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Abstract This study was performed to evaluate the protective effect of ethanolic extract from
Stewartia pseudocamellia leaves on H»O,-induced cytotoxicity in mouse hippocampal HT22 and
human neuroblastoma MC-IXC cells. The 20% ethanolic extract from Stewartia pseudocamellia
leaves (ESP) showed high total phenolic and flavonoid contents, with 243.89 mg of GAE/g and
81.21 mg of RE/g, respectively. The ESP presented considerable in vitro antioxidant activity, as
evaluated by ABTS, DPPH radical scavenging activities, and malondialdehyde inhibitory effect.
Furthermore, ESP exhibited significant inhibitory effects on a-glucosidase and acetylcholinesterase
(AChE) activities. In addition, ESP increased cell viability and suppressed the production of
intracellular reactive oxygen species on H,O»-induced cytotoxicity in HT22 and MC-IXC cells. ESP
also decreased the expression levels of inflammatory proteins such as TLR4, MyD88 p-NF-kB,
iNOS, and COX-2. Moreover, ESP regulated the expression levels of cholinergic enzymes and
synaptic proteins such as AChE, ChAT, SYP, and PSD-95 in H,0,-induced HT22 cells. The
bioactive compounds of ESP were identified as rutin through quantitative analysis using high-
performance liquid chromatography (HPLC). Therefore, ESP could be used as valuable functional
food material to improve oxidative stress-induced neurodegenerative diseases.

Keywords Stewartia pseudocamellia, antioxidant activity, anti-inflammation effect, mouse

hippocampal HT22 cells, human neuroblastoma MC-IXC cells

1. ME

AdiAtE] = 9t Y A5hr|&o] YR o R Q7Y 7ol el S7tsta o, Holrt &
A Bk Wdlks Ho] P vl tAR WY 9 QIX]7| 52 Adlote] AAFERY e
S fdoks ZA0& d2A QUth(Flanagan 5, 2018). Y=sto|Hyy, s, AYHY 52
Zgote AAERAY A2 AAAE 75 A4, 1A 2 AYA 75 Folet S0l & gl AF
Aol £AE fdsteT, @A B2 Aol 2EE R o2 B4 ARAE(reactive oxygen species,
ROS)2| Aol oJgt 45t AEHAE AAEFY Aol 8 I 7|Hog sty ot
(Plascencia-Villa®} Perry, 2023; Teleanu 5, 2022). AA| W thAF I Q] FAREZ HHAJsk= ROSY
= AR 2ol HHZH(0;"), Sto|EFA A (+OH), TH4A(H0,) B AR Ax(nitric
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oxide, NO) 5°| glom, o]59] et YA AU F4itst
AAEE FUEY ASE AEHAE {FUSte] DNA &4, 4l
7 E5, AE APES ZIRE AAAR &2 fETH
(Olufunmilayo 5, 2023). £3| AZA|ENA A5} AEHAE
A7 BF, ABAIE 3t AEA &4, nEEEEoL 7] A
o 5= FEstad A7 E3FE AL W A th(Teleanu
<, 2022).

s Ald AREo] Hil S EXSIAMPAF 2 ASH ol &
Zo] o] 29| ggFo] =27} #ot ROSO| A =551, o
Z Ao vl gHitst Edo] AA EAste] AtaHA &4
5] FeFslth(Misrani 5, 2021). =3t ROS2| Aol ot
ot AEH A £ 2 Wi, gpdlE 9 HikS 2ok
Al 744 8450 WS PoA A 7|5 &dA171a, 4
BAEZE 5k oY Ad §HEsto] A4 HiEkE &
‘dBHAA Mo} Almute] L2 &% FAToRN A7
P4 Aslo] ¥hye A3 Olufunmilayo 5, 2023). HA|
oA A AEH A= Toll like receptor-4(TLR-4)E 435}
Al# myeloid differentiation primary response 88(MyD88)°]|
o5 HHAEE HF AERE T F8 95 2EA nuclear
factor-kB(NF-xB)9] & U 0|52 %5}o] tumor necrosis
factor-a(TNF-a) ¥ interleukin-1p(IL-1B)2} Z-2 F54 AlC|E
7121 9 inducible nitric oxide synthase(iNOS), cyclooxygenase-2
(COX-2)%} & §4 540 SRS Z7HIA AAE A
£ st Anwar, 2022; Chae, 2005). T3 4173 WA & A4
S AlSE AEG A= ofb|EEH Eof| & (acetylcholinesterase,
ACHE)®] 248 2702 X% 415 Ao ZR3
ABAGEAY oD E e acetylcholine, ACHS] B4S o1
sto] SHAY EFS 2o, AlgA IE 2 7ol
%93t 932 5l= synaptophysin(SYP), postsynaptic density
protein-95(PSD-95)9] T S AAAA AHA 715 ol
£ FEUHGo 5, 2023).

webs] ARSE AEFAS 2SI AAEYY g oW
st7] 9fsf EF]vlEat 22 Ao] A A5 ool o
FHI QloH, AE AERE fste] HgAdo] ASH A
A FARHAE T=Eshy] fe A7F EEe] JgET Qo
(Feng &, 2023; Kim 5, 2024).

L ZRE (Stewartia  pseudocamellia Maxim. )= AP}
(Theaceae)®)| &ol= HHSFE A AAXCE= S, I, T
= 5ol #3xska glon, LEUEfd = F2 A4t AH9
AFBEAL Qk(Lee 5, 2023). A ERE kZtFe HE 9fgt
oA BHH, 5 ol AA|uH] 59 TRt $5= A=t
+ Yo ARE T Lee 5, 2023). A7HA] FH
Ao EH, ZFo] 7hx]9F 9lo= dihydrochalcone,
hyperin, lignin, gallic acid, quercetin, spinasterol glycoside,

ntin 59| iy Fho] EA, oldF BASS FA

2o 1 o /TR
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5, 9o, W o, Askda 44 oAl 59 TS T
TE9thLee S, 2023; Roh 5, 2015). T8t zh}
o ruing vh2 Siok AZOIA] Al A AR 9l
3 AIE BEY g 9 ROS A4S SF0R oAsge
5, INOS, COX-29F 22 454 wulao] wd HES P4
NRoEM AE 25 E%E trehitkSong 5, 2015). 514
o ojgfat et AR 2AS AW wTIE ofeke 22
29 o83 HAIY AX B3 avh @ o] B 714 A7
nlgak Algolch. mebd E AolAE LU 4o HO2
SEE AFER0] gig us 53 9 WAF AENY 9%
94 7% Aol 9 WA S40) AN ZnE Bt
Aoz B4 ¥ Aee o
o 24249 B8 7F5A4
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2.1. Mg & ASf

