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Effect of coptisine on expression of amyloid beta peptide in HEK293-APP695 cells

Jeong Su Byeon

Department of Food and Life science, The Graduate School,
Pukyong National University

Abstract

Alzheimer's disease (AD) is regarded as the main cause-of dementia and characterized by
neurodegenerative disorder. Amyloid-beta (AP) appears:in the brain of AD, it's hallmarks in AD
pathology and is typically deposited as senile plaques in cerebral. A is generated from amyloid
precursor protein (APP) by proteases, P-secretase and y-secretase. f-site amyloid precursor
protein cleaving enzyme 1, called BACE], it cleaves at the N-terminal domain of APP to release
sAPPf and C99, and C99-converted by y-secretase to.release diverse forms of AB. On the other
hand, a-secretase, cleaves APP in the center of the AR domain, thus it prevents the generation of
AB. Although the exact mechanism is unknown, AP is strongly involved in the etiology of all
forms of AD. Thus, compounds that enhance a-secretase, but inhibit B- or y-secretase activity,
have therapeutic potential in the treatment of AD. Coptidis rhizoma (C. rhizoma) and its isolated

alkaloids such as berberine, coptisine, palmatine, jateorrhizine, epiberberine, and groenlandicine



has been reported to exhibit anti-AD and antioxidant activity through multiple pharmacological

effects including cholinesterase inhibitory activity, as well as ONOO", and ROS scavenging

activity. It has also been demonstrated that berberine, a major alkaloid from C. rhizoma can

reduce the production of AP, which plays a critical role in the pathogenesis of AD. Also,

berberine, the potent alkaloid on AP production has similar chemical structure with other minor

alkaloids from C. rhizoma. However, despite-these chemical structure similarity, the inhibitory

effect on AP secretion of minor alkaloids have not been investigated:-Therefore the effect of six

alkaloids of AP expression were evaluated usingeHEK293 cells stably transfected with APP695

and its activity was compared with their structure activity relationship. Among these alkaloids,

berberine, epiberberine, groenlandicine, and coptisine significantly exhibited A inhibitory effect

and also has common structure with. dioxymethylene group. On the other hand, palmatine and

jateorrhizine showed low inhibition of AP peptide on HEK293-APP695- cells and the absence of

dioxymethylene group in their strueture further-helps to predict the structure activity relationship.

This result suggests that the presence of dioxymethylene group may attribute for the inhibitory

activity of AP expression. Among these minor alkaloids, coptisine exhibited strong inhibition of

AP expression. So, the focus of our investigation was the effect of coptisine on A expression as

well as on enzymes responsible in its cleavage using HEK293-APP695 cells. As a result, coptisine

dose-, and time- dependently reduced the AP and the expression of B-, and y-secretase in

Vi



HEK?293-APP695 cells. Therefore, coptisine from C. rhizoma seems to have a BACE inhibitor as
well as PS1 inhibitor-like activity that B-, and y-secretase induced APP processing and AP
secretion. These results indicate that minor alkaloids such as epiberberine, groenlandicine, and
coptisine have strong potential of inhibition and prevention of AD. In particular, coptisine may be
a promising anti-AD agent due to its potent inhibitory activity of AP by inhibiting the expression
of BACE1 and PS1. Therefore, coptisine would-clearly have beneficial effect in the development

of therapeutic and preventive agents for AD.
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T aHst AR ol old® w=dFe ke i w9l A
FHER dA F7Fske FAlolH, R =4 Astolgtal & 5 =
A|vl (dementia)®+AF7F HE kol whel Aol o yh x| sl ok Ab2] A

T FolA L Ytk A= WY AAAME (neurons)’t HAY Al Ve S X
o o S sk vggd A 2 AHE rdth AAFAMEY T Feol e
ANAAME APES 7] 7] oy SE, BRI AtaLsts T WIS
oF7|kaL, ol2l 3t o] Wi Aw AU A= 59 7|EAQ AA TE
T AR YA HEthoA e el 78TOl dxstoln AS
(Alzheimer disease; AD)-> A1 242}L9] 60%N A 80%E AHA| k= 71 &3 A
$lolm, 1 9Jof Fd A|u| (vascular dementia), 3}71<=" (Parkinson's disease),
Fo] 4A A|vl] (dementia with Lewy body), &1 &=% (Huntington's disease) 5 ©|
21T} (Thies and Bleiler, 2013).

2 7Fg REARJIAAE YA Aoz QX7 7" A4S F
+ 54 & 7IX Y} (Hardy and:Selkoe, 2002; Selkoe, 2002). AD 32}2] oA &=
He|std o2 w914k (senile plaque)@} 217 7 THE (neurofibrillary tangle)©]
2k%] =] (Triaboschi et al, 2004), =019+ T2 AMAA X oFo opd R o]
= wEl MEFO] = (amyloid beta peptide; AB)7F 2 &AM AW, AFAHH
ok 9 Q14EskE tau protein= H-E] &/ ¥ T} (Takashima et al., 1993; Yamada
et al, 1999). AD9] &3t LA wAYFA = AA7FA H3
AR, FEHE AT A3ES AP & tau protein®] WHol| FQa3 ATE 3§

+ ASZ Hastal Tt (Goedert and Spillantini, 2006; Golde et al., 2006). AR

4 7

©
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QA Fok ¥ R QA e 2N 2% AHAT WE Srw

Wl = 7] wZel 1Al ol =tk vbd AD #xtel M= ABZE HIE G

o2 Wol AT A FaHA &L FA WA apoptosis®t DS, TEY
A Wb, AbslE A~Ew A BA (complement)e] A 5 Fa AHE5A

