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Abstract — Cratoxylum formosum (Jack) Benth. & Hook.f. ex Dyer has been traditionally used in Asia to treat wounds, fever,
cough, and food poisoning. This study aimed to evaluate the inhibitory effects of the methanol extract of Cratoxylum formosum
stem (CFM) on amyloid-beta (AP) secretion, its potential modulation of amyloid precursor protein (APP) processing, and its
acetylcholinesterase (AChE) inhibitory activity. CFM was tested on APPswe-transfected neuroblastoma cells. At a concentra-
tion of 100 pg/mL, CFM significantly reduced A, ,, and A, _,, secretion by 48.8% and 57.8%, respectively. Treatment with
CFM also enhanced the secretion of soluble amyloid precursor protein-alpha (sAPPa), a metabolite of non-amyloidogenic APP
processing pathway, suggesting the activation of o-secretase. Additionally, levels of a-carboxy-terminal fragments (CTFs) of
APP were increased, suggesting a potential inhibition of B-secretase activity and consequent reduction in Af production. More-
over, CFM exhibited a significant acetylcholinesterase (AChE) inhibitory activity, with inhibition rates of 68.5% and 79.9%
observed at concentrations of 25 and 50 pg/mL, respectively. These findings highlight the potential of CFM as a natural ther-
apeutic agent for Alzheimer’s disease by suppressing AP production and AChE activity, thus mitigating two key pathological
features of the disease.
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A=]o] sAPPa. (soluble APP a)2} a-CTF (o-carboxyl-terminal
fragment)= -3 =)= B]oPd 2o = A7 £ (non-amyloidogenic
pathway), 5 HA = B-secretase (APP Attt A~ BACE1 )] 231
At=]o] sAPPBe} B-CTF (B-carboxyl-terminal fragment)=
gAtE = ofd 2o|= A7 2 (amyloidogenic pathway)Z
THEETHY a-secretases= APP 7] thAl-gollA] B-secretase
o} A2 o = 2hg-apH 1 gdo] F7hEH P3 TS ST
711, 71 Az}t ARe] AN raEth S vjobd o= A7
Z9] 12} ARER] o-CTF= y-secretase®l] 23] AEE|ojw
ABE AAJSIA] AT B-secretase®] THAHES! B-CTF7} y-
secretase®]] ]3] AHEH ABE A5 Hct)

A7 ADE W8] flal dellM T2 ARkl
A= °FE2 ACHE AlAlolth AChEE T8 A47gE
A9l o} =¥ (acetylcholine; AChyS- acetate?} choline® 2
7l gt dxstoln $kxke] 739 AChe] HAPo=
ARAG 7]50] EdEo] AT, 7198 A5t 4ol
tho7 #nt olujgl, AChEE ABS] Sl F3e w|x|=H,
AChE®] peripheral anionic site (PAS)E F3ll Ap A<}
Adate] A -7 AfskE X, ol d=stolH
Agtke] W] MYl eIt AChE AA|Q 2
TEFT] (galantamine) 2 2]HFE] 19 (rivastigmine), =]
A (donepezil) 5°] 59U Wo} 2 ARE-E T AT 2F
HAAE, &, AAL T3 22 F2R80] sl 540 YL
AChE A &4o] Zek =8 oF= 7ide] Ja/do] i+
2 A=

FHZ, o7 (aducanumab), @71 % (lecanemab), L
2]32 =T (donanemab)®] AD X|EA|ZA] FDAS] 591S
HQITE!D o] SFEEL B AR SHAIS} Al HEE
& (monoclonal antibody) &J2FEO.ZA 27| d=3lo]H
ZA3ghe] 1x5Y B 7|19 #sle] FPg =k o] oF
ol i 289 o= Ap7t G=stoln Aghe] Be| sk
Hio] QAR froju] gk ERLQS 45ek Aotk

SHA, AAE FEEY AVANE &4 25 9 QXY
WA B3] gk B2 A-Eo] HaEAL Sle], ol
19 X159 9] 7FsAS A8,
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Hook.f. ex Dyer= 8- (Hypericaceae)?ll 3= E
HER Y7 HEY, H=, S5, 81X 5 SHOM
ofo| =2 B3} "M = UL teawdtal F2H 28
Slal lom HEA o2 vl wet YXE X853, 22
713e AT ARSHAL T B ol =
A, 713, BE, AFE, A}, 250 A% A=l A8
T AR

Cratoxylum formosum (Jack) Benth. & Hook.f. ex Dyer
Yol dicaffeoylquinic acid®} chlorogenic acid 5-°] H.3L%|
Ko, 1 ofgjgd o B ksl a2 s 2
A WAT v Z=(Caenorhabditis elegans)A12] ApS] 54 H
3 g3 8|3 & a99 Fo] RIEAA|T APPe]
AE-S BIRSE ABS] H| B= AChE 24 tigh &
AT B o] glrk. 283 E719] ofed 2 4
ol thgh A= A4 mln] gk dAg ol & Aol = ApY
wHIE At AChE 84S dAlske ths Fel@ds
7 HdE 2AE HAshks o] deke s 2ok Ay
AEE] FEES 223 A3, C formosum =719] metha-
nol (MeOH) FZ2°] AB E¥|¢} AChE &3S A8t &
2bsh 248 eS|l L A3E B arstara) gt