H Ao ARE-E AJ9F £ folin & ciocalteu’s phenol reagent,
Na,CO;, gallic acid, diethylene glycol, NaOH, rutin, sodium
phosphate, 2,2'-azino-bis(3-ethyl benzothiazoline-6-sulfonic acid)
(ABTS), 1,1-diphenyl 2-picrylhydrazyl(DPPH), trichloroacetic
acid(TCA), 2-thiobarbituric acid(TBA), ascorbic acid,
acetylthiocholine iodide(ATCI), 5,5'-Dithiobis(2-nitrobenzoic
acid) (DTNB), tacrine, 2,5-diphenyltetra-zoliumbromide(MTT),
2',7'-dichlorodihydrofluoresceindiacetate(DCF-DA), corticosterone,
Dulbecco’s modified eagle medium(DMEM), minimum essential
medium(MEM), fetal bovine serum(FBS), penicillin, streptomycin,
H,0,+= Sigma-Aldrich Chemical Co.(St. Louis, MO, USA)O]
A TFA5FEE. 14} A TLR4(sc-52962), MyD88(sc-74532),
p-NF-kB(sc-136548), AChE(sc-373901), SYP(sc-17750), PSD-95
(s¢-32290) ¥ P-actin(sc-69879)= Santa Cruz Biotechnology
(Santa Cruz, CA, USA)9|A] 45311, iNOS(18985-1-AP)2}
choline acetyltransferase(ChAT)(20747-1-AP)+ Proteintech(Wuhan,
China)°f| 4], COX-2(ab15191)= Abcam(Cambridge, UK) 7%
3199} Mouse 22} SHA(AP124P)= Merck(Darmstadt, Germany)
oAl 795}, rabbit 22} 3A|(7074S)y= Cell Signaling
Technology(Danvers, MA, USA)O|A +5}3th 1 9 A&
9 o} 2 AR 25 1T oY SFS At

22. #5589 HZ

& Ao ARSE =T o2 FEE S-TA AfuE
o] Btz Z1& 20249 20 AT &, 45t AREoHA
o E4E A= 20 gofl 20% ofEE 1 LE 37Isto] 40°CoflA
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2 B BR G2HAE olBale] UYL, 22ES
No. 2 filter paper(Whatman PLC, Kent, UK)Z o]3}5}9itt.
0]% 3] A T=7]|(N-N series, Eyela Co., Tokyo, Japan)S
8310} BEIT, 0% FAAZT F 20°ColN BHH
Asiel AMgsisich

2.3, SHE8 HEE ¥ FL0/E B 5X
wZR 9 20% olehg $EEC] S LT BHL
224517] Yl A& 1 mLo] folin & ciocalteu’s phenol reagent
1 mLe} 3%} S/ 9 mLE Eoto] 4204 587t §EEA|
At o]F ¥k3=0] 7% Na,CO; 10 mLE 713t & 32} S5
5 ARESto] 25 mLE 483 F A=2olA 2417t B¢t §H
AlF T}, 0o]% ESFS3TA(UV-1800, Shimadzu, Kyoto, Japan)
£ ol&sto] 760 nmoj|A FBEE ST SHE S8
= gallic acidE AMESto] A|29} SYUsH Whio=z ZAH
TS B SEsA AR AT ALl
wrhbe 9 20% oSS FE29] F Bepiolt 3%
2435}7] 98] A= 1 mLo] diethylene glycol 10 mL¥} 1 N
NaOH 1 mLE £3sto] 30°CoA 1At 53t REEAIXT &
420 nmoj| A E34T%(UV-1800, Shimadzu)E Z435}91cth &4
H FFEE ruting AMESHo] AlEQF FUR WO AHgE
FIAS B9 & SgErolt FES Atsigth

2.4. ABTS 2 DPPH BiLjzt AH &4 =5

EZE 9 20% olghE F2E9] ABTS #tjg &7 84
S =%517] Y9 150 mM NaClZ %3t 100 mM sodium
phosphate buffer(pH 7.4)°f] 2.45 mM ABTS A|2F-& &5}
68°C 2204 308 B 7HEsttt. o] F A=2olA] 10
B =0t W7k 71 5 0.45 um filterS 0]83) o1}ste] 4°C0]
Al 24A17F 59 Bt F ARBSIGITE Al 23 ABTS €9o] 734
nmoJ A FFE7}0.70£0.027} H =& FHRSE 3]Asto] A
of AkgslH o, Al& 20 nLet SG=7t w7 ABTS A<k
980 uLE E3toto] 37°ColA 1087 HHSAI & 734 nmo]|
A Z3(UV-1800, Shimadzu)E ZA5}19c}.

