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Protective Activities of Stilbene Glycosides from Acer mono
Leaves against H ,0,-Induced Oxidative Damage in Primary
Cultured Rat Hepatocytes
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College of Pharmacy and Research Institute of Pharmaceutical Science, Seoul National University,
San 56-1, Sillim-Dong, Kwanak-Gu, Seoul 151-742, Korea

In our previous study, we isolated two new hepatoprotective stilbene glycosides, 5-O-methyl-(E)-
resveratrol 3-O-$-p-glucopyranoside (MRA) and 5-O-methyl-(E)-resveratrol 3-O-f-p-apiofuranosyl-
(1—6)-p-b-glucopyranoside (MRAG), from the methanolic extract of Acer mono leaves. Thereby, we
have attempted to elucidate the hepatoprotective mechanism of these compounds, focusing on
antioxidative effects, using hydrogen peroxide (H,O,)-injured primary cultures of rat hepatocytes.
Both MRA and MRAG showed potent hepatoprotective activities in pretreatment but showed little
effects in posttreatment. In addition, they increased the glutathione (GSH) level in the normal control
cultures and significantly prevented the depletion of GSH in H,O,-injured primary cultured rat
hepatocytes. Moreover, these compounds significantly restored the level of GSH depleted by
buthionine sulfoximine or diethylmaleate in the presence or absence of H,O,. Furthermore, these
compounds preserved the activities of antioxidant enzymes such as superoxide dismutase, glutathione
reductase, and glutathione peroxidase reduced by H,O; insults. Meanwhile, MRA and MRAG showed
moderate scavenging effects with ICs values of 103.6 and 80.5 uM, respectively, as determined by
1,1-diphenyl-2-picryl-hydrazyl free radical scavenging activity. Taken together, these results suggest
that MRG and MRAG exert significant hepatoprotective activities against H,O,-induced hepatotoxicity
by maintaining the antioxidative defense system rather than scavenging free radicals.

KEYWORDS: Acer mono ; antioxidants; hydrogen peroxide; hepatoprotective; primary cultures of rat
hepatocytes; 5- O-methyl-( E)-resveratrol 3- O-f-p-glucopyranoside (MRA); 5- O-methyl-( E)-resveratrol 3- O-
p-p-apiofuranosyl-(1—6)-f- p-glucopyranoside (MRAG)

INTRODUCTION in liver injury as well as on therapeutic intervention with

o . . . antioxidant scavengers.
Oxidative stress caused by increased accumulation of reactive g

oxygen species (ROS) has been implicated in the pathogenesis W€ have been searching for hepatoprotective compounds
of various diseased (-3). Mitochondria and cytochrome P450 ~ from natural products using primary cultures of rat hepatocytes
enzymes are the main sources of ROS in hepatocytes acutelynjured by hydrogen peroxide ¢8), a direct mediator of
and/or chronically exposed to a “toxic” injury (environmental ~©0xidative injury @), as a screening system. In the course of
drugs, alcohol, therapeutical drugs, viruses, ett-)g). ROSs screening extracts of natural products, we found that the ethyl
are also derived from Kupffer and inflammatory cells, in acetate (EtOAc) fraction gkcer mondviaximowicz (Aceraceae)
particular neutrophils7). Therefore, oxidative stress in the liver ~ leaves showed significant hepatoprotective activi§).(A. mono
has been linked to chemical-derived hepatitis, cirrhosis, and is widely distributed in Korea, the People’s Republic of China,
other pathological conditions (8—10). and Japan. The leaves Af monohave been used in Korean
As a defense system against oxidative stress caused by Rosfolk medicine for hemostasis, and the roots have been used for
cells possess many endogenous nonenzymatic antioxidanthe treatment of arthralgia and cataclasis. The sap.sfiono
molecules such as vitamins A and E and glutathione (GSH) ashas been employed for the treatment of difficulty in urination,
well as antioxidant enzymes such as superoxide dismutaseconstipation, other gastroenteric disorders, gout, and neuralgia
(SOD), catalase, glutathione reductase (GR), and glutathione(14). Bioactivity-guided fractionation of the EtOAc fraction of
peroxidase (GSH-px) (11,2). Thus, a large number of studies A. mono leaves yielded two new hepatoprotective stilbene
have focused on the pathogenetic significance of oxidative stressglycosides, 39-methyl-E)-resveratrol 39-5-pD-glucopyranoside
(MRG) and 5-Gmethyl-E)-resveratrol 39-3-p-apiofuranosyl-
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MRG R=H
MRAG R = B-D-apiose (api)

