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Abstract Amyloid beta (AB) may be central to the pathogenesis of learning and
memory dysfunction in alzheimer's disease. We here assessed the protective effect
of 80% (v/v) ethanolic extract of Sorbus commixta bark (SCBE) on amyloid beta (A
B)-induced cognitive damage in PC 12 cells and in Sprague Dawley rat. SCBE
exerted a protective effect against Af-induced neuronal cytotoxicity in neuronal
PC12 cells. In AB-induced rat, SCBE attenuated short-term learning and memory
damage, assessed using passive avoidance test, and long-term memory and spatial
learning deficit, assessed using Morris water maze test. In addition, SCBE inhibited
the capacity for locomotion damaged by AB:1-4, determined using vertical pole test
and rotarod test. Further, SCBE ameliorated cerebral cholinergic impairment in
Sprague Dawley rat by increasing the acetylcholine content and reducing the
acetylcholinesterase activity, and reduced lipid peroxide levels in brain tissue.
Finally, SCBE attenuated apoptotic cascade, as determined by reduced positive
staining in brain tissue in terminal deoxynucleotidyl transferase dUTP nick end
labeling assay. This indicated that SCBE ameliorated apoptotic toxicity of brain
damaged by ABi-4. These findings suggest that SCBE could be used as a potential
functional food material to improve cognitive and memory dysfunction in
alzheimer's disease.
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1. ME

gd=5lo]HA A Hj(Alzheimer's diseases, AD)= A AAFCZE 9F 3 5005t HolA IS
u|2]&= 2|ufe] 71 &3 o, HA| Ao 2Exke] 60-70%F AFAlekaL tHKumar®t Singh,
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2015). AD §HES dgdl "t 7siE2 o g F7ts
I glom, 20504900l A AlA QT F 19 44H9 3§ o]
g0l ADE 7S AL2E A&HK(Sloane T, 2015). 3
Aol EPAY = A F iUl AD= oPdEo|E H|E
(amyloid-beta, Ag) T¥id 9] It J7oz WHish=
ol o]t Z&}d (amyloid plaques) T Az} ERS tha
H(tau protein)2] I3t QAL FUQlotH(Paula &,
2009). E3], ABE ¥ RAA BAAAZ(reactive
oxygen species, ROS)¥ &4 A AZF(reactive nitrogen
species, RNS)Z} A 2t Z(free radical)?] 4= &
o ABAEY] AFES ZefobH, thfet dFHHE 59l
ZdA A17(cholinergic neuron)?] &4Jo| AL o] 7]
g #AE 9 AA7eY HolE ZH¥HCampbelldt
Bondy, 2000).

A TEL Ty 1Z(cerebral cortex) ¥ =}
(hippocampus), ot 1¥2Hamygdala) 53 22 %%
9] A&AR1 &Aoo = Qlgf Q1A H 5352 o= et
U&= Qlo g opdlZolt Akl A (amyloid precursor
protein)®] B-secretase®} y-secretase®] 4S8 &
3 A=K Basso 5, 2006; Tyler %, 2002). °l+= 44
AA=A] ot w19t} Fefjut optRo|E AR SA 5]
o] JZURSI} Akshd AEFH AL S Bl tfet A=
2 ¥ 23& $AIZItHDickson 5, 1988). EAI7IA] ul=;
FDAY] 591 B3l AHE F<91 A &A= B3 ¥ (tacrine),
H 2l (memantine), EU|H&(donepezil), =JHFAE] W
(rivastigmine), 2=l (galanthamine) 5°] 3121, ©]
= ARAEe oHEE EdlEA(acetylcholinesterase,
AChE) AAA 24 AREE L QAR FE 9 7H54 53t
22 Hofet #4-80] HiEo] ARHHoE o851 et
(Rafii®}t Aisen, 2015). ©&tA, A F5A Q] 7t} o]&9]
ojgFo] A&Hof| wtet ADS] dHo] dojubr] A, ADS
A H2H 02 dh= et HAEY A771641% g
AF7t A&E 1 Qltk(Santos-Buelga 5, 2019).

U7 (Sorbus commixta bark)S Au|ake] YHEYy
AREOZ FE 500-1,200 m9] & TARA o)Al HAY
St FolxLezl, 7, obAlol PR EAEgitt iy
7He 9] mhAl= A FEIE AH|E, 3 A 0o
Eae 9 EAaEI HHKim 5, 2003b). v7HES]
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Frs A 2o avet 387] &4 ot i 242
Holo|, F8d 49 ==2 EHL E1HAHKim 5,
u

2, A &4 94 53 2EAE 235 E7, 93E oAt
WA, Fakel 24 5ol dEA loH, ARe dRoEe
lupeol, lupenone, neosakuranin, rutin, isoquercitrin,
hyperoside ¥ chlorogenic acid 5°] ¥HA JAtHKim
5, 2017; Lee &, 2006; Lee &, 2012; Moon &, 2019;
Raudoneé &, 2015). Pp7H5o] it B Ad+= A&
Ao 7 o|fo|R 1L 9o, QIA|7]s A5t e /A A
T vEE ARl kA, 2 AFolME ABE f
H AA7E &40l tigt nrhEe] HE g9tE &QIsta,
AD A 2A?l memantine¥} donepezil, TF7FHE2] F AY
212 £49 lupeoldt Bl Bp7bE 2&E0] 7HA]=
A37154F 2AEA9 A4 &8 7HsdE B7ksta

A S,

2. Mz H WY

2.1. A9 £= & X

B AYo|A AMREH vl E(Sorbus commixta bark)<
20169 35 AHAY Al w7t A HFHE AS o]8s
of Ago] AHgSttt. FZ2AZRL uirbE 4219} 2082
80% OlEFZ-S H7Foto] 100TolA 4417t B 57 &
sttt FEES No. 2 AES0|(Whatman PLC, Kent,
UK)E o3stll, Adss & 52 7dxst HF 55

(Sorbus commixta bark extract, SCBE)2 29t}

22 Al

B Alglof| ARE3E Al2ko & AEjoldH(fetal bovine serum,
FBS), penicillin, streptomycin, RPMI 1640, amyloid
beta(AB)1-¢2, hydroxylamine, Tris, dithionitrobenzoic
acid, acetylthiocholine chloride, phosphoric acid,
thiobabituric acid, terminal deoxynucleotidyl
transferase(TdT), triton X-100, peroxidase substrate,
methyl green, calf serum, bovine serum albumin,
3,3'-diaminobenzidine tetrachloride(DAB)= Sigma-

