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The Protection Effect of Parkinson’s Disease by Korean Propolis

Sung-Kuk Kim, Hyo Young Kim, Hong Min Choi, Se Gun Kim, Seon Mi Kim, Hye Jin Lee,
Hyo Jung Moon, Young Sin Lee, Sik Ryu, Sang Mi Han and Soon Ok Woo*

Department of Apiculture, National Institute of Agricultural Science, Rural Development Administration (RDA),
Wanju 55365, Republic of Korea

m Parkinson's disease is a representative neurodegenerative disease in recent century. In this
study, we confirmed the effect of Korean propolis for the prevention of Parkinson's disease
using the SH-SY5Y neuroblastoma cell line. The cytotoxicity concentration of MPP+ as a factor
of Parkinson’s disease for the SH-SY5Y cell line was confirmed at 200 uM. In this concentration
of MPP+ showed overexpression of a-synuclein protein as a Parkinson's marker and induced
apoptosis. And propolis was inhibited apoptosis and a-synuclein expression by MPP+. The
cytoprotective effect of propolis for MPP+ toxicity was appeared difference followed by
treatment condition. Pre-treatment of propolis has most effectively for inhibition of apoptosis
and overexpression of a-synuclein. In addition, pre-treatment with propolis increased the
amount of CREB protein expression in which related cognitive function. And activation of
apoptosis marker such as PARP and caspase-3 were also effectively inhibited by pre-treatment
of propolis. These inactivation of various apoptosis molecules was influenced by SAPK-JNK
phosphorylation. Especially, we found that Jak-Stat signaling cascade protein expression was
related in MPP+ toxicity and propolis prevention for the first time. Through this study, we
showed that propolis was very effectively in Parkinson’s disease prevention and clarified the
molecular mechanism by propolis. Therefore, we suggested that propolis can be usefully to
prevent neurodegenerative disease.
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AN 2 O] ubql AFAN 7} B3t H A deko] EAo] LE}

Ut} (Braak ef al., 2003). PD2] 94 EAofl= 24l

1}71¢=4 (Parkinson’s disease, PD)< tEZ Q] A7 AA 2D AT BAe 22 ved S48 @, 2
E4 d3to 2 A Fo]AH (Lewy body)Ztll ot & g, 24| Bty A, RS xohs 5 Foli7F vErd
A M W gy o] EAet 3 HIES t}(Fearnley and Lees, 1991). PDolA] YEl= W25t
AM| oA mabgl 2H] 27 AAEE A EAFC 2 ol Tolskes B2 HRE oFFl2 nEstA|T g
2 2} (Forno, 1996). HIFSAA| 0] AML2 F5417 73 82, 444 89 =2 F Q219 2o r UYL
Aol F LIt AFEFE FTotal HSE A LFolA = Aoz defA Qe A7 pDoAS] Eukl 4173
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Z7hz Qg Ateh AEAAGAE W R4 47
sl nEZEgote] 7% ZFofo|th(Pieczenik and
Neustadt, 2007). ©] A8} AEH A0} n|EFZE gjo} Ao
+ PDOl A3 Woish= FA7e] 7]Fo] 2o Sltt.
o] ZoflA pD2] HEZA u}AQl a-synuclein®] A53T =
dAol= AZE Yol A HIAAAR] a-synuclein®] F4&
fusle] iR Celoe] &8 ek Ao el
2] QIth(Martin et al., 2006). =5t a-synuclein 2 & of]
ot 42 PD & =Z<! 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP)®l| WIZIotA #-got= AHO
2 IHHTH(Klivenyi er al., 2006; Nieto ef al., 2006). ©]
2/gt pD W o] Woish= FAA= FA7EA] PARKI
(a-synuclein) (Spillantini et al., 1998), PARK?2 (Parkin)
(Feany and Pallanck, 2003; Dawson, 2006), PARK6
(PINK1) (Valente et al., 2004), PARK7 (DJ-1) (Chen et
al., 2005; Goldberg et al., 2005; Kim et al., 2005) g
21 PARKS (Leucine-rich repeat kinase 2, LRRK?2) (Li and
Beal, 2005; Sakaguchi-Nakashima et al., 2007)2] 57}
A7k g e=e] At o] {A% F PARK1] sigst=
a-synuclein®] PDO]l §lo] 7V 2 Lzl npARA dA
7HA] a-synuclein®] g3l et A47F HF =L et
E35] 3%9] a-synuclein®] A2t =] (A53T, A30P
T3 E46K) EA A PD Ol o WIzg Ao R o
A %D}(Slngleton etal.,2003).

In vitro T in vivo Q7oA APHO0E pDp A 1L
dof 7 28] AHEE A= MPTPOITH (Cui et al.,
2013; Jantas et al., 2014). MPTP= A1 H 54 E’Rﬁ/ﬂ o1
Uy gJ"O]‘-"ﬂfﬂ PDE s, MPTPO S54 <7t
A} BIRIZE FFONA Bl ol Hiet HP—O—# of= 2

-

JQ B gw
o
ofx

F

A

22 93§ uo] pp FASOIAA tehhs A
75U e Bon, Paolel Aol g
7} ReEes MpTPo] T 7440l FotAE Aol

L ATt (Irwin et al., 1993; Rose ef al., 1993). MPTP
= Al AR olFFHE A B & e 24
o|m, MPTP7} Al Fold 79 2 Zvto] Foil.- 1] A
< SIStk (Riachi et al., 1989). MPTPE Yo Soi7HH