Figure 1. Structures of MRG and MRAG.

mechanism of MRG and MARG using,B-injured primary
cultured rat hepatocytes. In addition, to evaluate their direct
scavenging effects on free radicals, we determined the 1,1-
diphenyl-2-picryl-hydrazyl (DPPH), a stable free radical, scav-
enging activity.

MATERIALS AND METHODS

Chemicals.MRG and MRAG were isolated from the EtOAc fraction
of A. monoleaves by successive column chromatography and reverse-

phase high pressure liquid chromatography, as we reported previously
(13). Supplements for cell culture and other reagents used in the study

were obtained from Sigma (St. Louis, MO). The kit for assessing
glutamic pyruvic transaminase (GPT) activity was purchased from
Youngdong Pharmaceutical (Seoul, Korea). All other chemicals were
of the highest purity available.

Animals. Male Wistar rats (156200 g body weight) were provided
by the Laboratory Animal Center, Seoul National University. Rats were

kept on standard chow with free access to tap water in temperature-

and humidity-controlled animal quarters under a 12 h lighark cycle.
All experiments were conducted according to the guidelines of the
Committee on Care and Use of Laboratory Animals of Seoul National
University with special care taken to avoid any undue animal pain or
suffering.

Isolation and Culture of Rat Hepatocytes.Isolated hepatocytes
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Determination of Antioxidant Enzyme Activity. The SOD activity
was determined according to the method of McCord and Fridovich
(20) using xanthinexanthine oxidase reaction. The catalase activity
was determined according to the method of Beers and Sidg¢based
on H,0, decomposition. GR activity, based on the reduction of GSSG
by GR and3-nicotinamide adenine dinucleotide phosphate (NADPH),
was measured according to the method of Carlberg and Mannervik
(22). The GSH-px activity was determined according to the method of
Flohe and Gunzler2@) by qualifying the rate of oxidation of GSH to
glutathione disulfide (GSSG) by cumene hydroperoxide, a reaction
catalyzed by GSH-px.

Protein Assay.The protein content was measured using bicincho-
ninic acid with bovine serum albumin as a standard.

Determination of the DPPH Radical Scavenging Activity.The
scavenging activity of DPPH radical was measured using a modified
method of Soares et al4). The aqueous solution of each compound
was added to a solution of DPPH (1201) in EtOH to give final
compound concentrations of 0.1, 1, 10, 25, 50, and:M0The control
used distilled water in place of test compound solution. The reaction
mixture was shaken vigorously and allowed to react at room temper-
ature. After 30 min, the remaining DPPH was determined colorimetri-
cally at 517 nmL-Ascorbic acid was used as a positive control. The
absorbance of each compound alone was subtracted as the blank from
that of the reaction mixture. The radical scavenging activity was
calculated as 108 (ODcontrol — ODrest compoun ODcontror The 1Gs value
was defined as the concentratiari{) of the test compounds required
to inhibit the formation of DPPH radical by 50%.

Statistical Analysis.One-way analysis of variance procedures were
used to assess significant differences among treatment groups. The
criterion for statistical significance was setpat< 0.05,p < 0.01, or
p < 0.001.