7R 9l 20% ollghE $&E9] DPPH Htjg &7 84
< Z%ot7] Slof 80% HeES o]&sto] 0.1 mM DPPHE
L3147 3 514 nmol A FBET} 1.00+0.027F HEE 545}
of Aol ARgskgith A& 50 nLet F8=7t 5% DPPH
Al9F 1.45 mLE E@oto] HAolA 3087t BHEAIRl & 517
nmoj| A L= (UV-1800, Shimadzu)S 2459t

2.5, X|ZOIASEE MA o EA =X
Lz 9l 20% ol FEE0] AdIisE A oA &

S 24317 Q3 45F59] A Institute of Cancer Research
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(ICR) "F2A%5 Samtako(Osan, Korea)ZH-E FLJs}o], -2
(2242°C), F5(50-55%) 20 A 12417F 712 23t
e A7 B4 1597 ARSI ARSE HheA
o ¥ 2% A& -, 24 779 108 Z3l= 20 mM
Tris HCl buffer(pH 7.4)5 A7lote] #2356 ol&
12,000 xg, 4°C, 154 £710% A4lEsto] dojxl J5HE
Aol ARSI A& 0.2 mL, ¥ £2] 4459 0.1 mL, 10
uM FeSO,4 0.1 mL, 0.1 mM ascorbic acid 0.1 mLE &5}
37°Co A 1A7F B9t W-S-AJF T} °o]&, 30% TCA 0.1 mLe}t
1% TBA 0.3 mLE A7}5k0] 80°C 25204 2087 719
o & YHRYE B6 2 A5 Fsto] 532 nmoj|A| &
F%=(UV-1800, Shimadzu)E Z74st5ith & &AL 44
SEHTE SEEY AYYYT 5AS AAHA A=A
(A=At 5EAE SRS GNU-220429-M0042, &
o1: 2022.04.29.).

2.6. ZOEZETAN0|E Zf+Eolg M a-glucosidase) G|
24 55

LZRHE 9 20% ofl§RE FEE9 o-glucosidase A 24
2 =%517] 95 A& 50 uLE 0.1 M sodium phosphate buffer
(pH 6.9)2} 0.5 unit/mL o-glucosidase AN 50 uLE &35}
o 37°ColA 108 &9 HiFSHTh. o]F 7123l 3 mM
4-nitrophenyl-a-D-glucopyranosideE 7}51] 37°CollA 5& &
b HFSAIR] &, FBEE vpo]AZEF0|E 2H7|(Epoch 2,
Bio-Tek Instruments, Inc., Winooski, VT, USA)E AR&-5}0]
405 om WA 2t

2.7. OMEZ2 2ollgA(Acetylcholinesterase, AChE)
o Y &

L7 Sl 20% oghE 559 AChE oA 4% 573
517] 98] ATCIE 7|2 & ARS5}1 DTNBE 28 AJeko g
ARgSto] A3S 4951 A& 40 puL, AChE(0.1 U/mL)
20 uL % PBSE 510} 37°CollA] 158 5t A AFT
o]% ATCI(15 mM) 20 uL9 DTNB(5 mM) 30 uLE H7}st
of 37°CollA] 104 <t HiFet &, FFEE Ho|AEEH0|E
2|8 7](Epoch 2, Bio-Tek Instruments, Inc.)E ARM-5}0] 405
nm IO A SHSHIT

2.8, HAEF HE HfeF

EZREE 9 20% oRE FEE9] WAl AE Be 53E
24357 98 HI22 HE9} MCIXC AZEE ARSIt
HT22 A= whe-A0] o 3fjnp 2o f2d A= w4l
3 Axe} 542 veiH, Ad=ddieta ostdsh 27
St Ag HoflA Hefol AM8SIT HT22 Al 10% FBS,

https://doi.org/10.11002/fsp.2025.32.2.344
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50 units/mL penicillin & 100 pg/mL streptomycin®] 375
DMEM HjZ| & A}83}1o] 37°C, 5% CO, RZA0A] B glc}.

MC-IXC Az QIzke] ¥ 20| SaE A7 Ax=
American Type Culture Collection(Manasas, VA, USA)Z 5-E]
rufste] ARESEITE. MC-IXC AMl2Z+= 10% FBS, 50 units/mL
penicillin @ 100 pg/mL streptomycin®] $H&-¥ MEM H|AZ
ARR3Le] 37°C, 5% CO, ZAA 8= it

2.9. HAZ HEOAS ME YES ST

A7 A2O] Al EE&S S745t7] Sls) MTT EA4%Z
0] &5}t HT22 A|EL}L MC-IXC AZE 96-well plateo]
1x10* cells/well S =2 B25ko] 244]7F =9t vfjoFstyict.
H0, A 2jo]| tiet H A7 Al o] BEaS FRIsH] fls) Alm
4 FddEH(vitamin C)Z A 2|sko] 24417t 5% HjFstL,
200 uM H,O0,F A Z5te] 3A17F 5t HiFstlth. o] MTT
Alokg AE]sto] 3AI7F F2t HESAIX] & DMSOE A fsto] vt
S= TAAFT FF e Hlo|AEEY0lE gT7](Epoch 2,
Bio-Tek Instruments, Inc.)E ©]-&5}% 570 nm(determination
wavelength)?} 655 nm(reference wavelength)of| 4] 2735} Tt.

2.10. 5HZ HEOAS LefE] AEZA 7 FE
YA AE Qo4 A4 A AEAS 245 9
5] DCF-DA E4H& 0] &35} tt. HT22 AZ2}F MC-IXC A
EZ black 96-well plateo] 1x10* cells/well ZE& HF=5}a]
24A17F 53t HiFSHRITE. Hy0, A2 ol thet Abehd AEHA
FES Flsh] fsf Alm 9 FAH R (vitamin C)Z A2
Skof 24A17F 9t HiFSEL, 200 uM H,O0,F A]2|5to] 3AJ7E
52t HiFstitt. o] DCF-DA A|%k& A&sto] 504 &<t
B2 A17] & fluorometer(Infinite F200, TECAN, Mannedorf,
Switzerland)2 ©]-85}0] 485 nm(excitation wavelength) 2
535 nm(emission wavelength)o|A] &3 P& =75}