AA| NH =02 2H861= 1-methyl-4-phenylpyridinium

rl

(MPP +)2 w2 7] A3+Eth(Heikkila ef al., 1984). MPTP
oAl MPP + 29] 2182 2tHA| o] IS AX|=d|, A ¥

84

A2 MPTP+ monoamine oxidase-B (MAO-B)l| ¢J3] &
&= 4Fet & AA SXHAIR] 1-methyl-4-phenyl-
2,3-dihydropyridinium (MPDP +)5 A4 3t} (Chiba et
al., 1984). =94 MAO-B2] BZE 112|518 MPTPO]
Al MPDP+ 29] 72k Tapyl 2H] Fao] ofyat A=
EY 2o Az dAgEE= Ao g2 Heolth(Kitahama
et al., 1991). MPDP ++= =3t A2 A] (Chiba et al.,
1985; Peterson et al., 1985) ©}24] B1&| 2| 2] ¢F2 HAYE
of oo &4 =4 B MPP+ 2 HgE| 1, A 3§
= MPP+ = Eojyl BH]) L3102 Eo]7py] Mof| A 2E
d 2H] Aol A EF T} 12y MPTP2L 22| MPP +
w2 QA o] F5ut s o= Qe HA & *JHZI
, T4l MPP+ 71 A2 W 48 F-9]ol|A] &=
FHOR o)Fohe A2 EHE 75 %*%*ﬂtf
of o]&35}H, Bezard S} Javitch S°f 2J35] MPP+
2 dPFAure] utgl EA o) ojEqthe A
S Tt (Javitch er al., 1985; Bezard et al., 1999). &

FP.LHN
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M L o 1o rT mx 52 rlr
(o]
N' r gt of

WH 2 A5 MPP++= n]EZEglof 7] Ao
Al SAEH, n|EZE 2o} Yol A 4F5HA QI4tehE o
At (Nicklas et al., 1985; Singer et al., 1987). T3t 1]

EZTgof Y] MPP++= tricarboxylic acid cycle &4
el a-ketoglutarate dehydrogenaseS AT} (Mizuno
et al., 1987). =3t MPP + &= T EZE20}9] ybiquinone
oxidoreductase (Complex ¥ A3sto] §4 42 oA
Sh=d| (Nicklas et al., 1985; Vyas et al., 1986), ©] 2 15|
ATP $A Aoll7 WSty Al =531 9t} AlA|
MPP+ S2{o] doid A gl up-g 2ol A ATPE] 4<20]
IZE 7210 2 GEFGTHDi Monte ef al., 1986; Scotcher
et al., 1990). Y12 2 A ] IS F3f| Al Wi ROS
S7ket ATP O] A 5O 2 A3z Abgo] HAYsHA

o,

ngZa At To] AAkSIE 74 BARA T
& ARl frehel 4R Bl choo] B
ol S0l B0t} Bej ZeZel Ak Bo] A4
o] Mz1e Holaly] S feto 2 AMtels BdeA 2
% Ze ngE 5o AP BYS HIs &
A We Seie Aluilz S8 o] §Et Burdock,

E

1998). AT FE <l =
HEANA= nl2ts E*OV] Az o] B3I, 1899
o] et oo A= A g2

=d =22 ZIAE FgJct= 17 1tk (Ramos and
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Miranda, 2007; Cavalaro et al., 2019; Duca et al., 2019).
ZeZd e Yt S5t St o=t &8
e A2 okl et (de Groot, 2013), A&7 91
S Fol at, Iatet 19 FFF T HHE A
=914 7]°54do] v OilxﬂE}(Fernandes Junior et al., 2005;
Sforcin, 2007; Zhang et al., 2013). &+ SetR o] =9
OfRt IA7]%E 7 A7 o] Fol ATt Yeh 52 JEL
S ot g AF7F 1Al 715 Aol v
o] S A 4 Atk A7 ARE E_L.s]'
(Yeh et al., 2021), Kim 52 Z2ZH A7} tau T
FARTE Ao L2sfolmel A4 ajo] e
532 AA A (Kim er al., 2021). =S Kim 5
oA Z2E2|2L7F MPTP =70 2Rt Al AFES oA
ot 4= oltte AHE B 15 THKim et al., 2022).

ole] & Ao A= ode] B ppof tigt 2 E
2]20] 71543 Predoto] Bok A2 1 A aE who] 713
= =elstazzt pp B o] AAA Q] =4 1ARI MPP+
St ZREAE A-5A4Y 4 E/‘Wﬂ Z2Z ogst
of T2 Ee| A0 Al 54 4 2% 19 dvE Al
I U e Jxpe] Helks @%3} c} 0|2 <Qlaf ==
= =i
o

il

(o}

N

(

mﬁ;ﬁ.r
T (7 ST A )

-

< invitro

Belzo] pp WY o) E % AFEBY DY AN

2 Ao AMH mrEAE S S5 A9 FE
F7hlA £E Z2EA 43 200 g0l 212] 80% ©ll
EI-S QoS Hrlslo] AeofA] wHFsHAA 48A17F SOt
FZ5H9 . ©] F miracloth® 12} 975t th-2-, Whatman
No.2 BHZ ofsto] EES AATIHCH, AdsS
oA 5] FEIA F5H Alzof ot §f
£ 100 mgmi®] FE7} HES W F Ao g
ul k2] W Bk,

