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Abstract

Parkinson’s disease (PD) is a neurodegenerative disorder, which is caused by loss of
dopaminergic neurons in the striatumand substantia nigra. In our previous study,
rosemary carnosic acid (CA) modulated the neurotoxic effects of 6-hydroxydopamine
(6-OHDA) in SH-SY5Y cells is associated with the synthesis of glutathione, which in
turn down-regulates the c-Jun NH 2 -terminal kinase (JNK) and p38 signaling pathways.
In the present study, we used in vivo and in vitro models to investigate the
neuroprotective effects of CA 1 uM on 6-OHDA-induced PD and its related mechanisms.
In vivo experiments, the Wistar rats were divided into four groups: sham (S) and vehicle
(saline, orally); vehicle-treated 6-OHDA lesioned group (L); CA-treated 6-OHDA
lesioned group (CA+L). Rats were treated with 20 mg/kg of CA for 3 weeks. On day 22,
2.5 ul of 6-OHDA (5 pg/ul in 0.5% in ascorbic acid-saline) was infused into the right
striatum, while the sham group received 2.5 ul of vehicle. The animals were sacrificed
after behavior test and their brain tissues were taken out. The results indicated that CA
significantly improved the locomotor activity and tyrosine hydroxylase protein expression
in 6-OHDA-lesioned rats. CA prevented 6-OHDA-increased lipid peroxidation and
stimulated glutathione (GSH) content in the substantia nigra. Pretreatment with CA
significantly increase the protein expression of glutamate-cysteine ligase catalytic subunit
(GCLC), glutamate-cysteine ligase modifier subunit (GCLM), superoxide dismutase
(SOD), glutathione reductase (GRd) and glutathione peroxidase (GSR) compared with
6-OHDA-lesioned rats. Pretreatment with CA significantly decreased apoptotic cell death
in down-regulated cleaved-caspase 3, cleaved-poly (ADP-ribose) polymerase (PARP),
Bax and up-regulated Bcl-2 in protein levels compared with 6-OHDA-lesioned rats. In

vitro experiments, cells were pretreated with CA for 8 h followed by treatment with 100

Xi



uM 6-OHDA for 18 h results indicated that CA significantly decreased 6-OHDA-induced
apoptotic cell death by down-regulation of cleaved-caspase 3 or cleaved- PARP, and
up-regulation of Bax/Bcl-2 ratio. CA also significantly increased the 6-OHDA-reduced
the proteasome activity and the protein expression of antioxidant enzymes, PINK1 and
parkin. Moreover, silencing of parkin expression alleviated the inhibition of the protein
expression of cleaved-caspase 3 and cleaved-PARP by CA in SH-SY5Y cells. These
results suggest that CA may be a promising candidate for neuroprotection in Parkinson's

disease.

Keywords: Carnosic acid, 6-hydroxydopamine, neuroprotection, Parkinson’s disease,

SH-SY5Y neuronal cells, Wistar rats
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Ee Substrate
' destruction

a Ubiquitin d D.eat.h-tag
activation binding

ib Building ligase-

' substrate complex .Ub..Ub...

polyubiquitin chain

p53-MDM2
interface

Bl- ~ Overview of the ubiquitin—proteasome system (UPS) (Nalepa et al., 2006)



1 4p diparkine ¥ i -2 ke SUH iR RE 4% ] (Nalepa et al., 2006) » 4 e s
< 718 7 ROSsplik (Keane et al., 2011) o &PD % s 5 ¢ parkingh FlehR % € &
fsag w F @ fsacomplex I &% Fldrd] 0 F2BATP A 4 (Greene et al., 2003) ;
JEa 2 parkinen % s @ 3 parkindh R % € B2 ks tcomplex [ o i€ o mddidiay F
o R D Y g Tty 4 BH A T2 R o i i 4 (Palacinoetal.,
2004) ot R #erparkind? A FlEE S N T RN NP S BFRA
R275W % % parkin% o ¢ 5§ % # 42 & g2 40 5% % 4 %k (rotenone 5 complex T 4+
&)@ B A G i BEER A A 0 Bt parkine i R € 3 4 PDehgg 4 o
ﬁ?tb 2_ b Ay w g Bparkinedd g iR (% 2 27 1kB kinase (IKK)/NF-kB g, j5
Bz B parkin® s 1% i #IKKy:iE 7 degradation-independent:Lys63-linked
ubiquitination® & i IKK4§ & 4= » B2 5887 25 nlkBag 2 "% 2 > 1€ 45 %]+ NF-kBiE 1)
e > T AR T PFanin 4 3 L Fl(pro-survival gene) 2. AR 1E* o 02 dE A 4F
HEK293T4-SH-SY5Y#! & 'm*s c4 5 (Hennetal., 2007)(®l= ) - ¥ ¢t > parkine
Lys63-linked ubiquitination» ¢ §7 2445 :5-48 40 3-v 772 = % B £ (aggresome) » 5 d

e v;f(autophagy);ﬁ—",lrt (Olzmann and Chin, 2008) -

physiological
conditions

moderate stress TRAF2
13 o
= lacnvauon? o i

| inactivation
pathogenic mutations
severe s tress

Parkinson’s disease l l

p

proteasomal
degradation

pro-survival
genes

Nnucleus
@ <63dinked ubiquitylation
@ <4aslinked ubiquitylation
€© phosphorylation

Bl= ~ Parkin 933 4 & ¢ (Henn et al., 2007)



PTEN induced putative kinase 1 (PINK1)

PINKLE_iz >t 5048 N %-enserine/threonine 3-v jgrfis » H 74 a0 5 %2 fm e s Y
RN A hpUE 0 S 54 B0 4 e e A2 2 1y & #CCCP (carbonyl cyanide
m-chlorophenyl hydrazone ) - PINKL A= SR8 95 =2 & i #7575 1 2 Jhd BRph 1 (5%
{1 geparkin E3 ligase# it (Silvestri et al., 2005) (&] = )(Kondapalli et al., 2012) > @
PINK1+ ¢ 7= it parkinie @ 8 #=NF- £ B » % 4240 i if3% £ * (Sha et al., 2010) - PINK1

AF R FEPDieEF M 0 PINKLARARMA T F ROz FHE A% &q

o

TR v R einat 5 T omep (g g M (Kondapalli et al., 2012) - & SH-SY5Y

=

w2 F % ¢ 6-OHDA L T PINKLOR 5 ¢ of K30y VR4 chd 4 - S i
LfEfop agivs > P EUTR S cnds 5 T i a @ wr k-~ (B e )(Chienetal., 2013;

Dehorter et al., 2012) -

PINKI
RINGO_ NGO x
g UQL / R Ser65
6 >
/= IBR — RING2- /— IBR —RING2 -
‘closed’ inactive Parkin ‘open’ active Parkin

Bl= - PINKL1 # 4= parkin #7& i (Chien et al., 2013)
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protein substrates
(e.g. FoxA2)

UNK

IkBNFkB| VYV

Inhibit apoptosis
ﬂ \ . . .
' ucleus [ LY 2 Maintain survival

& 1 aan 0

Bl = - A model of the putative neuroprotective mechanisms of PINK1. (Mills et al., 2008)

pHERy
@ Ny
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I

g AN Gpenisgk  iE
PD & H A4 & T3 2R hd FRaL ZEFFPUGN 57 vy £ 7%

R FPERE L SRS T b S s MR S TR G P RBEISR P
g > 2 e L EL o~ 24 A TFlipf frizle e S 42 -
(-) BFick

d 35 Tk DA i e G ER 0 Fa PD%J‘*QT’;%#"m/‘ﬂ At oo
* ch#E f 3 H i i pe B % & (monoamine oxidase B inhibitors) ~ § = bt £8 b A
(dopamine agonists) ~ N-7 -D-% % z f& < 8 45+v#] (N-methyl-D-aspartate
antagonists)fr = *_% = (levodopa) % » H ¢ > rt 23 % = ;5% PDesc % & i (Muller,

2013) -

() <3
FEF R R R PD B R R AL AR S S T - B o ]