N2 Y

MESF — APP Swedish 23217} 4] @A == A= 72
2173 A 3321 Neuro2a (APPswe)= 5% fetal bovine serum
(FBS, SERENA Europe GmbH, Brandenburg, Germany),
penicillin streptomycin (P/S, Lonza, Walkersville, MD, USA),
L-glutamine (GE Healthcare Hyclone, Logan, UT, USA),
hygromycin B (Invitrogen, Carlsbad, CA, USA)7} X3t
Dulbecco’s Modified Eagle’s Medium (DMEM, Lonza,
Walkersville, MD, USA)2} Opti-MEM (Gibco, Grand Island,
NY, USA)9] &3} vix|& ¢]&3l4, 37T, 5% CO,° =4
oA wjstaict.

MEER L M - Cratoxylum formosum MeOH F&
(I8t CFMO.2 o ghe A Fatd - s eE
A ATAE (Daejeon, Republic of Korea)ZFE Hito}
DMSO°l| 100 mg/mLE g5t 7} sL& 34ste] AE
off ARSI A& Bhe TR UFto] X 9ol|A
AR, AZE £71(86 2= 99.9% (viv) e 1 LE
15% &9t WHE 2391 2] § 2717 X E wkEshy 45C
A 3d7F FZaTh FET FEAE Bol st FHE
Z7](N-1000SWD, EYELA)E 53190 HEz o &
A 7Axsle] FE= 5.09gS AAUTh AFoIA ARSE Aok
o3 74t} B-secretase inhibitor IV (Calbiochem, Darmstadt,
Germany), galantamine (Cayman Chemical, Ann Arbor, MI,

=
=
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USA), acetylcholinesterase from Electrophorus electricus,
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protease inhibitor (Sigma-Aldrich Co., St. Louis, MO, USA),
anti-human sAPPo monoclonal antibody 2B3 (Immuno-
Biological Laboratories, Gunma, Japan), rabbit anti-amyloid
precursor protein polyclonal antibody CT20 (Calbiochem,
Darmstadt, Germany), rabbit APP369 polyclonal antibody
human amyloid B (1-40), human amyloid B assay kit (IBL,
Gunma, Japan), cell viability EZ-cytox assay kit (CCK-8),
acetylcholinesterase assay kit (Dogen bio Co., Ltd., Seoul,
Korea), easy-spin™ total RNA extraction kit (iNtRON
biotechnology, Seoul, Korea), primeScript™ RT Master Mix,
TB Green® Premix Ex Taq™ (Takara Korea Biomedical Inc.,
Seoul, Korea)S AM2-3}31t}.

B-amyloid(AB)e] 2| M| S} Z4A — APPswe ¥+
oA HHlE ABY] F2 FFst7] $I3l sandwich ELISAS
g-g3sl] =43} 6-well plate (SPL Life Science Inc.,
Pocheon, Korea)oll Al F%=7F 1 x 10° cells/wello] E]A| HY
&3k 3 serum-free DMEM 2.2 3]43F CFME 1, 10, 50,
100 pg/mLe] FEZ 16A7F 1t 22 gk 5 vj Y-S PMSF
(phenylmethylsulfonyl fluoride)2] =4l 3}ol| 3435l Al8=
AR50 I ZTOZ B-secretase inhibitor IV 10 uME-
A3 AP (35-40) 14 monoclonal antibody S+
AB (38-42) E-]4 polyclonal antibodyZ FH % plated] A5
100 uLE #7138k 5, 4ColA 16A17F B9t w82 733k
o} o] plateE 73] M3 ., horseradish peroxidase
(HRP)Z A% AP (11-28) 5°14 monoclonal antibodyE
F7kstal 4CollA] 1A7F 59 WESAIZATE, 2 thE- 93] A3
% tetramethyl benzidine (TMB) 7]& &8 €37 Al.2-0)4
3037 WS fEstelen, FA 100 uLs H7tsted
450 nmel|~] microplate reader (Model 680, Bio-Rad, Hercules,
CA, USA)E &3l 535 S48t

MZSM 2M —EZ-cytox kits A3 CFM2] APPswe
HIZF9F RAW 264.7 Al 250l T3t Al254S 24313
t}. 96-well plate (SPL Life Science Inc., Pocheon, Korea)®ll
5% 10° cells/wello] E== v]3t & CFMS APPswe Al|
ZollE 1, 10, 50, 100 pug/mL, RAW 264.7 A £ & 10, 25,
50, 100 pg/mL ] F=E 24A]7+ A 2] 33T}, Water-soluble
tetrazolium 8 10 uLE A7kt 1A17F vlFSH &, 450 nm
oll4] microplate reader (Model 680, Bio-Rad, Hercules, CA,
USA)E ol|&atd 355 743K