Aldrich Chemical Co.(St. Louis, MO, USA)ZHE¥ ¢

https://doi.org/10.11002/kjfp.2022.29.2.339



Korean J Food Preserv, 29(2) (2022)

sto] ARESI.C ™, ApopTag Apoptosis Detection Kit
(§7101)= Merck Millipore(Burlington, MA, USA)ZH-
H, anti-B-cell lymphoma 2(Bcl-2)(SC7382, 1:500
dilution, monoclonal)= Santa Cruz
Biotechnology(Dallas, TX, USA)Z%¥, anti-Bcl-2-
associated X protein(Bax)(AB7977, 1:500 dilution,
rabbit polyclonal)}2 Abcam(Cambridge, UK)Q. 2%
B, biotinylated anti-rabbit secondary antibody
(1:200)= Vector Laboratories(Burlingame, CA, USA)
EHE FYsto] AREotion, T 9 ARGH AR BF

A ool 53 gt

mouse

2.3 MEHF

E Aol A ARESE A EFE rat pheochromocytoma
PC122A] ATCC(American Type Culture Collection,
Rockville, MD, USA)ollA EFdtol Arg-stlct. HFt
S MEE= 10% FBS, 100 unit/mL penicillin, 100
unit/mL streptomycin®] A7FHE RPMI1640 WiAE At
£5t0] 5% COL8t 37T 2704 vjefsto] Ao A&
skoitt.

24 ME 4=5 FF

| Al E-fg’ 96 well plate®] 2x10* cell/well £
o7 R, 2 *]Zl’ T 25 uM ABE F7Fsto] A=
=4e FEAIFT SCBEE sTEEE F7Isto] 48A17F Hl
FAIFIL, Hijgo] *ﬂiﬁoﬂ MTT &98& Z2jsto] 24]
7t B9k drSAI7l 570 nm(determination wave)2}
690 nm(reference wave)o|lX] TZEE =45 tHHeo

S, 2001).

It

=l
el
.

2.5, =43 /Aol

65389 Sprague Dawley(SD) &3 HEE S
(Osan, Korea)ollAl dsto] Ao ARSI, A5
B FEARAY 220 A9 E A3AA
*JO] e 7MAE Adste] Al ARESHITH 2 ARl
HL 2% 22+43C, ASE 50+5%, &7]1814 10-15
9—]//\]{ 27| 12417K8:00-20:00), 2= 150-300
Lux9 A8 o 2 HAH FEANSANA ARt &

amtako

, ©l

-lob

(‘
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5 Fofote] ARssilon, A8 9 AY 7|17 53t A
sto] ARESkGiTh &S 717F B ool AR A%t A
BHOE AlFo] F7IHA &2 MAE ALt &, 7 It
Bt As 9 EEHPL 4Lt E AT EYokoirh
2 542 A7 A ES Y9 (A HAxdd

T SAGUHD: 32-351 ol st AT
L2 i) HAZHcontrol)[vehicle-intracerebroventricular
i) Ap
27410 pM AB-ICV injection + saline administration
iii) memantine(FANZTE) HZH(AL-ICV
injection+1 mg/kg b.w. memantine administration),
iv) donepezil(FANZTE) ABH(AL-ICV injection+]
mg/kg b.w. donepezil administration group), V)
SCBE 100 mg/kg A=HAB-ICV
mg/kg b.w. SCBE administration group), vi) SCBE
300 mg/kg A ETHAB-ICV injection+300 mg/kg b.w.
SCBE administration group), vi) lupeol(FAZT)
A e Z(AB-ICV
administration) 0.2 FAJ5le] Z3¥stict Tt A4S
_oJ-O] o]-oq n]—7]—P._4 Aﬂa]gl/\g Ux]gzq lupeolol 61—0Qo1
WS ERI5H3IL, lupeols FAHETFOE ARSI
(Im %, 2016; Na 5, 2009). A¥S5EL chloral hydrate
(Sigma Aldrich Co., St. Louis, MO, USA)E E7 FA+
sto] ulHAIZl oS, A Y&E(Stereotaxic frame,
Narishige, Japan)& $H]5}19 Laursen®} Belknap(1986)
O] o] wet A THES TSI 2 AEEEE 26-
gauge needle®] ©& U= 50 pL Hamilton microsyringe
2 Bregmaoﬂ/ﬂ 2.2 mm Zo|&2 FYsITE AR TS
U %, 39 B A¥EES EAIFCH, 30| g

5 in vivo “04% Zgystaict.

(ICV) injection + saline administration groupl,

group),

injection+100

lupeol

injection+1 mg/kg b.w.

2.6. Passive avoidance test

Passive avoidance test= 20| = 8-> chamber
9} o] chamber7} 22 G2 & £0] 9= shuttle box
oA AEE ot rt. 82 T+ chamberd] A3 &
E2 o017, 53802 oFE chamberZ E°7H
=9, A7) FA(75 V, 0.5 mA, 50 Ho)& o]il 5to] Fo

AGg Fol TEEGS At 87 T, We 371

mlo
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chamberd] AFFES FUS W], 0JF2 chambero] THA]
Eoj7H= AI7RE 245 tHNewmand}t Kosson, 1986).

2.7. Morris water maze test

St Ao, ¥y (4 180 cm, ¥°|: 75 cm)oll &
25+1 cm& A$-1, && platform(24 cm)& $9 1 cm

ofdfjo &Zlth. Platform®] A& &AL 4= A=E HF
F2 B9 4] FAAE AA|5taL, 270 =

sto] Uy = ol 9 &Z platforme &¢O02 Q1T
I A Sl & AY 9 A 297 BE AETS

platforme] gl 93 $xNA A{EA FFsHA dfl, 5
G5l= AF3tof A-S-A1F T} Hidden test A4 platform
o] &l AFEHES A3t 33 F 2394 A9 A=
22 E9AA platforme &5 ottt Platforme

ztow 2HE 2027 1 9o HE=4 k1, 180% °oF

Toto] 2027 MELES SFYlth 20279 917] ol &
U HIR 919]9] EHAA 552 EUAIA platform7HA|
Fol7be At} o] FAYE SHRo & 39, 49 B AT
St HE HolHe €3 & flol ZAE vHets &
9= oM, video tracking system(Panlab, Barcelona,
Spain)2.& ®A3}3tt. Hidden test &% ¥, probe
trials Aot o™ platform {lo] AFEA 9 ©
A 3to] oA platform®] Aol Bt 719& HF5kaL 9l
A0 digt HARE Ao, HFEE9 swimming
speed7t 15-25 cm/s9] Hjel sfgot= AAES AL
sto] glolHE EA5tYtH(Morris, 1984).