2.11. Western blot analysis

ol RS S5 9l HT22 Al ZE 6-well pateo]]
2x10° cells/well T8 B0l HloFslil, A2t H0,2 2+
7k Aejsto] vjoket & S AS &3] 9ol 1% protease
inhibitor7} A7}E lysis buffer(ProtinEx™ Animal cell/tissue,
GeneAll Biotechnology, Seoul, Korea)E Z+ well B 100 uLA
et F F2olA 1087 ¥EEAIFH o] % 13,000 xg, 102,
4°C Z7AA YRS A5HOZ bradford protein assay
2 olgslo] PG AT hS sample buffer(4X)2} T3
3k & -20°C Hytsto] Ao ARESHth &S 95°CollA 5
H7F ¥-3-A171 & sodium dodecyl sulfate polyacryl-amide gel
electrophoresis(SDS-PAGE)E £3f TidS 37|z K

https://www.ekosfop.or.kr

5}}. °o]% polyvinylidene fluoride(PVDF) membrane©.Z
o)5AIZ] F, Tl ge] slSol ] AL w] 93 5% skim
milkE ©]&-5to] 14]7F 53t blocking 3 3 A|A5H3IT}. o] %
membraneZ 1:1,000°0.% 343t 12} FA|Q} 4°Col|A] overnight
B HREAIZl 2 0.1%(v/v) Tween 200] 3EJFE  tris-
buffered saline MO Z 33] A& &, 1:5,0000.2 3]A= 22}
FALE 1AIZE Bt BREAIFTE HRAT o2 A9t WA
membrane& enhanced chemiluminescence(ECL, TransLab,
Daejeon, Korea)& 0]-&5}0] ®HAA]A iBright CL1000 imaging
system(Thermo Fisher, Waltham, MA, USA)S 53] Tz
wee Sgee

2.12. 245 YHZZ0H=2540 F4

AlE W 8 g 42 15 HAIZETY
T](high performance liquid chromatography, Ultimate 3000
series, Dionex, Sunnyvale, CA, USA)E ©o]-&5lo] X519
Column2 YMC-Triart C;5(250x4.6 mm, 5 pm, YMC Korea,
Seongnam, Korea)S AFE35F0H, AlE= 50% MeOH=ZE &
3ot 0.45 pm filter2 o3}t F 20 pL FYstAt. o5
2 0.1% formic aicd’} -5 ZF4(A)2 0.1% formic aicd
7} 355 acetonitrile(B)Z FAAE YoM, &0 2L 0-30%
(0-15 min), 30-60%(15-30 min), 60-100%(30-40 min)& 7
sto] & 4027 EA5HAtE 52 1 mL/min, HE7|2+
diode array detector(DAD)E ©]-8-5+% 2.1, 260 nm®] UV 1}
e 2759t o1 260 ol A2 peakts EUT %
Yoz $48 B2 (ruing] UV speetrum} vlsle] §
NES BERIRoH, A2E Angd 24 AYRAL 9
o BEBAS N9 S WA 4G T Anst SUE T
o= 2ug ¥ et 522U 220121 peak B
of tie ARG stk AYTA] Ao AznhE
29 peak AL Tflafod, Ao EAoke EEEEO] o
& Austeik
213 A4 24

W= A Zife 33] o4 WHE Adste] Bu+REHAR
eSO, ZF ASIZE2 SAS software(ver. 9.4, SAS Institute
Inc., Cary, NC, USA)E ©0]-83t FAHLA(analysis of variance,
ANOVA)Z &3l 54 A== 31 2H, Duncan?] t-5He] 4
¥ (Duncan’s multiple range test) 2.2 Z} A& 7+9] 214
(p<0.05)Z ASsI3ATh

3. Zn ¥ D

3.1. gMet 2y

w2 Q 20% RS 2EEC] Sl ST 4 B
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Hi-olE S 243 ATE Table 13} Zow. Z¥E4
3120l FFE 243.89 mg of GAE/EO|T % EetH o=

eFS 81.21 mg of RE/gS YERAL}
w2 o 20% g $28Y A0z 47 BY 5L
Z74J57] 919l ABTS % DPPHE ©]-8-510] 57513t Table 1).
ABTS 9 DPPH )z AA ZAY ICsE 236.10 pg/mL,
281.65 pg/mLO.E UERFOom SR T229l vitamin C2] ICs
© 717} 114.79 pg/mL, 122.48 pg/mLO.2 LFERgTh Lz
A 20% oEHE FEES FAHELR! vitamin Cof B W2
S Hou AErt HA A F2EYUS 1EolglE o),
|14 =2 gz &7 4L Yeid Z0E ddE: E3
Yang 5(2022)9] ATOIA FHE w2} o] LT}
o st FHMUT] ofghE 559 ABTS % DPPH 2}t
7 27 ﬂ*g,] IC50(319.97 pg/mL; 324.10 pg/mL)Ec} -2t
14.13 ol 20% Oﬂ%% zzt’_,] a]-xj?? ﬂ _Q_LHO] 0/\01-__
ZolstGict. 45t AEH AL g Yl 4 Sl AET
ke A IA E4e ST 29 AU o 20% o
2 FEEY ICso2 30.97 pg/mL, YANZRZOZE AREH
catechin®] ICsp 22.06 pg/mLZ UEFHTHFig. 1). 3], =2t
W S 20% oflgh2 FE=9] 100 pg/mL =049 A2}
AR A A B4 84.89%E UENCH, ol 5Y &
ToA 9] FAUZETQ catechin(85.73%) ARG | &AL
512 A4 o)) 4L eReln. ol2ie Ak wzhtR 9
20% OErS 3=EE0]| catechind} SARSH $59] 7125t A&
e A4 84S Uerdo s HA FAE a4z &8
g 7hs4e A
Al EHEE0|E 58 T6H: EHEE AEY 2
2F AR Y, 4 FolA g TEEY, s 1
2lof] skt 0]49] hydroxyl7| & 7FA| AL §lo &0 & A
gttt 94 ROSE AlAsto] 4iks} 4§95 &< Uetde
Ao d#A Qth(Rudrapal 5, 2022). Lee 5(2018)°] w2
Y Z'Foll= dihydrochalcone, flavonoid, lignan 52 Aj

et

jud)

Table 1. Antioxidant activity of 20% ethanolic extract from
Stewartia pseudocamellia leaves (ESP)

TPC" TFC? ABTS? DPPH"

ESP 243.89+0.98 81.21+£3.02  236.10+1.21 281.65+1.98

Vitamin C¥ - - 114.79+0.53 122.48+1.14

DTPC, total phenolic content.

ITFC, total flavonoid content.

JABTS, ABTS radical scavenging activity.

YDPPH, DPPH radical scavenging activity.