FET Y P LGET R e FGINE YR TR A PR Tlge(Kim etal,, 2013) ~

ol Bt 2 B e 2 2 (Xueetal, 2013) 2 £ g AR B E 0 3R e iy B iR R

(Weintraub et al., 2013) -

(2) AFick

RT3 FIRA TSR 50k PD ¥y — a7 5% 0 pg3n § = siepd oy &
]+ (cerebral dopamine neurotrophic factor, CONF) & 43 3. % PD 3 % o5\ ch+ B %
R - BA S IRESE S ANV ,f’rdﬂz #-7F 3 CDNF #-v¢ crrecombinant
adeno-associated viral serotype 2 §* # i¥ i& < & ¥k 4 12 L35t 6-OHDA 34 EPDH T
2 A R o e Fend ok g ot PR G v B gy & TS R o
# > amphetamine 314 c¥ R g - I ¥ 304 R e ik g fREE T fE (tyrosine

hydroxylase, TH) e e * > F]pt 30 5 10 L Fis ok = %4 CDNF » &% £ 5 — f75% PD



&1~ ;% (Airavaara et al., 2012; Back et al., 2013) -

(z) R
i3 *53% o *2 (embryonic stem cells, ESCs)# {5+ #335 & 3 inf PD g4 > gt
525 4B~ PD g&»mpx Rk A e Smre > FERIT > B BE~ FAK
F4F B CGR8 "2 Pnizimre » @ H A W kA2 2 H X 4FeHPD #i5' ~ B 2 4 1
SR e A ¥ & F1+ (glial cell line-derived neurotrophic factor, GDNF)4r

TH> B %8> P58 w2 cnff 48 it 22l 6-OHDA 51Az i@ s & 33 82 § & #igfg id »

FP4 i i T H B S L ia PD e 5 (Liuetal, 2013) -
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g St R E S
(- ) MPTP

MPTP >t - fafq 3 Al 4 % > U AR Z Y eh ) = viedd o m F R
P g BN g sk 0 B oA ARE R a4 A X adp AT T o MPTP i i 5 % A
B g MPTP i » % 552 50 § 44 S5 W B fwe 0 MAO 3 § 4 ¢ MPP*(Jiang et
al., 2012) - % MPP"5d dopamine transporter (DAT)3b % & » m® ¢ A2 & § p o
A AT LT RS R A4 F PR S me T by Tk
feDNAFF i > & Bk~ %7 2R GINen s =l g2 @ w7 = o ¥ ¢ MPPT
s FIRAUR AR R FHY hR 3 B4a complex T Fr 4] o -ketoglutarate dehydrogenase
% > ATP A4 R 2 ' - RIS Y € A2 <~ Eehp o A3afi 2 R AMFr]

@R o (T 44cBl T (Blumetal., 2001) o

\al.llhim:
/ ‘W
MPP*

Oxidaﬁve Increase in ¢ 1

free Fe®*

-.—‘ Glial cell F
i VIPP*

MAO I

MPTP

A

 Stress
S @i@

| *Lipid peroxidation
*Protein peroxidation
*DNA damages

-(‘mnplc\Yinllihiliml
* o-Ketoglutarate

dehydrogenase

inhibition

‘ Peroxinitrite
increase \

Activation of Increase in calcium
Kinases, proteases € cytoplasmic levels
endonucleases (indirect excitotoxicity)

BT ~ MPTP ! (5.4 1484 (Blum etal., 2001)

MPTP

Periphery
of nervous system

L‘ Blood brain barrier »-'
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http://zh.wikipedia.org/wiki/%E7%A5%9E%E7%BB%8F%E6%AF%92%E7%B4%A0
http://zh.wikipedia.org/wiki/%E9%BB%91%E8%B4%A8
http://zh.wikipedia.org/wiki/%E5%A4%9A%E5%B7%B4%E8%83%BA
http://zh.wikipedia.org/wiki/%E5%A4%9A%E5%B7%B4%E8%83%BA
http://zh.wikipedia.org/wiki/%E5%B8%95%E9%87%91%E6%A3%AE%E6%B0%8F%E7%97%87
http://zh.wikipedia.org/wiki/%E8%A1%80%E8%85%A6%E5%B1%8F%E9%9A%9C
http://zh.wikipedia.org/wiki/%E8%A1%80%E8%85%A6%E5%B1%8F%E9%9A%9C
http://zh.wikipedia.org/wiki/%E7%A5%9E%E7%B6%93%E8%86%A0%E8%B3%AA%E7%B4%B0%E8%83%9E
http://zh.wikipedia.org/wiki/%E4%BB%A3%E8%B0%A2
http://zh.wikipedia.org/wiki/MPP%2B
http://zh.wikipedia.org/w/index.php?title=%E9%BB%91%E8%B4%A8%E8%87%B4%E5%AF%86%E9%83%A8&action=edit&redlink=1
http://zh.wikipedia.org/wiki/MPP%2B
http://zh.wikipedia.org/wiki/MPP%2B
http://zh.wikipedia.org/wiki/%E7%BA%BF%E7%B2%92%E4%BD%93
http://zh.wikipedia.org/wiki/%E8%87%AA%E7%94%B1%E5%9F%BA

(=) 6-OHDA

6-OHDA » - f8# 54 4 > v 2 B ehiv® L HR T F4 GG - 6-OHDA 2
Py 3 ik, B2 g2 B 5 0 6-OHDA & 7 i % B % ik stens L%
oo e PD 48 B HFHGNY o F AT RGRE - ZF AP RIF AT o
2R ST A s AN PD gk o A7 ¢ FH RET 6-OHDA % 2 7 4
T g AT s 2 (S LA TR ER] ) g R B P A A HfLRR L %g
PR O 5 T gl i gk chfz & (Latchoumycandane et al., 2011) » # iF % #4140

Bl #77n (Blumetal., 2001) - 6-OHDA ¢ 3¢ DAT ## i& » 'm% - 55 MAO © s

rm

AAEF ME 33 pd A BT Bl RBAEEEF BT VRS
@ 6-OHDA + ¢ $r#f= 5048 complex | ~ + 3 F “BRpL(* ~ @ R ARMT 2" > &
RATPAE RS » g XmPegizc= o ¥ ¢t » 6-OHDA A& £ g pEiviTr 24 i6%

fui,@ggﬁg@@;g ,:,\,mné:nﬂ)%ﬁ‘@i ,L\DNA;;F ww sldesr = o

— Dopamine
Ferritin-Fe?

\hlmmt
6-OHDA
I erritin-Fe*

Qulnunu

/

/
/Auto-ox

M \(:\ s ))
Oxidative 6OHDA -
Stress

$ / =X
*DNA defects L\é\kﬂ]\w
«Lipid peroxidation

*Cytoskeleton disorganization l

+Complex I inhibition
*Oxidative phosphorylation
uncoupling

Mitochondrial membrane
v\ potential collapse

i

ATP decrease

6-OHDA

Bl ~ 6-OHDA ¢ = % 484 (Blum etal., 2001)
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I~y s dlaag fig
(-)GSH

GSH & - fgiss gy &> wioitg P e &g ad Add oW
7 HoOofei ¥ 14 470 mjfig ohiidze > 3 f o # €% - GSHA)= ¥ i3] GSSG >
GSSG ¥ ‘& #5 »:+ "x:B Jn p= (glutathione reductase, GSR) ¥ Jis £ # » 2 ‘a4F fug i T f§F
(Meister, 1988) - § # 3 #cdpdp &1 » & 6-OHDA /15434 % PD e+ & > H *gp GSH
Z B Fr R (Khanetal,2012) p 5 w2 g ¥ F R4t ¥ R o 2 0 R K F

N GSH ez £ > v 4r¥_§ F % (curcumin) (Agrawal et al., 2012) -

(=) soD

AT§ 41 FS(SOD)sE ik 5 e £ 4 ke d IMALT MRS BT L
mre N AR F AT g 0 B F Ao
20, +2H"—H,0,+0, (Freeman and Crapo, 1982) » & H,0,7 i&— # d ¥ fiz(catalase)
B A HO o 77 g 4 11 6-OHDA #PD Bl b4 F Bk 3" ™ > "o § E A~ £ 5
d A sldcme i FiEs it > SODehz £ 7 A8 53t F 0 (L % 5 rutine ez R

¥ 12w 45 SODsf% % & 1+ % 3 (Khan et al., 2012) -

(=) GPx

o PRiEE LGP A R H A LB RS A AL § ks
A e oo ptrh i ¥ #GSHE i 2 GSSG» » F|WUGPxe s 4 B 2 FGSHei (VB R -T
7 GSHE "3t & & ehdnd 1 &> GPx% Al 54 % 6-OHDARZIZ 2. T »GPx% GSH
i B Eyrdliedpt s € BFE M FF rutineh i JZ R ¥ 2w 42 GPx 2 GSHeh4

L& (Khuwaja et al., 2011a)

16



(z ) GSR

%+ *x:B i fi5 (GSR) » #.GSSG:E it # GSH*1 % chfig% » H F e
GSSG+NADPH+H*—>2GSH+NADP" o — 4 fm ¥ ;= ™ GSH/GSSG & & » & GSSG
B R e i‘u% & GSR#-GSSG: i 2 GSH » m a5 §8 )\ Fd L2 2 & senT fm o
S CpEA e MR A 0 PDeE B 0 7§ 8 ME-OHDAAJIZ T « 855 GSR

