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Inhibition of Oxidative Stress-induced and Excitotoxic Neuronal Cell Damage
by Xuesaitong Ruanjiaonang

Jungsook Cho?*

Department of Pharmacology, College of Medicine, Dongguk University and Section of Neuroscience,
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Abstract — Xuesaitong Ruanjiaonang (XR), a soft capsule containing Panax notoginseng saponins as main ingredients, is
believed to remove extravasated blood and increase cerebral blood flow by improving blood circulation, and therefore, has
been used in China to treat ischemic stroke or hemiplegia caused by cerebral thrombosis. To characterize pharmacological
actions of XR, the present study evaluated its effects on neuronal cell damage induced by various oxidative insults or exci-
totoxic amino acids in primary cultured rat cortical cells. The neuronal cell viability was not affected by XR with the expo-
sure for 2 h at the concentrations tested in this study (10~1000 ug/m/). However, significant reduction of the cell viability
was observed when the cultured cells were exposed to XR at 1000 pg/m/ for 24 h. XR was found to concentration-depen-
dently inhibit the oxidative neuronal damage induced by H ,0,, xanthine/xanthine oxidase or Fe?*/ascorbic acid. In addition,
it dramatically inhibited the excitotoxic damage induced by glutamate or N-methyl-D-aspartate (NMDA). We found that the
NMDA-induced neurotoxicity was inhibited more effectively and potently than the glutamate-induced toxicity. Moreover, XR
was found to exert mild inhibition of lipid peroxidation induced by Fe ¥ fascorbic acid in rat brain homogenates and some
1,1-diphenyl-2-picrylhydrazyl radical scavenging activity. Taken together, these results demonstrate neuroprotective and
antioxidant effects of XR, showing inhibition of oxidative and excitotoxic damage in the cultured cortical neurons, as well
as inhibition of lipid peroxidation and its radical scavenging activity. Considering that excitotoxicity and oxidative stress pl ay
crucial roles in neuronal cell damage during ischemia and reperfusion, these results may provide pharmacological basis for
its clinical usage to treat ischemic stroke.
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YA E A (il FE @B, Xuesaitong Ruanjiaonang)ys 4+ Aol SHE AL 205 o)ito) Ak Z10E ¥y
#(Radix Notoginseng, the root of Panax notoginseng(Burk.) 2o, 11 Follx ginsenoside Rgl® Rbl 2 notoginsenoside
EH. Chen)?] ALE WS FARECE 38kl Ao, Fxol4 Rlo] 8 Aoz e Ukt akEe) ABdE A4
At 9l AliEa Qle 2] A8 AFie AAolt) o] Al o AERE FPAA HEFE F7AI7E Aoz elgen
Ae FAEEs AP sl I EFE M & FuHEsY AR HIES e HolM HAN WS
go] Qo] FHAF ASAZ AHeE B ohEl, A% g3 AL FEY §Fe AAAA HREE JAlsksien, A7
AAsl] ABE AASIL HERE 7ML dlo] HE M 82 AL Y3ty Ao EEAF 3 A=Y
o5t WM TR = MANES S8 F Ao sl guk. A AU HEAES {8k ©7]9] oA malondial-

dehyde ¥4 AR 0H, vllokst MM EAN Aoka/As
, F2 Fus A7 9 glutamateo] 213 FEA EAIS 93}
e e L ot? AP RO B5Osio] 4 AR S] WY et A
(E-mail) jscho@dongguk.ac.kr 5 sidstn it

30



s Awd (IMASEIEE ) o sk 9 S8 ABAESY Jl=e 31

A AABHLE o83t AAAE HoL-S ERIFtozH 4
34 Gl digt AP A EAE AXBELA} Bt B, ¥
RN § 53 A]d #a13Ele} 1,1-diphenyl-2-picrylhydrazyl
(DPPH) gltjzbell ot 282 Z7sle] agAwde] dilst
4 Hr1sisich

