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Increased apoptosis of HT22 nerve cells of
Cheonwangbosim—-dan by Schisandra fruit

Kyoung OK No, Gaeun Noh, Gihyun Lee’

College of Korean Medicine, Dongshin University

Abstract

We studied the effect of Cheonwangbosim-dan (CWBSD) on oxidative stress-induced
apoptosis in HT22 cells. We examined the effect of CWBSD on oxidative stress induced
by H202, glutamate, or RSL3 in HT22 cells. In addition, 14 herbal medicines constituting
CWBSD were also performed. The antioxidant activities of CWBSD were assessed by
measuring free radical scavenging activities on ABTS and DPPH. Flow cytometry and
fluorescence microscopy confirmed the increase in intracellular reactive oxygen species
(ROS). As a result, There was no toxicity in HT22 cells in CWBSD (25, 50, 100 xg/ml),
and antioxidant activity was confirmed in DPPH and ABTS assays. In the environment
given oxidative stress (H202, glutamate, RSL3), treatment with CWBSD increased
intracellular ROS of HT22 cells and increased LDH release, thereby reducing cell viability.
Among the 14 herbal medicines of CWBSD, Schizandrae Fructus decreased the cell viability,
and 13 herbal medicines except Schizandrae Fructus had no effect. Schizandrae Fructus

is thought to be toxic to HT22 cells against oxidative stress.
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Uom, oo g AN AketH AEH A(oxidative stress)oll THt W2 A ATS0] HAEIL
313}3—6)_

AGHAGCRERM O, CWBSD) S AHHGLt) A (F@rith)o] A&st (Mo Sarg(iteE
IOl A FEE o, AR EQMEARR), 3HAHEELR), $2AA(FRLE), 7248
FOEAE) 2 BATEERS) 59 A4S Holk SEAREMmD)E AEsHe o AReE
AP Ao Felatd Ao A9 HLRALE i vitroR} in vivool A B3k A0 FF 0,
olx 22 FAEFHAPY st A o141 g3} 5 tpoft A AT A7 1Y
2 Bt 53] AR FX ¢ gt o A7 Ayt B

HT22 AlZF= B siutolA] faigh AZ2F2A, SFEHO|E #8417} gltt. wehA] 25
Ho|EE AHejolA HH AHEE F/40] ofd ASy AEHAR QlIsto] A7t &4 wh=th
o|gt o] F 2 At AEH AR QT EYAY HAG A9 wAYUSS ©6l7] gt in vitro
zdg ga] ARgE g0,

£ A7Z2 HT22 ABA|EE o]-&sto] HAYEATS] FAu ABARA 9] 7HsdS Elstarat
AFE APstct. I A3 AFEAEL2 5A40] floy, HT22 AlFA| 2 Akshe AEH AT
ot FAFxANAM Y] HGEAT H2l= AlEo] o B2 4L £ FY3 A+ 235 4
710l B ilsk= Hio|t},

&

rhu

L Az 2 34

1) Aok

B Ao AM2E A|2F Dulbecco’s modified eagle’s medium (DMEM), fetal bovine serum
(FBS), penicilin streptomycin (PS)= Thermo Fisher Scientific Inc. (Waltham, MA. USA)
oA FhstATt AEe] FEE U 54 5457 Hdl Quanti-MAX WST-8 cell viability
assay kit?} Quanit-LDHTM cytotoxicity assay kit Biomax Co., Ltd. (Seoul, Korea)°l|A]
Fh5tATt. Ak A4S Y8l 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) di-
ammonium salt (ABTS), 2,2-Diphenyl-1-picrylhydrazyl (DPPH), potassium persulfate>
Sigma-Aldrich (St. Louis, MO, USA)A FYdstct. ROS &AL 9l abl13851
DCFDA/H2DCFDA-Cellular Ros Assay KitE Abcam (Cambridge, UK)OlA T35t
L-Glutamic acid, quercetin, RSL3, ferrostain-1%= Sigma-Aldrich (St. Louis, MO, USA)°]
Al FAsHAT
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2) oAy
Table 13} 20| 1459] WOFHS FAHROR sfo] AT AYRATE FEAFO2RE AT
WorTh AYRATS TN 145 7 oY A5 2EEL IRA0IRIBY Sookap Ly
omRH BouGI) RE 222L AR 57 the 3u10] §uhE Hof 3A2H4 23], BREEsIo]

ol3} & #Htste] sAdEsIA

Table 1. Composition of CWBSD

Herbal medicine name Amount (mg)
Rehmannia root 500.0
Coptis rhizome 250.0

Angelica root 125.0
Liriope tuber 125.0
Thuja seed 125.0
Zizyphus seed 125.0
Schisandra fruit 125.0
Asparagus tuber 125.0
Platycodon root 62.5
Salvia miltiorrhiza root 62.5
Poria 62.5
Polygala root 62.5
Ginseng 62.5
Scrophularia root 62.5
Total 1875.0
3) Al HiF