(neurotoxicitity)= Xk whEbA ABe] A T ABE FEHT AME 54

ZaA7lE RS AD A9 Fed Agor uelH oA It} (O'Brien

o

and Wong, 2011; Takaomi and Malcolm, 2012; Kurz and Perneczky, 2011). A= type-1
transmembrane glycoproteinQl—o}Fd 20| = AEA A (amyloid precursor
protein; APP)o] 7}atdll s Q2 A A H= 404271 9] ofn| it o R A E o
Romw, o] F AB427E MAAMEA ¢ & 54S dovlE o= dHA 3
U} (Barril et al, 2001). AB= -+ 79 thE AEE25H AEE + A= F4,
opdRol= AA H=Z (amyloidogenic pathway)ollX] APP= PB-secretase®l] <]3j
N-terminal domain F-%-° &= F 719 &A site’} D= o] soluble amyloid
precursor protein B (sSAPPB)<k membrane-bound C-terminal fragment (CTFB)7} 2373
H T CTFBE y-secretase (Presenilin-1; PS1)°ll o]l &40 = 35| o] thekst
FJEfe] ABS} APP intracellular-domain (AICD)=-AJdgtc). HbH, Hlopd 2ol=
34 7 2 (non-amyloidogenic- pathway)oll A APP+a-secretase <} y-secretase Il
o3 A&HAHoRE Fal¥o] a soluble amyloid precursor protein o (sAPPa), p3
peptide, AICDS- A§/J $+T} (Lichtenthale and Haass, 2004; Mattson, 2004). BACE1©°]
2}al &2l PB-secretasei= aspartyl protease= AP Aol £ AlSH A ol A
Ta% aigta 4E A Qo™ (De Strooper 2003; Zhou et al., 2011; Sinha and
Lieberburg, 1999), BACE1 knockout AF A 7]x A7 2 Al 7|59 2&S
UER A 3t o] e® & u BACEL AdfiAl= QA= Fald Zow
A7 T (Luo et al., 2001, Cai et al., 2001). y-secretaset™= presenilin (PS) 1 H=+= 2,



nicastrin, presenilin enhancer 2 “12] 3 anterior pharynx defective 1 = X 33l+

Wz 3R o|tt (Wolfe et al, 2008). $HA a-secretase™ U5 ADAMs (a
disintegrin and metalloproteinases) family®ll <3}i= &A% ADAM-17 (TACE),
ADAM-10, and ADAM-92 3233} (Kojro and Fahrenholz, 2005), APP2] AR
domain T T2 Zhrwslste] AR S TAAaA7IE 9E& drfha o4y
Z] 91t} (Buxbaum ef al, 1998). o] ¢} ko] APPo] & % wd z Ao ols)
© =42 tE A= Ap Aoy FH o g Ax B=

o A Ar Y okl EAOR o] H +

- RE

ZAME 53 AD
= Aot} (Haugabook et
al., 2001; Fan et al., 2013).

Coptisine> 2% (Coptis chinensis (Franch)) 2. 258 22| ¥ alkaloido] ™, &3l
T 2/d (Konget al., 2009), IAtst Bl AdH S8 % (Gong ef al,, 2012), T AL
o] &3} Asl7]F (Lee et al., 2012), F e o] F# o]¢ 28 (Gong et
al., 2012), &=dol| =~ 2hA| &3 peroxinitrite 2274 = ROS &7 &4 (Jung
et al, 2009), ¥ F L HepG2 Al Eol| XS] MES5A E I} (Chen er al, 2012),
SAHAA L AH A F I (Hiller e al., 1998), monoamine oxidase type A A 3]
&Y% (Ro et al., 2001);. A9 & (Hirano et.al, 2001), rat lens aldose reducatse
A &3 (Jung et al., 2008), X B E B G 3 (Lin er al,, 2004), 52
2/d (Hara e al, 2005), sto]=FA] gr)z A7e] w37t dvkal A% oAl
T} (Jang et al., 2009).

stdo A 2% alkaloid $}3Eol coptisine £]9|% palmatine, berberine,

jateorrhizine, epiberberine, groenlandicine?} < TFI FTF 3IIgEE0]

F3A T} (Fan at el, 2012). ©]E alkaloid= QA3 &4 2 Fo] 2 2HA)
AA e}t Ze ADOF #HHE TS dsiNI=d anE dvERd Foldgn
Bl

oItk (Asai et al, 2007). 53], berberine <A o= FQTh

w



isoquinoline alkaloid 3}3t== dFHxHeA &3, Zd=HE glucose

ANE 9 NFIY A3 59 ofe] ey FES

e Aew deld 9, AD ¥ Fo g4 AEoR BWs drEHa
A+ EEE FHT Ao A= berberine®] APP695 FAA7F #Fe) wE

HEK293 A3ZFcl4 BACEl €4 A3& 3 Ape TS AT
HE Tt (Zhu et al, 2011). T oA E2]d 2 alkaloid 3 EE%
e dggditom Z A berberined Wi FAME FRE TFAAL YA
berberine ?]oll TF alkaloid -3}3=52 AR Aall adfed dlsire o & 71A
ATHA &hek ofell 2 dFtel HHES #Adoe=iE ZElE alkaloid
siRtEE9 A HdZel digt axts 724 FaAAAdd FAse] HES,
T 7P ARl 3sEolE coptisineo] ©ld ApAIE AR A3 & xbe}
ol¢} IHHA WAYUSTS &tz stk st o 2R E FE] % berberine,
epiberberine, 'groenlandicine, jateorrhizine, palmatine, coptisine®] AP A3 & 3=
gelslr] 98] HEK293 AlEo] APP695 FAAE  transfection?] 7] APPE
tg3HA EHEAIZ] HEK293-APP695 A EFE  AR&3to] Zbzbol  slgtE o
Fhe wWE 54 MIT oz IRl ada o34 71| alkaloid
e adE vashr] 98] HEK293-APP69S Al Eol 313HES 2447}
4841 7F F<F A 2gk |, ELISA kit (Wako Pure Chemical industries, Osaka, Japan)=
A Asde] AR FEe SASY 2 T ApE MY maH o=
ABIAAE  coptisines  AEste] w9 Ak mWE AR WIS
ZAFEQITE. #uk olUel coptisined AB A &I} ojtolA  7]E=
ZARJAA dolr 7] 93] AR Ao gk HAIE F3sle], western blot
AN S FE APPEHEH A7 AAdE w Fofs= a4 ADAMIO,
BACEl, 2] PS1 ©@®d o] ofgk gvs roprdvd. meps 2