CHHE 95 BN _ APPswe A E5Z 6-well plate (SPL
Life Science Inc., Pocheon, Korea)°ll 1 x 10° cells/well®] ]
=5 wjget ¥ serum-free DMEM©. 2 8]4]¢ CFM 1, 10,
50, 100 pg/mL H= YAJtH2<] B-secretase inhibitor TV
10 uM, y-secretase inhibitor IX 10 uM=2- 24X 7F 22| 814 T).
Protease inhibitor (GenDEPOT, Katy, TX, USAY’} &%
cell lysis buffer (150 mM NaCl, 50 mM Tris-HCI, pH 7.4, 0.5%
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sodium deoxycholate, 0.5% NP-40, 5 mM EDTA)E Y3 %
53} 223l A|52 AE-3FS9 T} Bicinchonic acid (BCA)
protein assay reagent (Thermo Fisher Inc., San Jose, CA,
USA)E Ag-sle] o F=E Aot §, 50 pgo] Thds
7%, 10% Tris-glycine F=+= 16.5% Tris-Tricine SDS-PAGE=
EZ3IAT)E ©]F immunoblottingS 3l APP, sSAPPa, APP
carboxy-terminal fragment (CTF) 52| ©hifz 1&g £
32, Azure C-600 (Azure Biosystems, Dublin, CA, USA)
< &t A= gRIskiTt 33] vhE Ao g Aozl
A W=E Imagel software (National Institutes of Health,
Bethesda, MD, USA)°ll 9]l & &}t

Total RNA2| &2| ¥ realtime polymerase chain reaction
(gPCR) 24 — APPswe M| 2255 6-well plate (SPL Life Science
Inc., Pocheon, Korea)oll 1 x 10° cells/wello] ¥]== v 3t
% serum-free DMEM2.2 3]4]3F CFM 1, 10, 50, 100 pg/mL
o] FEZ 2477 A3l v FS A A g 5 easy-spin™
total RNA extraction kit (iINERON biotechnology, Seoul, Korea)E
ARg-ete] Z2EF vl wet total RNAE ]85t
E23F RNAE 260 nm, 280 nmol|4] Nanodrop ND-1000
spectrophotometer (Thermo Fisher Inc., San Jose, CA, USA)
S AMEEt] S EE S7Y31AL total RNAYS g &35t
Z} Al8= 50 ng/uLe] =% sterile water (RNase free)=
s|A3to] ARSI o™ 3]418E RNA; 8 ul, primeScript™
RT Master Mix (Takara Korea Biomedical Inc., Seoul, Korea);
2 uLg ¥ HRS-EFHE 10 uLoZ RTqPCR AJ3] 7 cDNA
S F3Y3FATE W2 reverse transcription 37°CollA] 15
¥, heat inactivation of reverse transcriptase 85 CollA] 522
AR ste] 9EAIZ T

APPS] mRNA oS dolrr] 913 RT-gPCRES PCR
tube®ll TB Green®Premix Ex Taq™ (Takara Korea Biomedical
Inc., Seoul, Korea); 12.5 pL, 10 pmolZ 343} primer; 1 pL,
cDNA 3 RNA; 2 uL, sterile water (RNase free); 9.5 uL.S
Yol WhE 25 pL WS-SR e 2498 283t vt
22 initial denaturation 95 Col|A] 303, denaturation 95C ]|
2] 5%, annealing & elongation 60CollA] 30%, cycle2] WHE-&
4032 47d3}] CronoSTAR™ 96 Real-Time PCR System
(Takara Bio Inc., Kusatsu, Shiga, Japan)2- ©|-&3}o] #4935}
ot Aol A-8-3F APP primer sequence= forward’t TGG
CCA ACA TGA TTA GTG ACC®]™ reverse’} AAG ATG
GCA TGA GAG CAT CGTe|2t}. GAPDH®] primer sequence
+ forward’} AAC TTT GGC ATT GTG GAA GG®|™ reverse
7} GGA TGC AGG GAT GAT GTT CTe]1t}. Primer=
Hlo] @ LJoKBioneer, Daejeon, Korea)oll 2]& 5] A 25153},

Acetylcholinesterase (AChE) 24X &4 £4 — AChE2]
A €432 acetylcholinesterase activity colorimetric assay kit
(Dogen bio Co. Ltd, Seoul, Korea)S AFE-3}o] Z7g31% T
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96-well platel] DMSO == CFMS 2477 1, 10, 25, 50 pg/mLe)
FE2 22|38t F, acetylcholinesterase (from Electrophorus
electricus) 30 pLe}t 10 pLg F7FsIAT) o] % v 3=
(AChE assay buffer 45 pL, AChE enzyme mix 2 uL, AChE
probe 2 uL, AChE substrate 1 uL; 1 assay 71<5)= 50 plL
A7yslarL, 2Rgate] A2o)x 202 9 WS a5kt
%2 2 2 microplate reader (Model 680, Bio-Rad, Hercules,
CA, USAYE ©]83ld 570 nmollX §4 =5 43I
10 uM galantamineS tZE 22 ARSI o, A&7 3
7FE|A] 92 2] §4 =5 AChE 2749] 100%2 A7
st o] % 7k Al 59 oA S-S MEEE S §, 3
5] WHE- A te] BA £48 Tt