A9 vt G AEFQA HT22 cell FAIHSHL Stojsta} AEst A Ao Eofto} ARR-3]
Aot 10% FBS, 1% PSS Z3ol= DMEM HjA|E ARESto] 5% CO,, 37C2] 27004 viFsta

4 Az 54 54
ML REE éxé% Q5to] WST assayZS ©]-85t3lch 96-well plateo] wjoFst AZZFE 1x 10
T2 10 O;zl"’q E331o] 37T, 5% CO, 2ANA 24417 B3t v ot
7} wello] AFRALS H=E(0, 25, 50, 100xg/m)Z AR 14F9] FAEL ALGEA]
o ] 2+ k=9 ﬁ—E—%(%))i Alikste] AEstict. erat FEE2 5EH(0, 3.125, 6.25,
12.5, 25, 50pg/mDE Aottt FANZAECZE 154M9 quercetin® 0.5¢M9] ferros-
tain-15 Ag8tget. 1A7F & 0.1mMe H;O0;, 10mM9] glutamate T+ 0.2¢M%] RSL3S
SEEE ZF wellol A9 & 24A12F 5F F7} viefstalet. 2E welloll 10ul/well®] WST-8&
g, 9F 1A17F AuiF & ELISA reader (Molecular devices, Sunnyval, CA, USA)E AR&-5}o]
450nmollA FFE WIS SASHU ofiet Zo] xS 7IE R ZF APl gt A=
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BEee WEROYT Uehglon, e A4 33 WEd AY 2uge 54 sk

1l viability (%) x 100

A: absorbance of positive/negative control or sample
B: absorbance of control (without sample)

M EZEA O o) &A1 AZo|A A vto g AArESs4 G A (actate dehydrogenase; LDH)
7t EEE AR AE 54 F712 sk g W F shtolth). whebd B AFoAx
AEZ =4 H71E 9519 Quanit-LDHTM cytotoxicity assay kitES AREste] LDH EH|&H
EA5tAH ME LS EHo1] A 5Y 27, 5 plateol A WX 45N 10u1E FH st
kit®] T2EZ0 ujzt EA43519t}. ELISA readerE ©]-§ 450nmolA &3 = HIE S335192
o, AE-2 LDH BHF9] MES(%)E FAoIom, -2 2704 33] vHEs A dags
A A5t

(2) F4tsks =4(DPPH/ABTS Az &% &%)

DPPHOl| ti3t 424 Fo] E3Z2 ZAsH= 2z 27% 2422 98] 96 well plateo] A=<}
0.15mMe] DPPH &9-& &gsfto] A4 30& T-5AIZ] &, 517nmollA DPPHE] &H¢lof 9
3 SHE=E S SN E fi5te] vEM CE ARSIt AR &8 AEa
RS Hwsto] gz AA A4S WEE%E YErHe T2 204 33] whEgh

DPPH radical scavenging activity = (1 - A sample / A cantrol) x 100

ABTS 2% £7%L Arano et al @3} Re et al*9] HHS MEPsto] AL251Hh 7mMe
ABTS €H0] 2.45mM9] potassium persulfate £8-& Z3}olo] U AN A oFF B HESA|
7 F 734nmolA FF= Fkol 0.7+£0.027 HEE 24dsto] ARSI ¥-EA1X] ABTS &4
Alzet Z3teto] oF 2704 587 ARESAIA 734nmollA FFEE ST Y RE ¢
sto] HIEHY] CE AFESITH AAg2 55 Ad dE2TE vluste] gode] &AgA
HES(%)E UERglon T2 270A 33 wEst AF AAGE A A5kt

mlo :L

ABTS radical scavenging activity = (1 - A sample / A cantrol) x 100

(3) Al W ROS &%

6-well plateo]] BFst AEZZE 25 x 10* cells/mlZ 2ml seedingste] 37C, 5% CO, 27
Al 24A17F Bt vl ST Al *3%—% 243 5L o R 7} wello] AFEADT H,O,,
glutamate £+ RSL3E A EI5}al 37T, 5% CO,9] 2ANA 2417t vl & Cellular ROS Assay
KitE o]&35lo] A3 Z flow cytometry2 ©]-83f B4 0o -2 ZAA 33] vHESE A
ANgkS A AFsith. Y AR AY & SAZ v & B v o8 7t Ao
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Cellular ROS Assay KitE ©]& ¥4 oA & YUt

4) A A=

Zr NRET 2T 2 HE 42 AY ZIES Py + ERUEXE YR, 4 A9 Az
EE ANOVAE 7138t & p € 0.05 §9=0°14 Duncan’s multiple range testZ A& AF
Sttt