» Bg ¥ 3 % i< (Khuwaja et al., 2011a) -
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+ ~ Bk ¥ gi(carnosic acid, CA)

CA &_i# ¥ 4 (rosemary, Rosmarinus officinalis L) ® snfFfnp-58 0 bk E 4 £+
¥¢ & 11 5% (Kosaka and Yokoi, 2003) » & 5 {3 crfid it ic 4 > G324 ¢ 975 i
L Pl GlE B —‘F*f(j 90% 4 ) (Aruomaetal., 1992) - # 3 35 41 CA & 7 +23 1
(Satoh et al., 2008) ~ #w3# i (Hadad and Levy, 2012) ~ Fr 4|5 /& % % (Petiwala et al.,
2013) ~ 4w ix(Gaya et al., 2013) ~ 4 (Jordan et al., 2012) 5 #¢ ' x5 * (Aetal,

2012) % # x> H B HEAc®l - o

Bl ~ Bk ¥ pi(carnosic acid, CA). % 1

18



(= Dfef i

CALF % = };L ? % dp iR g dF 1 chet oo SatohE 4 20084 T IR e HT224
Ermre ? s B CAR 5915 i85 1 Keapl/Nrf2§ j& » 7% i hemeoxygenase-1 »
NAD(P)H-quinone oxidoreductasef-y-glutamyl cysteine ligase » fx = +og it i® * g4
&l ve f 3% 5 2 i (free carboxylic acid)=dp i (Satoh et al., 2008) - & & ¥ fis {o & &
B HRRE R Y b s pd A2 i“f R DNAY 871 3R i i 5 ok o
(Aruomaetal., 1992) - * 7 2% % % 45 33 CA{-CS¥ + &K Clone 9%+ !m s} H 2 3 ¥ %
AT L2 P AR CA{-CST it %‘”gé p38-Nrf2-ARE#: /= + 23 NQO1 2 7]
» H ¢ W CA»T % fid (Tsai et al., Journal of Nutrition, 2011) - ¥ *F » A & g% = o
CA % 3k % 4 pa(rosmarinic acid, RA)éfg i 25+ & 32 ok b &ih%g 7 i
e g A DCAG 59 E MPFRE T AR Y 12 0 Py FB F 1 cniT* (Basappa
Maheswarappa et al., 2013)  %lipopolysaccharide (LPS):4 # ~ &35 eV 2. T »
CAGES we Jqdrd | PHAE 1 ~ sl g BN e8p2 *b > w0 i %“ﬁ“r} E NN CE TR L
v Ercarbonylation2 x jj-+ cHnitric oxide » #rILPS 134 Feng i i T o Fpt i LCA

e

i 9 Fd % superoxide dismutase ~ glutathione peroxidase ~ glutathioneg 4 8 p efo

=

g it p I % Xengy 4 (Xiang etal., 2013) -
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(=) #F+iHmE
< g H1CAL § 2k $r il #r41Caco-2 » HT29{wLoVO¥ & & % sy im e 2 £
SR AR G A CAS B (e e 2] 53 i R e Al (UPA) fr & b 3-v s
(MMPs) 34 fiF eai 444 fm 5 engk ot fo38 45 (Barni et al., 2012) « CA™ i} 4~ $]ERIL

A ’Jﬁlrfﬁf@m e el 7 o @ e ¥ 4 B % 22 GLlEp (Einbond et al., 2012) -

() g £H R

CARfigF L3> m 3 = }%‘%:}}5 41 f.phorbol 12-myristate 13-acetate (PMA)3% % - &
B s ¢ 0 CA (10.20 pgfem®) i 43 % S IL-1Bfo TNF-asPmRNAL . » e 3 5
REstrHd s g RCAR F & 0 0 & 2R e % ¥ (leukocyte infiltration) » 2
RAW 264.7- R Ewiim?e ¢ » BEI|CAN 3™ M- § I § (NO)HuER A2 » ¥ B IR
DR RARHM Thod BV AN AR R Y T o5 PICAR 3 s X g i (Mengoni
etal, 2011) o ¥ #F > Oh% 4 (2012 ) te & T e ™ 7+ 4 JLCAR ¥ 3 $rf|HaCaT & 7
fm¥e * sodium lauryl sulfatefrretinoic acid 1 o & 4 é0lL-6 ~ IL-8¢ it 43 [ ¥7RAW
264.7-] K E ¥ m¥e d peptidoglycan » pam3CSK{eLPS#7 & 4 - % it § ~ TNF-afc
HAMAE2 - B S HRIGE I FTE 2 CAFRHINF-KB ~ Syk/Srcfr

phosphoinositide 3-kinase (PI13K)/Akt% § /= B (Ohetal., 2012) -
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(=) #§
FEAE S oL DI AR ] MR T O 00 g e g
dark Ffr ek A Fride kit > ¥ B S0 N E T S F MCAICSE 4 & o
71 4 (Bernardes et al., 2010) » ¥ ¢h o foRAEE PR kS f BB de b T I 4%
F &5 ¢ TFRFA P S HPR %Y 43R5 R ¥R EPE S bd

(Klancnik et al., 2009) -

() $vwik

FA 7 4p HICAL F usw ikeirt iy 0 B 3T3-L 1w 558 22 T > CAGRIL i ril
3T3-L1w #y 95 m¥e & it (Gayaetal, 2013) - a# 4~ 7 % > % CA¥tob/ob] &3 "% i
WE SRR R S 2 ek B R R )

P 3 E CAT 97 mans 5t (Wang et al., 2011) -

() # 5wk

PR ¥ prdp HCAGL S Rl ia B A 0 o Bk & BUEOR T 2 s e (Azad
etal., 2011)c CA$f» 4 (T Rz (8% AT A 24 Y5 7 P a7 7 > Hou% 4 2012
# 3p BICAT Ik < B PPt Flak i /3 o ATig s end i 0 P A PCl2Mm e 4 § crfi sl
T o CAR M R e e ok SRR & PR e e s i“f t+ ¥ (reactive oxygen
species, ROS) ~ Hf 4cAg § 1t 1 it » Tt > P [T § 1 ~ & 7R ExfrNOA
4 277 < mitogen-activated protein kinases (MAPKS) = v » F]pt CA it n /4% % 1512 T
FE A S m e e Hi% R il‘f A3 feNOeh A 4 & e |MAPKSER [ @ iE 3| Fus
Y A{edig it # it (Houetal, 2012)- @ CALA P L chime P2 ® » FIRE G 4 ik
EiT* > ASH-SYSY# Fiw®e 111 uM CARJIE12 | PF > 7 1 ik )k B B (28 - 6-OHDA
i$ % himiz 4 B frROSH & 11 &2 INK{rp38#ips it ¥ CA§ "EAJL P # 4: GSH 7

£ foy-glutamylcysteine ligase v % I > & f s J2GSH & = 4l
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L-buthionine-sulfoximine (BSO) - B ¢ *% #carnosic acid#r|m* & T foik = g 4

(Chenetal., 2012)
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¥

I

¥ L8P o

PDZ% B % & A4 i34 (5 ;];,-av SR g RPN RS TR A B A2
IV I L LYNPA S iﬁ%;@si’m EEE Y Y T
51APDe B o dorg PR B A FE > RER D 3 TREE AN A
NE RT3 AROSHE A 0 F M K mre = NiT L o Fpldofe B 4w e P\ th
Bl AERBFEAN AT A N e EPDeL & P o @ CAS AT H R
g aadng 2 TS RCATW GRETH & R LGy > Ra i
g R F ARG Flt A g B CA L E o in i 6-OHDAGE HPDHC

LT ME AR ARF R il R B BRAE K LR O iRk o
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- SR EEH
E s

Part | (in vivo study)

Fri R&EHBEZ G2

Wistar rats (250-270 g) n = 10

B+ 7 % (sham, S)

f A2 4% & 0.5% CMC

48 1§ 2 6-OHDA (lesion, L)

FE A2 4k & 0.5% CMC

3 weeks

CA+6-OHDA (CA+L)

iE 24 & CA 20 mg/kg

single injection of 5 ug/ul 6-OHDA
(or saline) in the striatum on the 22nd day

| 2 weeks

behavioral testing: apomorphine induced rotation

locomotor test

rats were sacrificed and then brain tissue were preparation

TBARS

I
lipid
peroxidation

Part 11 (in vitro study)

GSH

Western blot

anti-oxidation
assay

24

cleaved caspase 3, caspase 3,
cleaved PARP, PARP,
TH, Bcl-2, Bax, parkin, PINK1,
B-actin, B-tubulin,parkin, PINK1
GCLC, GCLM, SOD-1, GSR, GPx