l



ATE FHo=RE 88 coptisine] HEK293-APP695 Ao A1 Ap 4]
Aol et FI=2 Hriste] dxdoln AIAS Xz ey Y3

e AFE ARG e AL skl




0. 24348 2 Uy

1. A=

2 AFo A ALE3E SIEES Jung er al (2008)9] ¥ HE|E7] (The
rhizome of C. chinensis)Z -E] 2|3t berberine, epiberberine, groenlandicine,
jateorrhizine, palmatine, coptisines AF&-3I O™, 1 FF= Figure 1 ©f|A]

LFERA AT

2. Al E 7))

2-1. A9k

Fetal bovine serum (FBS) GenDEPOT (Barker, TX, USA)°l| 4], Dulbecco's
Modified Eagle's medium (DMEM)<- BioWhittaker” (Walkersbile, MD, USA)oll A -
¢ 33t} Dimethyl sulfoxide (DMSO), 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl
tetrazolium bromide (MTT), Trypsin-EDTA solution, Penicillin-Streptomycin mixture
solution, RIPA Buffer+ “Sigma-Aldrich Co. (St. Louis, MO, USA)ol A -5}l aL
protein inhibitor cocktail-& (Roche:Diagnostics, Mannheim, Germany)oﬂ A Y sHA
T}, Western blot -8 1%} &A= anti-BACE-1-> R&D systems, Inc. (Minneapolis,
MN, USA)°|A, anti-ADAM 10, anti-Presenilin-1, anti-p-actin®} 22} &<
horseradish peroxide (HPR)-conjugated anti-rabbit, anti-mouse antibodies~= Millipore
co. (Temecula, CA, USA)ol| 4] 7+%] 3} T, Polyvinylidenefluoride (PVDF) membrane
(Immobilon-P)> Milipore Co. (Billelica, MA, USA)°l| 4] 3} S, Supersignal
West Pico Chemiluminescent Substratex Pierce Biotechnology, Inc. (Rockford, IL,

USA) A, X-ray film<= (GE Healthcare, Buckinghamshire, UK)ol| ] -3} t}. B



Amyloid (40), B Amyloid (42) ELISA kit== Wako Pure Chemical (Osaka, Japan)©l A]
s,

2-2. 717]
HEK293-APP695 A|Eo|x o] AEEAa Ap HdF] =4S microplate

reader spectrophotometer (Molecular Devices, VERSA max, CA, USA)Z &} 31t}

2-3. AY AEF
Human embryonic kidney (HEK293) A>2°l| wild type-APP695 A7} 34
WEE =% transfectionr]Z]  HEK293-APP695S  L}alofAl o ste] A x|+

WA E Ao} A8 ehglt)
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Fig. 1. Structures of alkaloids from Coptidis rhizoma



3-1. HEK293-APP695 A XF2] vt
HEK293-APP695 A|XE 10 % heat-inactivated FBS, 100 pg/ml penicillin®} 100
Unit/ml streptomycine X 3F3l3l 9l DMEM WA S AF831o] 37°C, 5%

CO,/air mixture Z=71o A ¥} &3} o}
3-2. HEK293-APP695 A X0l 4 ApAd A3l 7}

3-2-1. A|EEA =4
HEK293-APP695 Ao o$t =442 MTT assay WHO=Z A3 th

3
HEK293-APP695 A ¥EZ5 96-well plate ol well & 1 x 10* Al¥7} HE=
REIT, 2427 F AES $AE @Qle 5 4 v 89 Ans} zg
serum-free DMEM= 2} well ° 100 pl® 583 48413 8lF § 100 ple]
MTT €9 (0.5 mg/ml in PBS)=. F7Fakal 2A17F &b vttt 2417F &<t
Hjok & wjgAS AAsSEIL 100 pl®] DMSOS Aslele]l AHE AAS
83l A| 7] 3L microplate reader 'spectrophotometer- (Molecular Devices, VERSA max
CA, USME o8] 570 nmol | EHE=E S4STh AE 548 Aus
AeA g dzE dulste] Aego

deviation (n=3)2. = YEIJ .

3-2-2. Coptisine2] ApEH] 3] g+ &3}
HEK293-APP695 A 3EZH-E FH| %= AB 407 429 %2 B Amyloid (40),



(42) ELISA kit (Wako Pure Chemical, Osaka, Japan)E AF-8-3}o] A Z2AFe] A g Ao

~

upg} Z+zh A 3Fth HEK293-APP695 Al S 60 mm dish o] 7 x 10° A E7}
E=5 ETSGlTh 243 - Al RAS SRIg § b vk Ee] ARt
Z} disholl 5 mi# A2 ekalvt. vl Fr ol A 48417 vl &F

o v 1 mE 3]53ke] 10,000 x g, 4°C oA 15% FF 44 EE§ H

OF 4ENe Al Agsn,

A

A

o

o

-

AB40 E== AP42 5°]4 monoclonal antibody”} coating ¥ Plated] <=8
(Human B-Amyloid (1-40, 1-42),100pmol/L)?} A1E-S ZH7F 100 2 Wil 4Coll A
WAl EjeRsleit). et SRS ST KSR 53 AT 5| HRP
conjugation®l AB 5 -©] 4 antibodyE 7}t 4°CoA] 1A|ZF &<t HE-gA]F T
Al WEES #AlAs L 58 Al&3e F tetramethylbenzidine (TMB)7] & -5
100 pl Yar 2o A] 305 &<%F ¥-3A1ZL 2 stop solution 100 wlS F7}sho]
HE-5-& A A Z 3L microplate reader spectrophotometer (Molecular Devices, VERSA
max, CA, USA)E ©]-&3}o] 450 nmol| A S ES S48t 890 = 1
THFIAE A AR FEE Albsta, AEE HYstA RS xR
S 100%= st el EHlEFS F7bskQicte A3 = mean + standard