2. A3t

D) AFEATY] Ausdg 94 A5 55

AFEATS FZH(0, 25, 50, 100pg/mDE A2otFS o, HYE AT
AREA 9 AE EAS G514 9kth(Fig.1 A). E3F AGEATe] it} %52 BFristast
DPPHS} ABTS 2tz £AZA4S &45tach. ALEA 25, 50, 100, 200, 400 FE+= 800u
g/mlsEA 2 Al DPPH 2tz &AL 247+ 2,94, 6.52, 13.05, 20.27, 36.52 E= 69.05%
wEEQon, ABTS 2z AAZAL ZH2 4.01, 6.90, 12.60, 23.95, 43.66 T= 73.62%%
= QI cHFig. 1 B, C). DPPH gt Zo] gt Al&5 H7lsHA] &e 279 §3TE 1/22
FaA71E 9 a3 A7 P(RCs0)S 384.40ug/mlE TEE AL, FAHHZRT] HlErT C9
RCso &2 8.44pg/ml2 TEE T ABTS =ttjzdol tigh RCso #h2 429.93pg/ml, HIEHY C=
RCso @2 21.77pg/mlZ FHEE Q). ol WLGEATY] F=7t F71gol wkgt DPPHSF ABTS
Bz 2ASE ZVEIRoER AR AT FAksHsS SIS
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Fig. 1. The effects of CWBSD on cell viability in the HT22 cells. Cells were treated with various concentration
of CWBSD for 24 hours (A). The cell viability was determined by an WST-8 assay. DPPH & ABTS radical
scavenging assay for the anti-oxidant effect of CWBSD (B and C). The results are expressed as the
meanSD obtained from three independent experiments.

2) ASFAEFH A0 oJ3F HT22 AAAZY FEL R AR J5F

HT22 AAAZo] H,0,, glutamate E= RSI3E AFSHA AEFHAS SEatAe ff AguAch
o] HT22 AZAIZ] B&& Y S40 v|A&= FTFS Yot 7] A5kl WST assayet LDH assay
S5, I AF H0.0 98] 42 T2 HT22 AFAZ] BEELS 56.09%°]1H, 154M
9] quercetin AYFA= AL FEEC] 99.39%E IEEHAUOU HFEATGS SEERE 25,
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50, 100xg/ml A2otH S o 2L 35.68%, 32.02%, 18.53%= 24 02 FhAsATHFig.
2 A). Glutamate®] 98 £4 T2 HT22 ABAEE 89.21%%Att. 154M2] quercetin A o]
Ae Az PE2&0] 100%= FEEGoY HAFEATS sTHE AsigE i &2
78.65%, 70.17%, 63.09%%2 oA 02 Zr4stAthFig. 2 B). RSL3° oJaf &AM HT22 4173
ME= 83.42% R, 0.2uM9] ferrostain-1 A 2Fo| A+ AlE AJEE0] 100% °l 3 EEH L
U AGEATE SR ATot9S W YE2E2 57.74%, 41.65%, 29.81%= FH o2 FFAst
A}(Fig. 2 C). o]gd AlZ &L LDH £4E& Bt ARSI H,0, Aol A
29.45%H o 25, 50 v 100pg/ml =9 HALEADF A= LDH ¥ 747 36.29%,
35.94%, 36.02%= Z7MAFHFig. 2 D). Glutamate X224 E3SF 14.82%F o HYH Atk
A#+ LDH &S 27 28.13%, 36.70%, 40.33% S7HA I3 HFig. 2 E). RSL3 A oA =
27.25%F o AGRAT Hele LDH FS 242 44.59%, 44.82%, 46.13% S7H A THFig. 2
F).

olAto] A= HT22 AAAMEO|A H,0,, glutamate X RSL30] 93t Ake}&] AEFH AL Gt
HAe o AYEAT A2Es HT22 AFAZEY &8 SV A

A) 150 B) 150 C)1su
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2 > >
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[J 0 0
0 0 0 25 50 100 CWBSD (g/ml) 0 0 0 25 50 100 CWBSD (ug/ml) ] 0 0 25 50 100 CWBSD (ug/ml)
- - + - - = Quercetin 15uM - -+ - - = Quercetin 15uM - -+ - - = Ferrostain-1 0.5pM
+ + + + + Ho2omM - 4+ + 4+ 4+ 4 Gluamate 10mM - + + + o+ 4 rszozm
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3 wxk
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-+ - = = Quercetin 15V - =+ - - = Quercetin 15uM - -+ - - = Ferrostain-1 0.5uM
+ + + + 4+ H202 0.1mM + + + + Glutamate 10mM - + + + + + RSL30.2pM

Fig. 2. The effect of CWBSD against H;O, glutamate or RSL3-induced cytotoxicity in HT22 cells. Cells were
treated with CWBSD at the indicated concentrations for 1 hour. Then, they were incubated again with
0.1 mM Hy0,, 10 mM glutamate and 0.2 uM RSL3 for 24 hours. Cell viability was determined by an WST-8
assay (A, B and C). Cell damage was determined by measuring LDH release into the extracellular medium
(D, E and F). The results are expressed as the meantSD obtained from three independent experiments
(***P¢ 0.001, **P< 0.01, ¥ P 0.001, #P< 0.01 compared with the only H,0,, glutamate or RSL3-treated
group.)