2.8. Vertical pole test

Vertical pole test= grip strength®t #3732 =3
5t7] fI8f 71=01d & oA 85ttt 45°9] & S4

o] ABERE SUES ¥ #IL U Wold Y
A7k 23T 20 S 190 18] H3TALS A7

T 3940 F 33 S4sHVena 5, 2015).

ofl

e

2.9. Rotarod test
FIA%4T 2FFIEL 29 99 rotarod test

342

(five-lane accelerating rotarod; Jeung Do Bio &

Plant, Seoul, Korea)& AA|sI3tt A8 A 187t 23]

3 Ast= ¥YE(diameter, 8 cm; rotation speed, 20

rpm) 9ol ZAE 2A oh= HSEHS AFL, 2447

S Y 2719 JHot= Y oA +F= FaL EoiA|
=

45t H(Deacon, 2013).

e ol

2.10. OMEIZ2 512t =X

A FEY ] 2F oA opxeEH(acetylcholine, ACh)

=
e 24 5B 9% A¥e] Yrd T, WS AElo]
QU BEBA(pH 6.4)0] Fo] FUFIIAL, ©IF 12,000

x g, 304, 4CollA erlEsto] J5AS Aol AR&sISith
& At e s|==AoM(alkaline hydroxylamine)
AloFE T & AR ol83te pHE 1.20£0.202%
ZA519 10% FsHE(IDGn 0.1 N HC)S 7kl £
5, o5 530 nmoA SFEE S5 HVincent 5,
1958).

2.11. OMEZE Bofed & 5&

ot =Y Ed|aA(acetylcholinesterase, AChE)9]
&7 Ellman 5(1961)9 ¥ o]&ste] 432
o, 0.1 M Tris buffer(pH 8.0 Tris HCl+Tris base),
0.01 M dithionitrobenzoic acid, 45%= A&HOE
A7ksta, 0.1 M acetylthiocholine chloride® 7}
o], 405 nmoj|A &F= HIE 5% 59 WESIAT

2.12. XJEHEfMSIE g5 S

¥ A A9 AR S S785H] fIsiA
Y z2Z AN 1% phosphoric acid®t 0.67%
thiobabituric acid& #7Fste] 95CAA 1417F §EREAIZ]
F 5,000 rpmolA 1087t A& s d5dS A2

F, 532 nmoA FB=E EFHSHAHKIm 5, 2003a).

2.13. TUNEL assay

TUNEL assay= TdTE ARgstel DNA HH9
apoptosiss HE45M= ApopTag Apoptosis Detection
Kitg AHgoton, 342 AxAL Algshs Aol
mstth TdT enzymes 37C 75 QIFH|oE oA 1A]17E

https://doi.org/10.11002/kjfp.2022.29.2.339
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&<t BESAI71AL, PBSE AIATE thF anti-digoxigenin
peroxidase conjugate©] 30&7}, peroxidase substrate
of oF 5&7t RESAIA A7 1L SHSE AlFsHlt. o
< 0.5% methyl green €402 1087+ A 3 of
g5otal gt RAEES A&

¥22Z 0.05 M PBSE 587+ 33] AofUixL, 1% H.0;
oA 1087 §FEAIX] B2 oAl PBSE 33] Aojdl F
10% calf serum} bovine serum albuming PBSol 4]
< blocking solution®] 3 A|ZF 5<%t RFSAIFH T} o]F
PBSE 33] Alojdl & 12 JAE A5ttt 13 A=
anti-Bax®} anti-Bcl-28& ARSI 9, PBSe} Triton
X-100Z 41> €M & 343t & 4TA BESAIFH. o
< biotinylated anti-rabbit secondary antibody(1:200)
of A2ofA 1A1ZF &< §HEAI711L, £241& PBSE Aojd
% avidin-biotin immuno-peroxidase?] ®r#of wak
747 AP GESAIFES o 0.05% 3,3'-diamino-
benzidine tetrachlorideollA] 287F WAA]Z]1L, Aokl

53t R skl RAFES AFSHATHDarzynkiewicz
5, 2008).

2.14. EHA2/
2 439l 2 3

£
+
|
N
re
W
=]
N
ol
R
S
N
N
[

& 7t Ao]&= Student’s t-test EAHE Aol AR AE
23} sty SAEAQ FoAe YA Hp0.05,
“p<0.01, "'p<0.001).

3. 2 3 uH

3.1. HZHE YES

ADS} 22 EgA ¥ d¥2 Ap Tl Eo] VX = 54
I Ap GHARRE {LE T AR AEFARE
Bl X AFAR7 AFEEC] Uehdtia HEuEi Qo
(Campbell#} Bondy, 2000). ¥ AFNE= T2 20
H3f| &3z} A[H4ke] gho] AT, FAkSE A 4”9 o
0| Hol 45y AEYARRE FoRRt X E THAH,
QJFE AEYAR Q5| ¥ FZA]o] E4JE7] A& 3ol
olH7] fZol, Ap AT} o|2RE FLH= ARHY A
EYAE aHoE HET 4= Qe WA LA I

https://www.ekosfop.or.kr

H A7t AEEHIE AvKDickson &, 1988). wEhA
SCBE F&&°] 7H|:= A 9HAERY {id AFAx
ArET BataE A /g ditt aE E2lstr] sk
PC12 AlZoAe] Bo avts S4oIithFig. 1). ABE A
2t 252 FAHRT(100%)00 BIsl 77.29%= F2& 0
2 FAasiloy, SCBE 2+ A8t 152 50 pg/mL
S} 100 pg/mL FEOIA 22k 94.26% 95.77%2] HE
&5 YE Ap ©do] digt B3 83E Hoh vprt
52 ookttt B9 IFES TRk deH, E9|
chlorogenic acid®] $gFo| $4sictal BEIlEal Q)

(Raudoné %, 2015). Chlorogenic acide Ap THA =R
F=E PC12 MEAA F71E AE Y Ca** $2& T4
Al7]13L, caspase-3, Bel-2 ¥ Bax 53 72 apoptosis
T il S22 ARt EiEQtHlee 5,
2011). ES b 1 FEE2 QAR ARFEAES
SK-N-MC A|Zo]4 CoClLE F=H AFAE S o
3 HIF-1e ¥ Bax, caspase-39] U&& ROH0& i
AA ABAE g2 st EE g3E YERHATHSung
5, 2012). ol Z¥e} H| WIS o, AR GHARRE
Frd AreHe AEG A gt e 2559 thdRE A
g2y 4o 9o a0 AGNEE Hog = QS

T

Cell viability (% of control)
3

AB (25 uM) - + + + + +
SCB (ug/mL) - - 1 10 50 100

Fig. 1. Cell viability of 80% ethanolic extract of Sorbus
commixta bark (SCBE) on amyloid beta (AB)-induced
cytotoxicity in PC12 cells. Result shown are meanstSD (n=3).
Data were statistically considered at 'p¢0.05, "p{0.01 and
“0¢0.001 different from the AB group. Concentration of
memantine, donepezil and lupeol, 1 mg/kg b.w; concentration
of SCBE, 100 mg/kg (low) and 300 mg/kg (high).
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Ao wehEct