2. Media & Reagents

A 3£ vl o] AHg-% Hi A= Gibeo (U.S.A)AHS] minimal

essential medium (MEM) BiZ]E AL8S19 o™, A 9
A2l 4472 AAIsH] $18L penicillin-streptomycin <
Al GibeoAtoll Al A5t et. Al ol B2 fetal
bovine serum (FBS)< GenDEPOT (Korea) Aol A ¢
g 21 56°CellA 5027 B2/ F ajA] o Hrtst
o AHgsHth. MZ29] PD =& 1% MPP+ iodide
£ Sigma (U.S.A)AFOlA] 2915191 ar, MPP +©f| thet Al
X =4 H71E 9I7F EZ-Cytox plus solution< DoGenbio
(Korea)°ll Al AlE-S - oF3ITt. Western blotting A &<
I3t 12} &4 % phospho-AKT, AKT, PARP, Caspase-3,
a-synuclein, Jak2, STAT3, SAPK/JNK, phospho-SAPK/
INK &A= Cell Signaling Technology (U.S.A.)°l A -
5+37, CREB2F GAPDHE=
(US.A)IA FAskA

Santacruz Biotechnology

LMEF S

Ao AHEE AEFE=
SYSY Al7dotM 2E Al
TY5to] Adei st A
€ #A= MEM 7142 Hi2]¢]l 100 unit/m1€] penicillin-
streptomycin, 10%2] FBSE 3 7Foto] AMg-sFQITh Al 2=
37°CE FAIH L 5%9] CO7F FFE= vig7]ofl A vt
Clpi=

4, SH-SY5Y MIEZ0f| it MPP+2| ME SN =X

Aol A 2str] 91k MPP+ 9] A7 F=E ZAA5t
7] 98] Hrof WE ME =4 gils AZskach WA
SH-SY5Y AMZE 96-well plate®] 1x 10*cells/well©] &
L5 HET T, 247 FRF v GAIH T vl Ao
MPP + = 50, 100, 200, 300, 400 12|12 500 uyM 2] 5= 2]
o2 Aalgt YRFZOZALE MPP+E H7st
oF 1 HiZ|gE Mgt 1802 AA5 W, MPP +
Boliskel 7] wZoll &rf thxt2 d7gst
9kt MPP + 2 Zﬁﬂoh 24*17P Foll EZ-cytox &
2k &}t v

31-8-A1 35 11, microplate reader®l| 4] 450 nm Tl A
L= =35kt T3 MPP+ 2] B4 High M &
g157] 43l EVOS XL Core (Thermo Fisher
Scientific, U.S.A.) microscope= 25T,

ofl Elol' 2 op
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Fig. 1. Design of experimental group.

5.Z22&a2|A H .2 8 SAIN2|of E MPP+0j| Chst
HE EM H|Z

SH-SY5Y M| EFof T2 Z e MPP+5 -5 W
BAAE oM M Hoo] gt Z2 &2 A0 gt
£ ol oh_Z} SHAATE. ©]F Western blotting 2.2 A X W
Sl 229 5] 100 mm dishS AFESFATE. 100 mm
dishol AIZFE ZZF 1 x 107 cells/well 2 HESH F 244
ZF &7t BieFstaL 200 uM ] MPP + 2} 10 pg/m1 ] Z2E

25 ool 2of weh Ajzze] Astqlt. E3], o
=9 A3 27 ©2] ZH%oll= 12417 5<t MPP+ &
A APolal o] ¢ ZrEAE 124X FF A 25k
o, @9 Folls Z2EHAE 1247t Bt A 2ot
I MPP+E ©|% 12413 B¢t A2lst3ith. @] 799
= MPP+ &} I E2|AE FA|of A5kl 24413t 53t
HH-S A ZTE. Z44248] Al A7 Fig. 19 =412ksH3]
=8

2] &, EZ-Cytox solution= A|ZE viz]9] 1/10 Fu=2
APstal 2A17F & 450 nm @] oA FFEE S5}
At S8 = 54 &, A2 FHIE EVOS XL Core @1

7o g HJstrt.

