) provided mild protection against lipid
peroxidation. However, AA (20 mg/kg, 49% of BB) used
as a positive control showed similar effect of ME or IG.
Figure 3 and 4 show the effects of ME (500 mg/kg) or IG
(5 mg/kg) on hepatic AD and AH activities increased by
BB injection. These two hepatic enzymes activities of rat
increased with BB treatment were not affected by
pretreatment of ME or IG in all concentrations tested.
However, the hepatic EH activity (Fig. 5) lowered than
that of normal control in the BB-treated rat was greatly
recovered by pretreatment with ME or IG into 68 (ME,
500 mg/kg) or 84% (IG, 5 mg/kg) of normal value activity
in a dose dependent manner.

The GST family enzymes serve as catalysts for the
reaction of electrophilic compounds with glutathione. BB
treatment induced a marked decrease in hepatic and an
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Fig. 4. Aniline hydroxylase activities in the liver of BB-
intoxicated rats treated with the ME and IG major comopound
of the leaves of B. juncea. Each bar represents the mean+SD (n
= 6). Values followed by the same letter are not significantly different
(p<0.05).
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Fig. 5. Epoxide hydrolase activities in the liver of BB-

intoxicated rats treated with the ME and IG Each bar represents
the mean+SD (1 =6). Values followed by the same letter are not

significantly different (»p<0.05).

increase in serum GST (25). .

As shown in Fig. 6, the hepatic GST activity decreased
by BB treatment was greatly recovered by pretreatment
with ME or IG while AA used as a positive control gave
no effect on GST activity.

GSH plays an important role in numerous cellular
functions such as DNA synthesis and regulation of
cytosolic Ca** homeostasis (26, 27). And GSH works
together with GST and glutathione reductase, in
detoxifying toxic intermediates and maintaining cellular
glutathione status. Accordingly, the homeostasis of hepatic
mitochondrial glutathione level plays important role in cell
survival (28). However, Oral administration of ME or IG
did not show any significant effect on the GSH content
level (Fig. 7).

In conclusion, ME of the leaves of B. juncea and its
major component, IG were significantly recovered the
decreased activities of EH and GST associated with
detoxifying the BB 3,4-oxide, and prevented the lipid
peroxidation. IG can be considered as one of the active
compounds responsible for the activities of B. juncea on
hepatic drug metabolizing enzymes in rat treated with BB,
and also be a candidate for the new hepatoprotective agent
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Fig. 6. Glutathione s-transferase activities in the liver of BB-
intoxicated rats treated with the ME and IG, major comopound
of the leaves of B. juncea. Each bar represents the meantSD (n
=6). Values followed by the same letter are not significantly
different (»p<0.05).
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Fig. 7. Hepatic glutathione contents in the liver of BB-
intoxicated rats treated with the ME and I major comopound
of the leaves of B. juncea. Each bar represents the mean+SD (n =
6). Values followed by the same letter are not significantly different
(p<0.05).

originated from medicinal plants such as cynaroside
(lutelolin 7-0-B-D-glucoside) isolated from Angelica keiskei
(29), showing the effects on the lipid peroxide level and
the EH activity. And further studies using the experimental
methods of molecular biology will help to elucidate the
mechanism of the compound.
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