deviation (n=2)2.2 UEIR o TEld A TF 2 Bradford assays &3l Al gH

“

S|
A

g
e

3-2-3. Western blot 2 T3 23
slatEo] AR A HAEZE 2AFSH7] 91814 HEK293-APP695 Al Eol] AMZS
T HE A 5 48AF FF mgsioith. 1 % AF7EE phosphate

buffered saline (PBS)S.2 23] A% &}al lysis buffere ¥l scrapper® celle &

10



2 5 4TolA 308 F<F vESA]Zl 3 4TColA 15,000 rpm S 2 2057 YA E

glato] Al f g@uide A @duid o] §iis Bradford W o2 RS}

Gl A S ool buffer (Bio-Rad)®} E3Fsbar 527 2o WAAAZ T 20 pgd

Gl d S 8-15% SDS-polyacrylamide gelS ©]-8&3to] 7|95 AlZATH 7|95

b4

o] £ wet transfer system (Bio-Rad, Hercules, CA, USA)= ©|-&3}] PVDF
membrane®.E® 7|3l Ao H|5old AFS JAISt7] 9@ blocking
solution (5% (w/v) non-fat dry milk in Tris-buffered saline containing 0.1 % Tween-20,
pH 7.4 (TBST buffer)S. = AL 4 1A17F -5<2F blocking 3t 7 % TBST
bufferol] 31213t 12} @A (anti-AMAMI0, anti-BACE1, anti-PS1, and anti-B-actin)
5 4ColA WA 93 A| Z U ADAMI0, BACEL, PS-19] & 92 2.5 % skim
milk in TBST ol S| A1ZL 2%} &AE A LollA] 1A]XF 9h-&-A|Z1 3~ Supersignal
West Pico Chemiluminescent SubstrateS ©]-85}%] X-ray filmoll ==A|A 2H2ls}
ot EAF2 full-range rainbow molecular weight markers (Amersham)< ©]-8 3}

o] I3} T} ‘Western blotting datai= 33| ©]/d A &3] HUs Hdo] Yo

o
I
u:'
=
S

11



m. 23}

1. HEK293-APP695 A 20| 3 AEEA =3

HEK293-APP695 Ao thdt & alkaloid SFEES HESAHLS MTT
assayS E3l SA3IFon, ol dhxtol Ui WEEZ s Hried
HEK293-APP695 A ¥ol 3ZdogHE HyYFJAvtar HIE  berberine,
epiberberine, groenlandicine, jateorrhizine, palmatine, coptisine & 20, 40 pM & ==
48A17F &t Agstlvh. AlESAAS SAT- AT 20, 40 pMO] F ol A
berberine= Z}Z} 8469 =+ 241, 63.71 =+ 3.82%%2 #|EAE=ES HG A,
epiberberine> 77} 102.55 £ 3.93, 89.49 * 6.89%2] AEAYEES HG oM,
groenlandicine ZH2} 105.63 £ 2.72, 75.32 £.0.59%2] A EA=ES YL
28] 3L 20, 40 uM 2] 5 =9l A] jateorrhizineS ZHZL 99.50 + 8.09, 95.27 + 2.87%
o] AEZAYEES coptisine ZFZF 11648 £ 6.74, 102.55 £ 4.56%%] AEZ A=
£<, palmatine> Z}Z} 103.58 + 5.95, 96.00 £ 2.11%2] A E HE8S e
S 2 (Figure 2), berberine<> 20, 40 uM &%= 4] groenlandicine= 40 uM &%
N AEBEE] Ak 2ls dsITh mapA vl mA o] A2 20
UM FEE AFE-Ste] alkaloid 352 AR LH As] a¥E vl

12



120

80 e O20pM

ok R 40 pM
60

40

Cell Viability (% of control)

20

Contrel Ber Epiber Gre Jat Pal Cep

Ber : berberine; Epiber : epiberberine; Gro : groenlandicine;

Jat : jateorrhizine; Pal : palmatine; Cop : coptisine

Fig. 2. Cytotoxicity of alkaloids in HEK293-APP695 cells

HEK293-APP695. cells were treated with the alkaloids from Coptidis rhizoma at
indicated concentrations. After 48 h, cell viability was-measured by MTT assay. The
values are expressed as the mean=+ SD of triplecate-experiments.

" P<0.05, " P<0.01 indicates significant differences from the untreated group.

13



2. HEK293-APP695 A XA ApEH] A 3ol gk H7}

2-1. Alkaloid 3}3E59] HEK293-APP695 A ¥o|x ApH] Ao th3t &3}

HEK293-APP695 Aol alkaloid 3tHEES 717 20 yM §E= 2441+
48A17F ok AElgk & njtNo sz FEH|E AB40 F AB42 o] S ELISA kit
f Fom 1 A= Figure3 oAl ERU AT

WA AB40 LHAFE 573 A berberine, epiberberine, Groenlandicine, ~1E]
Al coptisine ©] THEW I H]alsko] FoHERAL AT Ao UENT 53
coptisines 48417 < A S w A0 EAZFo] =A ST
AB42°] HHTS FALSE Ao X% wlXF7FA| 2 berberine?} epiberberine,
grolandicine, 12} al coptisine®] AB42°] TAF S fFolm|stAl FAaAIZl o, o

il
ol
|\
ol

5 g

o

t
rob

Z 48A|ZFA A coptisine O] APRE TAAZ|= @37 Z ASE YEY
48A17F Fok A FSlR S ul berberine> AP40T}; AB42°] HH|HS
+2.40, 78.73 * 0.68%% ZHAAIZ O 1} o] FX o)A berberineS Al
< YEHRATE Epiberberine> MEZ=/0] e S04 AB40T Ap42
S 747} 82.67 % 0.56, 79.11 + 1.12% 7 %A]%©. ™, groenlandicine

