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Abstract — Alzheimer's disease (AD) is the most common form of progressive neurodegenerative disease in the elderly and is
characterized by memory and cognitive impairments. In patients with AD, memory and cognitive decline are associated with
the formation of senile plaques, which are caused by the aggregation of B-amyloid (AP) peptides derived from amyloid pre-
cursor protein (APP). Additionally, AD patients exhibit reduced levels of acetylcholine, a neurotransmitter, due to the excessive
production of acetylcholinesterase (AChE). In this study, we screened natural products for their inhibitory activities against Ap
secretion and AChE activity. The methanol extract of Dendrotrophe umbellata (Blume) Miq. (DUM) demonstrated inhibitory
effects on both AP secretion and AChE activity. DUM reduced the secretion levels of AB42 and AB40 by 55% and 51%, respec-
tively, at a concentration of 50 pg/mL. Furthermore, DUM exhibited a dose-dependent increase in sAPPa secretion and a-car-
boxy terminal fragment (CTF) levels at concentrations ranging from 10 pg/mL to 100 ug/mL. These results suggest that DUM
inhibits B-secretase activity, thereby promoting the non-amyloidogenic pathway of APP metabolism at these concentrations.
These findings reveal that DUM inhibits B-secretase, which competitively acts on APP, sharing the same substrate with a-secre-

tase. Based on these results, we propose that DUM could serve as a natural resource to improve memory and cognition through
[B-secretase inhibition.
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MZEZF - APP Swedish 1217} 2+ S == AF F
& 217 M| 325221 Neuro2a (APPswe)= 5% fetal bovine serum
(FBS, SERENA Europe GmbH, Brandenburg, Germany),
penicillin streptomycin (P/S, Lonza, Walkersville, MD, USA),
L-glutamine (GE healthcare Hycolone, Logan, UT, USA),
hygromycin B (Invitrogen, Carlsbad, CA, USA)7} 3+¥
Dulbecco's modified eagle's medium (DMEM, Lonza, Walkersville,
MD, USA)$} Opti-MEM (Gibco, Grand Island, NY, USA)<]
=3k wiAolA 37C, 5% COLl 2R 2 ujFste] ALgs)
sict.
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DMSO (dimethyl sulfoxide, BioLife Solutions Inc, Bothell,
WA, USA)°ll g8l ato] Aol ARg-aF3ieh. A& Al ok o
53 7t} B-secretase inhibitor IV (Calbiochem, Darmstadt,
Germany), galantamine (Cayman Chemical, Ann Arbor, MI,
USA), acetylcholinesterase from electrophorus electricus,
protease inhibitor (Sigma-Aldrich Co., St. Louis, MO, USA),
anti-human sAPPo monoclonal antibody 2B3 (Immuno-
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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  assay kit (IBL, Kunma,
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 A-&-3}53 T}
B-amyloid(AB)el 24| x| &2t HE — APPswe 4| 2+
25 E0E = Ape] & 4371 98l sandwich ELISA
= 3439t} 6well plate (SPL life science Inc., Pocheon,
Korea)oll Al F%=7} 1 x 10° cells/wello] = A vl %3+ 3
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serum-free DMEM 2.2 3|4 ¢t DUM% 1, 10, 50, 100 pg/mL
o TR Z}7} 24X 7 <k A2 g & i g S PMSF
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ALE3IH o IO Z B-secretase inhibitor IV 10 uME-
AH2-3FATE AB (35-40) 5-©]2 monoclonal antibody =&
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ol 100 uLe] A FE L 4CollA 16A17F R WEA17] 2L
78] A28 % horseradish peroxidase (HRP)”7} conjugation®
AP (11-28) =] 4 monoclonal antibodyS 4 Col| A 1A] 7}
B9 WA AT ThA] 98] M A S & tetramethyl benzidine
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10, 25, 50 pg/mL = St 22 B-secretase inhibitor
IV 10 uM=- 244 7F 2] 2] 3131 . Protease inhibitor (GenDEPOT,
Katy, TX, USA) 7} 34 cell lysis buffer (150 mM NaCl,
50 mM Tris-HCIL, pH 7.4, 0.5% sodium deoxycholate, 0.5%
NP-40, 5 mM EDTA)E 93 223} B2fate] A 82 AHE-
SIATE A= Fo] TS 7] 918) bicinchoninic
acid (BCA) protein assay reagent (Thermo Fisher Inc., San
Jose, CA, USA)E o] &3t B4, @il A 50 pgs
7% tris-glycine B=+= 16.5% tris-tricine SDS-PAGEZ. 2]
3t & immunoblotting®] 2]3] APP, sAPPo, APP carboxy
terminal fragment (CTF) 5< @@l & 3-8 Azure C-600
(Azure Biosystems, Dublin, CA, USA)S ©]&3}o] =4 5}
At 33] BHE Ao g dojxl el Wl = E Image J
software (National Institutes of Health, Bethesda, MD, USA)
o eJs) A sl
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FEE 2447 X2ttt vl g S A A £ easy-spin™
total RNA extraction kit (iNtRON biotechnology, Seoul, Korea)
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£ AMEste] 22 EF vl wdel we total RNAS #-2] 3}
Atk £ 3 RNAE 260 nm, 280 nmol| 4] Nanodrop ND-
1000 spectrophotometer (Thermo Fisher Inc., San Jose, CA,
USA)S AHE-3t] F3 55 543 total RNAYS A
st ZF Al 2 50 ng/uLe] = =E sterile water (RNase
free)=. 3|41 310 A18-5191 21 5]4] gk RNA,; 8 i, primeScript™
RT Master Mix (Takara Korea Biomedical Inc., Seoul, Korea);
2 uLg 9o Bk ESHE 10 L& RT-qPCR A|3) A cDNA
S W3tk -2 reverse transcription 37C ol A
153, heat inactivation of reverse transcriptase 85 C of A]
5x= dAste] ¥Rz