3.2. 2X7IE Xfaf0) LEt M =2

ABE AD TAPol|A] st WA, Al 9 Ak 9] &4
o7 P& Ao 4 71 FAS FIEHPaula 5, 2009).
o] I 719 A=, @777 471719 7+9] FE Fe,
A AH f718 02 TR tkYao 5, 2010). AR
£ ARt AE AL} G330 WA B9 et W TTs
9] o= etal, 2= Q1A o= o]ojXtHCampbell
3} Bondy, 2000). TetA 5 H7HE B9l AD 7] T4
9] A5 AoNE H7Ist= Zo] F835IH Passive
avoidance test= APEEC| o5& ¥HS A36k= &
4= 0|83t ALE, AEF A et S5 sHIY @77
° 59 S4ske WHoR 2= Fig. 29 o Ap
A #(115.33 sec) BAART(266.75 sec)oll HoHq
FolHo g T7)7]d5go] FASHH 2, memantine™t
donepezil FAANZRTE 217+ 215.03 sec?t 222.33 secE
latency time°] 7HAEich. EFFE SCBE A2la(156.25
sec?} 185.00 sec)™} lupeol #2](200.00 sec) GA| AR
At} vl wstelE o, ©717195 8] A A

350

Step-through latency (sec)

e AN < 3 >
o(\ei’e W 906 ) K\%C‘?, N \»Qeo
o N S I3

3 3

Fig. 2. Effect of 80% ethanolic extract of Sorbus commixta bark
(SCBE) on step—-through latency in passive avoidance in amyloid
beta (AB)1-s2-induced mice. Result shown are meanszSD (n=7).
Data were statistically considered at 'p¢0.05, “p¢0.01 and
"0¢0.001 different from the AB group. Concentration of
memantine, donepezil and lupeol, 1 mg/kg b.w; concentration
of SCBE, 100 mg/kg (low) and 300 mg/kg (high).
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Morris water maze test= AT FTES $5 0|20 4
2 5, FHO dAE 0|83 A% platform 3= Al
H& S0t AIEHoR, AAFY 37t st A7171Y

2 =%ol= ®WHoltH(Fig. 3). Hidden trial®) 444
o] Aol A HAHE(14.33 sec)T} H|WSIHE T Ap

A2 5-(85.67 sec)?] =HHE Fot Zete B ALt
48t glot, AgR SiEE 71018 24 Q1% 47171 3
(A)
200
—e— Control
180 —O0— AB
—v— AB+Memantine
. 160 - —&— AB+Donepezil
O —m— AB+Low SCBE
& Mor o= AB+H?gwh SCBE
‘>’- 120 —&— AB+Lupeol
c
2 100}
B
2 sof
8
S eof
w
40
20

Day 1 Day 2 Day 3 Day 4

®)

50

a0}

30

20

Time in target quadrant (sec)

o Qe @ Y < < o
e AN VAN

" &
R w” o @'Y\\g W

Fig. 3. Effect of 80% ethanolic extract of Sorbus commixta
bark (SCBE) on escape latancy (A) and time in target zone (B)
in Morris water maze test in amyloid beta (AB)1-s2-induced
mice. Result shown are meanstSD (n=7). Data were
statistically considered at 'p¢0.05, “p<0.01 and “'p¢0.001
different from the AB group. Concentration of memantine,
donepezil and lupeol, 1 mg/kg b.w; concentration of SCBE,
100 mg/kg (low) and 300 mg/kg (high).
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&o| £AE 718 EQIsFAtHFig. 3(A)). ¥, memantine
T} donepezil FFHRTES Z2F 19.91 sec®} 17.13 secE
MAE RS BRI em, SCBE #2(31.51 sec, 20.32
sec)T} lupeol AT(17.11 sec) GA| FoA0 7 EH&E A
Zbo] ZAsigley. EEo| MEEE Atto] AR
(29.09 sec)t H]otHS o AR HE(16.99 sec)e] A7t
o] FYHoE ZA5IItHFig. 3(B). ¥, memantine¥}
donepezil FANRTS 2+ 25.50 sec, 25.78 sec®
MAE Re BIstgon, SCBE A23(24.28 sec,
24.82 sec)d} lupeol A #+(28.04 sec) FA| /A== 74
F& B0, £3], SCBE 15k AT lupeol A2

2 FoF o g A= nikEe gy £4 5 of
9l lupeol streptozotocin(STZ)Z AICLZZ F-=4 9l
A7) Aol ®dofA elevated plus maze test?} Morris
water maze testg &9 7|28 &40 gt g A
3= Yelith(Hashmi 5, 2018). &3} chlorogenic
acidE scopolaminel & FE¥ ©@7]7]9 Aoff dlofA
Y-maze test, passive avoidance test?} Morris water
&l AA7EA dgt A anE B2l
(Kwon 5, 2010). mehs] SCBEZ} 7= 943+ 9177]
T &0 tigt B3 a3k= oheRet Yol 71E=
A0 & wetEy, nprhEo] H3E o A TR RE
FEH A7 s FHE FHoRE HAAZ 5= U2 AL

= e,

maze tests

3.3 2552 Xfo/0) Lzt M z2f
ADE LEAIE ZHlsl= QIA|7]|% Astog BT
AtHZawia 5, 2005). ADY] 4T 715 of= Q1A U A

3 ol =LA @A, o *]Zﬂ 2 A ol|A] 7150l

AA Qi B uE At (Jellinger 5, 2013). ESE AlA| &

S I O TRl A= AH A7l A AE &=t

LA T=o] Slof 2559 Aoll= ADS} dito] A&

07 HilEo] AD 27| 9A9] 2558 ool dhigt 7id &

A 7= Aol 2838t HPedrinolla &, 2018). Vertical

pole test= AHEEY] Feede S0k AFHRo=R

A= Fig. 49F 2tk AR AH(7.97 sec)> FAHEL

(20.50 sec)oll H[st] -9H 0= latency time©] ZJ&:’G L

ZAE EI51 0, memantine} donepezil FFHZRT

rlo rl
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Fig. 4. Effect of 80% ethanolic extract of Sorbus commixta
bark (SCBE) on latency time in vertical pole test in amyloid
beta (AB)i-w-induced mice. Result shown are meanstSD
(n=7). Data were statistically considered at 'p¢0.05, “p¢0.01
and "'p¢0.001 different from the AB group. Concentration of
memantine, donepezil and lupeol, 1 mg/kg b.w; concentration
of SCBE, 100 mg/kg (low) and 300 mg/kg (high).