L

o M
il
l

—
o0
[\

N
N
J DN

o K
i o_>|:
ofit

rUO

78 £ 1.48, 87.37-%x 0.56% A=Al F 3L, jateorrhizine 91.89 £ 1.20,

E
4> N
~
~

O
S
H+

0.30%= 7HAAlZ 0™, palmatine Z}7}F 89.76 £ 0.70, 90.89 = 1.08%

h

coptisine Z+Z}b 63.14 + 1.26, 57.73 + 1.65%%2 72X Z ) o] AI}E u}
FO & alkaloid 3tt=52 F2E Wuds W Ap As] axrh FolvsH
LFER berberine= H] 3} epiberberine, groenlandicine, coptisine ©l| & & &% 2
2 methylenedioxy T37F A+ Aol ERIE ATt WA methylenedioxy T3
7} ¢l 3}3HE<91 jateorrhizine¥} palmatine®l| A= AR A3 &7t AA YERY
A Skt whEbA alkaloid =SS AR LY A @ methylenedioxy
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Tz 23 Ao Aol

SA|RE, berberineel]l THeH AR AS| &A= ofn] AFEHAT] wZell, L 2ol
epiberberine, grolandicine, coptisine &5 AP40Z} AB42E 71 @A o= ZHAA]
ZE S3HEQ] coptisines AEste] Mg AR A8l ate} o]of wHE w

)
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Jat : jateorrhizine; Pal : palmatine; Cop : coptisine

Fig. 3. Effects of alkaloids from Coptidis rhizoma on the secretion of AB40 and AP42 in
HEK293-APP695 cells
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HEK293-APP695 cells were incubated with alkaloids from Coptidis rhizoma at same
concentration (20uM) from 24 h to 48 h. Secreated AP in the medium of HEK293-
APP695 cells were evaluated by ELISA kit. Values are the mean = SD of two
independent experiments. Control was untreated group.

" P<0.05, " P<0.01 indicates significant differences from the untreated group.
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2-2. Coptisine2] HEK293-APP695 A| oA Ape] £1] 3o th3 &3}
HEK293-APP695 M|l Coptisines Z+7t 10, 20,40 uM o] A 48A17F &< *
23t S el 40 pM FEZ 1241 7Fo A 48417 FoF A 2lsle wl WH|
ABel Y& ELISA kitE &3 A3 o 1 AI+= Figure 4 ol A e
T}, Coptisine= MXE=d0o] §l FXoA A0} Ap42e] FHIZFS Foulsh
A ZaA71E A4S JebdE=d, 10, 20, 40 pM S50 Ap 402 75.92 +
0.32,76.73 + 1.58,62.96 + 0.64%% 7R Z 01 AB42E 72.90 + 1.15, 65.05

—_1

[t

+ 1.97, 58.72 £ 0.77%= FFAAIZTE =, coptisines 40 uM-E ol Al AB40Z}
AB429] RIS gE&dH Y ZHE 37%, 41% 3 A FL T, Positive control 2 A}
&%t BACE inhibitor IV T3+ AR wH|FS t2a 2 Hlalsko} f-o)n|shA i
AN7l= AL Eelstdom 25 5 uM sE0A] AB 405 63.75 £ 1.49, 56.30 *
021% 2 ZFAAIRIL AB42= 6437 + 1.45,56.82 + 3.36%% 7hAAZTh
W3t coptisines 40 uM oA AIZHEE A ]S} S W] coptisine A 2] A]7Fl
Hl gl ekl AB40 Ap429] wHIHS aAZIE A4S A=, 124171, 244
7F, 48A1 YO A ZEZE AB40S 88.49 + 4.09, 71.15 £ 1.58, 6044 + 0.28%= 7+
2N F oW, APA2E83.45 + 841, 71.47 + 9.90, 5951 £ 237%= A H ).

=, coptisine & =9 A|ZH-OE4 o m ARS HHIE HAATE AIE UE
Hilor, o] AL sgHEo] MEolA AR Hofste Gl FIFS F2U
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Fig 4. Effect of coptisine on the secretion of AB40 and AP42 in HEK293-APP695 cells
Secreated AP in the medium of HEK293-APP695 cells were evaluated by ELISA kit. (A)
Coptisine (10 uM, 20 uM and 40 pM) can decrease the expression of AB40 and (B) Ap42

in a dose-dependent manner for 48 h of incubation. (C) Coptisine (40 pM) can decrease
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the expression of AB40 and (D) AB42 from 12 to 48 h of incubation. Values are the mean
+ SD of two independent experiments. Control was untreated group.

" P<0.05, " P<0.01 indicates significant differences from the untreated group.
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3. Coptisine®] HEK293-APP695 A ¥4 BACEl, ADAM10 ¥ PS1 ©jz ut
dd P FF

Coptisine®] AB WH|ZFS % B AIZF gEFom A= AS gelst
glomz sIgES] Ape Al ARE FRlst7] 98 western blot wAHHE