6. Western blotting

Al =7 B7bef| o

1§
oA | L L —%%—fi—

86

2t 5, 200 ul®] RIPA buffer (Invitrogen)E
scraper®. Al| 225 a5} EO]' Att. o]
ol A 2027t GAlEsto] RS FSA
11, bicinchronic acid (BCA) ‘jfﬂﬁél AFHo
2 F, 20 pge] GE-S Western blotting®l] AH-8-5H3ITH
5x SDS sample buffer (250 mM Tris-HCI (pH 6.8), 5%
2-Mercaptoethanol, 10% SDS, 0.5% Bromophenol blue,
50% Glycero)E 1x 9] 57} H & 7}otal 100°C
ofl A 1027t Fol T AS AAAAZT 7 Tl Alm
£ Bio-Rad (U.S.A.)2] 4~15% TGX premade gel®ll Z17]
455} 1L, transblot (Bio-Rad, U.S.A.) A& o]&3}
o] 12 voltage®ll 4 727t polyvinylidene fluoride (PVDF)
membrane®| transferstSIth. FA| 2] H|E0]2 Whg At
2 #3511 x tris-buffered saline-tween 20 (TBS-T)®ll 2%
non-fat dry milk (with 0.02% sodium azide)S 7}t &
Aoz Ao 1AL HSAIZAL, 12 FAIE A2l A
16171 &<t BESAI AT AFE-H 12} 34 S+ a-synuclein,
Caspase-3, CREB, Jak2, SAPK/INK, STAT3+= 1: 1,000
© &2 3|45}, AKT, PARPE 1:2,0002.2 5435+
t}. Phospho-AKT, phospho-SAPK/INK+= 1: 50002 3]
A5t 2™, GAPDHE 1:5,00022 2% non-fat dry milk
(with 0.02% sodium azide, in 1x TBS-T)°ll 3|45} A}
S5}t A 58 5 1 x TBS-T £H° 2 membrane
2 43] washingdF Th=, 12} 34| A4t hostell whe} 22} &F
A|?1 goat anti-mouse-HRP T+ goat anti-rabbit-HRPE
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Fig. 2. Cytotoxicity of MPP + for SH-SY5Y. MPP + were treat-
ed on dose-dependent manner. (A) SH-SYS5Y cell seeded on to 96-
well plate at 1 X 10* cells/well. MPP + were incbated for 24 hrs,
and then measurement of the optical density by EZ-cytox. Each
experiment group repeats for 3-times. (B) SH-SY5Y cell morphol-
ogy ovserved by EVOS XL core microscope.

5% non-fat dry milk (without sodium azide, in 1 X TBS-T)
o 1:2,0002= 3]A4sto] A-2ofA 2417 F<F HEEAIZ
o} 22 A HHS- & 1 x TBS-T £H°2F membranes 4
3] washingSt2l ECL pico detection system (GenDEPOT,
Korea) & A & ChemiDOC (Bio-Rad, U.S.A) 2 &
ERERCEREC

Zn g 0%

1. MPP+2| NI E SN T7}

Fig. 20141 SH-SYSY AlZ3F=] thgt MPP+ 9] Al
=4 A3 YeER AT Fig. 24914+ MPP+ 2] lethal
dose (LD)&= ©F 100 pMOlA] LFEFSETE. 124 Fig. 2B9]
Al FEE 2I5HA 100 uM 2] S|4 AE3] )= Al
IZ7F o EASEL g7 wiEel 2 AYE Fagel gl

2=

(A) 120

100
80

60

40
) I I l
0

Cell Viability (%)

Media EtOH 200 uM 10 ug/ml MPP+ Propolis MPP+
MPP+ Propolis —Propolis —MPP+  +Propolis

710 g/ml
MPP+ Propolis

MPP+
+Propolis

MPP+
—Propolis

—MPP+

Fig. 3. Protection effect of propolis extracts protect the SH-SYS5Y
cells from MPP + toxicity. Pre-treatment, post-treatment and si-
multaneously treatment 200 uM of MPP + and 10 pL/mL of prop-
olis extracts. Pre-treatment and post-treatment incubation time
is 12 hrs, respectively. Total incubation time is 24 hrs. (A) Cell
viability measured by EZ-Cytox, (B) Cell morphology observed
by EVOX XL core microscopy.

o] S Al FA4o] ot AFE-S YERiok 517 mlE
o MPP+ 9] 5 =X 200 uyM=Z 24313 T2E2 A
A sk o] dAFolA on] AR5H7] wizel &
Aol e 2 AES T3 AHE gelokA] okt
(Kim ez al., 2022).

2. I2E3|A XE2T MPP+o| M- Z I
UHE MIZ e 3 W= Tt

SAl Xz2|of

l-N
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fljo
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M
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2
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2
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AW = @ = = = Akt

R ———— | TY. 1.}
- T — w——= o w== < Active PARP

<« Pro-caspase-3

<« Active caspase-3

AP S - e——— - { GAPDH
M : Media / E: EtOH / MI: MPP+ / Pro : Propolis
(©) g 5 ¢
o t o
o I o %
— S — S E
= W = 0o = o
—— — « Jak2
-——-— ey — — — « stat3
e S o ]Phosho-SAPKIJNK
B W AN N S

e ——— o
W W W W ————

S S s e s s { GAPDH

M : Media / E: EtOH / MI: MPP+ |/ Pro : Propolis

Fig. 4. Western blot analysis of PD and cognitive-related proteins, apoptosis and signaling molecules. (A~C) 20 ug of protein lysates were
used in this experiments. Primary antibody incubation time is 16 hrs at R.T. All primary antibodies were diluted in 2% non-fat dry milk.

T}, Fig. 3A9] Aof|A e &~ E A
o] *“5%,—3 2HH ol 57}*] & Aol UrFJr"H’Jr

94 5‘%—% %7}*]?32‘% ngEL FEES AAY
e AvtH ok AEEC] Wlth §HH, MPP+7F A4
H A-oll= MPP+& THEA]E]RE At fARE A AE
ES Yoy ngEas 255 o7t a7t gle
702 LERSITE Fig. 3BollA] UERd A2 JEfE Eelo}
H 200 pM ] MPP+ & A 23t A7 MPP+E A
e Aol M 2] A7t APEE QoY '
25 A AAdolA= MPP+©ll 9§ 54o]

H Aoz yepgton Mpp+ 9t T2 EQA FEE
Aloll et AE oA % MPP+ 2] HA4o] AaH

N

llo o\ M M
ol F> _E

2o 2 eyttt ol T2 E A0 A7t pDe T

' 24k oAl E3p} Sl 2 ehol, P o)

