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Effect of Juglans sinensis Dode extract on chemical hypoxia—induced cell injury in human glioma cells

I. Introduction

Brain ischemia can be resulted from cere-
brovascular diseases({transient ischemic attac-
ks, stroke, and atherosclerosis of cerebral ar-
teries), subarachnoid hemorrhage, and trauma.
Focal cerebella ischemia still represents a
major cause of morbidity and mortality. Re-
duction in the stores of tissue energy, i.e.
glucose and oxygen, appears to be underlying
cause of acute neuronal dysfunction induced
by ischemia”, However, the mechanisms by
which glucose deprivation and/or chemical hy-
poxia result in neuronal cell death have not
been clearly understood.

Increased formation of reactive oxygen spe-
cies(ROS) such as superoxide, hydrogen pe-
roxide, and hydroxyl radical has been postu-
lated to play an important role in the patho-
genesis of ischemia—induced neuronal cell in-
jury"?

clude accumulation of eicosanoids, altered mi-

. Several potential sources of ROS in-

tochondrial function, neutrophil accumulation,
and activation of certain enzymes such as NO
synthase and xanthine oxidase?.

Since the nervous system have a high con-
tent of polyunsaturated fatty acids, which are
particularly susceptible to peroxidative attacks
by ROS, resulting in lipid peroxidation®*, the
peroxidative breakdown of the lipid membrane
has been suggested to be an important event

in the cascade of reactions leading to neu-
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ronal death®. Therefore, attempts have been
made to protect cells from the ischemic neu-
ronal injury using pharmacological agents that
can scavenge or antagonize ROSY. However,
no agents with adequate efficacy in vivo are
obtained at present.

In previous studies, we observed that Jug-
lans sinensis Dode extract(JS) has a strong

o0 Therefore, the present

antioxidant action
study was undertaken to determine (1) whe-
ther the cell death induced by chemical hy-
poxia is the results of ROS generation and
(2) whether JS exerts the protective effect

against the cell death in human glioma cells.

II. Materials and Methods

A. JS preparation

Juglans sinensis Dode was obtained from a
local herb store, Pusan City, Korea. Crushed
crude drug(300g) was extracted with distilled
water at 1007C for 4 hr and the total extrac-
tive was evaporated under reduced pressure
to give 15.5g. The dried extract was dis-
solved in incubation medium just before use.

B. Culture of A172 cells

Al72 cells were obtained from the Ame-
rican Type Culture Collection(Rockville, MD)
and maintained by serial passages in 75-cnf
culture flasks(Costar, Cambridge, MA). The

cells were grown in Dulbecco's modified Ea-
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gle's medium(DMEM, Gibco, BRL) containing
10% heat inactivated fetal bovine serum(Gio-
co, BRL) at 37C in humidified 95% air/5%
COz incubator. When the cultures reached con-
fluence, subculture was prepared using a 0.02
% EDTA-0.05% trypsin solution. The cells
were grown on 24-well tissue culture plates
and used 1~2 days after plating when a con-
fluent monolayer culture was achieved.

C. Induction of chemical hypoxia

Chemical hypoxia was induced by incubating
cells with antimycin A(AA), the inhibitor of
mitochondrial electron transport, in a gluco-
se—free medium as previously described® .

D. Cell viability assay

The cell viability was evaluated using a
MTT assay”. Tetrazolium salts such as MTT
are metabolized by mitochondrial dehydroge-
nases to form a blue formazan dye and are
therefore useful for the measurement of cell
viability. The cells were gently washed with
Hanks' balanced salt solution(HBSS, Sigma Co,
USA), and exposed to AA. After washing the
cells, culture medium containing 0.5mg/ml of
MTT was added to each well. The cells were
incubated for 2hr at 37C, the supernatant
was removed and the formed formazan cry-
stals in viable cells were solubilized with 110
i1 of dimethyl sulfoxide. A 100 4! aliquot of
each sample was then translated to 96—well
plates and the absorbance of each well was
measured at 550 nm with ELISA Reader (Bio—
Tek instrument, EL,311). Data were expressed

as a percentage of control measured in the
absence of AA. Unless stated otherwise, the
cells were treated with 0.1mM AA for 120
min. Test reagents were added to the medium
30min before AA exposure,

E. Measurement of lipid peroxidation

Lipid peroxidation was estimated by mea-
suring total malondialdehyde (MDA) production,
utilizing the lipid peroxidation assay kit(Cal-
biochem). Protein was measured by the me-
thod of Bradford'”.