SH-SY5Y neuronal cells

pretreated with 1 uM CA for 8 h and then
cotreated with 100 uM 6-OHDA for 18 h

Western blotting

proteasome activity

cleaved caspase 3, caspase 3,
cleaved PARP, PARP,
Bcl-2, Bax, parkin, PINK1,
GCLC, GCLM, SOD-1, GSR,
GPx, parkin, B-actin, B-tubulin

MTT assay

parkin sSIRNA

25

cleaved caspase 3,

caspase 3, parkin, PARP




C R

(-)F =&

AP EE AT B RHOL G TN P4k B Wistar & 6 il A B &Y
92500 AR R A 23+ 1CehE AR o B 12 FE o 12 BER
(08:00 % 2 v 20:00 a5 )i S g ki se o HF S 2ok B2 L] -

(= )& &= %t (carnosic acid, CA)

B oL A EG LA P B AR =95%

%30 0.5% 7 ALk % 40 (sodium carboxymethylcellulose, CMC)
(2 )# 54 2 (6-hydroxydopamine,6-OHDA)

fEp Sigma Chemical Company (St. Louis, MO, USA)
(2)F 4 e BETm B &

ptp Sigma Chemical Company (St. Louis, MO, USA)

Heparin

Ethylenediaminetetracetic acid (EDTA)

(T )RE=FR

pEp Sigma Chemical Company (St. Louis, MO, USA)

Potassium phosphate dibasic anhydrous (K;HPO4)

Potassium phosphate monobasic anhydrous (KH,PO,)

Potassium chloride (KCI)

(> )i B Rl Tk
B Pk 5 - 50cmx 50 cm x 40 cm iRl s 0 F Sk EcRE L

TRU Scan ™ photobeam sensor E63-12
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(F)&d FEE

P p Pierce Chemical Company (Rockford, 1L)

Comassive Plus Protein assay reagent kit

(M)d = & Bk A

1. ptp

2. Mg

3. Mg

4. pp

5. fp

6. Hp

United States Biological (Swampscott, MA)

30% lipid Acrylamide

Glycine

Tris-Base Ultrapure

Bio Rad Laboratory

Ammonium persulfate (APS)

Perkin-Elmer Life Science (Boston, MA)
Enhanced chemiluminescence kit

Sigma Chemical Company (St. Louis, MO, USA)
N, N, N,N-tetramethylethylethylene diamine (TEMED)
Polyoxyethyleneosorbitan monolaurate (Tween 20)
Ponceau S solution

Merck Chemical Company (Dermstadt, Germany)

99.8% Ethanol

Isopropanol

Millipore (Bedford, MA)

Polyvinylidene difluoride transfer membrane (PVDF)
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(1) #edll 242 RCH (5 2)

Al LA R kR peF R
Rabbit-anti-caspase 3 antibody | Cell Signaling Technology
1:1000 | overnight
#9662 Inc. (Beverly, MA)
Rabbit-anti-cleaved caspase 3 | Cell Signaling Technology
i 1:1000 | overnight
(Aspl75) Antibody #9661 Inc. (Beverly, MA)
Rabbit-anti- PARP antibody Cell Signaling Technology | 1:1000 | overnight
# 9532 Inc. (Beverly, MA)
Rabbit-anti-cleaved PARP Cell Signaling Technology | 1:1000 | overnight
(Asp214) antibody Inc.(Beverly, MA)
Rabbit-anti- Bcl-2 antibody Cell Signaling Technology | 1:1000 | overnight
# 2876 Inc.(Beverly, MA)
Rabbit-anti- Bax antibody Cell Signaling Technology | 1:1000 | overnight
#2772 Inc.(Beverly, MA)
Anti-GCS polyclonal antibody | Abcam (Cambridge, MA, | 1:1000 | overnight
Ab17926 USA)
v -GCLm polyclonal antibody | Santa Cruz Biotechnology, | 1:1000 | overnight
sc-22754 Inc. (Santa Cruz)
Rabbit anti-actin monoclonal Sigma Chemical Company
1:2000 1h
antibody (St. Louis, MO)
Tyrosine hydroxylase Santa Cruz Biotechnology,
1:1000 | overnight
sc-374048 Inc. (Santa Cruz)
Anti-p-tubulin monoclonal Sigma Chemical Company
1:2000 1h

antibody

(St. Louis, MO)
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#06-418

(Beaford, MA, USA)

Rabbit anti-GPx-1 antibody Gene Tex 1:1000 | overnight
GTX116040
Rabbit anti-GRd antibody Gene Tex 1:1000 | overnight
GTX114199
Rabbit anti-SOD-1 antibody Gene Tex 1:1000 | overnight
GTX100659
Rabbit anti-PINK1 antibody Santa Cruz Biotechnology,
1:1000 | overnight
sc-33796 Inc. (Santa Cruz)
Mouse anti-Parkin antibody Cell Signaling Technology
1:1000 | overnight
#4211 Inc.(Beverly, MA)
Rabbit anti-Lamin B1 antibody Gene Tex 1:1000 | overnight
GTX 103292
Mouse anti-p65 antibody Millipore Corporation 1:1000 | overnight

() Glutathione, reduced (GSH):p| #_z&#|

1.p£ p United States Biological (Swampscott, MA)

Tris-Base Ultrapure

2.FEp  Sigma Chemical Company (St, Louis, MO)

Butylated hydroxytoluene (BHT)

GSH

5, 5 Dithiobis (2-nitro-benzoic acid)

Trichloroacetic acid (TCA)

Ethylenediaminetetracetic acid (EDTA)

(t-) B FdEF Rl

Pt p  Sigma Chemical Company (St, Louis, MO)
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2-Thiobarbituric acid (TBA)
Trichloroacetic acud (TCA)
1, 1, 3, 3,-Tetramethoxypropane (TMP)
(+ = )awmre kiR
A FpA A fmPe B SH-SYSY B g American Type Culture Collection (ATCC) »
FISH-SYSY Mm¥e v 53 & IR0 § = B Fpt AL KA s A7 PD it (Xieetal,,
2010) -
(L = )imrz it 5 22|
1. pp GIBCO-BRL (Gaithersburg, MD)
0.05% Trypsin/0.53 mmol/L EDTA
Penicillin/streptomycin
L L-Glutamine
Non-Essential Amino Acid
Dulbecco’s Modified Eagle Medium (DMEM)
2. fp Hyclone (USA)
Fetal bovine serum (FBS)
3. Mp Merck Chemical Company (Dermstadt, Germany)
Sodium chloride (NaCl)
4. pp Sigma Chemical Company (St.Louis, MO)
Sodium biocarbonate (NaHCO3)
Sodium pyruvate, =99% (C3H3NaOs)
Sodium phosphate dibasic heptahydrate ACS reagent (Na,HPQO,.7H,0)
Sodium phosphate (NaH,PO4.H,0)
(& m )dm e 2 2 |

1. P p Sigma Chemical Company (St.Louis, MO)
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Carnosic acid (CA), & =91%

Dimethyl sulfoxide, minimum 99.5% GC (DMSO, C,H0S)

(+ T )imee it 5B~
1. Bt p Sigma Chemical Company (St.Louis, MO)
Aprotinin
Ethylenediaminetetracetic acid (EDTA)
Leupeptin
Phenyl methylsulfonyl fluoride (PMSF, C;H7FO,S)

Phosphatase inhibitors cocktail 2

(£ #)m% Fov TR

1. p Pierce Chemical Company (Rockford, 1L)

Commol/Lassive Plus protein assay reagent Kit
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(£ = )39 FeRBE R

# = ~ Proteasome activity reagents (% =)

R Cat. No.
ATP (Adenosine 5’- triphosphate disodium Sigma A6419
salt)
Phosphocreatine Sigma P7936
Phosphocreatinekinase Sigma C3755
Mg(CH3COO0), Merck
Suc-Leu-Leu-Val-Tyr-AMC Calbiochem 539142

(aminomethyl coumarin)
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S REHD 2

(- )R &t %

= 3 A~ Wistar ki zeld & Bld SErp A BN R P 2 10 &
£ E R 12 PRI T R E

FRAFAL21IC o A4 % 3

£ZF P Fpdi
GE LK R FETVRILEFT R

oML v RN AN woE w10~11 8

[1] i+ it (sham, S) ; [2] 6-OHDA 2 % (lesion, L) ; [3] CA + 6-OHDA (CA+L)

AR S HA N E &SP VA NS CA(20 mglkg) % 0.5%=0 7 ALk & 4
(carboxymethylcellulose sodium, CMC) > s i 8 = iF » F g8 = X

- R
- W% 22 L7 6-OHDAG polpl)idsf 2 FidiEmaket & % ¥ et
e -
(= )& & ¥ p(carnosic acid, CA)2 fie &

