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Neuroprotective and Antioxidant Effect of Cheongwisan Against
Glutamate-induced Excitotoxicity

Mihyun Jeong”, Hye Jin Yang, and Malk Eun Pak™*
Korean Medicine-Application Center, Korea Institute of Oriental Medicine, Daegu 41062, Korea

Abstract — Oxidative stress contributes to neuronal damage and neurodegenerative disease as Alzheimer’s disease (AD). While
glutamate, a key neurotransmitter in the central nervous system, is fundamental to neuronal viability and normal brain function,
its excessive accumulation leads to oxidative stress. In this study, we investigated the effect of Cheongwisan (CWS), as Korean
medicine consist in 5 nature herbs, on glutamate-induced injury in HT22 cells and explored the underlying mechanism involved.
Our results show that CWS significantly reduced neuronal cell death and apoptotic marker. Also, CWS has antioxidant effect,
reducing reactive oxygen species (ROS) level and increasing antioxidant molecules as heme oxygenase-1 (HO1), NAD(P)H:
quinone oxidoreductase 1 (NQO1). Western blot analysis revealed that CWS upregulated brain-derived neurotrophic factor
(BDNF) and promoted the extracellular signal-regulated kinase (ERK), and cAMP response element binding protein (CREB),
which were downregulated by glutamate. Furthermore, CWS promoted the translocation of nuclear factor erythroid 2-related
factor 2 (NRF2) into the nuclear. Thus, CWS may protect hippocampal cells against glutamate-induced oxidative stress by acti-
vating the BDNF/ERK/CREB and ERK/NRF?2 signaling pathways, suggesting its therapeutic potential for AD.
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MIZ bk X F=&E X{2|(Cell cutture and drug treatment)—
HT22 A ¥& L-ZFEP o] E7} ujA1 ¥ Dulbecco’s Modified
Eagle's Medium (DMEM, Hyclone)oll4] Bl = 2™ | 10%
2o} (fetal bovine serum), ~EF]Ero]2] (streptomycin,
100 pg/ml), B2 & (penicillin, 100 unit/ml)S vi]ol] &3+
alod ARgalt Al EE 37C9 CO, B=7F 5%E A8
FrA == w47 ] (incubator)ol| A Wi FE ATt FEE A2

Kor. J. Pharmacogn.

A|3Ee] 24X17F FRF A RI8lAL, 2§ 5 mM S FEM|O|ES
Aglate] AL iz, SFE | EAM ST, Hi 2
o A, LN Ao g2 o] AAls)

St FEpoEE B SR S0 gt 3
AR FFEH 0| E 2] 24417 o] wlj =] &3tsted %
s Em, MiEes SFEFO|E X2]F 2447 ol A
skt

M=Z MEg =8 (Measurements of of cell viability) —
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) A2k ARg-ste] M2 AEE 7418 33kt Al
FE 24X7F 52t 96 well plateoll ] BiFE o, H Ak
A 24417F 5, SFEMO]E(S mM)E At 2417
QF wigsIAT. MTT 895 mg/mlyS 7} wellol] 7kt
Yol 2pehe AJefellA] 2417 5 MTT &40 = RESAJZ
F MTT €45 A AsIHE2H, DMSO (100 ul)s 3715}k
3 F T &allel dEtle ELISA #%57]8 ARgsto
550 nm IgelM =S SGSIATH Al AEES U
0] BT ol thek 7F A FHE o] HEER
1= AT

M MAE EM(Reactive oxygen species assay)— Zt
Ao ROS 3 4317 flsted AlEE 37CoA 1AZF
&<t 2/, 7"-dichlorodihydrofluorescein diacetate (DCFH-DA,
5SmM)E ¥FAIA DCFH-DAS 344 He 2'7'dichlorofluorescein
(DCF) &2 233135, ¥4 DCF 755 484/530 nm®]
SPgelA ELISA 5715 o|gdt] =S 239t
2GS 2o FYE GO o] MEeE Wty
At

Western blot 4] — 43¢+ Al ¥+= RIPA buffer?} 2=
gloA] A8l ZH|dS A Heste] #dseiitt. 4 g
o] TS 10% SDS-PAGEZ ©|-&3f £2|3}3., PVDF
membrane®]| transferr]A 5% BSAE ARESIo] 1A]7HE<H
blocking A1t} 71 3, A3et A EZ ovemight*| 7132 PBST
2 A3 horseradish peroxidaseZ ©]F0]7 o2} & 14]
7Rt v bA I F Tk ©h & ¥H=1= enhanced chemiluminescence
systemrs ARE-SF] ARIS ARt A= B-actin®E G 7
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Table I. Herbal names, pharmacopoeial Latin names, and composition ratios of the herbal components of CWS

Herbal Name Pharmacopoeial Latin Name Ratio (%)
Cimicifuga Rhizome (%7}) Cimicifugae Rhizoma 30.77
Moutan Root Bark (&5T3) Moutan Radicis Cortex 23.08
Angelica gigas Root (d7) Angelicae Gigantis Radix 15.38

Rehmannia Root (A <] &) Rehmanniae Radix Recens 15.38

Coptis Rhizome (&)

Coptidis Rhizoma 15.38
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Fig. 1. Neuroprotective effect of CWS on glutamate-induced cytotoxicity in HT22 cells. (A) HT-22 cells were treated with CWS
for 24 h. (B) HT-22 cells were treated with CWS (0.1~100 pg) was treated 24 h before glutamate exposure. (C) Morphology of
cells. CWS dose-dependently protects neural cells from glutamate toxicity. Data (n =) are presented as means + standard error of

the means. Scale bars = 100 um. ***p <0.001, vs. Contol group;

trol; Glu, glutamate.
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Fig. 2. Antiapoptotic effects of CWS in glutamate-induced HT22 cells. Western blot of cleaved caspase3, Bax and Bcl2 in cells
and results were normalized to B-actin. Data (n = 3) are presented as means + standard error of the means. *p < 0.05, **p <0.01,
vs. Contol group; #p < 0.05, vs. Glutamate group. CWS, Cheongwisan; Con, control; Glu, glutamate.
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Fig. 3. Antioxidant effects of CWS in glutamate-induced HT22 cells. (A) H2DCFDA fluorescence intensity. (B) Western blot of
HOI1 and NQOL1 in cells and results were normalized to B-actin. Data (n = 3) are presented as means =+ standard error of the means.
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Fig. 4. Effect of CWS on BDNF expression and the phosphorylation of CREB and ERK. Western blot and the expression levels of
BDNF/-actin, pCREB/CREB and pERK/ERK. Results were normalized to B-actin. Data (n = 3) are presented as means + stan-
dard error of the means. *p <0.05, **p < 0.01, ***p <0.001 vs. Contol group; *p <0.05, #p < 0.01 vs. Glutamate group. CWS,

Cheongwisan; Con, control; Glu, glutamate.
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Fig. 5. Effect of CWS on NRF2 and KEAP1 expression. Western blot and the expression levels of NRF2 and KEAP1 and results
were normalized to B-actin. Data (n = 3) are presented as means + standard error of the means. *p <0.05, **p <0.01 vs. Contol
group; #p < 0.05, ##p < 0.01, ###p < 0.001 vs. Glutamate group. CWS, Cheongwisan; Con, control; Glu, glutamate.
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