F. Measurement of intraceilular HzQ»
generation

The intracellular generation of Hz0; was
measured using 2', 7'—dichlorofluorescein dia-
cetate (DCFH-DA)'""'#1¥  The nonfluorescent
ester penetrates into the cells and is hydro-
lyzed to DCFH by the cellular esterases.
The probe(DCFH) is rapidly oxidized to the
highly fluorescent compound 2', 7'— dichloro-
fluorescein(DCF) in the presence of cellular
peroxidase and ROS such as hydrogen pero-
xide or fatty acid peroxides. Cells were cul-
tured in 35—mm tissue culture petri dishes.
The culture medium was removed, and the
cells were collected from flasks using trypsin
—EDTA solution. The cells were preincubated
at 37C in fluorescent cuvette containing 3ml
of glucose—free—~HBSS with 20uM DCFH-
DA(from a stock solution of 20mM DCFH-DA
in ethanol). After the preincubation, the cells
were treated with antimycin A in the pre-
sence or absence of JS and incubated up to
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30min during which the fluorescent intensity
was monitored on a spectrofluorometer (SPEX
1681, SPEX Co., USA) with excitation wave
length 485nm and emission wave length 530
nm. The net increase in DCF fluorescence
(arbitrary units) was calculated by taking the
difference between the values before and af-
ter addition of antimycin A.

G. Chemicals

Antimycin A, Trolox, catalase, hydrogen
peroxide (Ho02), malondialdehyde tetraethyla-
ceta, cisplatin, and Hoechst 33258 were pur-
chased from Sigma Chemical(St. Louis, MO).
N,N'-diphenyl —p~phenylenediamine (DPPD)
and dimethylthiourea(DMTU) were purchased
from Aldrich Chemical(Milwaukee WI), DCFH
—DA was obtained from Molecular Probes
(Eagene, OR, USA). All other chemicals were

of the highest commercial grade available.

H. Statistical analysis

Data are expressed as meantSEM. Compa-
rison between two groups was made using
the unpaired t test. Multiple group comparison
was done using one—way analysis of variance
followed by the Dunnett's test. P<0.05 were
considered statistically significant.

III. Results

A. Effects of chemical hypoxia and
JS in human glioma cells
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Fig. 1. Dose—dependency of cell death in hu-
man glioma cells subjected to chemical hypoxia.
Cells were exposed to various concentrations of
antimycin A(AA) for 120 min in the presence or
absence of 0.05% Juglans sinensis Dode extract
(US). The cell viability was measured by a MTT
reduction assay. Data are mean=SE of six ex-
periments.

* p<0.05 compared with control ;
# p<0.05 compared with AA alone.

In order to determine the potency of anti-
mycin A on cell death, the cells were expos-
ed to various concentratiens of antimycin A
for 120min. As shown in <Fig. 1>, antimycin
A caused the loss of cell viability over con-
centration range of 0.01~0.2mM in a dose—
dependent manner. A significant loss of cell
viability was present at 0.2mM antimycin A
and approximately 89% of cells had died at
0.2mM. When cells were treated with anti-
mycin A in the presence of 0.05% JS, how-
ever, the cell viability was significantly incr-
eased.

<Fig. 2> depicts the time course of chemical
hypoxia—induced cell death. The cells were
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Fig. 2. Time courses of cell death in human
glioma cells subjected to chemical hypoxia. Cells
were exposed to 0.1 mM antimycin A(AA) for
0—-180 min in the presence or absence of 0.05%
Juglans sinensis Dode extract(JS). The cell via-
bility was measured by a MTT reduction assay.
Data are mean£SE of five experiments.

* p<0.05 compared with AA alone.

exposed to 0.1mM antimycin A in the pre-
sence or absence of 0.05% IS for 0~180min.
Exposure of cells to antimycin A resulted in
the loss of cell viability and the significant
loss of cell viability was present 30min after
exposure, with cell death increasing up to
180min. After 180min, approximately 88% of
cells had died. However, addition of JS signi-
ficantly prevented the chemical hypoxia—in-
duced loss in the cell viability. In subsequent
experiments, the cells were treated with 0.1
mM antimycin A for 120min.

B. Dose—dependency of JS protec-
tion in chemical hypoxia—induced cell
death

Fig. 3. Protective effect of Juglans sinensis
Do-de extract(JS) on chemical hypoxia— induced
cell death in human glioma cetfis. Cells were ex-
posed to 0.1 mM antimycin A(AA) for 120 min in
the presence or absence of various concentra-
tions of Juglans sinensis Dode extract(JS). The
cell viability was measured by a MTT reduction
assay. Data are mean*SE of four experiments.

" p<0.05 compared with the absence of JS.

In order to determine the potency of the
protective effect of IS, the cells were expo-
sed to antimycin A in the presence of various
concentrations of JS. As shown in <Fig. 3>,
JS prevented the cell death in a dose—de-
pendent manner, with a significant protection
at 0.005%. JS did not exert any effect in the
control cells untreated with antimycin A(data
not shown).