AZEolE TR Za| A Z2ZEE| o3 AP = 4= 9]
= A& ou)git

3. 2 E2| A ME 5 Xt 2tE MIZE W
EHHE o}

MPP ++= PDO] WS fist= A7 54 24=A
7 2 M=E Wol v S A R g-synuclein®] & A
Queh. PD Y 5 AL ) A 0 R FAE Fol 4k
o] A hafdoln], Wo| AP HA 54 7tE ot
ofUg} ¢17] 7|5 Astell QS 7|7ITh. Fig. 4A9] 2
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IS HH MPP+ 2 13t a-synuclein®] ZHEd o] SRIx]
a2 EHA0 AR Q5] g-synuclein®] FHA
o] fAE YFS & 4 Utk Z2EA FEE9 A
A AA a-synuclein TEHo] 71 Hol S 4£HJ AL,
MPP + &} FA A 23 FiLo] A= MPP+ T Ao H]
ol a-synuclein®] o] ZHAH A-S & 4= ot 22
MPP+E A 2|3t 7-2-oll= a-synuclein®] Hado] TrA
2] AT, o] 2} A 91A] 715l gt mtA = A
CREB®] 7% MPP+ #]2]9] 739 chill ] Higdo] 3741 i
Aohed], 2 EYA 55 A9 Al CREBO] Hdo] 3
Beioln, meges 3R] WA} 1Y B Tl
A 9y ﬂy_g 14—E]—LH 1:]-

Fig. 4Bo A= A2 APEe] tigt e o] & sl
SHATE AKTS] 73-¢ A2 FE3 AFgo] glo] si4#<l
A, MPP+E A 2|5t3& ¢ AKTS] AT
QISP R sl A0 S, el maE
A =22 22 Qs AKTS] & 2 Q1415} 3)E.&
LhebLb) 39tk o] Xz Ee] 20 23 Bo] AKT Hhl
el 4 24 9 skl 9 1A G e
Ao AN 4o H2E §9 g
78 WOl QI Aol AZ AEle] glo] A v
89 Fe] Sjjel PARPS] 23 AT A 4157} et
=] o] apoptosis”F HAYSHH 85kDa®] THH-& A ok=d,
MPP+ A= 15| PARPE] TH27} S7F6HRAL, ol+=
MPP+E ARt Ay} MPP+9F T2 &2~ 35
== FAOl AR REoME Z2 AE Hrh 1
gy ZrEes 2258 AA R B9, PARPY] ©H

57} L}E}Lm @3, ol E2gel Fiel A

o

= 71';3* ﬂl—]’@‘ﬂ 7/10113}. Caspase-39] 7ol & AL
AP o] HASHA pro-caspase-3°14] 17, 19 kDa®] THH S}
7F AYsh=Tl, MPP+ SEA 2Tt AA oA = F
o] FA|of| /3= o] Yehte Zo] SIE et B
A o] & IS AlQet ohE 270l = g 71x] 9] &
gro] TR Q=] A AFER QIR T 7o) e A4
= AT =M Alx AFE-E Aot 2o = Hojxinh
124 PARPO] 7% SAI A 2ol M = &/ e /1AL
caspase-39] 73 FA|A 2o A= S E 2] gk

o). o] Aol A We] AR OR G 7
= PARPY] & THE AR B4 457 A /X 9L
e el T A5 7]

T oulRtt} whEhA] o] FEe v
& gets] AujEtof it

Fig. 4CollA= MPP+ &} Z2Eg| A 255 A 2o of
S AE W AeAG o] digh Aatolot, AlaL wof
A Jak-Stat Z 2= THE 418 F 2ot R & ol At
ol Al F& o]Fo|2]= AlS HRZA JakQ] 4155 7
A Stato] HE= MO = o]Fsto] -z WH-S 2]t
2 Aol MPP+ ©] A& Jak2o] We] 24
= gelstalen, Jof met o] Fo A= Stat3 9] T
IAE IA dadS Slskin. 1y 222
Z59 AYE 5ol Jak2o] Tl & IFE TA
UAR Stat3 ] B¢ ZRE L FEE0| A2 oA o
w4 W] 3155 Zo] skelw gt o] L&

FZ50| Jak-Stat 418 AR JFS FE= AL 9
nstH, £5] & Qto g o]Fsto] {3z S =4

Sta3 9] SE2 A AMEE AAT 5 es BT

Z1o|t}, A2 W mitogen activated-proliferation kinase
(MAPK) Z°llA] stress-activated protein kinase (SAPK/
INK)&= MPP+°ﬂ o5l Qs A4 SrbeteT, =2
Z9 2 FEE0 sl S FAaEE Aol UEhdH
S AE QR 54 942 5| E45HE SAPK/INK S
Qiels m2 &R A FEEO] Ao RA AL AL
HS Asflsh= Zolth. GAPDHE & Western blotting A
A9 housekeeping =]t}

PD= ADS} o7 7Hd e el AR EYAY Aot
A G2)7F ofPal 53] A ALS]7E a1 Ste]] Hols
A gl obA| AL St} By pES A7 ARS0l
PD2| gt gt A5 A&kl AT oF27H4] PD
o] A=mE A% ofAl= HAESIHA] F it & Aol