3) AIBIAEH A 95t HT22 AFAZE W] ROS S7tel vlA= MFEATO] 3

H,0;, glutamate T& RSL3°| 23| A5t £44-& 9h HT22 A1ZAE] ALGEAT 1004
g/ml& AZotgS W A& W ROS7} S7Fstdch.

DCF-DA+= A|lZ29rS B3sto] Al Yol A esteraseol 9ls DCFHE 2obAaste F, &/d4t
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A% 95 AstElo] 5t BB YEE DCF2 s, webs 7+ A2]+29] DCFDA flu-
orescence emission< H|WSIATH A|Zo| H,0.F AZstAZ © 34.66%J o HGHAT
100pg/mlE 7 A2 & 91.36%°=2 J7Iotlom, o= glutamate A2(52.75% —
71.97%)3} RSL3 A2|H(24.21% — 75.69%)°1% 5 LstA S71stch(Fig. 3 A, B). ol A}
L ¥ FuAgozar #HEHFig. 3 C).

A)

VILE9 84%) VIR(.16%) VIL(1 66%) ViLEo33%) EATTENE) VIR(2050%)
B

& Non Stait

n

Frca
0 0 0 100 CWBSD (pg/ml)
- - + + H202 0.1mM

Vi VIR(5.37%) s viresizw) 2 {uiigases) VIR 12%) vILe 5%
s 5% (53 £3%) BTt I8

0 100 CWESD (ug/mb

ot w' o e T e e
0 100 0 100 CWBSD (ug/ml)
+ + - - Glutamate 10mM
- - + + RSL3 0.2pM
B) Calculated with Flow Cytometry data
KAk
100 - *k Kk
=
£ =
£
s @)
2 804
2
£
@
@ 60-
Q
=
3
2 40 0 100 [} 100 CWBSD(ug/mh
5 - - + + H202 0.1mM
H]
=
< -
S5 20
S
(5]
a
0= T T T
0 00 0 100 O 0 100 0 100 CWBSD(ug/ml)
-+ + - - - - Ho0mM + + - - Glutamate 10mM
- - =+ + - = Gltamate 10mM - - + + Rsl3. 0.2pM
- - - - - 4+ 4+ RsL302uM

Fi

g. 3. Cell were incubated with 0.1 mM H,0,, 10 mM glutamate or 0.2 uM RSL3 and with CWBSD for 2 hours
before ROS analysis. A) and B) data were acquired using a flow cytometry. Cell were incubated with 0.1
mM H;02, 10 mM glutamate or 0.2 uM RSL3 and with CWBSD for 5 hours before ROS analysis (C).
Fluorescent images were acquired using a fluorescent microscope. Scale bar, 75 um. The results are ex—
pressed as the mean  SD obtained from three independent experiments (***£ ¢ 0.001, **~< 0.01 com-
pared between indicated groups.)

4) AStAEH 20 23 HT22 A7AIZ2S] &L vAl= 1459 AFEAT 4 FAS2
o8]

AFEALS 75k 14T FASS ol8sto] 4lehd] 2EHAE B2 HT22 A7GH|2] Al
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&5 ZUsIAHFig. 4). =1 A3 RSL3O| 2A3f 4kehd AEFHAS w2 HT22 AGAIE
X%Ehr_f dE] 1452 oA F eurk FEEwo] AX AE&e FoHe= AT

150 = 150
£ 1004 £ 1004
> 2 *r
= n 3
3 S NS ns ns s ns NS ns ns pe NS
5 z 3
3 504 S 501 il
o
0 0~ L
0 00 ABCODEF G 00 0 H I JKLNM
- o 4 = = = « = = = Ferrostain-1 - = 4+ = - = = = = = Ferrostain-1
-4+ + + 4+ + + 4+ + +RSBBOM -+ 4+ + + + + + + +RSLB02M
Fig. 4. The effect of the 14 components constituting CWBSD against RSL3-induced cytotoxicity in the HT22 cells.