RESULTS

Hepatoprotective Activity against H,O,-Induced Toxicity.
We previously reported that MRG and MRAG frof mono
leaves showed significant hepatoprotective activities against
H,0O»-induced toxicity in pretreatment at the concentrations
ranging from 10 to 10@M in a dose-dependent mannd3j.
To clarify the mode of protection, the hepatoprotective activity
by a timed exposure to compounds afteiO4 challenge was
evaluated first. As shown iRigure 2, these stilbene glycosides
significantly suppressed the toxicity induced byQ®d at the
concentrations of 5@M in pretreatment paradigm (viability,

were prepared from Wistar rat by the collagenase perfusion method as100.6+ 2.8 and 93.&+ 3.8%; GPT activity, 84.Gt 5.3 and

we described previousL§). Cells were purified by several centrifuga-

81.6 + 3.4%, respectively). In contrast, the posttreatments of

tions and inoculated onto collagen-precoated culture plates at a densitythese stilbene glycosides at the concentration ofdSDafter

of 5 x 1P cell/mL. Then, cells were incubated at 3Z in a humidified
incubator gassed with 5% GO5% air.
Test compounds were dissolved in dimethyl sulfoxide (final culture

concentration, 0.1%). One day after isolated rat hepatocytes were plated

cultures were treated with test compounds for 1 h. Cultures were then
exposed to 12 mM kD, and incubated further for 1.5 h (pretreatment).
In some experiments, the cultures were exposed to 12 @b for

30 min and then test compounds were treated for 1 h (posttreatment).

the HO; insults on the primary cultured hepatocytes did not
affect the cellular viabilities and hepatoprotective activities
against HO.-induced toxicity.

' Effects on Antioxidative Defense SystemGSH is a major
endogenous antioxidant and plays an important role in protection
from oxidative stressl(, 25). As such, we evaluated the effects
of MRG and MRAG on the GSH level in #.-injured rat

Hepatotoxicity was assessed by measuring the GPT activity releasedhepatocytes. As shown imable 1, the GSH level in HO,-

into the culture medium. Cell viability was assessed by 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) assay, which is
based on the cleavage of a tetrazolium salt by mitochondrial dehydro-
genases in viable cells (16). For the measurements of antioxidant
enzyme activity and GSH level, the cells were harvested and the
supernatant was prepared as described previously (17).

To reduce the cellular GSH level, cultures were pretreated with 1
mM buthionine sulfoximine (BSO) or diethylmaleate (DEM) for 2 h
before administration of the test compountig, (L8). After the treatment
with test compounds for 1 h, the cultures were followed byOH
challenge for 1.5 h.

Determination of GSH Level. The level of GSH was determined
spectrophotometrically using the enzymatic cycling method of Tietze
(19) with minor modification.

injured cells was decreased to 39%:34.1 nmol/mg protein as
compared to a normal value of 5445 0.7 nmol/mg protein.
MRG and MRAG increased the GSH level even in the normal
control cultures (65.% 3.4 and 56.1+ 3.7 nmol/mg protein,
respectively) and almost completely prevented the depletion of
GSH by HO, (55.0 £ 3.3 and 53.6+ 3.9 nmol/mg protein,
respectively).

The effect of these stilbene glycosides on GSH level was
further investigated using such GSH depletors as BSO and
DEM. BSO is known to deplete GSH by inhibition of
y-glutamylcysteine synthetase, a key enzyme in GSH synthesis
and DEM to deplete GSH via a reaction catalyzed by GSH-
transferase 17). Treatment with BSO or DEM caused the
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Figure 2. Hepatoprotective activities of MRG and MRAG in H,Ox-injured
primary cultures of rat hepatocytes. The control is the value of hepatocytes
not challenged with H,0,. Each value represents the mean £ SD (n =
3). Significantly different from H,O,-treated values: *p < 0.05, *p < 0.01,
and ***p < 0.001. (a) Cell viability was measured by the MTT assay.
Optical densities (ODs) of the control and H,O-treated were 3.95 + 0.1
and 1.72 + 0.2, respectively. (b) The control and H,O-treated values for
GPT were 26.3 + 3.0 and 65.0 + 2.2 IU/L, respectively. The % value of
protection was calculated as 100 x (value of H,O,-treated — value of test
compound)/(value of H,0.-treated — value of control).

Control

MRG MRAG

Table 1. Effect of MRG and MRAG on GSH Levels in BSO-, DEM-,
and/or H,0,-Injured Primary Cultures of Rat Hepatocytes?