Z¥7¥ 11.87 sec®} 14.67 secZ latency time©] 7HA=] At
S SCBE A=wX12.00 sec?}t 16.53 sec)T} lupeol A2
TH21.37 sec) AAl AR AT} HIWSIGE o, latency
timeo] 7MEE AgFE Helon, 53], SCBE 1sk A
T2 lupeol AP FojHog A=,

T3 rotarod testg &9 +eege SHT HHS
Fig. 59} 2t} AB A 2]2(14.17 sec)2 AATNZZ(24.
sec)ol| HIgt] F-H O = latency timeo©] FHadh= A<
31519 0, memantine¥} donepezil FANZ AL 7+
7} 31.93 sec®} 33.27 sec® latency time©]| 7AAE At
E3SH SCBE AEi23.94 sec?}t 27.33 sec)d} lupeol A
2]37(23.73 sec) GAl AR A= H| w5 ), latency
time°] /A== AFE E9oH, E3], SCBE 15k A
271} lupeol AT FOH 0 E ALY ni7HEo
teF 35 lupeol carrageenanl @ =% 57 Hﬂr“]
4 % 5 53 HdoA rotarod ¥ open field HA
_g_ —5—H /Jo-]EE-_,] EE—] /\-L‘:_oﬂ 0}\0}- 7Hk] _OJ-/\‘]g _H;_(}a
tHde Lima 5, 2013). RutinZ F9] ZJdAA =24 &
A Bdo| A Z7}E matrix metalloproteinase-9 +&&
FaAA &5 715 AT ZuEgti(ang &
2014). EZL, wpHE 222 2] RdolA BE E &

=
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Fig. 5. Effect of 80% ethanolic extract of Sorbus commixta
bark (SCBE) on latency time in rotarod test in amyloid beta
(AB)s-42—induced mice. Result shown are meanszSD (n=7).
Data were statistically considered at "p¢0.05, "p¢0.01 and
"0¢0.001 different from the AB group. Concentration of
memantine, donepezil and lupeol, 1 mg/kg b.w; concentration
of SCBE, 100 mg/kg (low) and 300 mg/kg (high).

4 Aa, AE AHEE JfMeke AoRE Bkl Afgp
AZEA] dgt Bs a38 EAtHLiu 5, 2015). ot
A lupeol 53 2 t3t A&y E4S dRoke vt
7HE FEEE ADY 7] 3411 558 Aot gt &
oAQl N aE 7HAe AR wdHEn

3.4. B2 ALE HY 2

£ FEdtMuir, 1997). ©ebA up7HE 21 2529
AFHE B3 AChEY] Asi&dS &gt Z3}+= Fig. 6(A)
o} et AR AE2(148.72% of control)> AR
(100%)°1 Hlsto] fFojH o= 571 AChE 42 ER2
o, memantine¥} donepezil FAHRTS 242 135.11%
of controld} 82.21% of controlZ 7JAE AL BTt
E3h SCBE AH(121.11% of control¥ 118.88% of
contro)¥} lupeol AE(87.72% of control) FA| AR
At} BlstdS o, F-2H2E AChES] E4do] A3f
H AS sttt 948 AlARe AFHGEAQ

gui
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Fig. 6. Effect of 80% ethanolic extract of Sorbus commixta
bark (SCBE) on acetylcholinesterase (AChE) activity (A) and
acetylcholine (ACh) contents (B) in amyloid beta (AB)1-s—
induced mice. Result shown are meanstSD (n=7). Data were
statistically considered at 'p¢0.05, “p<0.01 and “p<0.001
different from the AB group. Concentration of memantine,
donepezil and lupeol, 1 mg/kg b.w; concentration of SCBE,
100 mg/kg (low) and 300 mg/kg (high).

ACh9] k& 4 A= Fig. 6(B)<+ 2t A AT+
(19.47 pmole/mg proteiny2 ZANZH24.96 #mole/mg
protein)ol| H|sto] oA 08 ZAaH ACh g2 HEHH
o™, memantine¥ donepezil FFHZFEL 42 20.21
pmole/mg protein®} 22.91 pmole/mg protein®.=Z
ACh &o] 7Idd Zg B EF, SCBE A
(19.48 pmole/mg protein¥t 22.91 pmole/mg protein)
T} lupeol A2]+22.96 umole/mg protein) GA| A A
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g} HWokRS o, ACh &o] /IAsEl+ 42 23
. op7tEo] $hFEo] QlE hyperoside® quercetin®
HiGA 2 A DA o2 G Fhe ratollA] AChES] 24
S7IE Q1% 7198 AskE NAAFH 2H(Chen 5, 2021),
procyanidin Bl FA] $-4=3t AChE AsjEFE 7HA=
Aoz HIEAHFloris &, 2019). £3], triterpenic
skeleton™} C-39] #+2& 7}A+= lupeol AChES] st
93 ASAZ R1E A cHBesbes 5, 2017). ]9 wh}
2 AFNAE ABE AA7]S BNt f=d s=E4do]
Al gt B2 £45 ol SCBE A& &9l &
4 Alad”lo] A= RS ERIstAt. o, SCBEZL
ACh9] &dfjolli= aTHAQ AsigdS Blou, ACh &4
3} #o] &= choline acyltransferase(ChAT)] BT
Z40] Bt A7 FIHH o E ZFE|ojof T Holrt

3.5, XHELEE oF 2

Y] AL QRO] AEHARRE RAS KT 9I%t T
o] A|AEIO A A AIAELS: 7FA]AL 9191, superoxidse
dismutase(SOD), glutathione(GSH), catalase (CAT)
S 22 A} B4R o]FofA QItk(Shim 5, 2017).
SEAIRE TS Ap Tl o] A o7 Qg BT AR T
WAL HE Y= ASH AEG A= AU AR AL
9] &4 do7|, ¥ 2Ao] EAfct= Alxd A
9] A ATAEE 42 A malondialdehyde(MDA)?} 22
A A TALSHE 0] A ETHCampbell# Bondy, 2000). &
5], ] FA 2 o 2A o Hle| X3} A4S H[Eo]
Fol AEF A0 HoRst LRE THA HA £44F ] X Al
BAIZY AFES 2T 4= A Bourre, 2004). wHEHA A
E F=H AR5 Aol oA 9] SCBES] MDA AJsi&
AL =459 Fig. 7). AR AT(1.69 nmole/mg
protein)< A Z(1.26 nmole/mg protein)ol H]5}]
foH o2 Z71E MDA RS YeRi o™, memantineT}
donepezil FFHERT2 242} 1.29 nmole/mg protein¥t
1.62 nmole/mg protein®& MDA o] 7jAH AL
Bt ®3t SCBE *2]++(1.40 nmole/mg protein¥t
1.30 nmole/mg protein)@} lupeol *=41.22 ymole/mg
protein) HA] A A3} ¥ 6lGS W, MDA $o]
FolHo g HAE AL gRlstoinh. nrtEY A3 g2