Cells were treated with ingredients at the indicated concentrations for 1 hour. They were then incubated
again for 24 hours with 0.2 uM RSL3. Cell viability was measured by WST-8 assay. Results are presented
as mean * SD from three independent experiments. (***/~{ 0.001, compared with the only RSL3-treated
group. The concentrations of treated ingredients is as follows. A; rehmannia root 27 ug/ml, B; platycodon
root 3.3 ug/ml, C; salvia miltiorrhiza root 3.3 ug/ml, D; angelica root 6.7 ug/ml, E; liriope tuber 6.7 ug/ml,
F; thuja seed 6.7 ug/ml, G; poria 3.3 ug/ml, H; zizyphus seed 6.7 ug/ml, I; schisandra fruit 6.7 ug/ml,
J; polygala root 3.3 ug/ml, K; ginseng 3.3 ug/ml, L; asparagus tuber 6.7 ug/ml, N; scrophularia root 3.3
ug/ml, M; coptis rhizome 13.3 ug/ml)

5) A5d AEH A o3t HT22 AAAELY BEL u]AE= ouxt 2280 AT

Fig. 59 o] Qu|z} &8 5=2(0, 3.125, 6.25, 12.5, 25, 50, 100¢g/m)E A &5t¥<S
o HT22 AZA|Zo] Aesyd 9 AZE4S FEAI7IA] okSkthFig 5. A).

HT22 A1AAZo| RSL3Z AHs}d AEHAS SE6t9S o 2o P22 62.98%%F o @
2t FEES FEH(3.125, 62.5, 12.5, 25, 50pg/mDE A 2JotS W 22+ 50.26%, 50.09%,
41.81%, 38.47%, 38.38%= F2]H 0= FHASHATE. o9 AIH= HT22 AFA| 24 RSL3
ot Nx &A eulA 2525 AEE HT22 ABARY &8 F7HF
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Fig. 5. The effects of SF (schisandra fruit) on cell viability in the HT22 cells. Cells were treated with various con-
centration of SF for 24 horus. The cell viability wast determined by an WST-8 assay (A). The effect of
SF against RSL3-induced cytotoxicity in HT22 cells. Cells were treated with SF at the indicated concen-
trations for 1 hour. Then, they were incubated again with 0.2 uM RSL3 for 24 hour. Cell viability was de—
termined by an WST-8 assay (B). The results are expressed as the mean * SD obtained from three in—
dependent experiments. (***£ ¢ 0.001, #*P ( 0.001 compared with the only RSL3-treated group.)
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ok 9 AU Ao ARRE AMEE PC-12 cell®t BV2 microglia cello]th. PC-12 cell&
33 BA4A(adrenal medulla) 24 A ZZ(pheochromocytoma)ollAl f-EiE AZZ2A, 417
M9 7152 457 HsiA Wol] AREE|OJA| 1L, BV2 microglias ¥ @5l Boist= 8
HANEE FSAGA NN 22 &40 gt 7] g0 Tofst= AlZoltt. B Aol A8
HT22 AlZ= BF 9 siutoll A faigk MEF=E, SFEHolE £&A417F gict. d2tA SFEH|o]
EZ A7oH A38R 5/0] obd Aetd AEH AR QIste] N7} &4 W=t} o|HT olf
2 A5 AEAR Qg EPA HAY AT HAUESE o7l AT in viro BEE e
AR5 o] ghrp 20,

AR AEF AL AU A4S (reactive oxygen species, ROS)0] Wo] WAsI= A}l ik
3} A|AH9] 7]50] AotEHA AU AStAY} FASAY] EHFPF LR dojdtt A Ut
DOAE g A F7H= 2] AMda BA e, 3] glutamate: AIE U] ROSE B4
o g AFAE AES 2sH= A0 HuHY ). B3 H,0,= Aledg E4H 2]
2504 752 AR A8t stAT 435t A5 g2 hydroxyl radical2 HgHd 4= 9lo
o], Q1A UlolA BesHA ZHEH A5t AEFHAS SIS o0 webd H0,= AFeHY
AEFH AV 5OH 27N 7R ejEAdE BYUESH| Yl in vitro € cellular system
oA wol o] gET Q= B F9| shtoltPl. Akl AEFHAR QIGH AFHE &4 St
7h AR 8 FHAEEARAE, Tid 9 g4k 5)9] &4 25ty At AEZAA B IAE
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FEFP, B dxslolwy oyl WY F4(H, 7] € ot B) FolA e AR
9] HA X 715 DS BHo] k. sHAE, A9] A2 27]9] Y= Sto|wH | YEha,
ASlRh-84 9] 5k S7hs 9 oPdREo|E-p(AR) FAT AR &44S SUith Bk
ATPY. Ah7t, A ferroptosise H-2&A T2 IWs A AEE AFEoH, AF 7]t
ROSY| w0z dAd £uk oy}, gzslo|H Fog 3 T1E S0 22 Aof|A] ABA =
AFEO] 2 URloE AQMEYP . o]t Akl AEFH AT} EPA HAEe] Fa HUllojzt
£ AT AyEo] BuEy o0, webA B Ao A Hy0,, glutamate, RSL3S ©]& HT22
AZAA o] A5t AEHAS Fdste] HGHEATO] AEAEAN] vX] = J3FE TS