C. Effect of JS on chemical hypoxia—
induced ROS generation

In order to determine if chemical hypoxia
increases ROS production, we measured the
ROS generation in cells subjected to chemical
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hypoxia using DCFH—DA. The results are de-
picted in <Fig. 4>. Exposure of cells to anti-
mycin A induced an increase in the genera-
tion of ROS. This increase was significantly
blocked by addition of catalase. This may
support the notion that hydrogen peroxide is
the principle ROS responsible for the oxi-
dation of DCFH to DCF'V'*. When cells were
exposed to chemical hypoxia in the presence
of 0.05% JS, the DCF fluorescence decrea-
sed to almost control level, suggesting that JS
can scavenge directly H0.. Catalase and JS
did not affect DCF fluorescence in control cells
(data not shown).

DCF fluorescence
(Arbitrary units)

-
%
AA
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Js CAT

-
o ;
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Fig. 4. Effects of catalase(CAT) and Jugians
sinensis Dode extract(JS) on generation of re-
active oxygen species in human glioma cells
exposed to chemical hypoxia. The net increase in
DCF fluorescence(arbitrary units) was calculated
by subtracting the values for the control cells
from the corresponding values for antimycin A~
treated cells in the presence or absence of CAT
(800 Units/mi) and JS(0.05%). Data are meant
SE of four experiments.

+ p<0.05 compared with AA alone.
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Fig. 5. Effects of reactive oxygen species sca-
vengers on chemical hypoxia—induced cell death
in human glioma cells. Cells were exposed to 0.1
mM antimycin A(AA) for 120 min in the presence
or absence of 800 Units/ml catalase(CAT), 30
mM dimethylthiourea{DMTU), and 0.05% Jugians
sinensis Dode extract(JS). The cell viability was
measured by a MTT reduction assay. Data are
mean=*SE of five experiments.

* p<0.05 compared with AA alone.

D. Effects of radical scavengers and
JS on chemical hypoxia—induced cell
death

Chemical hypoxia with antimycin A or cy-
anide in neuronal cells induces ROS produc-

191617 which may mediate cell death!”.

tion
Thus, to determine if ROS is involved in che-
mical—-induced cell death, the effect of ROS
scavengers on the cell viability was examined.
As shown in <Fig. 5>, the H,0; scavenger ca-
talase (800 Units/ml) showed a significant pro-
tective effect against antimycin A-—induced
cell death. JS also exerted the protective ef-
fect and the extent of the protective effect by

0.05% JS was larger than that of 800 Units/ml
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Fig. 6. Effects of antioxidants on chemical hy-
poxia—induced cell death in human glioma cells.
Cells were exposed to 0.1 mM antimycin A{AA)
for 120 min in the presence or absence of 20uM
DPPD, 0.5 mM Trolox, and 0.056% Juglans si-
nensis Dode extract(JS). The cell viability was
measured by a MTT reduction assay. Data are
mean®SE of five experiments.

* p<0.05 compared with AA alone.

catalase. However, the hydroxyl radical sca-
ven-ger DMTU failed to protect cells from
death.

E. Comparison of antioxidants and JS
on chemical hypoxia—induced cell death

In order to clarify if lipid peroxidation is
involved in chemical hypoxia—induced cell dea-
th and the protective effect of IS is attributed
to antioxidant action, the effect of well~kn-
own antioxidants on antimycin A—induced cell
death was examined and compared with that
of JS. The results are summarized in <Fig. 6>.
Interestingly, the lipid—soluble antioxidant DP
PD and water soluble antioxidant Trolox were
not effective in preventing chemical hypoxia—

Fig. 7. Effects of catalase(CAT) and Jugfans
sinensis Dode extract(JS) on H20:—induced cell
death in human glioma cells. Cells were exposed
to 0.5mM Hz0; for 120 min in the presence or
absence of 800 Units/ml CAT and 0.05% JS. The
cell viability was measured by a MTT reduction
assay. Data are mean*SE of five experiments.

* p<0.05 compared with control(Cont) ;
# p<0.05 compared with H:0, alone.

induced cell death, unlike JS, indicating that
antimycin A—induced cell death is not asso-
ciated with lipid peroxidation and the protec-
tive effect of JS is not due to antioxidant
action,

F. Effect of JS and catalase on H>
O2—induced cell death

Since JS inhibits H20; generation induced
by chemical hypoxia, it was examined if JS
could prevent HyO2—induced cell death in hu-
man glioma cells. As shown in <Fig.7>, 0.5
mM Hz0; resulted in approximately 60% cell
death, which was almost completely prevented
by 0.05% JS and 800Units/ml catalase.
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IV. Discussion

The present study demonstrated that che-
mical hypoxia causes cell death in a dose-—
and time—dependent manner in human glioma
cells <Figs.1 and 2>. Exposure of cells to
antimycin A induced a significant increase in
DCF fluorescence, which was inhibited by the
Ho0; scavenger catalase <Fig.4>. These re-
sults are consistent with the notion that the
principle ROS responsible for the oxidation of
DCFH to DCF is Hz0;'*'®. Catalase also pre-
vented antimycin A—induced cell death <Fig.
5>, suggesting that Hz0, is involved in the
pathogenesis of chemical hypoxia—induced cell
injury in human glioma cells. Involvement of
ROS in the cell death induced by chemical
hypoxia has been reported in neuronal models
intoxicated wit' cyanide'”".