#- CA lg‘l% 'ZOC J\‘%g]t‘ ) %"?/‘ g%%frgﬁ'ﬁa_%_ » 11 0.5% CMC /Ez‘é\’?\ s # D]

Bk frim o @ 2353 &5 0.5% CMC

(Z)¥ i) 6-OHDA ;i 4

AR EREY LR BE RFAERG o Fﬁ”}’i‘}i%‘ﬁ*%‘} 0.15 ¢.c/100 g weight (P p
cAESE RTRD G U P )RERS 0 B BB T R MR T RGR M R

1~ 2.5 plers pg/ul 6-OHDA (i jise plE &+ 2.5 p1z 0.5% ascorbic acid:
saline) » # ;1 &+ % @ AP (antero posterior): +1.5mm ;

L (lateral): -4mm ; V
(dorso-ventral): -7.2 mm >

BB R T Al u/min LER BELImin L E
Rl o A Btis M A T L A R 0 X B2 7201 mlfs # cefadol (BEp 2
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PRGN P A AR E R Fh RG> Fr et H Y BT

i it s R

(2 )8 4 o 3 2

A

?%%#@,ﬁ%ugéﬁﬁ,%amgﬁ%ﬁ,ym%%@,@%%%Q$
i

SRR LR ¢ PR BRI BN EF 0 2 6 75080 o
() i Wi

Bt RS L R F e 2 8 B R84 2 1.15% KCI 2. 0.1 M #ipk 49 % 673 i
(potassium phosphate buffer, PPB > ' 7.4 mM K,HPO, + 2.6 MM KH,PO, fr 154.2 mM
KCIpH7.4) ¢ * Az 3 it B Rie 7307 8 3 6 52 F Bk 5 0k 0 £ 2 4°C 12 15000

PM & o 2 {5 B iR o b #R & 5 20-80C

o

(= )E# (7 5Pl
EHF R Tk 5 — B 50 cmx 50 cmx 40 cm upliRds 0 F S 088 5 TRU Scan
™ photobeam sensor E63-125 + &l*tip|sw 15 A4a i (7 4 T 4b %5 0.25 mg/kg
apomorphine (0.1 c.c/ 100 g weight):% 2 >z - 5 £ B fz4c 48 TruScan 2.070-00 » 3% <
BlEEE bR R 1S gtk = PD model > 31%1 ~ operator f= session & & run
W B AR R SRR R 5 E Y finish 3 4% 0 diw X &2 F 0 70% P
Bl MELFARATREERRE DAL T R B FRE KA L

B e
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(5 )&% iz

B 5l BSA 53 5.2 # 4> 36 Fig>t 963445 ¢+ & 4¢ ~ 150 pl dye reagent »
S fEH96I EE FARAE L s BN BN R TR 2 70rpm ik 10 A4 £ 1Y
ELISA ik £ 595nm TR 7ok % & » 2 (SR EE R SO > TF F Nk A

Bi LR o

(M) s iople

Thiobarbituric acid reactive substances (TBARS) & %3 # i ¥ i
f B en= % o kP2 4945 (Khuwaja et al., 2011b) ey 2% = 2 > LR IEB T o g
% v ¥4t &2 4 s malondialdehyde (MDA) ¥ 22 thiobarbituric acid (TBA) # = s = ¢
1k &4~ B (TBA reactive substances, TBARS) » 4] #* ELISA *%j4 & 535 nm T 3f B~ex
G5 I T ATA o B4 IR F e~ 8 BAAE 7 0.5 MM BHT sk do
¥ 5 % (pH 7.4)i2 (732 > B~ 150 pl <1, 1, 3,3-tetramethoxy propane (TMP) % 2 &
2385 % (3 0.5mM BHT 67 PPB) » i & 4e » 150 ul 5% TCA 4= 300 pl 0.67% TBA >
L3955 2 1,000 xg s 15 4B 2 SB- KR D ¥ - F 0 2t 100C o H BB
10 48 > B~ 100 pul £ 96 3445 > »2 ELISA *t L & 535 nm g Bk i o 22 4R W 47
Pty o TV B TBARS (3 £ o
(1) GSH il =

GSH &iwsh ¢ 1 & ezt os Fenpifhit £ 40 5 GPX fr GST & flifis % ek 1
S fEpEAsfRE EF PP F od GSHeng My FFERF R4 § V45§ o
BoorF&%A* DINBioAk-SHABE R » 24 2-AA-5-5AF > m 7 il

I RIMF S 00 412nm k£ T e > FR T R GSH g £ o 4 B2 T4
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» 8 BRI 7 0.5 MM BHT 2 Bifik 49 % B3 i i 732 B~ 300 pl 1R 28 XA 2 7%
£ 4r » 300 ul 5% TCA > 12 5,000 xg &< 10 4 45 > B~ F 5% 100 pl» @& B e » 200 pl
Tris buffer v 20 Wl DTNB > Vortex {84 % 5 4 45> >t £ 412 nm 3 Boex sk i@ f & 4%
B Rty T EIHR&EY GSH iz £ o
(F)d = BB

A v F g > * 5Xsample buffer (10 mL 0.5M Tris ~ 17.5 mL 20%
SDS~2.5 mL B-mercaptoethanol ~0.05 g bromophenol blue(w/v)~10 mL glycerol 2 8 mL
ddHO)fris k%30 FERAEL lpgul =+ > WicH B 95 C 4 # 5 ~ 4 >
#H-0 R BE R 9 F(10 pg)2 $ 53 » SDS-PAGE h7 A H @ 12 7 Tank
buffer (25 mM Tris-HCI ~ 192 mM glycine 2 0.1% SDS > pH 8.3)s1% /A% » & 100 &
FTEY e BATAL > £NE o 25 9 (stacking gel, e dek T) 0 #T R
(separating gel, fe = 42 w ) ;%2 *% transfer buffer (25 mM Tris-HCI ~ 192 mM glycine
2 20% methanol) ¥ » e p= 8- PVDF 557% 72 1 99.5%F i 5 4 48 > 2 {2 %-PVDF %k
~ transfer buffer j2;2 95 A48 o kB A5 ~ R~ %5 «PVDF 3~ R ~ /5
HAEZPISEDR LAY O R fe s HEFETE R AEFH Y o ks P 1290
R F 80 4 4iodEF = = {8 B0t PVDF % /%72 >+ cold buffer A (25 mM Tris-HCI
150 mM NaCl f= 0.3% Tween 20 » pH 7.4) ¢ j-i%— =t » { # PVDF %% » ponceau S
solution ¥ % ¢ > fhieF & F T g Fing T £ > g * cold buffer A /7% 3
oE &b A4 B (siRiE > 7 5%M Py 2 4 e buffer B (25 mM Tris-HCI f= 150 mM
NaCl-pH 7.4)# »>+ 4°C 7k 44 blocking overnight-Blocking i - PVDF #%-£ 12 cold buffer
AFE3=x 55 M4 0 2 (54 » - B4 (1:1000) > *+ 4°C T overnight » £ P~
41 PVDF #¢12 cold buffer A 7% 3 =x » & = 5 A 48 > £ 4c » = % $u88(1:1000) > *+ 4°C
TERLIN2 PP - PR LS > LcoldbufferAe 3= o F b ads o I

enhanced chemiluminescence reagent (ECLKit) & & » £ 3 /4 & ¥ k#ici= & 47 &
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(LAS-4000, FUJIFILM, Japan)ip fé 4 47 3o B & 3R ©

% ~ 7 & separating gel fie

separating gel 7.5% 10% 11% 12.5% 13%

30% Acryamine 2.5 3.33 3.74 4.16 4.33
(ml)

1.5 M Tris-HCI 2.5 2.5 2.5 2.5 2.5
(ml)

H,0 (ml) 5 4.17 3.66 3.24 3.06
10% SDS (ul) 100 100 100 100 100
10% ASP (ul) 50 50 50 50 50
TEMED (ul) 10 10 10 10 10

% I ~ % i« stacking gel fe =

stacking gel 4%

30% acryamine (ml) 0.67

0.5 M Tris-HCI (ml) 1.25

H20 (ml) 3.1

10% SDS (ul) 50

10% ASP (ul) 25

TEMED (ul) 7.5
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(- = )E P i e e T (Cytosol) sl &

B v"tﬁz—”mﬁ_#« er 8 B 7 1.15% KCl 22 0.1 MPPB 2% & & Hujk » L1
15,000 rpm &g 30 A48 0 B~ bR 0 2o A2 B i 4o i (Optima TM L-90K
Ultracentrifuge, Beckman Coulter) » 2 33,700 rpm 2~ 1h» 3o w4k 5 5 2§40