L QESHY 7|5 A40] Hoju oFEANER] T2 EFAE

Zgsto] pp AT WL AT 4 31%—3: @Cﬂﬁ}‘ﬁ
o} 2022 %] AFtellA ojn] Z=
it A2 7132 SHlstaed], o
o AR teEes FEES Z_%T?;‘EEN PD &
= A o e B AlE 7R
 Z2ET 2 Ego SHA ofn] £E
HEAT Hot 2 & Z 2gSl
Ua= AR Aol o] & flsf 2= 71

14
s

E ml
=

]r r{r =) l>

I

‘_4

m}m
r& jg
3k
E L
I
[
T
a,



oN
0x
H
oN
fot
)
™
oot
ro
oN
=
x

o), o8| T, 2=, 0|B4, & A,

yul, 2

ret

A
==

b
2

ol
R

L)
R
i 3o
rr
[H
il

b oot > H 2l oo n
]
)
[>

ol —l)ll
e
it
1o,
=
I
Mo
Y
N
N
or
ox,
A
rL

o},

)
)
re
ol
32
u
T
ra
-
in
|
i
z
o ofl,

& rH
sk
[H

Hl
]
i)
[
Bl
e ¢
o
=
>,
=t
oXx
e

il

kgh‘
[

e

e
fo
o ok
N
o,
s
H
ol
o,
o
w)
1
o
ok
he
i
i of

i o

‘E

>' i

L 5

ro ol
ol
-
=.
S
=
1o
re

ox

2] 7)% 2 7=

ro
re
4
i,

=]
f
d
=)
'
ol
(0]
ol
l
o,
i)

Bezard, E., C. E. Gross, M. C. Fournier, S. Dovero, B. Bloch
and M. Jaber. 1999. Absence of MPTP-induced neu-
ronal death in mice lacking the dopamine transporter.
Exp. Neurol. 155: 268-273.

Braak, H., K. Del Tredici, U. Rub, R. A. de Vos, E. N. Jansen
Steur and E. Braak. 2003. Staging of brain pathology
related to sporadic Parkinson’s disease. Neurobiol. Ag-
ing 24: 197-211.

Burdock, G. A. 1998. Review of the biological properties and
toxicity of bee propolis (propolis), Food Chem. Toxi-
col. 36: 347-363.

Cavalaro, R. I.,R. G. D. Cruz, S. Dupont, J. N. L. N. de Moura
Bell and T. M. F. S. Vieira. 2019. In vitro and in vivo an-
tioxidant properties of bioactive compounds from green
propolis obtained by ultrasound-assisted extraction.
Food Chem. 17;4:100054. https://doi.org/10.1016/;j.
fochx.2019.100054.

Chen, L., B. Cagniard, T. Mathews, S. Jones, H. C. Koh, Y.
Ding, P. M. Carvey, Z. Ling, U. J. Kang and X. Zhuang.
2005. Age-dependent motor deficits and dopaminergic
dysfunction in DJ-1 null mice. J. Biol. Chem. 280:
21418-21426.

Chiba, K., A. Trevor and N. Castagnoli Jr. 1984. Metabolism of
the neurotoxic tertiary amine, MPTP, by brain mono-
amine oxidase. Biochem. Biophys. Res. Commun. 120:
574-578.

Chiba, K., L. A. Peterson, K. P. Castagnoli, A. J. Trevor and N.
Castagnoli Jr. 1985. Studies on the molecular mecha-

90

nism of bioactivation of the selective nigrostriatal toxin
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine. Drug
Metab. Dispos. 13: 342-347.

Cui, W., Z. Zhang, W. Li, S. Hu, S. Mak, H. Zhang, R. Han, S.
Yuan, S. Li, F. Sa, D. Xu, Z. Lin, Z. Zuo, J. Rong, E.
D.-L.Ma, T. C. Choi, S. M. Lee and Y. Han. 2013. The
anti-cancer agent SU4312 unexpectedly protects against
MPP + -induced neurotoxicity via selective and direct
inhibition of neuronal NOS. Br. J. Pharmacol. 168:
1201-1214.

Dawson, T. M. 2006. Parkin and defective ubiquitination in
Parkinson’s disease. J. Neural. Transm. Suppl. 70: 209-
213.

de Groot, A. C. 2013. Propolis: a review of properties, applica-
tions, chemical composition, contact allergy, and other
adverse effects. Dermatitis. 24: 263-282.

Di Monte, D, S. A. Jewell, G. Ekstrom, M. S. Sandy and M. T.
Smith. 1986. 1-Methyl-4-phenyl-1,2,3 6-tetrahydropyr-
idine (MPTP) and 1-methyl-4-phenylpyridine (MPP +)
cause rapid ATP depletion in isolated hepatocytes. Bio-
chem. Biophys. Res. Commun. 137: 310-315.

Duca, A., A. Sturza, E. A. Moacd, M. Negrea, V. D. Lalescu,
D. Lungeanu, C. A. Dehelean, D. M. Muntean and E.
Alexa. 2019. Identification of Resveratrol as Bioactive
Compound of Propolis from Western Romania and
Characterization of Phenolic Profile and Antioxidant
Activity of Ethanolic Extracts. Molecules. 16; 24(18).
pii: E3368. https://doi.org/10.3390/molecules24183368.

Feany, M. B. and J. J. Pallanck. 2003. Parkin: a multipurpose
neuroprotective agent?. Neuron. 38: 13-16.

Fearnley, J. M. and A. J. Lees. Ageing and Parkinson’s disease:
Substantia nigra regional selectivity. Brain 1991, 114:
2283-2301.