DPPH radical &7{s0f 2|gt &itst &M 24 —96-
well plated]] CFMS HE%%7} 1, 10, 50, 100 pg/mLo] &
== 99% EtOHZ 345} 100 L H7FskaL, 99% EtOH
2 3]4J3 DPPH 100 uM working solutiong 100 pL% ¥
3L zRgsted 158 §HS- K18 %, microplate reader (Model
680, Bio-Rad, Hercules, CA, USA)E ©]-83}>] 517 nmolA
ETFEE 43I Ulx == L-ascorbic acid (Vit.C)E
CFM#} Y3 s 3|Xato] ALgaiaict. #3724 3
71+9] 78 ¥ 28te] DPPH radical scavenging activity (%)
2 e

SAXME| - ZE A2 A2 33 vk TP E0 o,
ZA 3= mean + standard error of the mean (SEM)Z XA}
Stk A 2492 Student’s t-test2} one-way ANOVAES -8
3191 2.H (GraphPad Prism 5 software, La Jolla, CA, USA),
FFEL 0.1%, 1%, 5%= g3t AR A4
A& *p <0.05, **p <0.01, ***p < 0.0012 LERNATE

dnt # 1

C. formosum MeOH FEE(CFM)Q| MZEM & B-
amyloid(AB) H|{X| &2} — CFM2] APPswe Al 5=¢] T
3 E=A1S B39 CFEM 1, 10, 50 B2 100 pg/mL %12
A ze] AEEL Z7F vzt Al AEES vl Y53t
A7}, 96.49+3.7, 85.57+2.4, 86.58+3.3, 54.96+ 6.3%=
YeRASITH CFML 50, 100 pg/mLe] 5=/ APPswe Al

Foll el 217F 13, 45%°] AlE5AS YR ATHFig.
1A).

S CFM2] RAW 264.7 Al 220 T3 55438 w415 A=),
CFM 10, 25, 50 5= 100 pg/mLA 2] A|E2o] A8 77}
o] Al AEEF vl B A7), 105.23 +0.99%,
108.98 +0.5%, 108.16+ 0.66%, 99.64 + 1.06%= LER o]
100 pg/mLe] F=ol RAW 264.7 A E50] thall <F 1%
w|gke] M Z5AS e Ath(Fig. 1B).

APPswe M| E50] CFMS T2 2|3 3 A ulj%f
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Fig. 1. Effects of Methanol extract of Cratoxylum formosum
on cell viability. APPswe cells and RAW 264.7 cells were cul-
tured at confluency in a 96-well plate and treated with various
concentrations (1, 10, 25, 50, or 100 pg/mL) of the methanol
extract from the stem of Cratoxylum formosum (CFM) for 24
hours. Following treatment, the EZ-Cytox reagent was added
to each well, and cells were incubated for an additional hour.
Absorbance at 450 nm was measured using a microplate reader
(Bio-Rad, Hercules, CA). Data are expressed as the mean + stan-
dard error (SE) from three independent experiments (*p < 0.05,
**p <0.01 compared to control cells, analyzed using one-way
ANOVA with GraphPad Prism 5 software. C; negative con-
trol, treatment with 0.1% dimethyl sulfoxide (DMSO)).

Aoz HEujE AP Y2 sandwich ELISA WHoZE =7
3l3itt. DMSOE A2 gk A tHZE(C)] AR 4] % H
wale] Mg FAISIICE CFM 1, 10, 50, == 100 pg/mL
2] Al AB, 42 R ZHzE S Ul Eate] 202.05 + 1%,
152,18 +45.1%, 4844 +7.2%, 42.60+16.6%1.2H, AB, 2|
e 7zt ST 171.11 +£48%, 123.46+29.5%,
60.78 + 13.6%, 51.20 £ 19.2%C]31t}h. =, CFM 100 pg/mL
A2 e AR, 2 HHIE oF 57% AAIEIN o AR, HH=
oF 50% ATt 3, FeNEZ O ZE AREF 10 pMe]
B-SI (B-secretase inhibitor IVY= AB, 2t AB,_,2] EHE 7t
7} 2F 75%, 55% A5 tHFig. 2).

