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Abstract — In the previous study, we reported that cynaroside isolated from Lysimachia christinae methanolic extract had potent
neuroprotective activities in neuronal cell death injured by excessive glutamate. In this study, we tried to confirm the neuro-
protective activities of cynaroside in glutamate injured HT22 cells and establish mechanisms of neuroprotective action of
cynaroside. We employed HT22 cells damaged by glutamate-induced cell death as a bioassay system. Cynaroside decreased
reactive oxygen species increased by excessive glutamate treatment in HT22 cells. Also, Ca®* concentration was decreased by
cynaroside treatment. Cynaroside restored mitochondrial membrane potential to normal condition. It also increased not only
glutathione reductase but also peroxidase to the control level. And it increased amount of glutathione, an endogenous anti-
oxidant. These results suggested that cynaroside isolated from L. christinae showed potent neuroprotective activity through the

anti-oxidative pathway.
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Fig. 1. Structure of cynaroside isolated from L. christinae.

fetal bovine serum(FBS)< Gibco(Carlsbad, CA, USA)®l A]
793} 2, Glutamic acid, MTT solution, Trolox, NADPH,
DTNB, GSSG-R(Glutathione disulfide reductase), GSSG oxidase,
GSH(L-glutathione reduced), 2,7-dichlorofluorecin diacetate
(DCF-DA), Fura-2AM, Rhodamin 123, Triton X-100, penicillin
3} streptomycin2 Sigma Chemicals(St. Louis, MO, USA)
oA 43Rt Dimethyl sulfoxide(DMSO)E thA 327
S 79} 8lo] A3, Cynaroside 7)) 25}
T BT HES AT Fig. 19
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1000 mM=E 3t A2l g = 1 A|ZF Sl 4 mMe]
glutamateS %] 2|3} L 24 A1 7F Fof| Mze] &S 3
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Fig. 2. Effect of cynaroside (1.0, 10.0 and 100.0 mM) on glu-
tamate-induced death of HT22 cells. Data expressed as mean
+ the standard error of the mean. *p<0.05, **p<0.01, ***p<0.001
versus the glutamate-treated group.
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Fig. 3. Effect of cynaroside (1.0, 10.0 and 100.0 mM) on
reactive oxygen species production in glutamate injured HT22
cells. Data expressed as mean + the standard error of the mean.
*p<0.05, **p<0.01, ***p<0.001 versus the glutamate-treated
group.

ROS production (% of control)
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Control (4mMm)

Cynaroside”} glutamateZ A 32 APE S =3 HT22 M
oA AE W Ca®* o] 22| Fxol nX= FTFS Hrtslr)
95te] g4 4 52 Fura2AM=S- A}H8-3131 T} Cynaroside<]
Fol 7} B glutamateo] ©|8te] 144.6% FFO.2 7}
3 Ca¥o) AEZ U TS FE gFH0E fo)4 A 7
2AZE FR1E = AT 1.0 mM9] cynaroside 7o
o A= 125.9%=F ZAAE YEIA S cynaroside] F
TR/ FVIEE Car ] B B 7HAEte] 100.0 mMo]
cynaroside FoJ ¢t A@FNA = A FA 2
Trolox o7 H]|S=38F =FO 2 (a2 FEE 7HAAA
FAh(Fig. 4).
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Fig. 4. Effect of cynaroside (1.0, 10.0 and 100.0 mM) on calcium
ion influx in glutamate injured HT22 cells. Data expressed as
mean + the standard error of the mean. *p<0.05, **p<0.01,
***¥p<(0.001 versus the glutamate-treated group.
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Fig. S. Effect of cynaroside (1.0, 10.0 and 100.0 mM) on glu-
tamate-induced disruption of mitochondrial membrane poten-
tial in HT22 cells. Data expressed as mean =+ the standard error
of the mean. *p<0.05, **p<0.01, ***p<0.001 versus the glu-
tamate-treated group.
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3} 15231 B4(96.5%)S FERHTHFig. 5).
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7}3F A o}, Cynaroside®] 717} 59| glutamate 7 o]
o3 AAEAH O 2 Q3] 387%E g FFEA L9
T ANHFS T EH o= {9 A FTHIHE gl
g 4= JATh 1.0 mM2] cymaroside 141+ control
H] 43.9%2 2] Z7}2 B 2™ cynaroside®] Fo] =7}
7S SFERR T Al F71ske] 100.0 mMe
cynaroside2 FoJ3+ A3 o)M= glutamateTt FoI 3k 2ol
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Fig. 6. Effect of cynaroside (1.0, 10.0 and 100.0 mM) on glu-
tathione level in glutamate injured HT22 cells. Data expressed
as mean = the standard error of the mean. *p<0.05, **p<0.01,
***p<(0.001 versus the glutamate-treated group.
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Fig. 7. Effect of cynaroside (1.0, 10.0 and 100.0 mM) on glu-
tathione reductase in glutamate injured HT22 cells. Data expressed
as mean = the standard error of the mean. *p<0.05, **p<0.01,
***¥p<(0.001 versus the glutamate-treated group.
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|3te] SFERX22] $haFo] control Y] 57.1%2 1 AJ/d 0]
= 7HehS H A th(Fig. 6). =3t cynaroside 100.0 mM <]
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