jus)

https://www.ekosfop.or.kr

20

L 1

05

MDA contents (nmole/mg of protein)
>

0.0

o Q¢ e N\ < 2 N
JE R I SR AN
x oo x
e o° ot O\
I o\ x o 3
] L W o

Fig. 7. Effect of 80% ethanolic extract of Sorbus commixta
bark (SCBE) on malondialdehyde (MDA) contents in amyloid
beta (AB)i-a2-induced mice. Result shown are meanstSD
(n=7). Data were statistically considered at ‘p¢0.05, “p¢0.01
and “'p(0.001 different from the AB group. Concentration of
memantine, donepezil and lupeol, 1 mg/kg b.w; concentration
of SCBE, 100 mg/kg (low) and 300 mg/kg (high).

<= Fol= QIgt 7+ &40 tis GSHeF SOD, CATY] =
< 3t ¢S FYHoE HAAaAFT
(Lee 5, 2000). "}7H=9] i &4 £42 lupeol=
7FEE(C)Q) T LEof o5t A1 24 9] A AIHisHE
AAA 7= Ao 2 H1EQom(Nagaraj 5, 2000), HA
EAEIEOE R AR AEF A gt AHAY A
ApAsE GA] A E Y cH(Prasad &, 2008). wWekA] thef
gt 22|49 ul7HE Jupeol®] FH4FSH AJAH HE &
o} 21 TpAksE QA2 B RA A A 953 B
33E /M 5 e AoE waEn

i
olN
N
>
A
)
nﬁ

|
[

3.6. Apoptosis G0 Sfat MHZHE E5 &

ABE ¥ A9 A5 apoptosisE FAA7|H ¥ FZ
ol =213tE apoptosis7t APE ¢, AFA| 2
A ES Uebdith(Awasthi 5, 2005). §5
£72]9] CA1%} DG Fo|A419] HARZ AFELZ Q1A|7]52
FojE zHslel FFHoE ADO| WALzt
(Kerchner 5, 2012). WA ARE S&=H 9l 7
ZdofX9] SCBEY apoptosis Al B4 B
(Fig. 8). ¥ 22|49 TUNEL £4 ZAil= Af AHEE
(114.08%)= HdHET(5.36%)°0 Blsto] FojHo= &
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Fig. 8. Effect of 80% ethanolic extract of Sorbus commixta
bark (SCBE) on quantitative analysis of TUNEL-reactive cells
in amyloid beta (AB)i-z-induced mice. Result shown are
means*SD (n=3). Data were statistically considered at 'p<0.05,
"p(0.01 and "'p¢0.001 are meanstSD (n=7). Data were
statistically considered at 'p¢0.05, “p¢0.01 and ~"p¢0.001
different from the AB group. Concentration of memantine,
donepezil and lupeol, 1 mg/kg b.w; concentration of SCBE,
100 mg/kg (low) and 300 mg/kg (high).

7He positive cell& WEFH 2™, memantine®} donepezil
FAAN RIS ZH2} 78.44%2F 106.08%ZE positive cell9]
TAE Bt ESH SCBE AE96.29%, 84.87%)%
lupeol A2H(77.40%) FA AR A2t} H|wstS o,
positive celle] fAE= FFS How, E5], SCBE 1L
S AYFT lupeol AL FHoE M=
np7bgo] o &8 isoquercitrine A @A &4
< oS Bt ofuet, FA4E Egt39] Eafo] a3t 9l
o1, isoquercitrin® A= AR BIFE Afrs-3s T
9] FF BEE ARATIH, ABrs3sS S8 AT Bt
oftizl, P44H B-sheetE Eofste] SHE Aot A2
£ 7t 21 E it (Carmona &, 2020). E3E uprb
£ lupeold} TlEo] T 35 o] 9l lupenone
PI3K/Akt/mTOR A% Hg F25 & HAYHET
(methamphetamine) 22 F=% apoptosisZF-H 417
BA|ZZF SH-SYSY AIZE Bogittil HustrkLee 5,
2020). E3F kRl & FEEL2 lipopolysaccharide
(LPOZE =% macrophage©llA4] inducible NO synthase
(iNOS) ¥ cyclooxygenase-2(COX-2)9] mRNA +&&
anFor  AAAZRL, B(Akt),

™)

protein  kinase
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phosphoinositide-dependent kinase 1(PDK1), p85/
phosphoinositide-3-kinase(PI3K)2] ¥dS xdgoz
A AFERE Al AFES AAISEITHYu &, 2011). o
2hA oget 92 £45 Fole SCBE: AIBAIZ
9] apoptosisg X2 AAFOZH AFAE H

T adE 7MY, ol FFACE AATSE B &

I

4. 0

7= Sorbus commixta bark) $&E(SCBE)E o|-&
sto] Ap AR frE NZAFER Q1275 el A
A A3HE ZRIstYIth SCBEE PC12 AIBMZAIA A T
HAT FrH AlZARE] tiet HS G35 7HA= Zo '
SRIEISIT A TiE Fol& Qg Q175 A E 717
rat LEo|A QA7]5 &4 X 552 Asto] gt 714
RIS IRISIGITh ERL X RAOA 9 S AlAH A
ofjet A ARt A B ST S HloH,
apoptosis©l] et 7| a¥E UeERith webA ol
Ail= AR SHAR FE AFAZ AFE} 1A 7]5
offo]] thgt S-=3t BS RIS 7HA = ALE ERIEC
o, mp7HEo] SRR oheket e S0 ot e &
T2 gUEn. 3%, 012 2250 g0l ojug
AEE B0 /A== He BABETH A+ 8

¢

¥ 02 WEH, B 47 iR 2582 A%l
4ol dat 2AA2] B 50l 948 AoR Bk
Ao

zAe 2

EH A3Ee HEo Yoz AR o] Aoy xA
T-(2018RIDIA3B07043398)2] X Y& who} =3 Ay}
2 olo ZAI=HYT

Conflict of interests
The authors declare no potential conflicts of interest.

Author contributions
Conceptualization: Heo HJ. Data curation: Kim JH,

https://doi.org/10.11002/kjfp.2022.29.2.339



Korean J Food Preserv, 29(2) (2022)

Heo HJ. Formal analysis: Kim JM. Methodology: Kim
JM, Bae DH. Validation: Kim JH. Writing - original
draft: Kim JH. Writing - review & editing: Kim JH.
Kim JM, Heo HJ.