FAsATE Ap7F A= A2 AFEWlA BACEIC|Y PS1 &49]
AgFol AR AL, ADAMI0 f49] o] Frteldlthe Al 9w g
o] A& &elslaial ADAMIO, BACEL, PS1 ©hilzd wt&aks thg-y) gho] o+
Skith WA, HEK293-APP695 Al 3Lell &}8F&5-10, 20, 40 uM == 48A|7F
BoF 223 5, western blot W o= A X thilZ o] BACEI, ADAM10¥} PSI
el W 2SS9 31, positive control =4 BACE inhibitor IVE A 2] 31&
W BACE1 #& = Tt &Qleigint. 183l 40 pM 5 =5 AIPHE 22318
= W d@de] WstEg yEele] I AdeE Figure 5 oA UERIH 2
A3} coptisines s EEE A6l Wl ADAM10S] TR FS HuE Wt
e A kgkon] BACEL @ PS1 ¢ ®F&FS coptisine®] ol wal A
3= 74 3FS Y ERHQITE Positive control= AF-&3F BACE inhibitor VS *] 2] 5}
RS o= BACEN @& ol tjxrol Hla| g4 seE 43S Jehile 21S
gkt T3 A ztel-mE GRS T BEs AveAE iR
BACE1 ¥} PS19] Ao coptisine®] A ] Algtol we} fHashs A3ds o
EF AT et coptisine AR A 8 F BACE1¥ PS19] HA®S Al
TFomM, AR AES FAaATE AR AtnHET
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Fig 5. Effect of coptisine on the expression of BACEl, ADAMI10 and PS1 in HEK293-
APP695 cells

(A) Coptisine (10 uM, 20 pM and 40 pM) can decrease the expression of BACEI and
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PS1 in a dose-dependent manner for 48 h of incubation. (B) BACE inhibitor IV (2.5 uM,
and 5 pM) can decrease the expression of BACE!1 for 24 h of incubation. (C) Coptisine
(40 uM) can decrease the expression of BACE1 and PS1 from 12 to 48 h of incubation.
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ADE =Sl AN FE s AZHAY Pl A AAHeE FRe
AFEANA G Fa gk Fxsteln AR J1dHA AX o] A
He 549 A, WA o ARG welile] AAEE 54

S 7}tk (Hardy and Higgins, 1992). AD7} 1

=13
=
A RS gou AA AD FAEe oY E&dd gae FY A

o
Oft
2N
rir
ol
dor
ot
(o,
r o
=2
=
%
[\{19
-

ol

(cholinergic hypothesis)¥} opd&o]= 5% 7} (amyloid cascade hypothesis)©]
ek 7 E R F51NkaL QI (Parihar and Hemnani, 2004). @2 AlHE0°] AD
& As5sta opistz] #s) YA 7Rl ASke] E71. A3 (cholinergic
deficity 3 / 2AAAG S W= acetylcholinesterase © (AChE) %
butyrylcholinesterase (BChE) AsA|E 7|'¥st=d FHS T (Rao et al,
2007). AD X855 9% 2® o] &5 Q= AChE 34| =+= Donepezil
hydrochloride (Aricept), Rivastigmine (Exelon) (Jann, 2000), ~12]3l Galantamine
(Reminyl) (Zarosky et al, 2003)7} ]2 o] Zol X Donepezil> 7} 7= st
AChE AajAl= 7HH QX gl & 7Hx gatso] S-S E A7 =
o]- &% 3 AT} (Saykin et al;2004; Zimmermann et al., 2004). SHAIRF o] 2|3k A 3|
A= AGgd oot A 5o Adt 7285 of71e 4= 1o (Hshieh er
al, 2008), °|E FEELS ADE of7|dt: EAHQ 4l
M vFA @ Zow Eod SA4S Amshe Aolwt o fHa gl
(Kasa et al., 1997; Gualtieri et al., 1995). WehA FH o= old=Zol= F& 714
of we} Hol| Ap7F FH W= Zlo] ADZF WHete Fad adlo|ghal A7t
o] o]AS At FEs e ATV EEsHA aE L Ak

AB FHe] 7estE 2452 R3] Wi
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ATslr] f8l B2 w="Eo] dojskth A= = APP7) B- H+= y-secretase
of oef ¢=xAo 2 BalEx WA (Suh and Checler, 2002), I o2 AA
H ApE AAGAES] 9o FHE o] ADO| B 54 T skl =qlwk
< P43 Russo et al, 2005). ©] w<ol ADXHE 9l B2 A3 2
AT Ao B- Hi= y-secretase A AE NSt L =Skl O}, o} A 7HA|
FDA <& W2 AsiAl= glow ALEfA g7 A= Q)
(Jarrett and Lansbury, 1993; Jarrett et al., 1993; Henley et al., 2009).

AD #A}e] M oA BACE &49 T 715 A A9 T7et AF
Aol #AAS A7) Wi v]$- 5 Q8.5}t} (Sastre efal, 2006). ©] 23 o]F
WZol BACE 4% AD 9 F83 Ai FHOomM asHolAal 3o
<& W ZhoETh d# ] A (blood
© 271k Aol o] thARARE BERE aLe sfofof

18

a7

Ho
(<8
g

BACE A& A& 757

X
o=

. . o =
brain barrier)& &g

a7] W&, ol dol ZEAG peptidomimetic A A= i o FHS
SHeA Z7ZE v FHa, AVlA giatEg o g st Byt
(Ghosh et al,2002). =3+ SF=2]4 O 7 secretases 2435le] AR S WA
71e AL SANA AR W vl-¢ A3 FARES SN ¢ QY] Wi
o AEHoR olgHy| ofHLE IBERE AD XHEES 93 uokEel Wyo
2 AdE=S ol&ste Aol FHEA Jlor o3 HA=ZE2 F2E glo]