WA DPPH®} ABTS &78Z ¢ HBEAHTY F4etsZ &Ittt DPPH assay= 4l&,
228 B O SHES] ke A0S 245h7] 8 gl ARgEE o . Ake ggol
AE B3 ghpd of- w2 LT F hydrogen radical®] HARE Hrol EIE]o] M3t SIHEQ]
2,2-diphenyl-1-picryl hydrazineQ & AgEn] Ao Hatlo] gojx = EAL 7HATH?, 7
o] glojA& FEL AME9] DPPH radical £4%0] & AL ou]dh}. ABTS assay:= Miller
5% g RiceEvans 2+ Miller®o] 9]8} g Hu® Z4HOo g ABTS %ol tigt AitalA|e]
2AGE Fcks otk AlR9] 4tk Qs ABTS ¥Fol2o] &A= o] eir)d E/9] A
Ql FMo] EAE =Y o]E FF= £ E Yehfo] Ao Fitel e Bl 4 Yok, ABTS
ZZ2 DPPH 4 g =4 A8 ofyz} B4 AR89 Aiksts &40 25 AL
7Fssttt”. 1822 DPPH radicalo]l ®l3] ot Alzo] Fitsls 240 ARgHr). Fig.19]
A3 AGEATES DPPH}F ABTS 2z AAE 53 FAs @42 &F0] 2275 w2 &4
& UEle). ol Seo 59 22 Ayt FAE UL ET 25, 50 E= 100ug/mle] HFEA]
2 HT22 AZAA o] AZstiE o 5740 < sttt

AGHEATE HT22 AFA 2] thigt =4do] glon, 4tsks T3t &2l =Sl o HyO,, gluta-
mate = RSL3E A sto] 454 AEH AV {6l o HT22 AFA| A HYE AT
T2 HHe 57t 255 AXE W ROS7F F7F619 e, o] LDHE W&ol S7Istatt.
wEba] AZO] ABEE ESE ASHATE ROSY F7He AW TEAR] Abstol| 34 7]ofstH, &5
DNA9] purine® pyrimidine €715 &Z&5to] HHPA7|=
A 2T 5 AP

AGRAGE A= 14709 kA 22 HT22 AFNE AHest A= Fig. 48+ Zol
N EZ7} ABIAEGAS W= S04 1459 I 5 uAF 259 ALoAT ¥ g2 A2
9] &4l et ofof] 2 AR @uRpo] JFE AMERISHIAF HT22 ABA| A u|at
Z£50] B4o] 98-S sMl5tYthFig 5. A). B3l Qu|A} &89 %%(3.125, 6.25, 12.5, 25
9 50pg/ml)7t 7Kgl wEt A5 AEHAE GRS HT22 A1FA|ZoA Al &3] ¥ J7F
oh& ERIsklth(Fig 5. B). o|AH 2u|pe] A ZAME Rk 282 e Al2Ql MCF-7 A|27}
ArgE gty 2ug v 9lom 0 E3t onlx} vehe 228 U HelBo| Azt AYPAMY HER
PC-3 Al29] 48=S JAIsta, E5] enat S22 X E BYE9| 4 apoptosis7t FEH AL
Hgo| Z7Fslgick Buw vl ol

50 K
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=

AT FA A7E0] HuP uet B A77 EF BYRAT] FH) A 2AZA
M54 BISHLA H,0,, glutamare W RSIZE A45H4] AEA7L L8 HT22 AAHEA
AZAEA 0|2 AYRAT] GFol dhote] AFSHHOM, e 2 FEL Ak

1. AFEAT 100pg/ml oI5t F=olA HT22 417120 =/ glem, DPPHF ABTS assay
oA FAiteksol A

2. SHARE, 4TS AEFHATE Foidl @0 s HGEATY A= HT22 A7BAIZ AlZ
W ROSE S7M1711L LDHE| &S S7HIA AZ BE&e A7 545 Uit

3. AFEAT 14714 Al § ujA FE250] AR AEES Ao, 2uAE A9l
1359 oAl o IF= WIAA T

4. QUIATZ} ABIAEHAS T2 HT22 AGA R 545 Ueidl= 2oz Amdn.

o9 Atz HFEATE HT22 AFA| 0] =/do] glov, Ao Astd AEH AT} F:0i%
oA HFEADY A IA F QuAol o Al &S 4ol AR AtRdEY F%
LuAE AL HT22 AFA 29 AR AT gt 78 A+t cellular system?] HAYE
9 jn vivo F7F A7 22T AR ARHT

dAel 2

FaEs

1. 3A414. 2021 @ SA8A4. Available from: http://kostat.go.kr/portal/korea/kor_nw/1/
1/index.board?bmode=read&aSeq=419974. (accessed 2022-08-24).

2. A4, 2021 @ 1 HAEA. Available from: https://kostat.go.kr/portal/korea/kor_nw
/1/1/index.board?bmode=read&aSeq=403253. (accessed 2021-09-29).