CFM 100 pg/mLolA AB, o+ AB, .7t 22 57%, 50%7F
743k Zlo] T FEolA] 45%2] Al FAel 23l A2l
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Fig. 2. Effects of the methanol extract of Cratoxylum formo-
sum on the secretion of f-amyloid. APPswe cells were treated
with DMSO (Control) or various concentrations (1, 10, 50, or
100 pg/mL) of the methanol extract from the stem of Cratox-
ylum formosum (CFM) for 24 hours. The conditioned media
were collected and analyzed using A,,,, ELISA. Data are
expressed as the mean + standard error (SE) from three inde-
pendent experiments (*p < 0.05, **p <0.01 compared to con-
trol cells, analyzed using one-way ANOVA with GraphPad
Prism 5 software. C; negative control, treatment with 0.1%
dimethyl sulfoxide (DMSO); B-si: positive control, treatment
of 10 uM of B-secretase inhibitor; AB,,: B-amyloid 40; AB,,:
B-amyloid 42).

i

H] A7) GAdof] P WS T Ao, OF 13%2] Al
38 Hol 50 pgmLolA AR, AB,7t Z17F 52%, 40%
Hrsilong Alzs/do] His) dAgh Ap 4] oA &
< YeRATE wetA CEMo] ARS] #H]1Z oiAlsh=
71742 CFMe] M3E=7d0l] o8t Zlo] oS ofm gttt
C. formosum MeOH F&E&(CFM)2| APP(amyloid
precursor protein)2t 2+ THHE 45 3 mRNA 2Hsio]
O|X|l= &k — CFM2] AB 4] A & 7e] 28 AYUSS
TF517] Y8l CFAME 1, 10, 50 =5 100 pg/mLs == 212
3l APPswe M| 25 E] A|E £82 3]431] Western blot
of ofs) Th A o] S AT 2 AF APP T A €]
S SATNZETH(DMSO A El)ell Bl 22} 81.97+4.11%,
72.8+5.67%, 66.90+ 8.79%, 109.97 + 0.89%= YER™ CFM
o] =7} olr o) uhet APP wh A o] WHEo)] Zr)el= 7
S Bt} 3HH, APP whZ o] g-secretaseol] o) Aty
o vl o 2 FEH|H sAPPaS] 735 Sl o] ZHzt
122.11 £4.11%, 136.80+22.59%, 360.12 +30.86%, 403.00+
45.55%< YERH sAPPa ¥HH2S AAEHA Z7AIH
(Fig. 3A-C). °]= a-secretase®] E/Jo] S7HIA52 2ln|3hH
AAYF 02 2g3l= Bsecretase®] S AAAA Fig. 134
7ol A HHFE AT S (A OE AAFI

md

N

l‘\‘_“, ox o
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222, CFM2| B-secretaseol] T3l FgkS 1 3sl2x}
Tris-Tricine gel= CTF 4 S FR1IsHA-S o, o-CTF T
W0 AT thH] 22} 155.11 +3.90%, 132.12+36.34%,
360.99 + 63.21%, 774.24 £ 76.41%= YERH ). B-CTF ©h
2o SAEE thH] ZH2} 15828+39.78%, 201.66 + 35.84%,
21645+ 61.88%, 470.14+4.63%= YERN CFMS] 557}
EolASEE o-CTFS} B-CTF BF Z7HA7)E A4S B3
om, o]z FINETOE ARG-SH B-SI FU A Al el
Aoz W o] o-CTFS} Hlwa] & ko] B-CTF7}
FA 5= Fds e AkFig. 3D-F).

W3S, CFM©] APPswe MXEEo|A] APP mRNA &)
v X= FEE AAs] flste] CFME 1, 10, 50 B 100
ug/mL FE=Z 24A]7F A28 3 APPswe M EFZHE RNA
£ 23} RT-qPCR (Reverse transcription quantitative real-
time polymerase chain reaction)yS 183} T). 715 A=
housekeeping geneS! GAPDHE AH8-519it} 2 A3 CFMS
1, 10, 50 5= 100 pg/mL == *]2] A] APP mRNA 22k
AN ZT} vl sle] 282} 124.14£40.12%, 9748 +23.91%,
41.94+5.57%, 33.94+7.68%= JYEPHTE CFMS 5% 1 pg/
mLol|A = mRNAS] TS F7HFH 24 50, 100 pg/mL
ANHE A8 AAEAIZATHFig. 4). APP whild wkear
(Fig. 3A, B)°l T7tehe 3= dold A3 ®]dt

=, CFM 50, 100 pg/mLg *]2]$t APPswe Al|2E5-0l|A]
APP mRNA W3S THA7]A|RE, o] A Eo] A
o] S2¥ APP Tz o] EX|Z Q13| APP Thil A o] Fke
APP mRNA 727l H]sj| Sk A= AR €t 4,
mRNAZFE thild $RA7px] €] 3782 H 4 2050014
o 2 2 oo Fo AIZE el RgYHTE) &5 CFMO]
APP mRNA &S M sh= AR ARl S W] 411
al7] 98 et A A)7F 271S #88ke] RT-qgPCRE
18y & Aoy,