AP AN S 9 Aolet AthH 3 AT (Essaet al, 2012)
dE £, WE (Centella asiatica) F==°] AHFA L] slvloll A Ap40 AB42
S AAaAZ A A7t BaixEo] 919w (Dhanasekaran ef al., 2009), 23U
FRe A9 J1999 dudel 59 3L A 5 Avkn waso
ST} (Solomon et al., 2002). =3+ X (Paeonia suffruticosa) =2 1519 &

e AB A AS B ohe) ohizel=RRE P4 Afrhy

filo
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Al
%

(o3

st 895 YER QAL (Fujiwara et al, 2009), docosahezaenoic acid (DHA)
2 9 H|7}3 thEEEZ S A AL (polyunsaturated fatty acid; PUFA)S ABZE %
7 HAAY opdmole FEH1e FAS A= E3E YEdg]
(Hooijmans et al., 2007). ©]¢} 2 A7 Ao A HAAEZHEH AD
ofelal A gt adE vede =45 Fua ddoRsy Yy
alkaloid S}3tEE° AR 7H4 @to] disl] Akl = St
S+ (Coptidis rhizoma)= 7| 2] o} 2| 8] 2} 9] Coptis chinensis (Franch)2] 2] &
715 ousiy, o Aol R EsE thddel 7|71 gl 2Fxolth (Feng
et al, 2008). =3 FolAl THE dE ofRHA e S HE oStoewA
AN £ 9%, A oY 5F T3 22 4% Aoy 3T
A geted o)&% 0] koW (Tang et al, 2009), = ol o] dudy 2
IA "5 a3 (Wang ef al,, 2012), &2FsE @3} (Jang ef al., 2009), # = ~H|
24 (Yuan et al, 2006), SEA|EO A &F5Al €A (lizuka et al, 2000) {FE. &
B3 (Ye et al, 2009), 1t E I} (Sanae et al, 2001) 52 thk3k Az EA
HE 7= Hom AU gk S 3T3-L1 AWAEAA dad
Adds FEA7IAL, 3T3-LI-A AT ALY Feg B £3HE Aslste a3
S Yelg e, 9 alkaloid kst 5ol Al coptisine®] AXEF3SHE 7Y
ayxor A6 oM, jatrorrhizineS EXEY o] 8&S A FFAZT o
23 Ays vtgow e W e AYEA &) berberineo] o] 3 A W
Uebd Zo] ol b2 &3 i alkaloid AEE2 AUA @zl <3 3

Tl I AT (Lieral, 2010). 32 berberine, coptisine, palmatine, jate

¢

Al

R
i

il

put

o°{'

i

oy
=

ul)
o

orrhizine, 123l epiberberine (Sun et al, 2006)c 2] TFY3t alkaloid 3}t =E=
L3kskal = o] ¥ 3k alkaloid 3FtEES W Qo= S9N (Phellodendri

B

Cortex) (Ikuta et al., 1998)¥} =4 (Hydrastis canadensis L.)2] 2] (Avula et al,
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2012), & Z M (Corydalis yanhusuo) 5ol X3¢

2011). °] & alkaloid= Fx® 2 T &4

o] vt B aE A} (Xiao et al.,
2d 7} (An and Cui, 2008), 3¢

ON_\'E

Oﬁ

2R wehelol &4 (Kinuko er al, 1999)S 7FAIW, BEFF PCI2 Ao A AB=
FEd A 540 d& Reads YEtdY Xian er al, 2013). 1 F

berberine>  Fdol]  THE  FHEA EIEHAUNE  FFEEA, EF
ZdzHEYS SAAAES 2dstal, R8s #aATIv, ded ARs
SEPAAA GRS Amsted Za3E Wk delx] 9low (Shen er al,
2010), aldose reductase &/d A3 &Y (Jung er-al, 2008), & L=3slolm H
kst a3} (Jung etal, 2009), HepG2 Ao Mo A=A gyef gaudgd
@7} (Chen et al, 2012), indoleamine 2,3-dioxygenase #}3ll & ¥} (Shi et al, 2011)7}
Aow A dvtolAd oA, Z2l¥ 2 alkaloid 33
berberineo] THFEE A B 7es HERlal, 53] d=stojm el dHs|A
AP 1-42 fibril G4 A& &I (Yuet al, 2010), A 1-400.2 FEH QA%

=

B

|

%2,

AN

5 o
70 &3} (Zhu and Qian 2006), AD transgenic & X @Al A7 uE (gliosis)2}
QAR Aol 7| &3 (Durairajan et al, 2012), PC12 A|3Eol*] bovine adrenal
tyrosine hydroxylase (TH) &7 -A s} o7l g&F 744G 3} (Shin et al., 2000)E
H]%3le], HEK293-APP695 Ao A .BACEl #A4E &3l AR 74 &d&
YERA7] ool berberine® AR FE 7FX] coptisine =
alkaloidg = AP Aelo] EHE yebd Zolgt AzpHo] B AFE P
w itk APP WH| o] <l

alkaloid 3} E52 20 yM == A3 5, Ap40 3} Ap42 L

A3 =% transfection A]7] HEK293-APP695 Al| 359

o

A3} berberine, epiberberine, Groenlandicine, “LZ]3l coptisine®] Z a3t
HL3te] FoJushA ZFAask Ao w YEW o] A79E EgE dZgo|l=
FEEo FRE v BHW AR Ad a3t FYvisiAl yERd

L
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berberineS- H|3}] epiberberine, groenlandicine, coptisine ©°|& FEXHOZ
methylenedioxy 727} & Aol 1= weks =59 Ap HAF
A ma¥eE o] FxA Y3k AoR AZFE A, o]e}  HHEho

il

methylenedioxy T+3E& A4 &5t=Eo] AR = s Al7FHaE a3y
et dA7Z237E Baselx  dvk (Song et al, 2011). 3FARL
berberineol] e AR A3 @¥= olv] AFHIUT] wFel, I 299
epiberberine, grolandicine, coptisine T AP40Z ABRE 7MY @EYHo=E
HAaAAEG 318FEQ] coptisines A EIsko] ARASE AR A s amatel o)
A3} TE. Copisine  berberine?} w9~ FASE 25 71X SRIE=E
dimethoxy”] thAlel  methylene dioxy”]7} X/&¥d Fx2& 7Fch WA,