GSH (nmol/mg protein)
none? MRG MRAG
control 545+0.7 65.1+3.4 56.1+3.7
BSO-treated? 21.1+£5.1 248+5.2 26.1+£0.6
DEM-treated® 16.9+1.0 254+42 21.4+£6.0
H,0,-treated 39.3+4.1 55.0 + 3.3* 53.6 + 3.9*
BSO + H,0,-treated 188+2.4 31.2 +£3.8* 30.4 +1.8**
DEM + H,0-treated 13.0+3.1 183+24 178+7.0

@ Each value represents the mean £ SD (n = 3). BSO-, DEM-, and/or H;0,-
treated values differ significantly from the control at a level of p < 0.001. Significantly
different from each value in the absence of samples: *p < 0.05, *p < 0.01, and
**p < 0,001. b-Primary cultures of rat hepatocytes were preincubated with 1 mM
BSO or 1 mM DEM for 2 h before treatment with samples (50 uM). @ None is the
value of hepatocytes, which were not challenged with samples.

depletion of GSH in cells regardless of®} insult (Table 1).
MRG and MRAG did not prevent the depletion of GSH level
in the BSO- or DEM-treated hepatocytes. However, they
significantly restored the GSH level reduced by the treatment
of BSO followed by HO, challenge.

Yang et al.

Table 2. Effect of MRG and MRAG on Activities of Antioxidant
Enzymes (SOD, GR, and GSH-px) in H,Oy-Injured Primary Cultures of
Rat Hepatocytes?

SOD (Unit/ GR (mUnit/ GSH-px (mUnit/

mg protein) mg protein) protein)
control? 255+14 78.0+£1.0 348+31
H,0,-treated® 15.7+25 53.8+38 18.8+24
MRG 221+1.1* 75.4 £2.7% 31L.7£29*
MRAG 183+55 71.8+8.7* 33.0+41

@ Each value represents the mean + SD (n = 3). Significantly different from
H,0, value: *p < 0.05 and **p < 0.01. Samples were treated at the concentration
of 50 uM.  Control is the value of hepatocytes, which were not challenged with
H20,. ©H,0; is the values of hepatocytes, which were challenged with H,0,.
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Figure 3. Radical scavenging activity of MRG and MRAG. Each value
represents the mean £ SD (n = 3). The radical scavenging activity was
calculated as 100 x (ODconyol = ODrest compound)/ODcontrol. @, MRG; O,
MRAG; and A, L-ascorbic acid.

DPPH Radical Scavenging Activity.To evaluate the direct
scavenging effects of these stilbene glycosides on free radicals,
we determined the DPPH, a stable free radical, scavenging
activity. As shown inFigure 3, MRG and MRAG reduced the
level of DPPH radical at the concentrations up to 100 and
showed the free radical scavenging effects witbyNalues of
103.6 and 80.xM, respectivelyL-Ascorbic acid, a well-known
antioxidant £5), showed the free radical scavenging effect with
an 1G5 value of 27.3uM.

DISCUSSION

In our present study, we further investigated the action
mechanism of two new hepatoprotective stilbene glycosides,
MRG and MARG, fromA. monoleaves (13). KO, is a direct
mediator of oxidative injury. KO, itself is an active oxygen
species and can also react with superoxide radicals to form more
reactive hydroxyl radicals in the presence of Fe(ll) or Cu4l) (
26). The hydroxyl radicals initiate self-propagating reactions
leading to cascade of biological oxidations resulting in the rapid
modification of cytoplasmic constituents, the depletion of
intracellular GSH and ATP, a decrease in NADevel, an
increase in free cytosolic Ca(ll), and lipid peroxidatid®v).
These stilbene glycosides significantly suppressed hepatotoxicity
induced by HO, in pretreatment whereas the posttreatments
of these stilbenes exerted weak hepatoprotective activities

Antioxidant enzymes are also involved in the defense against (rigure 2), indicating that these compounds mainly act in the

oxidative stressl2, 13). Therefore, we investigated the effects
of MRG and MRAG on antioxidant enzymes such as SOD, GR,
GSH-px, and catalase. Exposure of hepatocytes #,H
decreased the activities of antioxidant enzymes. MRG and

early stage in HO»-induced toxicity rather than restore the
H,0O-injured hepatocyte functions.