3. Domenico Pratico et al. Increased 8, 12-is0-iPF,,-VI in Alzeimer's disease: correlati
on of a noninvasive index of lipid peroxidation with disease severity. Acerican Neur
ological Assocication. 2000;48:809-12.

4. Cecchi C, Fiorillo C, Sorbi S, Latorraca S Naomias B, Bagnoli S, et al. Oxidative
stress and redduced antioxidant defenses in peripheral cells from familial Alzeimer’s
patients. Free RadicalBiology and Medicine. 2002:33:1372-9.

5. Da-Qing Jin et al. Anti-oxidant and anti-inflammatory activity of mace lignan in
murine hippocampal cell line and primary culture of rat microglial cells. Biochemic
al and Biophysical Research Communications. 2005:;331:1264-9.

i 51



TFZ 9 QX0 2ot MY HT22 MNAMZES MZAIBAL 7t

9.
10

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

52

Chol Seung Lim et al. Antioxidant and anti-inflammatory activities of the methanoli
c extract of Neorhodomela aculeate in hippocampal and microglial cells. Biological
and Pharmaceutical Bulletin. 2006;29(6):1212-6.

- feRkk. RO, AEielAdd. 1990:217.

. Herbal formulation Professors of Korean Medicine. Herbal formulation. Seoul:Youn

glimsa. 2003:329-31.
grojatefet AT s FHA. WA A FEAE 1999:329-30.

. Kim NJ, Kong YY and Chang SW. Studies on the efficacy of combined preparation

of crude drugs (XXX-VII). The effects of Chunwangboshimdan on the central nervo
us system and cardio-vascular system. Korean Journal of Pharmacognosy. 1988;19:
208-15.

AA, T5&, S KEMOIe] S5 A%A 4 87149 A= 3. Feta|A.
1988;19(3):208-15.

Mates JM et al. Antioxidant enzymes and human disease. Clinical Biochemistry.
1999;32:595.

Park JH, Bae CW, Jun HS, Hong SY and Park SD. Antidepressant effect of chunwan
gboshimdan and its influence on monoamines. Korean Journal of Oriental Medicin
e. Prescrip. 2004;12:77-93.

PLOTHE. RRCEREARERM. A SRR ebt. 1985:217-8,229.

Park JH, Bae CW, Jun HS, Hong SY and Park SD. Antidepressant effect of chunwan
gboshimdan and its influence on monoamines. Korean Journal of Oriental Medicin
e. Prescrip. 2004;12:77-93.

Lee JY, Jung IC and Lee SR. Effects of Chenwhangbosimdan (CWBD) on inhibition
of impairment of learning and memory, and acetylcholinesterase in amnesia mice.
Journal of Oriental Neuropsychiatry. 2002;13:149-71.

Choi KW and Jung IC. The effects of Chenwhangbosindan (CBD) hot water extract
& ultra-fine powder on the Alzheimer's disease model. Journal of Oriental Neurops
ychiatry. 2008;19:77-93.

Jung IC. Effects of Chenwhangbosim-dan and Sungimjihwang-tang on protecting
microglia and inhibiting acetylcholinesterase and oxidants. Journal of Oriental Ne
uropsychiatry. 2008;22:120-5.

Liu J, Li L and Suo WZ. HT22 hippocampal neuronal cell line possesses functional
cholinergic properties. Life Sciences. 2009;84:267-71.

Lee YR, Park HW, Park SG, Cho SY, Myung PK, Park BC and Lee DH. Proteomic
analysis of glutamate-induced toxicity in HT22 cells. Proteomics. 2007;7:185-93.
Deryk TL and Jill RR. Measurement of cell death. Methods in Cell Biology. 1998;57:
251-64.

Mensor LL et al. Screening of Brazilian plant extracts for antioxidant activity by
the sue of DPPH free radical method. Phytotherapy Research. 2001;15:127-30.
Marino BA, Antonio C, and Manuel A. The hydrophilic and lipophilic contribution



spaglEngr @t (Korean Herb. Med. Inf.) 2022;10(2):41-54. pISSN 2288-5161 / elSSN 2288-5293

24.

25.

26.

27.

28.

29.
30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

to total antioxidant activity. Food Chemistry. 2001;73:239-44.

Roberta Re et al. Antioxidant Activity Applying an Improved ABTS Radical Cation
Decolorixation Assay. Free Radical Biology & Medicine. 1999;26:1231-7.
Cathcart R, Schwiers E, Ames BN. Detection of picomole levels of hydroperoxides
using a fluorescent dichlorofluorescein assay. Analytical Biochemisry. 1983;134:11
1-6.

OFSIA H Q. Available from: www.health.kr/main.asp (accessed 2022-10-01).
Joseph TC and Pamela P. Oxidative stress, glutamate and neurodegenerative disord
ers. Science. 1993;262:689-95.

Beal MF. Mechanisms of excitotoxicity in neurologic diseases. The Federation of
American Societies for Experimental Biology of Journal. 1992;6:3338-44.