=

coptisines 10, 20, 40 pME 5 E2 A 2|5} S W AB40T} AB427} EF F%
oEHqo g HarE ZAFGEs Rl 4 oH, T Tt =
12/ 7boll A 48AIZE 2k A stlS W AB40¥ AB427F  AlRFSEA S
Aase A Slstdoh o]eF o] coptisines YE3sholw HEo] Fa
A T SHUSAR & 5% 9 AR GEF R AAATE AV ARE
VERATE. WS coptising®| - A A oW HAYZOZ AR AAHE
4 ReA glstz] stell-APP#afiol FHolsl= BACEl, ADAMIO0, PSI
Gl d b S western blotO 2 ZAFEIA T 1 A3} coptisines A2 W
BACE! ¥ PS1 W&ol Ftashes 43S WEWlon, ADAMI0S] A%
2 W32 Holx skt whEbA  coptisine> BACEIY PS1 S
DA O 2R AEZA A AR WS Adletes Ao AZhE o
Aeaind 2 A= gEor BE B3 alkaloid 3EE2 Ap A

235 ATt A= APPENH  ThewsEo] AAEHE= @R
AGAHEANA ApG ol AFH R S AY e AAT] s
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ARH 02 oligomers < fibrils FENE AAH  plaquesEs FAASH o] F
AABMETL 4= dol Al 7Iss kA Xt ARFow A EHAA
dgoz dd"E F At B dAFeAe= Sy dHRo= I¥E F
epiberberine, groenlandicine, 12| 3l coptisine®] AR A3 ‘T
AHES Bl ols keSS FE2H AuuAE AR A ApE
fong oz FAAZ tEds 38422 methylenedioxy 1737} AU+
Aol BRIt weps I mol= FgtEEe Ap HEY HAh =
methylenedioxy T3¢l &gt ACE AztE o, g5 B A &
ARPTET Aol 7Y & @35 EAY coptisineS AEISI] AR A 2
HAYF s 2pAls] A7kl 1 A3 coptisines: AB40FT AB42E EF
SE 2 AR gEH oz ZRAZS, HAUSS gQlst A3 A A
o] Sl B-secretase®} y-secretase®] W ATFO] A S| Ut} whElA]  coptisine
HEK293-APP695A| 3 o| A B-secretase®} y-secretase =& ZF TAE T3] Ap
S JAshH, o7]olE  coptisine®] T X T . methylenedioxy 7]7}
#gofgtta Az ¢ Ak eke®  BACE1 PS19. #ofdte vE
AARIAL] o) gk ~ZARe}F  -epiberberine, groenlandicines| tgF AP A 3|
HAUSF deid s F o FAEejof & Jlolty, Fotalnd A=
Stdol] AEZTHE coptisine®] AD AW A BE S 7T AF AAEA
NE 7S AlAE T

il

O{N

=

1
AgE 5
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V. 8¢

< 7HE BHEAR A EAAG HIo R o
ke A7 X gk ADS] Fas W Ylo R Ay7ZtE o= AB
°of A EE ABR fEHE AE A4S
g degfom aelEojx]a 9l7]
ofx i glrt webA theke AYEd Vs s HAA e SO RRE 2
¥ alkaloid 3F=59 ApEHl A& ad= HAstaL o] T 2dUE =

o Wa AT ApHEl MAUFS Selataat shgit

1. Alkaloid 3&=5° ABRA AlE T8 FL=stol aI)E A 9
S} HEK293-APP6954 329 berberine, epiberberine, groenlandicine, jateorrhizine,
palmatine, coptisine = *1g|slo] ApEH|F HeE Ao, 1 ARE n}
Foz 3IFgEEY 724 AHAAAE £AFSIA, methylenedioxy 25 7131
berberine, epiberberine, groenlandicine=- F|%3}¢] coptisine©] ABAA A3l &

#7h ek A S uE

2. Coptisine®] AR LA A%t 7 wAYF s 2pAg A5 Fd st
2} coptisine?] &% F A|ZH] w2 ABEH| R WSS ZAFSHSITE Coptisine

20, 40 uM FEo A AR40S ZFZ; 23.2%, 37.1%, AR42E Z+Z}; 34.5%, 41.3% 7t

rl

AT EE 12413F, 24A13F, 484170 2 AP EklS W AA0S 7M7) 11,5%,
28.6%, 39.6%, AP42E Z}7t 16.6%, 28.6%, 39.4% FFAAlZTh =, coptisine™ AP

7)
HEFS e 2 AYEH R HaNYE ZIE JEALh
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3. HEK293-APP695 Ao A coptisine®] ABEH|E &Aooz Adsts A
ol omz A WAUSES 3<1sl7] 9@l western blot F

W il wES AL TE APP7} B-secretase®} y-secretaseol] &3l sSAFA 0=
TaalEE Ap7F A E A, WA a-secretaseo] 93 FEEETH AP
domain T} o] Adruz Aol AsEt. webs Ap =R Al

o-secretase, B-secretase, y-secretase & oW @47} FHofsh=A] Felstr] &l 7t

1%
ol
)
(o
fu
L

7} ADAM10, BACEIL, PS1 ©¥9d @S ZAQIh. 71 A3} coptisines # 2]
39S @ BACE1 ¥ PS1 w¥ido) & FARZE o]&EA o= HAHG o,
ADAM10 ¥l e gko = WSy YEubA] ettt

Qofstd, B At o7 HE Fuld alkaloid 3EEE S ABE-H] A3
gl tial Fx4 Aol A AT-5E3 2™, methylenedioxy "% 5
7}%1 berberine, epiberberine, groenlandicines H| X 3}S] coptisine®] ABAYA] A 3]
of &%7F dohe AMES BHTh E=39 coptisine©] BACE1 7} PS1 &5 A
o ApRHIE FAAIHE WAUSS WHh o8 e A7 A
= &5 coptisine®] AD_ oW} X555 3 FUI VT oFEoRA A}

g9 9l 7P RS A s,

olr
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