GSH is a key component of the cell defense system, and GSH
depletion causes serious impairments of cellular defense against

MRAG preserved the activities of SOD, GR, and GSH-px in some toxicants such as®; or other oxidantsZ8). Antioxidant

H.Oy-injured primary cultures of rat hepatocytes. However, these
compounds showed little effects on catalase activigh(e 2).

enzymes such as SOD, catalase, GR, and GSH-px are also
modulated in various diseases by free radical attacks and
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maintain the balance between the rate of radical generation and

the rate of radical scavenging in an essential part of biological
homeostasisi{l, 12). MRG and MRAG increased the GSH level
in the normal control cultures and prevented the depletion of
GSH in HOz-induced toxicity. Further investigation using GSH
depletors, BSO and DEM, showed that treatment with BSO or
DEM caused the depletion of GSH in cells regardless gdH
insult and the increase in the sensitivity te®4-induced toxicity
(Table 1). These stilbene glycosides restored the level of GSH
decreased by BSO in the presence gdkbut had no significant
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(6) Bailey, S. M.; Cunningham, C. C. Acute and chronic ethanol
increases reactive oxygen species generation and decreases
viability in fresh, isolated rat hepatocyté¢epatologyl998 28,
1318—1326.

(7) Loguercio, C.; Federico, A. Oxidative stress in viral and alcoholic
hepatitis.Free Radical Biol. Med2003,34, 1-10.

(8) Mehendale, H. M.; Roth, R. A.; Gandolfi, A. J.; Klaunig, J. E.;
Lemasters, J. J.; Curtis, L. R. Novel mechanisms in chemically
induced hepatotoxicityFASEB J.1994,8, 1285—1295.

(9) Stohs, S. J. The role of free radicals in toxicity and disedse.
Basic Clin. Physiol. Pharmacoll995,6, 205—228.

effects on the GSH depletion caused by DEM. Therefore, these (10) Black, D.; Bird, M. A.; Samson, C. M.; Lyman, S.; Lange, P.

results suggest that MRG and MRAG prevent the depletion of
GSH induced by KO, but do not influence the synthesis of

GSH. Moreover, these stilbene glycosides reduced the decrease

in the activity of GR, suggesting that they might be involved
in restoring and recycling GSH from GSSG in®-injured

hepatocytes. These compounds also prevented the decrease in

the activities of antioxidant enzymes, SOD, and GSHyab(e

2) but had no significant effect on catalase activity (no data
shown). Therefore, MRG and MRAG increased the GSH levels
and preserved the activities of antioxidant enzymes i@H
injured primary cultures of rat hepatocytes.

Despite their effects on the regulation of antioxidantive
defense system, MRG and MRAG hold moderate DPPH radical
scavenging activities (I§ values of 103.6 and 80.xM,
respectively).

In conclusion, we evaluated the effects of MRG and MRAG
on the antioxidative defense system againsOHinduced
oxidative damage in primary cultured rat hepatocytes. We also
measured the DPPH free radical scavenging activities. From
the results, we could demonstrate that MRG and MRAG exert
significant hepatoprotective effects on cultured rat hepatocytes
mainly by maintaining the antioxidative defense system rather
than free radical scavenging activities. Further studies are
necessary to fully understand the cellular and molecular
mechanisms underlying the action of these stilbene glyco-
sides.

ABBREVIATIONS USED

ROS, reactive oxygen species; GSH, glutathione; SOD,
superoxide dismutase; GSH-px, glutathione peroxidase; GR,
glutathione reductase;B,, hydrogen peroxide; EtOAc, ethyl
acetate; BSO, buthionine sulfoximine; DEM, diethylmaleate;
DPPH, 1,1-diphenyl-2-picryl-hydrazyl; GPT, glutamic pyruvic
transaminase; MTT, 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide; GSSG, glutathione disulfide; NADPH,
p-nicotinamide adenine dinucleotide phosphate.
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