C. formosum MeOH F&&(CFM)2| AChE (acety-
Icholinesterase) &4X| &4 — CFM2] AChE &4 m]x|&=
FeS Hr1sh7] $18l CFME 10, 25, 50 pg/mL F 2 * 2] 5}
|83 Wl AChE 54 2438 SH4sISth & A8 Al
FE-EFA] Q0L AT WlollA] A o2 gl mX|=
S BAgk Ao g MxEAe] JFS viAslaL FEEC]
b oA 24L& Il CFM2] FE5 50 pg/mL
7R ARSI o, PN ZTO R galantamineS A5
o} 2 A3, AT HlEe] CFM 10 pg/mL 550
A= oAl S HolA] ko) 25, 50 pg/mL F=olx= 7t
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Fig. 3. Effects of methanol extract of Cratoxylum formosum on the metabolism of amyloid precursor protein (APP). APPswe cells
were exposed to DMSO (control) or varying concentrations of the methanol extract derived from the stem of Cratoxylum formo-
sum (CFM) for 24 hours, followed by lysis with cell lysis buffer. The cell lysates and conditioned media were separated on 7%
Tris-glycine SDS-PAGE or 16.5% Tris-tricine gels and analyzed by immunoblotting. (A, C): Mouse anti-sAPPa (2B3) monoclo-
nal antibody (1:500); (B): Rabbit anti-APP polyclonal antibody (1:1,000); (D, E, F): Rabbit APP369 polyclonal antibody (1:1,000).
Actin was used as a loading control. Protein levels were quantified relative to actin expression using Image J 1.37 software. Data
are presented as the mean + standard error (SE) from three independent experiments (¥p < 0.05, **p <0.01, ***p <0.001 com-
pared to control cells, analyzed using one-way ANOVA with GraphPad Prism 5 software. C: control, treatment with 0.1% dimethyl
sulfoxide (DMSO); y-si: positive control, treatment with 10 uM y-secretase inhibitor; APP: amyloid precursor protein; sAPPa: sol-
uble APPa; CTF-a: APP carboxy terminal fragment a; CTF-f: APP carboxy terminal fragment f3).
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Fig. 4. Effects of the methanol extract of Cratoxylum formo-
sum on the inhibition of APP mRNA expression. APPswe cell
lines were cultured in 6-well plates (SPL life science Inc.,
Pocheon, Korea) at a density of 1 x 10° cells/well and treated
with serum-free DMEM containing various concentrations of
Cratoxylum formosum methanol extract (CFM; 1, 10, 50, or
100 pg/mL) for 24 hours. The relative expression levels of APP
mRNA were quantified by real-time PCR using primers specific for
APP and GAPDH. The primers were synthesized by Bioneer
(Daejeon, Korea), with the following sequence: GAPDH for-
ward: 5> AAC TTT GGC ATT GTG GAA GG 3’ (20-mer); GAPDH
reverse: 5° GGA TGC AGG GAT GAT GTT CT 3’ (20-mer); APP
forward: 5> TGG CCA ACA TGA TTA GTG ACC 3’ (21-mer);
APP reverse: 5> AAG ATG GCA TGA GAG CAT CGT 3’ (21-mer).
Data are expressed as the mean + standard error (SE) from
three independent experiments. CON: control.
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Fig. 5. Effects of the methanol extract of Cratoxylum formo-
sum on acetylcholinesterase (AChE) activity. The methanol
extract from the stem of Cratoxylum formosum (CFM) was
prepared at final concentrations of 10, 25, and 50 pg/mL using
acetylcholinesterase (AChE) assay buffer. Galantamine (10 pM) was
used as the positive control. AChE activity was measured, and
data are expressed as the mean + standard error (SE) from
three independent experiments (**p <0.01, **¥*p <0.001 compared
to control cells, analyzed using one-way ANOVA with Graph-
Pad Prism 5 software. C: negative control, treatment with 0.1%
dimethyl sulfoxide (DMSO); GALI: positive control, treatment
with 10 pM galantamine (AChE inhibitor).
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Fig. 6. Effects of the methanol extract of Cratoxylum formosum
on DPPH radical scavenging activity. The methanol extract
from the stem of Cratoxylum formosum (CFM) was prepared
at final concentrations of 1, 10, 50, 100 pg/mL using distilled
EtOH. L-ascorbic acid (Vitamin C) was used as the positive
control. The DPPH radical scavenging activity was measured, and
data are expressed as the mean + standard error (SE) from three
independent experiments (*p < 0.05, **p <0.01, ***p <0.001
compared to control, analyzed using one-way ANOVA with
GraphPad Prism 5 software.) Vit. C: positive control (L-ascor-
bic acid).

T 100 pg/mLe] FEE g & AEH W st &
45 343k L A CFMe] DPPH 227 €42 747}
29.44 + 1.08%, 58.70 £ 2.04%, 75.42 + 0.98%, 78.20 + 0.42%
2 UERgon, 5 954 0 2 DPPH free radical 271 E40]
Z7FsIAn). e, R Ul Vit C= 22 22.50 +0.43%,
51.61 £0.68%, 73.11+0.19%, 77.19+0.29%2] itsl S-S
UeRATH CEM 10 pg/mL2 izl Vit ¢} ¥lwst
o} & 7.1% & F4ke B4 uich BYALE o
7t AR ErS v EZE0}, 8 DNA whdel] 442 =
g gict. 2 &do] AD $210] SFelM e o
HEE = 202 R 3 ApE EA94t 94 28
o oz g3 o] FXE =], SPANAE A= kst
A= ARY] ZACZRE] A EE BT HIE o]
(})\}]\q_.18,31,32)

CFM< ADYl T3k o5 3¢ Ap, AChE &5
2= eIl e, =5 7%& kst Aol o
25 Ao RA 48l A af
Ap S AL U 7)4\0 Ats €t &$ CFM9]
Fad5e 4 in vitrodl X 2] FES 43 in vivo %]’
AE AR dHolnt. olHg AFAHRE T BH
Jormosume AChES} ABE ©|5 T4 02 k= TH. X}'ﬂ—‘l
2A 2w XA 8E g A= 2FF ol 7 Rle R
Naacl=4

Lu

IN



Vo

il

2

10.