IVitamin C is a positive control for ABTS and DPPH.

Results of TPC and TFC are presented as mg of GAE/g and mg of RE/g,
respectively. Results of ABTS and DPPH are presented as ICso value
(ug/mL). All values are mean+SD (n=3).
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I 20% ethanalic extract of S. pseudocamellia (ESP) (IC,,=30.97 pg/mL)
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a
b
60 -
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(1C4,=22.06 pg/mL)

hoo

Malondialdehyde (MDA) inhibitory effect (%)
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Fig. 1. Malondialdehyde (MDA) inhibitory effect of 20% ethanolic
extract from Stewartia pseudocamellia leaves (ESP). All values
are meantSD (n=3). Different small letters on the bars represent
significant differences (p<0.05) by Duncan’s multiple range test.

29y SR S0] FRste] A% e YL oAl
s L FAZol BT Y A0 HIHYUT, EG Kim
50210 WEH 7R 9l oeE FEE9 ABTS ¥
DPPH 2tizt 27 24 2Ra19e 1 St 2foiz 479
AL ety BEgc ety & Ao ki
A 20% oEtE FEE] AR AL gRlstalon ol#gt
P B4L LU Yo FE e ot SEsd
SRME 9 EetEolt SRRtE0A 7]RIgh 2o s wekE.

& ZAL B} 20| H|sf A4 Q7o) Eal B2} A4t
o] thgf EAsto] iAo R W2 ket AAE 7L gl
o, HE ‘i}%—% 53l ROS S 1T = Y= Fe' 2 Cu'9}
A3t Th(Feng 5, 2023). o]9} Zo] A
"é% oo ROSc };]_4 E XA 4G HEE-sto] A1 Ak
§}7} QofL} XA TAFSHEQ] malondialdehyde(MDA)2] A4

2 opjohL, el 328 MDAL AES 54 B4 5
o] WS Rl A Ao AlSt AEFHA A HE A
|53 Ith(Kim 5, 2024). Li 5(2024)0] W2 L2470
SHHE rutin MDA, ROS| A AaA7]aL, 7oA
(catalase, CAT), ZIMAISHE E<-59}a A (superoxide dismutase,
SOD), ZFELE]-2(glutathione, GSH)Q} -2 FAISE §49)
FAE T EN At AEF AR fEE A S
Rt 4= itk HEQIch webA w2 9l 20% ofehE
FEE2 Eovs g gt &% S A g
&3l ROSO] &2 HALAIFH 2N A ZHfof| A o] 2|2 24t}
AFEQlI MDAS] A4S AAstaL, B Uo7} &4l Al
Sk AlS AEYAS GHH0Z ZAANTZCEN NE HS &
ol 7104 £ QlE ACE wHETh

=
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3.2 HMZETAL0(E Jl+20 gt & OMESE 26
24 95 2

LZUE A 20% e FE5E9] o-glucosidase A S/
2 FZ7t Rorxle] et A EAdo] Fradcte AFE UER
o, LZhE 9 20% oghE 559 1Cs> 12.34 pg/mL
2 FAYRTOE AREH acabose(ICs=154.36 pg/mL)<} H]
WIHHE o AFs] S5 A LS HoFUTh(Fig. 2A).
LZRR 9 20% ollghE 559 AChE 94 84S 573t
A3, LR A 20% e $EE ICso2 233.63 pg/mLE
UERGY, P RO Z ARE-H tacrine?] I1Csp 0.045 pg/mL
2 yehton, =ZUE 9 20% ek &89 sE7t 57T
3ol whak AChE A &40l S7hohe 5= &4l 2Aats
HAtKFig. 2B). 22U U 20% ofehe 32552 FAURT
9l tacrine®]] ¥[8} W2 AChE A 44 YO 500 pg/mL
=04 76.42%2] AChE <A B4 U1, o] rutin
S 38 A 242 e FAYE A ofehe 529
1,000 pg/mL 5o A19] AChE QA &H4(48.69%)K.c} 9=
g 235 YERItHKim 5, 2016). E3L, W2 9 20% O
BHE FEEY v &40l AA ad= 7€ OE diH F
Z1-go] 1 ePgAo] 2 HA AEA 9] &8 7Fs/dol A
ot g

a-Glucosidaser= & Hut AL ZA 51 AlA|9] e431F of
Atol] Zofstal o-1,4 2 IAE E a-1,6 SYIAIE AFS
Hofole B4R BtlE A3 Al 2 22 9ERE £
ot} oA FFEEE ol=t], 0|9 £ES JATOEN
A% dg 2] g WS o & Qloka Bl
= AthGong 5, 2020). StAW 2o H=7 2AEA] gof

z
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120 -

100

a
b
80 f
60
C

40t
20t g

"
o i

2 5 10 20 50

Acabose
250 pg/mL
(IC4=154.36 pg/mL)

a-glucosidase inhibitory effect (%)
Jo

Concentration (ng/mL)

YR TAFFS WYYPOR ARHE B4 Gt
Rokd £98 o7l % Yok MBS Aot Aok AE
g2 % 93 F7HIA AA Yohg 2 ABAE &4

F 2 Slck(Naguib 5, 2020). E¢ 2142 1S

AChe} 22 8 AAFAGEEY S FAAI7]12L AChES]
24e S7HIXIH(Chen &, 2022). o|& QIR ABAGEH
TR 9] EHP2 A7 Ao EAE oA AA7)E Aol E
AFEYG Aol S S & = AoE IHA Sl
(Rajagopalan 5, 2023). Saidi 5-(2022)2] Ao W= 7+
U Qo] 29 &4 SIRHEQ] ruting BdEY g4 9 &
T BAS AN 540 B4 F9lo ZARte RN a-
glucosidase?] /S BIH R AT & qlow, 5T
AChE A 842 3l Al'dA AChY] &5 IEAA A1F
g AgS ofie 4= dvkal BaEQit). webA 9ok 22
AHEE BYS o, 4UE Q) 20% oghE 559 Hold
a-glucosidase @ AChE A AL rutind} 22 H= SHE
of 7191gt Ao HWHEH, o] VTGO FLrE= ARt A
Ef AR Qlsf YAYst= 417 ALY AoiE 7HAlste Q1A &
g A d A7 EY dgo] dtadE Uil 4 e A
A 2YEA Y 7FsAol U ALE AlmETh