s ¥ WY

AERE

olA1%E Sprague-Dawley(SD) #1F el +74 SD ##H &= oishal
HEL2RE] 19159 01, minimum essential mediaMEM,
with Earle's salt), fetal bovine serum(FBS) %! horse serum
(HS)2 Gibco BRL(Gaithersburg, USA)Z5-E], laminin, poly-
L-lysine, glucose, L-glutamine, glutamate, N-methyl-D-aspartic
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HEPES-controlled salt solution(HCSS, 120 mM NaCl, 5 mM
KCl, 1.6 mM MgCl,, 23 mM CaCl,, 15mM glucose, 20 mM
HEPES, 10 mM NaOH)° % A4 %, 100 uM H,0,% 5% &
ot @&kt 0.5 mM xanthine?} 10 mU/m/ xanthine oxidase
108 E<F, = 100 uM Fe?*9} 25 uM ascorbic acidZ 241
7¢ E<t 2gjet F ofA] HCSSZ Al3jslat vA, 25 mM glucose
£ 33 MEM vitdiog walst v 95% 571/5% CO=Z
FABFAA 37°CellA 20~24712F B2t vlieFete] FUsisiTt
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B2 el whet fukelgich. F, wjokst MEE HCSSE
A T2 100 uM 2] glutamate == NMDAE /-3t
Mg?* -free HCSSE 1527 223t ¥, 25 mM glucoseE THir
3k= MEM vy o8 wgsto] 95% ¥71/5% CO,E <8t
HA] 37°CollA} 20~2417F F2F wieksto] frdaiict.
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o, 13 Arldos Axe] Jejty wsle Bl &
AJaisich. 4847 LDH #4328 54T A, AZel 4 &
e EEloles W fElEls LDH 848 718202 3l AlY
FER AYsiGlS Wel LDH 848 WEE= Atsl Yet
wglon, MTT &) 3¢, a2 A2l thzg AlZelA
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ogeke] o) @Ads 10 uM Fe?*, 100 uM ascorbic acid 2 &
FEEL AMEES Tk WS AE 37°CollA 1Kk T
wk-2 A1 7] ©hS, trichloroacetic acid?} TBAZ &2 713}
E3kekar 100°ColA 158 2t 71 e &, ddEgste] ¥
35N FFEE VERSA,,, microplate reader(Molecular
Devices, Sunnyvale, USA)E 0|83k 532 nmollA] A3kt
A@ekEe] &t A #lsl AAES thE Al ]85t Al
Abslgirt. o] w), tiET2 A& tidl DMSOZE A28l
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Fig. 1 - Effect of Xuesaitong Ruanjiaonang (XR) on the cell viability
of the primary cultured rat cortical neurons. Cultures were
exposed to XR at the concentrations (10~1000 pg/m/)
tested in this study for the indicated periods of time, and
the cell viability was determined after 20~24 h by MTT
reduction assay as described in the Materials and Methods.
Data are expressed as percentage of the control cell
viability measured in the cultures treated with vehicle (1%
DMSO). Each point represents the mean+S.E.M. from
6~8 measurements (***, p<0.001 vs control).
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b A=sta 20/3F FRF wiFst § At dulHos wEkdh
A3}, 1% DMSOZ A3t th&T AZ(Fig. 28Rt} H,0,5 *
25t A (Fig. 2C)M dAT £4do] BAEAT 2714 A
BAE7E MA3] BB o Azte] Highe) whel M
o] ZlgiE|o} 204|3F Foll= thF-22] A3t dasE AoR
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o] Aasilon, MEA G500 ug/mhTo 2 A2d Al
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o &3l #AT AEEFel FLERSE IRIEIH AEY &
AREE MIT 90 = 3% dn), n19% nig} 2o
LDH 84°= 4% A% Ak AEZ H)0,00 <3 Az
BEE0] FAadhs 202 YRt Hy0,9 EA4FAmd (10~
1000 pg/m) O 2 FAlell 22|ek AEZellA 73 LDH 240
2, 500 pg/ml FEAN BREATGE Hy000 s ft
sle Atshy &8 oF 30%, 1000 pg/miolA 2k 50% BE
A= Aoz veTh 28 A 2ol HEe] AEgs
MTT g-dyie = &35 43, 100 pgml 54 < 40% 7
5 F7reksi e, 500 pg/imi o)/dellA oF 50% AT FItske
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Fig. 2 — Protection of rat cortical cells by Xuesaitong Ruanjiaonang (XR) against H,0,-induced oxidative damage. Phase-contrast photomicrographs
of primary cultured rat cortical cells (12 days after plating) are shown after exposure for 5 min to vehicle (1% DMSO, A), XR (500 ug/
ml, B), H,0, (100 uM, C), or Hy0,+XR (100 uM+500 pg/ml, respectively, D), followed by incubation for 20 h at 37°C. (Scale

bar=50 pum).