11.

12.

.57, No. 1, 2026

Ab AL

B ATE 20259 % WS 2 ABREHAA R Ajgo s
ERISEAIE 9] A& wto} 35 A HHAFA A
A A (RISE)2] 22U th(2025-RISE-13-WSU).

[l =]
8=

rok

. Busche, M. A. and Hyman, B. T. (2020) Synergy between
amyloid-p and tau in Alzheimer’s disease. Nat. Neurosci. 23:
1183-1193.

. Wiley, J. (2023) Alzheimer’s disease facts and figures. Alz-
heimer’s Dement. 17: 327-406.

. Lee, E. H., Yoon, Y. C., Park, K. Y., Min, J. H, Kwon, O. S,
Lee, H. O. and Hong, H. J. (2008) The effect of acetylcholine
esterase inhibitor on cerebrospinal fluid f-amyloid 1-42 and
phosphorylated tau protein in Korean Alzheimer’s disease
patients: Preliminary study. J. Korean Neurol. Assoc. 26: 224-
230.

. Nguyen, K. V. (2019) B-Amyloid precursor protein (APP)
and the human diseases. AIMS Neurosci. 6: 273-281.

. Castro, M. A., Hadziselimovic, A. and Sanders, C. R. (2019).
The vexing complexity of the amyloidogenic pathway. Pro-
tein Sci. 28: 1177-1193.

. Talesa, V. N. (2001) Acetylcholinesterase in Alzheimer’s dis-
ease. Mechanisms of ageing and development. Mech. Ageing
Dev. 122: 1961-1969.

. Singh, M., Kaur, M., Kukreja, H., Chugh, R., Silakari, O. and
Singh, D. (2013) Acetylcholinesterase inhibitors as Alzheimer
therapy: from nerve toxins to neuroprotection. Eur. J. Med.
Chem. 70: 165-188.

. Alvarez, A., Alarcon, R., Opazo, C., Campos, E. O., Munoz,
F. J., Calderon, F. H. and Inestrosa, N. C. (1998) Stable com-
plexes involving acetylcholinesterase and amyloid-p peptide
change the biochemical properties of the enzyme and increase
the neurotoxicity of Alzheimer’s fibrils. J. Neurosci. 18: 3213-
3223.

. Nordberg, A., Ballard, C., Bullock, R., Darreh-Shori, T. and

Somogyi, M. (2013) A review of butyrylcholinesterase as a

therapeutic target in the treatment of Alzheimer’s disease.

Prim. Care Companion CNS Disord. 15: 26731.

Inestrosa, N. C., Alarcon, R., Arriagada, J., Donoso, A., Alva-

rez, J. and Campos, E. O. (1994) Blood markers in Alzheimer

disease: subnormal acetylcholinesterase and butyrylcholin-

esterase in lymphocytes and erythrocytes. J. Neurol. Sci. 122:

1-5.

Mullard, A. (2024) FDA approves third anti-amyloid anti-

body for Alzheimer disease. Nat. Rev. Drug Discov. 23: 571.

Mintun, M. A., Lo, A. C., Duggan Evans, C., Wessels, A. M.,

Ardayfio, P. A., Andersen, S. W. and Skovronsky, D. M. (2021)

Donanemab in early Alzheimer’s disease. N. Engl. J. Med.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

45

384: 1691-1704.

van Dyck, C. H., Swanson, C. J., Aisen, P., Bateman, R. J.,
Chen, C., Gee, M., Kanekiyo, M., Li, D., Reyderman, L.,
Cohen, S., Froelich, L., Katayama, S., Sabbagh, M., Vellas,
B., Watson, D., Dhadda, S., Irizarry, M., Kramer, L. D. and
Iwatsubo, T. (2023) Lecanemab in early Alzheimer’s disease.
N. Engl. J. Med. 388: 9-21.

Kim, J. H,, Kim, M. J., Park, C. H., Lee, J. Y., Shin, Y. S. and
Jo, E. J. (2020) Protective effects of a composite of safflower
seeds (Carthamus tinctorius L.) and white dandelion (7arax-
acum coreanum) on scopolamine-induced memory impair-
ment. J. Korean Soc. Med. Crop Sci. 28: 85-94.

Lee,J. W., Lee, Y. S., Lee, S. E., Lee, D. Y., Ahn, Y. S., Park,
C. G and Kim, G S. (2016) A study on the preparation of
white ginseng extract for enhancing cognitive function. J.
Korean Soc. Med. Crop Sci. 24: 375-385.