APP®] mRNA o3& %olx 7] 9§ RT-qPCR PCR
tubeol] TB Green® Premix Ex Taq™ (Takara Korea Biomedical
Inc., Seoul, Korea); 12.5 uL, 10 pmolZ 3]t primer; 1 pL,
cDNA &4 RNA; 2 L, sterile water (RNase free); 9.5 uL=
Ho] BEE 25 uL WHSERER the 418 skt vt
£-© initial denaturation 95 C ol 4] 30, denaturation 95C
o A 5%, annealing & elongation 60 C o4 30%, cycle<]
HHE-2 403] 2 47 3}¢] CronoSTAR™ 96 Real-Time PCR
System (TAKARA BIO INC., Kusatsu, Shiga, Japan)2- ©]
£-3ko] 243519t} Aol AF8-3F APP primer sequence:
forward”7t TGG CCA ACA TGA TTA GTG ACCo|H
reverse’} AAG ATG GCA TGA GAG CAT CGTo] it}
GAPDH®] primer sequence= forward”} AAC TTT GGC
ATT GTG GAA GG©]™ reverse’} GGA TGC AGG GAT
GAT GTT CT®| L t}. Primer= ¥}o] £ Y oK(Bioneer, Dae-
jeon, Korea)oll 2|3} A|2}5}15]

Acetylcholinesterase (AChE) 24X &4 &4 —DUM2]
AChE A &8 574 3517] 23l acetylcholinesterase activity
colorimetric assay kit (Dogen bio Co. Ltd, Seoul, Korea)=
AR5l S48 96 well plate] DMSO == DUMS
10, 25, 50 pg/mLe] & =2 F 7}3}AL, acetylcholinesterase
(Electrophorus electricusye ZYZ+ 30 L}t 10 pl2 ¥ &
reaction mixture (AChE assay buffer; 45 pul, AChE enzyme
mix; 2 pL, AChE probe; 2 pL, AChE substrate; 1 pL: 1 assay
71)E 50 LA ¥ 3L 2pFste] oA 208 wHE &
microplate reader (Model 680, Bio-Rad, Hercules, CA, USA)E
AR 570 nmellM S-S 43I Ui OFEE 10 M
galantamine S AME-SFAOH, A EE H7I6lA] 282 tZ29]

455 AChES] 84 100%2 3tod, 7H Ao tigk oA
BE R 33 HhESte] 243§ A A2siith

SAXE -=2E Aed 4L 33 i A Sl
mean =+ standard error F£- = VERH AT SA] 2412 Student’s
ttest2} one-way ANOVA test (Graph Pad Prism 5 software,
La Jolla, CA, USA)E A A3 F 0.1%, 1% 2 5%2] §<]
TE0 2 AASIATH(p <0.05, **p <0.01, ***p < 0.001).
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3l AB S 2 2F 51%, 84%°] A S B F9] on APPswe cell viability. APPswe cells were cultured at con-
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T 2 Zhzh oF 1.240.1, 1.1+0.2, 0.4+0.1, 0.2+0.
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E 717} °F 62%, 78% A5t thFig. 1B, C). DUMS 50, bated for 1 hour. Absorbance at 450 nm was measured using a
100 pg/mLollA = JFE2 o2 F Fo] Apol thafl =2 & microplate reader. Data are expressed as the mean + SE from

H|EES A AN OH BE 100 pg/mLAAE AR, three independent experiments. Statistical significance was evalu-

- B _ _ ated using one-way ANOVA in GraphPad Prism 5 software
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Fig. 1. Effects of Methanol extract of Dendrotrophe umbellata on the secretion of -amyloid. APPswe cells were treated with
DMSO (C) or various concentrations (1, 10, 50, or 100 pg/mL) of the methanol extract of D. umbellate (DUM) for 24 h. The
supernatant was used for AB40/42 ELISA. Data are presented as mean + SE from three independent experiments. Statistical sig-
nificance was assessed using one-way ANOVA test using GraphPad Prism 5 software (¥p <0.05, **p <0.01, ***p <0.001 com-
pared to control cells). C: negative control (0.1% dimethyl sulfoxide [DMSO] treatment); B-si: positive control (10 uM B-secretase
inhibitor); AB40: B-amyloid 40; AB42: B-amyloid 42.
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2 7 ARl sAPPa2] T A FH] 23S western blot
Wi o 2 AT APPswe Al 252 A|E Bgo gkl
E] APP TS A3 w0 2 HE = sAPPo T F-&