Choi DW. Excitotoxic cell death. Journal of neurobiology. 1992;23:1261-76.
Sies H. Hydrogen peroxide as a central redox signaling molecule in physiological
oxidative stress: Oxidative eustress. Redox Biology 2017;11:613-9.

Comporti M. Free radicals, oxidative stress, and antioxidants. Journal of the Siena
Academy of Sciences. 2010;2:13-26.

Coyle JT, Puttfarcken P. Oxidative stress. glutamete. and neurodegenerative disode
rs. Science. 1993;262:689-95.

Markesbery WR. Oxidative stress hypothesis in Alzheimer's disease. Free Radical
Biology and Medicine of Journal. 1997;23:134-47.

Everett J, Collingwood JF, Tjendana-Tjhin V, Brooks J, Lermyte F, Plascencia-Villa
G, et al. Nanoscale synchrotron X-ray speciation of iron and calcium compounds
in amyloid plaque cores from Alzheimers disease subjects. Nanoscale. 2018;10:117
82-96.

Hirschhorn T, Stockwell BR. The development of the concept of ferroptosis. Free
Radical Biology and Medicine of Journal. 2019;133:130-43.

Morris G, Berk M, Carvalho AF, Maes M, Walker AJ, Puri BK. Why should neurosci-
entists worry about iron? The emerging role of ferroptosis in the pathophysiology
of neuroprogressive diseases. Journal of Behavioural Brain research. 2018;341:154
-75.

Stockwell BR, Friedmann AJP, Bayir H, Bush Al, Conrad M, Dixon SJ, et al. Ferropto
sis: a regulated cell death nexus linking metabolism, redox biology, and disease.
Cell. 2017;171:273-85.

Guiney §J, Adlard PA, Bush Al, Finkelstein DI, Ayton S. Ferroptosis and cell death
mechanisms in Parkinson’s disease. Journal of Neurochemistry international. 2017;
104:34-48.

Belaidi AA, Bush Al Iron neurochemistry in Alzheimers disease and Parkinson’s
disease: targets for therapeutics. Journal of Neurochem. 2016;139:179-97.
Montine TJ, Diana NM, Quinn JF, Beal MF, Markesbery WR, Roberts L], Morrow

JD. Lipid peroxidation in aging brain and Alzheimer’s disease. Free Radical Biology

53



TFZ 9 QX0 2ot MY HT22 MNAMZES MZAIBAL 7t

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

54

& Medicine. 2002;33:620-6.

Shi J, Gong J, Liu J, Wu X, Zhang Y. Antioxidant capacity of extract from edible
flowers of Prunus mume in China and its active components. Lebensmittel-Wissens
chaft & Tchnologie. 2009;42:477-82.

Wisanu T, Boonsom L, Saisunee L. Flow injection analysis of total curcuminoids
in turmeric and antioxidant capacity using 2,2-diphenyl-1-picrylhydrazyl assay. Fo
od Chemistry. 2009;112:494-9.

Shimada KK, Fujikawa KY, Nakamura T. Antioxidative properties of xanthan on
autoxidation of soybean oil in cyclodextrin. Journal of Agricultural and Food Chem
istry. 1992;40: 945-8.

Miller NJ, Rice-Evans C, Davies MJ, Gopinathan V, Milner A. A novel method for
measuring antioxidant capacity and its application to monitoring the antioxidant
status in premature neonates. Clinical Science. 1993;84:407-12.

Rice-Evans C, Miller NJ. Total antioxidant status in plasma and body fluids. Meth
Enzymol. 1994:234:279-93.

Kang KM and Lee SH. Effects of extraction methods on the antioxidative activity
of Artemisia sp. Journal of the Korean Society of Food and Nutrition. 2013;42:1249
-54.

Awika JM, Rooney LW, Wu X, Prior RL, Cineros-Zevallos L. Screening methods to
measure antioxidant activity of sorghum (Sorghum bicolor) and sorghum products.
Journal of Agricultrual and Food Chemistry. 2003;51:6657-62.

Seo CS, Kim OS, Shin HK. Quantitative Determination and Antioxidant Effects of
Cheonwangbosimdan. Korean Journal of Pharmacognosy. 2014;45(4):300-14.
Rice-Evans CA, Miller N, Paganga G. Structure antioxidant activity relationships
of flavonoids and phenolic acids. Free Radical Biology & Medicine. 1996;20:933-5
6.

Kim JN, Chae H, Kwon YK, Kim BJ. Effects of Schisandra chinensis on Human
Breast Cancer Cells. Korean Journal of Oriental Physiology & Pathology. 2014;28(
2):162-8.

Moon JM, Seok GH, Cho SI. Antiproliferative effect of Schisandrae Fructus extract
on PC-3 human prostate cancer cells. Korea Journal of Herbology. 2012;27(4):17-2
3.

© The Author(s) 2022, khmi.or.kr