Kim, J. Y. and Leem, J. Y. (2021) Acetylcholinesterase inhib-
itory activity and anti-amyloid effects of an ethanol extract
from the seeds of Cercis chinensis Bunge. J. Korean Soc.
Med. Crop Sci. 29: 337-344.

Choi, H. Y., Kim, J. Y., Ma, S. Y,, Jo, H. G, Kim, D. S. and
Leem, J. Y. (2022) Effects of an ethanol extract of Campbell
Early (Vitis labruscana B.) leaves on amyloid precursor pro-
tein expression and acetylcholinesterase activity in neuronal
cells. J. Korean Soc. Pharmacogn. 53: 102-110.

Christen, Y. (2000) Oxidative stress and Alzheimer disease.
Am. J. Clin. Nutr. T1: 621S-629S.

Floyd, R. A. and Hensley, K. (2002) Oxidative stress in brain
aging: implications for therapeutics of neurodegenerative dis-
eases. Neurobiol. Aging 23: 795-807.

Pham-Huy, L. A., He, H. and Pham-Huy, C. (2008) Free rad-
icals, antioxidants in disease and health. Int. J. Biomed. Sci. 4:
89-96.

Wang, T., Liu, X. H.,, Guan, J., Ge, S., Wu, M. B, Lin, J. P.
and Yang, L. R. (2019) Advancement of multi-target drug
discoveries and promising applications in the field of Alz-
heimer’s disease. Eur: J. Med. Chem. 169: 200-223.
Maisuthisakul, P, Pongsawatmanit, R. and Gordon, M. H. (2007)
Characterization of the phytochemicals and antioxidant prop-
erties of extracts from Teaw (Cratoxylum formosum Dyer).
Food Chem. 100: 1620-1629.

Jan, W. H,, Tai, V. H., Yang, S. Y. and Kim, Y. H. (2017)
Cholinesterase inhibitory compounds derived from the leaves
of Cratoxylum formosum Dyer. Collect. Pap. Pharm. Sci.
(Chungnam National University). 32: 55-60.

Choi, S. J., Tai, B. H.,, Cuong, N. M., Kim, Y. H. and Jang,
H. D. (2012) Antioxidative and anti-inflammatory effect of
quercetin and its glycosides isolated from mampat (Cra-
toxylum formosum). Food Sci. Biotechnol. 21: 587-595.
Keowkase, R. and Weerapreeyakul, N. (2016) Cratoxylum
formosum extract protects against amyloid-beta toxicity in a
Caenorhabditis elegans model of Alzheimer’s disease. Planta



46

26.

27.

28.

29.

Med. 82: 516-523.

Senggunprai, L., Thammaniwit, W., Kukongviriyapan, V.,
Prawan, A., Kaewseejan, N. and Siriamornun, S. (2016) Cra-
toxylum formosum extracts inhibit growth and metastasis of
cholangiocarcinoma cells by modulating the NF-kB and
STAT3 pathways. Nutr: Cancer. 68: 328-341.

Alberts, B., Johnson, A., Lewis, J., Raff, M., Roberts, K. and
Walter, P. (2002) Molecular biology of the cell, p833, Gar-
land Science, New York.

Kang, J. Y., Park, S. K., Guo, T. J., Ha, J. S., Lee, D. S., Kim,
J. M. and Heo, H. J. (2016) Reversal of trimethyltin-induced
learning and memory deficits by 3, 5-dicaffeoylquinic acid.
Oxid. Med. Cell Longev. 2016: 6981595.

Sun, Y., Wang, X., Zhang, X., Li, Y., Wang, D., Sun, F. and Qing,
G. (2024) Dicaffeoylquinic acid: a potential inhibitor for amy-

30.

31

32.

Kor. J. Pharmacogn.

loid-beta aggregation. J. Nat. Med. 78: 1029-1043.

Xiao, H. B., Cao, X., Wang, L., Run, X. Q., Su, Y., Tian, C,,
Sun, S. G and Liang, Z. H. (2011) 1, 5-dicaffeoylquinic acid
protects primary neurons from amyloid B1-42-induced apop-
tosis via PI3K/Akt signaling pathway. Chin. Med. J. 124:
2628-2635.

Behl, C., Davis, J., Cole, G. M. and Schubert, D. (1992) Vita-
min E protects nerve cells from amyloid B protein toxicity.
Biochem. Biophys. Res. Commun. 186: 944-950.
Butterfield, D. A. (2002) Amyloid B-peptide (1-42)-induced
oxidative stress and neurotoxicity: implications for neuro-
degeneration in Alzheimer’s disease brain. A review. Free
Radic. Res. 36: 1307-1313.

(2026. 1. 30 DZ; 2096. 2. 24 AL 2096. 3. 6 AXHLH)



	Cratoxylum formosum (Jack) Benth. & Hook.f. ex Dyer 줄기 메탄올 추출물이 아세틸콜린에스테라제 활성과 신경세포에서의 아밀로이드 전구 단백질 대사에 미치는 영향
	Abstract
	재료 및 방법
	결과 및 고찰
	결론
	인용문헌