3.3. KT HEYAL] HE YZF L e AELA

2 AYoAe A8 AEF AR A7 LT o 20% g
2 FE=9] HA AR E3 a3g gRlsty] s HT229
MC-IXC A|2o] H:0,E A5} 4k} AEFHAS {F=5HA

—
.
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Fig. 2. o-Glucosidase inhibitory effect (A) and acetylcholinesterase (AChE) inhibitory effect (B) of 20% ethanolic extract from Stewartia
pseudocamellia leaves (ESP). All values are meantSD (n=3). Different small letters (*°) on the bars represent significant differences

(p<0.05) by Duncan’s multiple range test.
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o} =417 Ao A Y] Al PEE2 Aolols Al vER
oyt AASH E5AaaAv) tetrazolium G} WRSSlo] &
|31 Bt formazang /g5t A MTT A4S
0|23} th(Zhang =, 2023). H,0,7F A 2]3F HT22, MC-IXC

MEZO AEEL A ) Z44(100.00%) Y] ZHZF 40.54%,
7241%2 Ao, 2 9 209% ofghe =ZE 100
ug/mLE 23 A2 P2 % 77} 88.01%, 83.13%= L}
B 2 9l 20% oflgE FEE0] HAA AlZoA H0,
o 95 AstH Mz oi%g' fFoHo g 7= A=
gho1gt 4= QI9ith(Fig. 3A%} 3B). H,0, A7 & %= A xZF 7t
9] AEE o7t Uet=d], ol F AZF7F hHO.E f &
H Are} AEG A tfs] Aol B34S Hol7| miolth
HT22 AE= vheA

st 220l fEE HAE AEE
(A)
120 -
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= HHE, QIZE A

= 1o
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Ed)2 f= B0 Wgd 548 7D

AEA|ZZA G E MC-IXC AZE &
E4 B_qu 4 v g4 % FASHAE 53 AL A

2eo] Fslelo] Atsh AEHA Ao TR A

o& Zth(Aboelella 5, 2021; Kushairi 5, 2020). wahA]
HT229} MC-IXC A|ZojA] E H0, A9 & A Z BE&

A Eke] Aol
4 Aolol A 721 A

5 AEF

2o A¥eh AEH A0 digh vt
oz doEd

AIZ o] ROS A 2& S35 8] IR 3%
o Z ol H,DCF-DA7} A& W9 a4 93 v¥]¥4A DCFH

2 7l

295, ol Ateh 2E#H A

Stoll 4| ROSS} HE-3-5to]

9°3/d°] 742k DCFR Atsts]= 2 o<t DCF-DA 4%
& AMg5to] 2451 th(Engelbrecht 5, 2024). H,0,7F H2]3t
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Fig. 3. Effect of 20% ethanolic extract from Stewartia pseudocamellia leaves (ESP) on cell viability (A and B) and intracellular reactive
oxygen species (ROS) production (C and D) in H,O,-induced HT22 and MC-IXC cells. All values are mean+SD (n=3). Different small
letters (**) on the bars represent significant differences (p<0.05) by Duncan’s multiple range test.
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HT22, MC-IXC A|3Z9] ROS $FHF2 AA} T Z2(100.00%) Hf
H] 247} 185.62%, 128.86%% &7} 00, 2 2 20%
gt &% 100 pg/mLE A3t A2 ROS T2 242
77.01%, 41.95%% Yeh} Zhfs o 20% oehe $550]
A1 A4 H0,00 2 /4% ROSE Alsh= o &
17 5% A H(Fig. 3C 3D).

of2] A2 4 8404 HRIHo g P4tE= ROSS I
2l HyOr= A4, @l 9 DNA 55 #H O & Ao} 4k}
EHAE o, Ho] 225k FeP'ole] HE §H-S &
Al 45 f88H= "OH gtz Aol 24 71ofstk= A2
E UEPtH(Kumar 5, 2023). ¥]9] AGA| 2= thge] £33}
AAto] EAfstaL thE ZA o H|s| FAa A A o] B
of A3} AE# A0 HIZbshH, ROSE U3t Alsh AEHAE
T A ohdo] 4 v o2 AGNEY &4 9 AL
B FEsto] Fxsto|my} 2 B HAFEASS &
SFCH(Cui 5, 2020). =250 SHG-% quercetin, hyperinT}
2 SIBHE-2 A A (lipopolysaccharide, LPS)Z A& St
W 264.7 A|Z0j|A] 73t NO %A Z4F} iNOS, COX-2
T2 A3 D FXE A6 A2 Tt
a2 a7k E3] AlZE HS59thLee &, 2018). Islam
5(2022)0]] 9ot =7 Qlof] S rutin HAH Al
oA b-cell lymphoma 2(Bcl-2), Bel-2-associated X protein
(BAX) 57 22 AL A1 319} NFBO} 22 9% Q1Ao)
TS 25, A E 2] ROS TS XAt A2 W T
Ao 849 B55 FAAZLEN H0E QIS AlE Al R
e QRS HISHL E9 ntin® GSHO| 228 285k
ARSI I8HE0] BIE S5t oD, 2
ZEFE] 2 7}AFS)H | A (glutathione peroxidase, GPx) 59 @At
o} I 549 B TTHIHCEN AS AEHAE T
A7) 237 Qlokal H A E{H(Chen 5, 2020). o] 2|3t
2352 oIS W U ol R ruting 3Z3HH
T4 3kghEo] ¥4l AlE W] ROSE HAA7|AL A3 A
2 YA EN HAH AEZE BT 4 & Ao Id