Az}, thzzol vlel 50~60% YT AE7}F &
FAE LY GAEA T ES Fe?tS} ascorbic acid® §arE &
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oA oF 30%7F QA=A 500 ug/micl A 80%, 1000 pg/miel
A 90%7}F AR Re® Jehd, o] AlAlE glutamate® 2
3t 5/J1ct NMDAE 33t 545 o A gAgs &
F ISlth(Fig. 5).
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w3, JAEATES 1000 ug/m/ 5Eol4 DPPH ghjz-&
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Fig. 3 - Effects of Xuesaitong Ruanjiaonang (XR) on the H,0,-
induced oxidative damage in primary cultured rat cortical
cells. Cultures were exposed to 100 uM H,0, for 5 min in the
absence or presence of the indicated concentrations of XR,
and maintained at 37°C in MEM supplemented with glucose.
Measurements of LDH activity in the culture media or
MTT reduction were performed at 20~24 h after the ex-
posure. Data are expressed as percentage of the control
LDH activity measured in the culture exposed to H,O, in the
absence of XR, or as percentage of the control MTT
reduction capacity measured in the cells treated with vehicle.
Each bar represents the mean+S.E.M. from 6~8 measure-
ments (*, p<0.05; **, p<0.01; *** p<0.001 vs control).
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Fig. 4 — Effects of Xuesaitong Ruanjiaonang (XR) on the xanthine/
xanthine oxidase- or Fe?*/ascorbic acid-induced oxidative
damage in primary cultured rat cortical cells. Cultures
were exposed to xanthine (0.5 mM) and xanthine oxidase
(10 mU/mi) for 10 min or 100 uM Fe?* and 25 uM ascorbic
acid for 2 h in the absence or presence of the indicated
concentrations of XR, and maintained at 37°C in MEM
supplemented with glucose. LDH activities released into
the culture media were measured at 20~24 h after the
exposure. Data are expressed as percentage of the control
LDH activity measured in the culture exposed to xanthine/
xanthine oxidase or Fe?*/ascorbic acid in the absence of
XR. Each point represents the mean+S.EM. from 6
measurements (¥, p<0.05; *** p<0.001 vs control).
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Fig. 5 — Effects of Xuesaitong Ruanjiaonang (XR) on the glutamate-
or NMDA-induced excitotoxic damage in primary cultured
rat cortical cells. Cultures were exposed for 15 min to
100 uM glutamate or NMDA in Mg?*-free HCSS in the
absence or presence of the indicated concentrations of XR,
and maintained at 37°C in MEM supplemented with
glucose. LDH activities released into the culture media
were measured at 20~24 h after the exposure. Data are
expressed as percentage of the control LDH activity
measured in the culture exposed to glutamate or NMDA in
the absence of XR. Each point represents the mean+
S.E.M. from 4~6 measurements (*, p<0.05; **, p<0.01;
*ak - p<0.001 vs control).
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Fig. 6 — Inhibition of lipid peroxidation by Xuesaitong Ruanjiaonang
(XR) and its DPPH radical scavenging activity. Lipid
peroxidation initiated by Fe?* and ascorbic acid in rat brain
homogenates and DPPH radical scavenging activity were
measured as described in the Materials and Methods in the
absence or presence of the indicated concentrations of
XR. Each bar represents the mean+S.E.M. from 3 experi-
ments performed in duplicate (%%, p<0.01; ***, p<0.001 vs
control).
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o] Aesld7] wiEell, Fig. 2~5° AXE AFE= 2F A|59
AgA|7to] 2417F ool AlF xpA|2] FAJo] WyE s Ay
Z7& wiAEelct.
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°% oA LDH 34 = MTT $¢8 23 9 A &
udE 53 HEE ERISKITHEg. 2~4). Fig. 304 & + 3
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