Ethics approval
This research was approved by IACUC from the

Jeollanamdo institute of natural resources research

(no. 32-35).

ORCID
Ji Hye Kim (First author)

https://orcid.org/0000-0002-8422-6298
Jong Min Kim
https://orcid.org/0000-0001-7926-4778
Dong Hyuck Bae
https://orcid.org/0000-0002-0002-4243
Ho Jin Heo (Corresponding author)
https://orcid.org/0000-0002-3560-2007

References

Awasthi A, Matsunaga Y, Yamada T. Amyloid-beta
causes apoptosis of neuronal cells via caspase
cascade, which can be prevented by amyloid-
beta-derived short peptides. Exp Neurol, 196,
282-289 (2005)

Basso M, Yang J, Warren L, MacAvoy MG, Varma P,
Bronen RA, van Dyck CH. Volumetry of amygdala
and hippocampus and memory performance in
Alzheimer's disease. Psychiatry Res Neuroimaging,
146, 251-261 (20006)

Ben nejama A, Besbes M, Guerineau V, Touboul D,
Ben jannet H, Hamza MHA. Isolation and
structure elucidation of acetylcholinesterase
lipophilic lupeol derivatives inhibitors from the
latex of the Tunisian Periploca laevigata. Arab
J Chem, 10, S2767-S2772 (2017)

Bourre JM. Roles of unsaturated fatty acids
(especially omega-3 fatty acids) in the brain at
various ages and during ageing. ] Nutr, 8,

https://www.ekosfop.or.kr

163-174 (2004)

Campbell A, Bondy SC. Aluminum induced oxidative
events and its relation to inflammation: A role
for the metal in Alzheimer’s disease. Cell Mol
Biol, 46, 721-730 (2000)

Carmona V, Martin-Aragon S, Goldberg J, Schubert
D, Bermejo-Bescos P. Several targets involved
in Alzheimer's disease amyloidogenesis are
affected by morin and isoquercitrin. Nutr
Neurosci, 23, 575-590 (2020)

Chen X, Famurewa AC, Tang J, Olatunde OO, Olatunji
OJ]. Hyperoside attenuates neuroinflammation,
cognitive impairment and oxidative stress via
suppressing TNF-a/NF-xB/caspase-3 signaling
in type 2 diabetes rats. Nutr Neurosci, 1-11
(2021)

Darzynkiewicz Z, Galkowski D, Zhao H. Analysis of
apoptosis by cytometry using TUNEL assay.
Methods, 44, 250-254 (2008)

de Lima FO, Alves V, Filho JMB, da Silva Almeida
JRG, Rodrigues LC, Soares MBP, Villarreal CF.
Antinociceptive effect of lupeol: Evidence for a
role of cytokines inhibition. Phytother Res, 27,
1557-1563 (2013)

Deacon RM. Measuring motor coordination in mice.
J Vis Exp, 75, 2609 (2013)

Dickson DW, Farlo J, Davies P, Crystal H, Fuld P,
Yen SH. Alzheimer’s disease. A double-labeling
immunohistochemical study of senile plaques.
Am ] Pathol, 132, 86-101 (1988)

Ellman GL, Courtney KD, Andres Jr V, Featherstone
RM. A new and rapid colorimetric determination
of acetylcholinesterase activity. Biochem Pharmacol,
7, 88-90 (1961)

Floris S, Fais A, Rosa A, Piras A, Marzouki H, Medda
R, Gonzalez-Paramas AM, Kumar A, Santos-
Buelga C, Era B. Phytochemical composition
and the cholinesterase and xanthine oxidase
inhibitory properties of seed extracts from the
Washingtonia filifera palm fruit. RSC Adv, 9,
21278-21287 (2019)

Hashmi WJ, Ismail H, Mehmood F, Mirza B.
Neuroprotective, antidiabetic and antioxidant

349



Anti-amnesic effect of Sorbus commixta bark

effect of Hedera nepalensis and lupeol against
STZ+AICl; induced rats model. Daru J Pharm
Sci, 26, 179-190 (2018)

Heo HJ, Cho HY, Hong B, Kim HK, Kim EK, Kim BG,
Shin DH. Protective effect of 4',5-dihydroxy-3',
6,7-trimethoxyflavone from Artemisia asiatica
against AB-induced oxidative stress in PC12
cells. Amyloid-] Protein Fold Disord, 8, 194-
201 (2001)

Im NK, Lee DS, Lee SR, Jeong GS. Lupeol isolated

le,25-

(OH);D3-mediated osteoclast differentiation and

from Sorbus commixta suppresses

bone loss in vitro and in vivo. ] Nat Prod, 79,
412-420 (2016)

Jang JW, Lee JK, Hur H, Kim TW, Joo SP, Piao MS.
Rutin improves functional outcome via reducing
the elevated matrix metalloproteinase-9 level
in a photothrombotic focal ischemic model of
rats. ] Neurol Sci, 339, 75-80 (2014)

Jellinger KA, Attems J. Neuropathological approaches
to cerebral aging and neuroplasticity. Dialogues
Clin Neurosci, 15, 29-43 (2013)

Kasa P, Rakonczay Z, Gulya K. The cholinergic
system in Alzheimer’s disease. Prog Neurobiol,
52, 511-535 (1997)

Kerchner GA, Deutsch GK, Zeineh M, Dougherty
RF, Saranathan M, Rutt BK. Hippocampal CAl
apical neuropil atrophy and memory performance
in Alzheimer's disease. Neuroimage, 063,
194-202 (2012)

Kim DO, Jeong SW, Lee CY. Antioxidant capacity
of phenolic phytochemicals from various cultivars
of plums. Food Chem, 81, 321-326 (2003a)

Kim KM, Kim TH, Jang WG. Effect of
cryptochlorogenic acid extracted from fruits of
Sorbus commixta on osteoblast differentiation.
J Korean Soc Food Sci Nutr, 46, 314-319 (2017)

Kim MS, Seong HJ, Sohn HY. /n-vitro antithrombosis
activity of different parts of Sorbus commixta
from Ulleung island. J Life Sci, 26, 289-295
(2016)

Kim SH, Jang YS, Chung HG, Choi MS, Kim SC.
Selection of superior trees for larger fruit and

350

high productivity in Sorbus commixta Hedl
Korean ] Plant Res, 6, 120-128 (2003b)

Kumar A, Singh A. A review on Alzheimer’s disease
pathophysiology and its management: An
update. Pharmacol Rep, 67, 195-203 (2015)

Kwon SH, Lee HK, Kim JA, Hong SI, Kim HC, Jo
TH, Park YI, Lee CK, Kim YB, Lee SY, Jang CG.
Neuroprotective effects of chlorogenic acid on
scopolamine-induced amnesia via  anti-
acetylcholinesterase and anti-oxidative activities
in mice. Eur J Pharmacol, 649, 210-217 (2010)