A,

L[> of

2L

(o]

|

[

j,ggm}imﬁm

noook

3.4. TLR4/NF-xB £ls ZZ20f L5+ JfM &1f
H0,2 FEEE AEHAZ Qg 450 digh =Zus I
20% olehe FEE9] FIF MA 712 FlstAt H0,5
A 2|gk HT22 AZojjA] Tald S Z74ot9irh(Fig. 4).
H,0,5 A2t 250l AE 4 t2(100.00%) thH] TLR4
(158.70%), MyD88(158.51%), p-NF-kB(154.58%), iNOS
(178.68%), COX-2(184.47%)°] ¥raefo] Zr}stict. uhd,
H,0,8F =4 A 20% o8 55 100 pg/mLE 3| A
23t J2o A= A} T Z27(100.00%) THH] TLR4(92.96%),
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MyD88(121.07%), p-NF-kB(92.55%), iNOS(142.20%), COX-2
(9321%)9] WBHo| foH02 At AL FAFoRA
wZRIE Q) 20% ofehg 2220 YU ANE Fla

H0% s TSt 418t AEH A= AZ Y ROSY &
=5 S7HA H54 ARIEZRIY B B Al APES 27
¥ % 9lom, ol TLR4S PHSFORA B85 WSS $2
SIHLi £, 2018). Li £(018)0] T2, TLRE A4 3
A7) de SHe AES B FAAZA, 45 AE 2]
o ¥hgo2 TLR4 415 A A/t S4stEE A4 ofy
&) shao) MyDSssH Agsle] NF-Bet 42 319] BAE
JeRIttal B E it} NFkBe 8438 AA|sk= inhibitor
kB(IkB) @A} Agsto] Axd oA gy Je=z &
Ajstit, TLR 5ol 23] Al27 A= kBRFE £2]71 5
WA S EFlste] ) Y2 E0]7} TNF-q, interleukin-6
(IL-6)5F 28 @%4 AolE7}el 9 INOS, COX-29F 2 §
a4 52 BRICEN PSS FERITH(Chae, 2005). °]
ol Aot AEF A Offt FFA AflE7IRIS] EHl= Al

Ol
odk

o}
4 95 fmste] Yxslol gzt 22 HPY HUFES
o Wy 9L F7h18 4 UrhGo 5, 2023). meHA] 4%

A3 2AAE AL HPY HUFB W L AL o

G350 HIF AUYE Q 20% oS FEEY HS &
e ARSI OH, 2R Q] 20% oghE FEE9] Fo+=
TLR4/MyD88/NF-xB 412 Mg 29| 435 Ao =
A AR A58 D] I oS FAAF ol Ao
a2y 27t 2252 [PSE ST H RAW 264.7 A3
A IkB-0, NF-kB, TNF-q, IL-6, IL-lBQ]' e d=4 chlz 9]
I 2525 QAN CEN FAF BAS UERth(Lee &,
2012). E3H wZUpRo] $-9E ruting HA17 A oA 9
TNF-0. ¥ NF-«kB9| 32 olF 2EFC2H AH AT W<
&5kl 2. H(Sun &, 2021), =ZFUr5of] 335 a-spinasterol
L ojAotw A E W Fjuf A|EoA heme oxygenase-1(HO-1)
o] Ao 24 W TNF-q, IL-1p 53 22 @54 Afo]£71o)
URE oo A4 £4S AT S 9l Aoz v
FthMajeed 5, 2022). WA ruting E35E thokst AJEE
4 sigkEo) BREl0] S W 9l 20% o 22EL
0,2 SEHE A5t AEH A0 o7t 414 §2E g
X HA1F ARE BEsto] QA7]E el 7109E & A
Ao wetEch

35 FElY gL L A[HA A Bl £570f L3t TfA
=/

H,0,2 FLEHE AEHAZ A3 ZAA 75 Aol
WA B4l et s o 20% ok 2389 4
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a

i
fol



Neuroprotective effect of Stewartia pseudocamellia

(A)
(kDa)
TLRY |wesw ey wwew ww—e =] 05/|7(
MyDSS [Sis WS Sl S &b | 33
p-NF-xB w & E P W W) 65
iNOS [W B S e = 131
COX2 [= == =— —— ——]&9
B-actin |[we— w—— — — 43
H202 (200 HM) - + + + +
ESP (ug/mL) - - 20 50 100
(©)
3.0
[ 20% ethanolic extract from S. pseudocamellia (ESP)
c
o 25}
3
¢
s
X 20
2 a
S 150 - b
£ : .
§ w0l L
=
©
a
2 05¢
0.0
H,0, (200 uM) + + + +
ESP
(ngimL) 20 50 100
E)
30

25

2.0

0.5

iNOS/B-actin relative expression

0.0
H,0, (200 uM)

ESP
(ng/mL)

I 20% ethanolic extract from S. pseudocamellia (ESP)

L " a
il
b b
c
+ + + +
20 50 100

=

g
o

25

2.0

0.5

TLR4/B-actin relative expression

[ 20% ethanolic extract from S. pseudocamelia (ESP)

0.0

H,0, (200 uM)

ESP
(ng/mL)

(3)
3.0

25

2.0

0.5

p-NF-«B/g-actin relative expression
w

0.0
H,0, (200 uM)

ESP
(ng/mL)

F)
3.0

25

2.0

0.5

COX-2/p-actin relative expression

0.0
H,0, (200 M)

ESP
(ng/mL)

a
L b
c
d d
<
+ + + +
20 50 100
I 20% ethanolic extract from S. pseudocamellia (ESP)
a
7
b b
c
T c
+ + + +
- 20 50 100

I

I 20% ethanolic extract from S. pseudocameliia (ESP)

o
o

be
c
+ + + +
20 50 100

Fig. 4. Effect of 20% ethanolic extract from Stewartia pseudocamellia leaves (ESP) on protein expression in H;O»-induced HT22 cells.
Western blot images (A), the expression levels of TLR4 (B), MyD88 (C), p-NF-kB (D), iNOS (E), and COX-2 (F). All values are
mean+SD (n=3). Different small letters on the bars represent significant differences (p<0.05) by Duncan’s multiple range test.
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e ok