TR ) BB = o 2 (5 B KR 7 & _cytosol o

(L= )mefaif s 4

#-SH-SYBY ‘¥z i fi § B~ o3 37TC-Rig P f2f A # 1 75 10%FBS
7 DMEM £ % /% (7 2 mmol/ L L-glutamine ~ 1.5 g/L sodium bicarbonate ~ 0.1 mmol/L
non-essential amino acids ~ 1.0 mmol/L sodium pyruvate ~ 1x10° unit/L penicillin 2 100
mg/L streptomycin) # - 14 1,500 rpm #.s & & 4 > i3 iR o 4~ DMEM 353 47
i > TR 10 B A > E337C 72 5%CO ez & 47 » *0 I P { #53

BRI ER A - IR Pk 2. Nk ST 15K

(& =)z oz

P2 %45 18 o L2 PBS (NapHPO,4.7H20 4.2g/L ~ NaH,PO4.H,0 0.551¢/L ~ NaCl
8.2g/L > pH7.3 )5~ = » & 4c » 1 mL 0.25% Trypsin/0.53 mM EDTA » #-‘m ¥z 31 F >
B 45 3§ 9MLDMEM shds F ¢ > 1,500 rpm des 5 A 45 3 % 1 i
FAerBRRBIFAmE > T3 10ul w22 3 wie i > 3HE 2 ($wB 3
1.2x10° B o %e chimie i BERARBIRLE > FHrIS5 LR Y > Fwe AL
MPETT IR 0 fwe g SRINA A S B AJE 1] 4 5 [2] 6-OHDA EJR E
[3] CA 1uM + 6-OHDA ‘& ; [4] CA A i o ¥ 5% %12 0.1% 1 uM CA 3§ A2 8 /)

P B % &J2 1 uM CA 4r 100 uM 6-OHDA 18 /| P i Jcimie » A &) A 45 H fif 1L %
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F 0 - AP R0 okl AR B B0 chEA IR o
(*m)imbe mdT * e
CA 4v 6-OHDA ;3 ** DMSO *# » & iF {5 fe = stock Jk & 50 mmol/L » » %1 %

F3-20C k4 -

(£ 1 )im®e Fov FiR

Beimie 1S Blmie T4k b %—i ¥ &% 1 PBS ‘;Fii;t— =z # ",% PBS -
A 47 4e ~ 150 pl lysis buffer (fe = 40 =) > & % Q[ #-mre 7T > Az H A R T
(Micro Ultrasonic Cell Disrupter, KONTES, Vineland, NJ) & & fm*z » § >+ 4°C 12 14,000
xg s 20 4 48 0 P G e B R o

# = ~ Lysis buffer gz =

Lysis buffer Stock Final (ul)
Tris-HCI 100 mM 25 mM 250
NaCl 1.5M 150 mM 150
Triton X-100 0.5% 0.5% 5
Glycerol >99% 10% 100
EDTA 50 mM 2 mM 40
PMSF 50 mM 1 mM 20
Leupeptin 1 mg/ml 1 pg/ml 1
Aporotinin 1.6 mg/ml 1 pg/ml 0.625
Phosphatase 10
inhibitors cocktail
(1:100)
ddwater 475
total 1ml
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(-+ =) Proteasome activity

Fov BER - B d 208 L AER11S B R TS fr 2 B 19S B HEE AT A
L7 FEMEIE Y B LOR-H R f2enst a0 o 18 B2 % L calpain, chymotrypsin, fr
ingensin - ¥ % 7 & A i 2 H % Suc-Leu-Leu-Val-Tyr-AMC & 7 3 % % 3z - 1345
Bl eny kSR R F v fF Al 20S enpis s ke | L e B ATP regenerating system
buffer » B~ 80 pl fm¥s F-v F % I X7 eppendrof » i 3 4e » 160 ul ATP regenerating
system buffer(% = ) /& £353 (6P~ 160l I 96 3t v 4 ¢ (Molecular Devices Gemini
XPS,USA) - # 2 % 45° > > 37C % 30 » 48> 1 * § kL3 k> excitation 355
nm % emission 460 nm T RJH Sk B o B fE L & G0 FUR R D o T R
proteasome activity °

# = ~ ATP regenerating system buffer

proteasome activity stock conc. final conc. volume
Tris-HCI, pH 8.2 500 mM 50 mM 24 ul
KCI 180 mM 18 mM 24 ul
Mg(CH;COO), 30 mM 3mM 24 pl
MgCl, 30 mM 3mM 24 ul

DTT 05M 1.1 mM 0.53 ul

ATP 60 mM 6 mM 24 ul
Phosphocreatine 50 mM 5mM 24 ul
Phosphocreatinekinase 9.1 mg/910 wl 0.2 units 12.5 ul
Suc-Leu-Leu-Val-Tyr-AMC 20 mM 0.2mM 2.4 ul

(aminomethyl coumarin)

total 240 pl
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I
F BT E iy 0 T IE e - BRI L (mean £ SD) 4 1 0 8 * SAS ki
8 F]F % B #cs 15 (one-way analysis of variance, ANOVA) %2 Tukey’s test i& {7 5t

Pk p<005 R AFHFLE -
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$I% %%

(- ) CA % 6-OHDA AJZ ™ % SH-SY5Y #! jm% 2 3 oo 1 6 & 2 1 4
d MTT = i % % 775 (Bl- ) » SH-SY5Y ‘m#z 12 100 uM 6-OHDA ¥ jh T 18
| PEEEF R F M 38.3%me 3iEF 0 @ it LuMCAFEASE 8 [ BT o Bli 3

23.4% % 7 i% % (p<0.05) » @ CA th¥ JhASLR|F ¢ B w55 5 o

(=) CA % 6-OHDA &2 ™ # SH-SYSY # S ime -~ M 35 FL B F

d westerb blot & % 3 #L ¥ jb 2 6-OHDA /a2 & ¥ "% % Bel-2/Bax vt & (5]
Z) @ &3 CA FEdZene B R i B ¥+ % 8 Bcl-2/Bax vt &) 5 @ % caspase £
PARP 3-v & %4 »6-OHDA ¢ 3 ¢ cleaved caspase 3 = cleaved PARP 33— % 3 >
%% i caspase 3 fv PARP 3-v % (B =) > 12 CA kJZR|ic & ¥ 5 5> caspase 3

o PARP %) f31 5(p<0.05) = & 11 t 1% 7 5 CA § Fuk = b i o

() CA t 6-OHDA AJZ T $t SH-SYSY # 5imme duf L prdAp M 3% F2 B3
PD 3 B g2 § -/ 4 4 B (Chenetal, 2012) » 58 s g % 34 CA L3 it i
WA e ff 2 & @ R 6-OHDA #i#f Wi 4F B o % % 4oBlw #757 » SH-SY5Y
#  0% B I 6-OHDA ¢ ' 14 GCLC ~ GCLM ~ GPx » GSR 4r SOD -9 f 4
7> CA 3 AJZ R i B ¥ # + 42 GCLC ~ GCLM ~ GPx ~ GSR {r SOD -+ i 4 3. -
= 6-OHDA ‘e wlp it g A Bl 4e 3 1.320.9-07-03400.7 & » Fp Ay 2%

CA - ¥ i Z@AF Iy MR LI LRk
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(2 ) CA t 6-OHDA AJZ ™ % SH-SY5Y # & n% 39 pr il enfs
FOORA & EI G0 s iat A o "8 M dod pEREIE 14 (Pickering and Davies,
2012) » F]pt 2 i R4 34 6-OHDA chaJgZ £ F § B8 v Al B % 4oRlT 47
7 0 11 6-OHDA fid® 12 ~ 18 {24 h > ¢ i 'm¥e chjeo prflliafers i< > 2 ¢ 2 18 v
240 h.p BE(FT A)e @ & CA £.3 £ :cd 6-OHDA % i ehi3-v fedlis s » A
PI3F R mrz 11 CA TR dZ 8 /| Poac B ¥+ w4 19.2%h3-v fe il =2 (Bl T B) - 7]

PoAPIRE CAV R EiER B v e std d 6-OHDA #rildeed 5 ip 3 o

() #* b CAPF 8% SH-SYSY # 5 3% PINKI - parkin 3¢ B2 £ 38

6 FenR Y 2 PD e B M o 29 parkin 06 St Fond § B4 % 39
fis 48 % ri(ubiquitin-proteasome system) ¥ i 4 fis E3(ubiquitin protein ligase E3) » &
B PRSIy F 0 £ R ¥ T kv fRRRE 7 °F f2(Trempe and Fon, 2013) -
7 v‘/]?e#;] ' PINK1 ¢ /%1 parkin i&m 3 3240 i3k iv* (Shaetal, 2010) » F]pt
Ay #gE st CA E_F it 4915 18 parkin i 3|4 5 %3 5 s o d westerb blot % % (B8]
~)FRECARIZ05h 2 12h % v A% PINKL chj-a FA R 2 ¢ 12 3] s
7 parkin 3¢ 0] & 0.5 o 1] B ¢ B F 3 5 (p<0.05)» & 12 - P P22 fr 4] oo i BF
FALR o Fpd U BEET (B CAPEIE2 T A R Ap B 30 parkin

e PINK1 e03-9 B & IR o
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() # I 6-OHDA p* I B3 SH-SY5Y # f£.30% PINKL v parkin 39 2 # 5
d Bl- % %R 7 6-OHDA AJT ¢ SEPF B F # *% 1% parkin fv PINKL #h13-