Laursen SE, Belknap JK. Intracerebroventricular
injections in mice: Some methodological
refinements. ] Pharmacol Methods, 16, 355-
357 (1986)

Lee CW, Won TJ, Kim HR, Lee D, Hwang KW, Park
SY. Protective effect of chlorogenic acid against
Ap-induced neurotoxicity. Biomol Ther, 19,
181-186 (2011)

Lee HS, Kim EN, Jeong GS. Lupenone protects

SH-SY5y  cells
methamphetamine-induced apoptotic cell death
via PI3K/Akt/mTOR signaling pathway. Int ]
Mol Sci, 21, 1617 (2020)

Lee SO, Lee HW, Lee 1S, Im HG. The
pharmacological potential of Sorbus commixta

neuroblastoma against

cortex on blood alcohol concentration and
hepatic lipid peroxidation in acute alcohol-
treated rats. ] Pharm Pharmacol, 58, 685-693
(2006)

Lee YM, Kim YS, Lee Y, Kim J, Sun H, Kim JH, Kim
JS. Inhibitory activities of pancreatic lipase and
phosphodiesterase from Korean medicinal plant
extracts. Phytother Res, 26, 778-782 (2012)

Liu QF, Lee JH, Kim YM, Lee S, Hong YK, Hwang
S, Oh Y, Lee K, Yun HS, Lee IS, Jeon S, Chin
YW, Koo BS, Cho KS. /n vivo screening of
traditional medicinal plants for neuroprotective
activity against AB42 cytotoxicity by using
Drosophila models of Alzheimer's disease. Biol
Pharm Bull, 12, 1891-1901 (2015)

Moon E, Youn Y, Choi BY, Jeong HU, Park JH, Oh
MS, Soh Y, Kim SY. Extracts of Sorbus

https://doi.org/10.11002/kjfp.2022.29.2.339



Korean J Food Preserv, 29(2) (2022)

commixta and Geranium thunbergii inhibit
Osteoclastogenesis and stimulate chondrogenesis.
J Korea Acad Industr Coop Soc, 11, 3358-3365
(2010)

Morris R. Developments of a water-maze procedure
for studying spatial learning in the rat. J
Neurosci Methods, 11, 47-60 (1984)

Muir JL. Acetylcholine, aging, and Alzheimer's
disease. Pharmacol Biochem Behav, 56, 687-
696 (1997)

Na M, Kim BY, Osada H, Ahn JS. Inhibition of
protein tyrosine phosphatase 1B by lupeol and
lupenone isolated from Sorbus commixta. ]
Enzym Inhib Med Chem, 24, 1056-1059 (2009)

Nagaraj M, Sunitha S, Varalakshmi P. Effect of
lupeol, a pentacyclic triterpene, on the lipid
peroxidation and antioxidant status in rat
kidney after chronic cadmium exposure. J Appl
Toxicol, 20, 413-417 (2000)

Newman JP, Kosson DS. Passive avoidance learning
in psychopathic and nonpsychopathic offenders.
J Abnorm Soc Psychol, 95, 252-256 (1986)

Paula VDJRD, Guimaraes FM, Diniz BS, Forlenza
OV. Neurobiological pathways to Alzheimer’s
disease: Amyloid-beta, TAU protein or both?
Dement Neuropsychol, 3, 188-194 (2009)

Pedrinolla A, Venturelli M, Fonte C, Munari D,
Benetti MV, Rudi D, Tamburin S, Muti E,
Zanolla S, Smania N, Schena F. Exercise training
on locomotion in patients with Alzheimer's
disease: A feasibility study. J Alzheimers Dis,
61, 1599-1609 (2018)

Prasad S, Kalra N, Singh M, Shukla Y. Protective
effects of lupeol and mango extract against
androgen induced oxidative stress in Swiss
albino mice. Asian J Androl, 10, 313-318 (2008)

Rafii MS, Aisen PS. Advances in Alzheimer's disease
drug development. BMC Med, 13, 1-7 (2015)

Raudone L, Raudonis R, Gaivelyte K, Pukalskas A,
Viskelis P, Venskutonis PR,
Phytochemical and antioxidant profiles of

Janulis V.

leaves from different Sorbus L. species. Nat
Prod Res, 29, 281-285 (2015)

https://www.ekosfop.or.kr

Santos-Buelga C, Gonzalez-Paramas AM, Oludemi
T, Ayuda-Duran B, Gonzalez-Manzano S. Plant
phenolics as functional food ingredients. Adv
Food Nutr Res, 90, 183-257 (2019)

Shim SY, Kim HS. Oxidative stress and the
antioxidant enzyme system in the developing
brain. Korean J Pediatr, 56, 107-111 (2013)

Sloane PD, Zimmerman S, Suchindran C, Reed P,
Wang L, Boustani M, Sudha S. The public
health impact of Alzheimer’s disease, 2000-
2050: Potential implication of treatment advances.
Annu Rev Public Health, 23, 213-231 (2002)

Sung MS, Song YK, Ho LH. Protective effect of
Sorbus Commixta cortex extract on CoCly-
induced apoptosis in neuroblastoma cell line
SK-N-MC. ] Korean Med Rehabil, 22, 17-29
(2012)

Tyler SJ, Dawbarn D, Wilcock GK, Allen §J. e-and
B-secretase: Profound changes in Alzheimer’s
disease. Biochem Biophys Res Commun, 299,
373-376 (1958)

Vena D, Novak AC, King EC, Dutta T, Fernie GR.
The evaluation of vertical pole configuration
and location on assisting the sit-to-stand
movement in older adults with mobility
limitations. Assist Technol, 27, 208-218 (2015)

Vincent D, Segonzac G, Vincent MC. Colorimetric
determination of acetylcholine by the Hestrin
hydroxylamine reaction and its application in
pharmacy. Ann Pharm Fr, 16, 179-185 (1958)

Yao Z, Zhang Y, Lin L, Zhou Y, Xu C, Jiang T.
Abnormal cortical networks in mild cognitive
impairment and Alzheimer's disease. PLoS
Comput Biol, 6, e1001006 (2010)

Yu T, Lee Y], Jang HJ, Kim AR, Hong S, Kim TW,
Kim MY, Lee ], Lee YG, Cho JY. Anti-
inflammatory activity of Sorbus commixta
water extract and its molecular inhibitory
mechanism. ] Ethnopharmacol, 134, 493-500
(2011)

Zawia NH, Basha MR. Environmental risk factors
and the developmental basis for Alzheimer’s
disease. Rev Neurosci, 16, 325-337 (2005)

351