SRIstIAL H,0,5 A2t HT22 A|azof|A] whald i
F= SAIAH(Fig. 5). H,0,5 &g IFo4 AChE A
Jot= ARl ChATS] TS A4 th27(100.00%) thH]
ChAT(51.83%)& 743191, AChE 25t 5421 AChE
o] Wrgere. AAF thR(100.00%) ThH] AChE(182.03%)%
7159t 0,2 88 AldA =40 vl 7iA axs
gRlst7] Asll ST SYPY] AT (49.39%)2 B4 thxL
(100.00%)°] ]3] 7FAsHal, PSD-959] WE=K48.58%)%
34 t24(100.00%)°] B ZHAastgich W, H0.9F 7t
U 91 20% ofEhS 225 100 pgmLE 37 H2st 182
A Y 274100.00%) THE] ChAT(87.51%), AChE(100.53%),
SYP(82.74%), PSD-95(73.25%)2] W& eo] Qojhog =4
oM FHY E AIEA F40 titt B3 5t 92 A
o= woEch
Atel AE A Folo|Hgo] 9 ¥ £ F oty
& ROS9| A FXIste] mAotuA|xE F JFAE 2}
715 &AM, Hdol| EA 5k thge] ExshAAR
Hhgsh XA TikekE F7HAA AE kR Aol ofgt
AR &4 9 b BI5LE flsto] AlEA uhE HSIAIA 4l
BAIE AFEE ZHRITHGo 5, 2023). Tsai 5(2022)°] W=
H H0,E Qlsl TAot= Aket AEH A= AChY TS &
Foto] A PAoA ] 417 AT HEZ vi7fots ChATY &
d< JAstal, AChS] £61E £XI5H= AChEY] B4 F7}
HOEM AChS] $AE FAAA AlUA Hg 9 7k A
o Y= PIHHIL HAE Qe EIL, o]23k A} AEFHA
77y AEA A AEA S G A5t AHA 7)E
gt 719 g4l 583 4¢E st SYP, PSD-959} 2
I9A G go] IE S AAAFICEN AYA 7|5 Aol
FURITKTsai 5, 2022). k=2 io] 8 A 249
rutinZ blood-brain-barrier(BBBYS 44 Eilst= A2 7}
AL Qlo} A7 &4, 719 A 9 QIR Al 2RE A B
S5taL, HoA9] ChATS] A& S7HA7]aL AChES] A5
HanzioExd FU4 A4 A7 23S 289 & Ao
(Abdel-Aleem} Khaleel, 2018). T3}t Sun 5(2021)°] W=
rutinz A7 A ZOA 9] SYPR} PSD-959] =2 SIEA|A Al
WA EAS YRR Ry EQIeh S94 AAY E4F 2
AL 75 ABolle gxsto|wEe] 8 HETy E4o=
A JoBE, FUA E APA A S HE5H= A2 Y
AR A Be 53E &6 o5 9 719 58S FAIIL,

z

HYd HAAER] AFe =30 s 2 71dsEE
2~
T

o)

oL

l

S~

mu o Wl i px >

AT 4 S AR AlgHrt. o]9} e AIE uigtoz
£ o, 24UE o 20% e FEE2 HO0E f=d 3
A EFES G902 ASIAT| I, AlHA TS B
F& 2ETOZN AHA 7)5 HolE At A EHA
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35 ek 4 9le Ao A7,

3.6. Yc/gty £E9 145 YHZZ0HEZH F4

JAS U HO:2 FEE S AEA A g HA1 A
E B3 a3E dehlle =AU o 20% g FE=9
ARy BAS BAS] 949 245 dALehE e
(high performance liquid chromatography, HPLC)S #1385}
t}. HPLC &4 A3} 260 nmof|A] HEES A7t 17.33780] LY
ERd peako] LZE 9 20% ofehe $EE9] 39 T4
42 gelsfdon, EEE4Q] nting AlE9t FLg 7Y
o7 BAsto] HEES A7k} UV-Vis spectrume H|w g A3t
999.569] 45792 UEHISIthFig. 6A). =75 Q1 20% ©f
Be 28 d9H ruting FF B4 A3}, 21.40+0.09
pg/mg of dried weight®] IS YEFJQItH(Fig. 6B).

ESti ol B bt His 25 7 A 24 182
2 3, A, F SOl TAEE, 7P S5t A St
0]=9] rutin quercetin®} o EX}9I rutinoseZ 4] & 0]
1 ot{(Wang 5, 2020), 45t AEFH A 7 A9 o A4 3
Absto] diel] ohoket B ants vetfa o2 AAF AY
TeloA FAel FAS, TAZ AR 4 A He &2 %
Shet ore|sty 9 AESHY a3k UEte 208 BuEg
THCelik 5, 2020). Kim 5(2016)°| @29 rutine 43t &}
Oz a7 24 9 AFIEEE A4 A 242 7HAH, ROS
o Be Asfote] AFAE He avE Yehdoal iy
At ES rutin G54 ACIE7IRI /S AAlSkL uhe-
A HoA AMEA EAS FAFO RN, d2stolHYY, Bl
e R O ABEBAY Ao {ATt avEs Eslst
+ AR A AKSun 5, 2021).

ojget 2¥ES 1T o, P 24 H H,0.E e H
HAF AZ =40 g3t B3 ais 225 O 20% ofst
< F22°] §E ntin 59 EE 0|t IRHEE FoA 7]
At Aor WHHH, o] JAA7]E MY EE2 & 4 A
= A 2A2AMY &8 7ol Akl AbmE:. ShA|TE
HPLC &A0lA SR1=A] 2 et A8 £49 B9
SHA #41517] 918 UPLC-QTOF-MS™9} -2 F7b29] A7
7t 29 Aos AZHEn

2 AdFe 2AURY ke 24 2 H0,E QIS Aksh A
ALY HAG AL B3 G PR Fo 4uY
EAS BA5112) 8F9T) wZRRE 9 20% ek 2E2E
Q52%t in vitro YAFSH EAJT} a-glucosidase & AChE A
39S Ve oM, HT22 A|EQ} MC-IXC A|ZA H0.E &

e
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Fig. 5. Effect of 20% ethanolic extract from Stewartia pseudocamellia leaves (ESP) on protein expression in H;O»-induced HT22 cells.
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