Fernandes Junior, A., E. C. Balestrin, J. E. Betoni, O. Orsi Rde,
L. da Cunha Mde and A. C. Montelli. 2005. Propolis:
anti-Staphylococcus aureus activity and synergism with
antimicrobial drugs. Mem. Inst. Oswaldo Cruz. 100:
563-566.

Forno, L. S. 1996. Neuropathology of Parkinson’s disease. J.
Neuropathol. Exp. Neurol. 55: 259-272.

Goldberg, M. S., A. Pisani, M. Haburcak, T. A. Vortherms, T.
Kitada, C. Costa, Y. Tong, G. Martella, A. Tscherter, A.
Martins, G. Bernardi, B. L. Roth, E. N. Pothos, P. Ca-
labresi and J. Shen. 2005. Nigrostriatal dopaminergic
deficits and hypokinesia caused by inactivation of the
familial Parkinsonism-linked gene DJ-1. Neuron. 45:
489-496.

Heikkila, R. E., L. Manzino, F. S. Cabbat and R. C. Duvoisin.
1984. Protection against the dopaminergic neurotoxic-
ity of 1-methyl-4-phenyl-1,2,5,6-tetrahydropyridine by
monoamine oxidase inhibitors. Nature 311: 467-469.

Irwin, I., L. E. DeLanney and J. W. Langston. 1993. MPTP
and aging: Studies in the C57BL/6 mouse. Adv. Neu-
rol. 60: 197-206.

http://journal.bee.or.kr/



Z2E2|AQ o7l Hof 2t

Jantas, D., A. Greda, S. Golda, M. Korostynski, B. Grygier, A.
Roman, A. Pilc and W. Lason. 2014. Neuroprotective
effects of metabotropic glutamate receptor group II and
IIT activators against MPP + -induced cell death in hu-
man neuroblastoma SH-SYS5Y cells: The impact of cell
differentiation state. Neuropharmacology 83: 36-53.

Javitch,J. A.,R.J. D’Amato, S. M. Strittmatter and S. H. Sny-
der. 1985. Parkinsonism-inducing neurotoxin, N-meth-
yl-4-phenyl-1,2,3,6 -tetrahydropyridine: uptake of the
metabolite N-methyl-4-phenylpyridine by dopamine
neurons explains selective toxicity. Proc. Natl. Acad.
Sci. U.S.A. 82: 2173-2177.

Kim, R. H., P. D. Smith, H. Aleyasin, S. Hayley, M. P. Mount,
S. Pownall, A. Wakeham, A. J. You-Ten, S. K. Kalia, P.
Horne, D. Westaway, A. M. Lozano, H. Anisman, D. S.
Park and T. W. Mak. 2005. Hypersensitivity of DJ-1-de-
ficient mice to 1-methyl-4-phenyl-1,2,3 ,6-tetrahydropy-
rindine (MPTP) and oxidative stress. Proc. Natl. Acad.
Sci. U.S.A. 102: 5215-5220.

Kim, S.-K., S. M. Han, S. G. Kim, H. Y. Kim, S. Ryu and S. O.
Woo. 2021. Inhibition of tau hyperphosphorylation and
its molecular mechanism by Korean propolis extracts.
J. Apic. 36: 169-176.

Kim, S.-K., H. Y. Kim, S. G. Kim, S. M. Han, S. Ryu and S. O.
Woo. 2022. The effect of Korean propolis for apopto-
sis by MPTP-mediated Parkinson’s disease and its mo-
lecular mechanism in SH-SYSY neuroblastoma cells. J.
Apic. 37: 83-90.

Kitahama, K., R. M. Denney, T. Maeda and M. Jouvet. 1991.
Distribution of type B monoamine oxidase immunore-
activity in the cat brain with reference to enzyme histo-
chemistry. Neuroscience 44: 185-204.

Klivenyi, P., D. Siwek, G. Gardian, L. Yang, A. Starkov, C. Cler-
en, R. J. Ferrante, N. W. Kowall, A. Abeliovich and M. F.
Beal. 2006. Mice lacking alpha-synuclein are resistant
to mitochondrial toxins. Neurobiol. Dis. 21: 541-548.

Li, C. and M. F. Beal. 2005. Leucine-rich repeat kinase 2: a new
player with a familiar theme for Parkinson’s disease
pathogenesis. Proc. Natl. Acad. Sci. U.S.A. 102: 16535-
16536.

Martin, L. J., Y. Pan, A. C. Price, W. Sterling, N. G. Copeland,
N. A. Jenkins, D. L. Price and M. K. Lee. 2006. Parkin-
son’s disease alpha-synuclein transgenic mice develop
neuronal mitochondrial degeneration and cell death. J.
Neurosci. 26: 41-50.

Mizuno, Y., T. Saitoh and N. Sone. 1987. Inhibition of mito-
chondrial alpha-ketoglutarate dehydrogenase by 1-meth-
yl-4-phenylpyridinium ion. Biochem. Biophys. Res.
Commun. 143: 971-976.

Nicklas, W. J., I. Vyas and R. E. Heikkila. 1985. Inhibition of
NADH-linked oxidation in brain mitochondria by 1-
methyl-4-phenyl-pyridine, a metabolite of the neurotox-
in, 1-methyl-4-phenyl-1,2,5,6-tetrahydropyridine. Life
Sci. 36: 2503-2508.