231 immunoblotting o/ Image JZ #2413}t

Kor. J. Pharmacogn.
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Fig. 3. Effects of Methanol extract of Dendrotrophe umbellata on the metabolism of amyloid precursor protein. APPswe cells were
treated with DMSO (C) or the methanol extract of D. umbellate (DUM) for 24 h, followed by lysis with a cell lysis buffer. The cell
lysates and conditioned media were subjected to either 7% SDS-PAGE or 16.5% tris-tricine gels, and subsequently analyzed by
immunoblotting. (A, C): mouse anti-sAPPa (2B3) monoclonal antibody (1:400); (A, B): rabbit anti-APP polyclonal antibody
(1:10,000); (D, E, F): rabbit APP369 polyclonal antibody (1:1,000). Protein levels were quantified by normalizing their expression
levels to actin using Image] 1.37 software. Data are presented as mean + SE from three independent experiments. Statistical sig-
nificance was assessed using one-way ANOVA in GraphPad Prism 5 software (¥p < 0.05, **p <0.01, ***p <0.001 compared to con-
trol cells). C: control (0.1% dimethyl sulfoxide [DMSO] treatment); APP: amyloid precursor protein; sAPPa: soluble APPa; CTF-
o: APP carboxy-terminal fragment a; CTF-B: APP carboxy-terminal fragment 3; BACE: B-site APP cleaving enzyme.
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=3 §AFSE A2, DUMS] Al ZE4o] APP Tl A
A7k GEFs 7131 A0 =2 G3E 4 Aok v, Al
9|2 FH] ¥ sAPPa TH¥l A 2] 739 DUM 1, 10, 50, ==
100 pg/mL A 2] Al /gt 220l Hl3l] Z}2t 136.85+35.8,
139.57422.8, 188+57.5, 282.74+54.7% = S E o] EH o =
Z7FsIAtH(Fig. 3A, 3C). APP @22 g-secretaseol] 23|
TIA}E]o] sAPPar} ISkl © 2 KA ey, 7129 o
2 Boro] = APP T F ] ARl sAPPoE Bl
B AAGA EoN A theFet AlEAPE f Bo] Jake ¢s)
she 7E e AA RS 848 7HR L §lom M o] 2o
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HAl= ARE A= ¥ S48 oAk el +
HAl= AR -SHA B8-S A A o2 Welshe otk
A AR HZ WEL 0, B = y-secretase TS 2=
=45 7dske Aolth o- B B-secretase= APPE Hdsh=
FA oM M2 7| A AP H o7 2-8-31=H], o-secretase T
AJ 2] Z7k= B-secretase B9 THAE A QH A= AP
B3-S A gt mEbA] ] AD 33 HEE A7
2)8ta] W3alel APE 1ar7]7] el B-secretase TS
Ao = sk Ho] AD AEANE HEete tl o] vl¢-
el

DUMS®] o ¥ B-secretase Z/d°l W|X|= FaFS glstaL
2} = DUM A 2] MEZEZES tris-tricine gelZ -2
sto] 7}zhe] §ANkg AE<S] o-CTFeF B-CTF wh 2
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Fig. 4. Effects of the methanol extract of Dendrotrophe umbellate
on the inhibition of APP mRNA expression. APPswe cell lines
were cultured in 6-well plates (SPL Life Sciences Inc., Pocheon,
Korea) at a density of 1 x 10° cells/well. The cells were then
treated with serum-free DMEM containing various concentra-
tions (1, 10, 50, or 100 pg/mL) of DUM for 24 hours. Data are pre-
sented as mean + SE from three independent experiments. Statistical
significance was determined by one-way ANOVA using GraphPad
Prism 5 software (**p <0.01, ***p<0.001 compared to control
cells). C: control. The primers used for real-time PCR were synthe-
sized by Bioneer (Daejeon, Korea), with the following base sequence
information: GAPDH forward: 5° AAC TTT GGC ATT GTG GAA
GG 3’ (20mer); GAPDH reverse: 5> GGA TGC AGG GAT GAT
GTT CT 3° (20mer); APP forward: 5> TGG CCA ACA TGA TTA
GTG ACC 3’ (21mer); APP reverse: 5 AAG ATG GCA TGA
GAG CAT CGT 3’ (21mer).
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Fig. 5. Effects of the methanol extract of Dendrotrophe umbellate
on acetylcholinesterase activity. The methanol extract of D.
umbellate (DUM) was prepared at final concentrations of 10,
25, or 50 pg/mL in acetylcholinesterase (AChE) assay buffer.
Galantamine (10 pM) was used as the positive control. Data
are expressed as mean + SE from three independent experi-
ments. Statistical significance was evaluated using one-way
ANOVA in GraphPad Prism 5 software (***p <0.001, compared
to control cells). C: negative control (0.1% dimethyl sulfoxide
[DMSO] treatment); Gal: positive control (galantamine, an
acetylcholinesterase inhibitor).
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