6 B &I @ 0L 24 ] pEYE S parkin ehded AL BB E -

(=) CA # SH-SY5Y # 5 3w PINKI e parkin F-v 2 £ 5

- A AP EFE S CA E_ZF i 49 :c L 6-OHDA #7% < shparkin 2 PINK1 ehg-v
B4 0% 11 do B~ B % 977 0 SH-SYBY ‘wz H f kg2 6-OHDA & ¥ 3+ ' i parkin
2 PINKL v F 4R @ fof CA FFAJR chie P i B % # % & parkin 2 PINK1
v B % IR (p<0.05) o Flpt A i zn i CA it 43 w42 6-OHDA #7%% i 5 parkin %

PINKL 35 B > @ 3 e fm e (34541 -

(~) CA $ SH-SY5Y # (2 4m % p65 F-v H 2 B 5F

Parkin 4! (5 i it * » ¥ iy % i IkB kinase (IKK)/NF-kB e i > @ 3 40 & 2%
8% /& & Flen4 J(Henn et al., 2007) » F]pt #-:& - # $£:+ CA & 6-OHDA &2 ™ »
234 BENFKB hg-6 FAIR o d B4 %% 57 SH-SYSY # 5 lmez B e
6-OHDA ¢ B % 3 ' 14 p65 chd-d & 4 3 > @ CA FF&JIL R it B F ¥ w42 p65 k-

v F & IR H e CA JZR] 7 B p65 Fv £ IR o

(1) CA 5 1F parkin if |4 5 i3 5 2%

=7 i- K CAEE ,’fgc} # & parkin @ § A S iR 2 # s AP ]+ parkin
SIRNA % g% CA # 6-OHDA 3142 SH-SY5Y #! f'm%e /&= F-v 55 B £ ¥
tm7 v4 parkin SiRNA 3¢ {7478 24 h {8 - £ 22 CAFEAJL 8 /| ¥ > 2 {4 &2 6-OHDA
LA 18 [ PF o 5 d Bl #rF 0 fsi-control s w] o 6-OHDA & B % 3 3 4c
caspase 3 f= PARP % fi# 2 *% i< parkin hj-v F % 3R > 7F &2 CA R § > caspase 3

- PARP 2 2 % H 4v parkin h3-v B % 3R > & i parkin siRNA #7578 {5 » CA "% i1
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Er G g4 > Ft o CAF i 538 parkin 3% @ &> 6-OHDA 31425 5 'm 7z %

= ’ J‘,{ é EVJZQ l‘g‘_ ]’Fp—gﬁﬁ/{% o

(<) CA % 6-OHDA 3% % PD #1 + B % £ 2 B 5

=TT ORA PR E R B KL CA H3T 4 Rk §872 8+ 6-OHDA 34 % PD ¢

RN REERRAPE EhREEFE L 1544 0 %% %R 6-OHDA 4F § (L)
gk BUE B P os B pRaAg F MO L e (B - )0 @ 3R AJE CA ey

(CA+L) 22 4 1§ (L) fmAp vt B a0 3 40+ BUE 85 P P fois 85 5E4 > A W) 5 27%7r 33% -

(+-)CA & 6-OHDA ##% PD #:3% < & ¥+ apomorphine 3 % ¥ Rl *e & 32 55

d B BT BB o 6-OHDAHE i m(L)dh+ BUP AT 5 4o o
apomorphine 31 4= e fp] ek Bl fic{e e P > @ 5 CA 7f &2 (CA+L) e+ & > R
iv BEF R K& B B i o idE pF P (p<0.05) o

(+=)CA#6-OHDA#% PD #i3¢ + PGB FGSH Z R FiEF M F2 B E

 6-OHDA #% % PD eaficst @ o 24 95 I H it 8 6-OHDA hie w](L)# GSH

—

wv @ iF CAFE IR B(CA+L) R i g F 3 4 GSH ez £

>
\F‘b

m*t
ap,

A
(p<0.05) (B =) @ ArG®P friEF i* 4> 5 > %% P4 3 6-OHDA = &(L)4
FERR LT EiEs 5 a ot CATEARIZA+ R(CA+L)R] & LS R
T § 142/ (p<0.05) (B + = ) &7 + 8% CA ¥ d 6-OHDA #r3leeng i

@4 o
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(+ =) CA$ 6-OHDA # % PD #5% < BURIR R R4y Cp R p M 35 2 B F
142 % e F B e % BT > 6-OHDA EJT € % tfif s 3 da b v
R I 5 CA I RIZP] i v R FLF 1 fEF o' dOF e RN 2T
= 12 westerb blot = ;= & B CA ¥+d 6-OHDA 3% # PD ;% + &%t g @ Jog 1
fE% chdv T4 o B %% 3T H Jbii st 6-OHDA (L)A ¥ # ' i< GCLC
GCLM - GSR §= SOD th3-v 4 M(B L7 )+ & tF CA fEILchie u|(CA+L) R i

5 % ¥ # 4 GCLC ~ GCLM ~ GSR - SOD 13-4 ¥ % .(p<0.05) -

(+z)CA % 6-OHDA 3#4 PD #:8 + R7a3R R kA= 30 T2 B E

d Bl B IRE % 2 e F B4R 4R 01 0 6-OHDA 3 i (L) L el
0B ¥ % 14 Bel-2/Bax st b @t CA TEAJZ ehie W (CA+L) R it B ¥ & %
Bcl-2/Bax st ] 5 @ % caspase &2 PARP - 384 » 6-OHDA I # & (L)~ & ¢
H# 4 cleaved caspase 3 {r cleaved PARP 334 # 3L » I "% i< caspase 3 v PARP 13-
v Z (B L =) a2 CA e B (CA+L) R 5t &8 ¥ 2 > caspase 3 fv PARP 4] f2

" H|(p<0.0B) o o 14} % T Ao CA E i LAEN S Y LG Uk hiEr o

(- 7)CA % 6-OHDA 3% PD #5 < 2732k TH 39 T2 B

TH &_& = % = =4z 2 (Ren et al., 2013) » 2% i% 12 Western blot = ;% & i#|
CA t 6-OHDA # % PD #5 * BAg20 0k q? TH 30 Fend Mo 2% g mH b
i1 5+ 6-OHDA ()R ¥ # " i TH chd=v F 4 > @ &} CA 7 AJL e w](CA+L)

R
)

I 5% BT 3 i 4c 95 %:1 TH 3-d 4 JL(p<0.05) (M- ~)»d 7 % 4 CA § i«

e

IR TH 7% 5 o
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(4 ) CA % 6-OHDA # % PD #:5% < 8758 % f PINK1 2 parkin ehg-—s 2
y

% 6-OHDA %% PD shficst @ » 2% o 38 L H jbit 54 6-OHDA e+ B (L) & ¥ ¥ %
M AR ¥k 4 ch PINKL e parkin sh3-d B2 (B4 ) @ &5 CAFFadZlhie
(CA+L) P15 w42 PINK1 f parkin ehg-v 5 4 7.(p<0.05) » ¢ yt 7 7 5 CA AR p &

8 ob g wc A8 PINKL e parkin 3 42 55 ez dp b 30 B & IR o
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Figure 1. Protective effect of carnosic acid (CA) against 6-hydroxydopamine
(6-OHDA)-induced toxicity in SH-SY5Y cells. Cell viability was measured by the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolim bromide (MTT) assay. Cells were
pretreated with 0.1% dimethylsulfoxide alone (—) or with CA1 uM for 8 h and then with
100 uM 6-OHDA for an additional 18 h. The level in control cells was regarded as 100
%. Values are expressed as the meansxSD of three independent experiments. Groups not

sharing a common letter differ significantly, p < 0.05.
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Figure 2. Effect of carnosic acid (CA) on the protein expression of Bcl-2 and Bax in