Hy0: can be converted to hydroxyl radical,
a more potent oxidant, via the Fenton/Haber—
Weiss reactions in the presence of iron®.
However, the hydroxyl radical scavenger DM
TU did not prevent the antimycin A—induced
cell injury <Fig. 5>.

Since lipid peroxidation has been consi-
dered to be an evidence for oxidant—induced
cell injury®®, the chemical hypoxia—induced
cell death may be attributed to lipid peroxi-
dation. However, the lipid soluble(DPPD) and
water—soluble (Trolox)
ineffective in preventing the cell death indu-

antioxiants all were

ced by chemical hypoxia <Fig.6>. These re-
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sults suggest that the chemical hypoxia—in-
duced cell death is mediated by a lipid per-
oxidation—independent mechanism in human
glioma cells. Although H20z is responsible for
the chemical hypoxia—induced cell death, an-
tioxidants could be not effective. A previous
study demonstrated that HsO» induces the cell
death via lipid peroxidation—independent mec-

2 Similar data

3),4)

hanism in human glioma cells
are reported in cultured endothelial cells
and murine fibroblasts®.

Juglans sinensis Dode, herbal medicine used
in the present study is Walnut in english na-
me. Functions of this herb are nourish the
kidney, strengthen the waist and knees, warm
the lung to relieve asthma and invigorate the
intestines. They are used in the treatment of
low back pain, frequent urination, weakness of
both legs, chronic cough, asthma, constipation
due to dryness or anaemia and stones in the
urinary tract, etc. The cotyledons are used in
the treatment of cancer. Walnut has a long
history of folk use in the treatment of cancer,
some extracts from the plant have shown
anticancer activity. So aging has something to
do with kidney function from the viewpoint of
oriental medicine that Juglans sinensis Dode
have widely been applied as treatment for
senile disease such as aging, impotance, low
back pain, frequent urination, weakness of both
legs, arthritis, Alzheimer's disease and so on,
which are closely related with reactive oxy-
gen species® ",

In the present study, it was evaluated whe-
ther JS prevents chemical hypoxia—induced
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cell death in human glioma cells. JS prevented
the cell death in a dose—dependent manner
<Fig.3>. In previous study, since JS was
observed to exert a strong antioxidant action
in renal cells?”, the protective effect of JS
could be attributed to its antioxidant action.
However, since the antioxidants were not
effective in preventing chemical hypoxia—in-
duced cell death in human glioma cells, it is
unlikely that antioxidant action of JS is res-
ponsible for the protective effect.

The resent study demonstrated that HyO; is
involved in the pathogenesis of chemical hy-
poxia—induced cell injury in human glioma
cells, consistent with the data reported in
neuronal models intoxicated with cyanidem’lg).
JS inhibited an increase in DCF fluorescence
induced by antimycin A<Fig. 5> and prevented
H20s—induced cell death <Fig.7>. These re-
sults indicate that JS exerts the protective
effect against the chemical hypoxia—induced
cell death by scavenging H:0», like catalase.
Although the active ingredient of JS sca-
venging HyO2 remains to be defined, JS may
be developed as a drug to prevent hypoxia
—induced neurotoxicity in future clinical ap-
proaches. Natural plant—derived products con-
tinue to play a striking role in all forms of
pharmaceutical care® .

In conclusion, ROS mediates chemical hy-
poxia—induced cell death via lipid peroxida-
JS protected
cells from chemical hypoxia—induced cell dea-

tion—independent mechanism.

th by scavenging directly HzO; in human glio-
ma cells.

V. Conclusion

1. Juglans sinensis Dode extract(JS) pre-
vented the cell death the chemical hypoxia—
induced loss in the cell viability in a dose—
dependent manner with a significant protec-
tion at 0.005%.

2. JS can scavenge directly H.O, Catalase
and JS did not affect DCF fluorescence in
control celis.

3. JS and the Hz0; scavenger, catalase,
showed a significant protective effect against
antimycin A—induced cell death. However, the
hydroxyl radical scavenger DMTU failed to
protect cells from death,

4, The lipid—soluble antioxidant DPPD and
water soluble antioxidant Trolox were not ef-
fective in preventing chemical hypoxia—indu-
ced cell death, unlike JS, indicating that the
protective effect of JS is not due to antioxi-

dant action.
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