Nieto, M., F. J. Gil-Bea, E. Dalfo, M. Cuadrado, F. Cabodevilla,
B. Sanchez, S. Catena, T. Sesma, E. Ribe, I. Ferrer, M. J.
Ramirez and T. Gomez-Isla. 2006. Increased sensitivity
to MPTP in human alpha-synuclein A30P transgenic
mice. Neurobiol. Aging 27: 848-856.

Peterson, L. A., P. S. Caldera, A. Trevor, K. Chiba and N.
Castagnoli Jr. 1985. Studies on the 1-methyl-4-phe-
nyl-2,3-dihydropyridinium species 2,3-MPDP +, the
monoamine oxidase catalyzed oxidation product of the
nigrostriatal toxin 1-methyl-4-phenyl-1,2,3,6-tetrahy-
dropyridine (MPTP). J. Med. Chem. 28: 1432-1436.

Pieczenik, S. R. and J. Neustadt. 2007. Mitochondrial dys-
function and molecular pathways of disease. Exp. Mol.
Pathol. 83: 84-92.

Ramos, A. F. N. and J. L. Miranda. 2007. Propolis: a review
of its anti-inflammatory and healing actions. J. Venom.
Anim. Toxins Incl. Trop. Dis. 13: 697-710.

Riachi, N. J., J. C. LaManna and S. I. Harik. 1989. Entry of
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine into the
rat brain. J. Pharmacol. Exp. Ther. 249: 744-748.

Rose, S.,M. Nomoto, E. A. Jackson, W.R. G. Gibb, P. Jachnig, P.
Jenner and C. D. Marsden. 1993. Age-related effects of
1-methyl-4-phenyl-1,2 3 6-tetrahydropyridine treatment
of common marmo-sets. Eur. J. Pharmacol. 230: 177-
185.

Sakaguchi-Nakashima, A., J. Y. Meir, Y. Jin, K. Matsumoto and
N. Hisamoto. 2007. LRK-1, a C. elegans PARKS8-re-
lated kinase, regulates axonal-dendritic polarity of SV
proteins. Curr. Biol. 17: 592-598.

Scotcher, K. P, I. Irwin, L. E. DeLanney, J. W. Langston
and D. Di Monte. 1990. Effects of 1-methyl-4-phe-
nyl-1,2,3,6-tetrahydropyridine and 1-methyl-4-phen-
ylpyridinium ion on ATP levels of mouse brain synap-
tosomes. J. Neurochem. 54: 1295-1301.

Sforcin, J. M. 2007. Propolis and the immune system: a re-
view. J. Ethnopharmacol. 113: 1-14.

Singer, T. P., N. Castagnoli Jr., R. R. Ramsay and A. J. Trevor.
1987. Biochemical events in the development of par-
kinsonism induced by 1-methyl-4-phenyl-1,2,3,6-tetra-
hydropyridine. J. Neurochem. 49: 1-8.

Singleton, A. B., M. Farrer, J. Johnson, A. Singleton, S. Hague,
J. Kachergus, M. Hulihan, T. Peuralinna, A. Dutra, R.
Nussbaum, S. Lincoln, A. Crawley, M,. Hanson, D.
Maraganore, C. Adler, M.R. Cookson, M. Muenter,
M. Baptista, D. Miller, J. Blancato, J. Hardy and K.
Gwinn-Hardy. 2003. a-Synuclein locus triplication caus-
es Parkinson’s disease. Science 302: 841.

Spillantini, M. G.,R. A. Crowther, R. Jakes, M. Hasegawa and
M. Goedert. 1998. a-Synuclein in filamentous inclu-
sions of Lewy bodies from Parkinson’s disease and de-
mentia with Lewy bodies. Proc. Natl Acad. Sci. U.S.A.
95: 6469-6473.

Valente, E. M., P. M. Abou-Sleiman, V. Caputo, M. M. Muqit,
K. Harvey, S. Gispert, Z. Ali, D. Del Turco, A. R. Ben-

91



oo, oz, 2=, olg4, ] 4,

yul, 2

ret

A
==

tivoglio, D. G. Healy, A. Albanese, R. Nussbaum, R.
Gonzalez-Maldonado, T. Deller, S. Salvi, P. Cortelli, W.
P. Gilks, D. S. Latchman, R. J. Harvey, B. Dallapicco-
la, G. Auburger and N. W. Wood. 2004. Hereditary
early-onset Parkinson’s disease caused by mutations in
PINK1. Science 304: 1158-1160.

Vyas, I., R. E. Heikkila and W. J. Nicklas. 1986. Studies on the

92

neurotoxicity of 1-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine: inhibition of NAD-linked substrate oxidation
by its metabolite, 1-methyl-4-phenylpyridinium. J.

Neurochem. 46: 1501-1507.

Yeh, T.-S., C. Yuan, A. Ascherio, B. Rosner, W. Willett and
D. Blacker. 2021. Long-term dietary flavonoid intake
and subjective congnitive decline in US men and
women. Neurology, Online ahead of print. https://doi.
org/10.1212/WNL/0000000000012454.

Zhang, J. L., K. Wang and F. L. Hu. 2013. Advance in studies
on antioxidant activity of propolis and its molecular

mechanism. China Journal of Chinese Materia Medica

38:2645-2652.

http://journal.bee.or.kr/



	국산 프로폴리스에 의한 파킨슨 방어 효과
	Abstract
	서론
	재료 및 방법
	결과 및 고찰
	참고문헌