Bcl-2/Bax ratio

6-hydroxydopamine (6-OHDA)-stimulated SH-SY5Y cells. Cells were pretreated with 0.1
% dimethylsulfoxide alone (—) or with CA 1 uM for 8 h and then with 100 uM 6-OHDA for
an additional 18 h. The protein was determined by Western blotting. Changes in protein
expression were measured by densitometry. The level in control cells was regarded as 1. One
representative immunoblot out of three independent experiments is shown. Values are
means=SD of three independent experiments. Groups not sharing a common letter differ

significantly, p < 0.05.
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Figure 3. Effect of carnosic acid (CA) on the protein expression of caspase 3 and
PARP in 6-hydroxydopamine (6-OHDA)-stimulated SH-SY5Y cells. Cells were
pretreated with 0.1% dimethylsulfoxide alone (—) or with CA1 uM for 8 h and then with
100 uM 6-OHDA for an additional 18 h. The protein was determined by Western blotting.
Changes in protein expression were measured by densitometry. The level in control cells
was regarded as 1. One representative immunoblot out of three independent experiments is
shown. Values are cleaved caspase 3/caspase 3/actin and cleaved PARP/PARP/actin.
Values are meanszSD of three independent experiments. Groups not sharing a common

letter differ significantly, p < 0.05.
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Figure 4. Effect of carnosic acid (CA) on the protein expression of GCLC, GCLM, GPx,
GSR, and SOD in 6-hydroxydopamine (6-OHDA)-stimulated SH-SY5Y cells. Cells were
pretreated with 0.1% dimethylsulfoxide alone (—) or with CA 1 uM for 8 h and then with 100
uM 6-OHDA for an additional 18 h. The proteins we determined by Western blotting. Changes in
protein expression were measured by densitometry. The level in control cells was regarded as 1.
One representative immunoblot out of three independent experiments is shown. Values are
means=SD of three independent experiments. Groups not sharing a common letter differ

significantly, p < 0.05.
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Figure 5. Effect of carnosic acid (CA) on proteasome activity in 6-hydroxydopamine
(6-OHDA)-stimulated SH-SY5Y cells. Cells were cultured with 0.3% dimethylsulfoxide
alone or 100 uM 6-OHDA for 12, 18, and 24 h. (B) Cells were pretreated with 0.1%
dimethylsulfoxide alone (—) or with CA 1 uM for 8 h and then with 100 uM 6-OHDA for an
additional 18 h. The level of proteasome activity in control cells was regarded as 1. One
representative immunoblot out of three independent experiments is shown. Values are

means+SD of three independent experiments. Groups not sharing a common letter differ
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Figure 6. Carnosic acid (CA) induced the protein expression of PINK1 and parkin
in SH-SY5Y cells. Cells were incubated with 1 uM CA for 0.5, 1, 3, and 12 h. The
protein expression of PINK1 and parkin were determined by Western blot assay.
Changes in protein expression were measured by densitometry. The level in control cells
was regarded as 1. One representative immunoblot out of three independent experiments
is shown. Values are means+SD of three independent experiments. Groups not sharing a

common letter differ significantly, p < 0.05.
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Figure 7. 6-OHDA decrease the protein expression of PINK1 and parkin.
Cells were incubated with 100 uM 6-OHDA for 3, 12, and 24 h.

Values are meantSD of three independent experiments. Groups not sharing a common

letter differ significantly,p <0.05.
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Figure 8. Effect of carnosic acid (CA) on the protein expression of PINK1 and
parkin in 6-hydroxydopamine (6-OHDA)-stimulated SH-SYS5Y cells.

Cells were pretreated with 0.1% dimethylsulfoxide alone (—) or with CA 1 uM for 8 h
and then with 100 uM 6-OHDA for an additional 18 h. The protein was determined by
Western blotting. Changes in protein expression were measured by densitometry. The
level in control cells was regarded as 1. One representative immunoblot out of three
independent experiments is shown. Values are means+SD of three independent

experiments. Groups not sharing a common letter differ significantly, p < 0.05.
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Figure 9. Effect of carnosic acid (CA) on the protein expression of p65 in
6-hydroxydopamine (6-OHDA)-stimulated SH-SY5Y cells. Cells were
pretreated with 0.1% dimethylsulfoxide alone (—) or with CA 1 uM for 8 h and
then with 100 uM 6-OHDA for an additional 18 h. The p65 protein was
determined by Western blotting. Changes in protein expression were measured
by densitometry. The level in control cells was regarded as 1. One representative
immunoblot out of three independent experiments is shown. Values are
meanszSD of three independent experiments. Groups not sharing a common

letter differ significantly, p < 0.05.
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Figure 10. Carnosic acid (CA)-inhibited the activation of caspase 3, and PARP were
reversed by parkin-siRNA in SH-SY5Y cells. Cells were transfected with parkin-siRNA
(si-parkin) or nontargeting control siRNA (si-control) for 24 h. The transfected cells were
treated with 0.1% dimethylsulfoxide alone (—) or with CA 1 uM for 8 h and then with 100
uM 6-OHDA for an additional 18 h. The proteins we determined by Western blotting.
Changes in protein expression were measured by densitometry. The level in control cells
was regarded as 1. One representative immunoblot out of three independent experiments is
shown. Values are cleaved caspase 3/caspase 3/actin and cleaved PARP/PARP/actin. Values

are means+SD of three independent experiments. Groups not sharing a common letter differ
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significantly, p < 0.05.
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Figure 11. Effect of carnosic acid (CA) on locomotor activity in the striatum of
6-hydroxydopamine (6-OHDA)-treated rats. Effect of CA on locomotor time (sec)
(A) and distance travelled (cm) (B) study in 6-OHDA unilatrally lesioned rats. Values
are means+SD of seven independent experiments. Groups not sharing a common letter

differ significantly, p < 0.05.
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Figure 12. Effect of carnosic acid (CA) on the roration in the striatum of
6-hydroxydopamine (6-OHDA) treated rats. Effect of CA on roration number (A)
and rotation time (B) study in 6-OHDA unilatrally lesioned rats. Values are
meanszSD of seven independent experiments. Groups not sharing a common letter

differ significantly, p < 0.05.

59



150 ¢

100

S0

nmol GSH formed/mg protein

S L CA+L

Figure 13. Effect of carnosic acid (CA) on the level of GSH in the right substantia
nigra of 6-hydroxydopamine (6-OHDA)-treated rats. Values are meansxSD of seven

independent experiments. Groups not sharing a common letter differ significantly, p < 0.05.
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Figure 14. Effect of carnosic acid (CA) on the level of TBARS in the right
substantia nigra of 6-hydroxydopamine (6-OHDA)-treated rats. Values are
means=SD of seven independent experiments. Groups not sharing a common letter

differ significantly, p < 0.05.
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Figure 15. Effect of carnosic acid (CA) on the content of GCLC, GCLM, GSR, and
SOD in the right striatum of 6-OHDA-treated rats. The proteins were determined by
Western blotting. Changes in protein expression were measured by densitometry. The
level in control cells was regarded as 1. Values are means+SD of six independent

experiments. Groups not sharing a common letter differ significantly, p < 0.05.
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Figure 16. Effect of carnosic acid (CA) on the protein expression of Bcl-2, Bax,
caspase 3 and PARP in the right striatum of 6-hydroxydopamine (6-OHDA)
treated rats. The Bcl-2and Bax protein were determined by Western blotting.
Changes in protein expression were measured by densitometry. The level in control
cells was regarded as 1. Values are Bcl-2/Bax/p-tubulin. Values are means+SD of
six independent experiments. Groups not sharing a common letter differ

significantly, p < 0.05.
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Figure 17. Effect of carnosic acid (CA) on the protein expression of caspase 3 and
PARP in the right striatum of 6-hydroxydopamine (6-OHDA) treated rats.

The caspase 3 and PARP protein were determined by Western blotting. Changes in
protein expression were measured by densitometry. The level in control cells was
regarded as 1. Values are cleaved caspase 3/caspase 3/B-actin and cleaved
PARP/PARP/B-actin. Values are means+SD of six independent experiments. Groups not

sharing a common letter differ significantly, p < 0.05.

64



S L CA+L

TH —

B-actin | —— | —— | ——

TH expression
(fold of control)
[—y

Figure 18. Effect of carnosic acid (CA) on the content of TH in the right striatum
of 6-hydroxydopamine (6-OHDA)-treated rats. The TH protein was determined by
Western blotting. Changes in protein expression were measured by densitometry. The
level in control cells was regarded as 1. Values are means+SD of six independent

experiments. Groups not sharing a common letter differ significantly, p < 0.05.
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Figure 19. Effect of carnosic acid (CA) on the protein expression of PINK1
and parkin in the right striatum of 6-hydroxydopamine (6-OHDA)-treated
rats. The proteins were determined by Western blotting. Changes in protein
expression were measured by densitometry. The level in control cells was regarded
as 1. Values are meanszSD of six independent experiments. Groups not sharing a

common letter differ significantly, p < 0.05.
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