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Inhibitory Effect of Rotundarpene on Parkinsonian Neurotoxin
1-Methyl-4-Phenylpyridinium-Induced Apoptotic Cell Death

Sang Woo Han, MD®®, Chung-Soo Lee, MD®, In Ha Hwang, MD?, Jeong-Ho Han, MD?, Doo-Eung Kim, MD®

Department of Neurology, Seoul Veterans Hospital, Seoul, Korea"
Department of Pharmacology, College of Medicine, Chung-Ang University, Seoul, Kored’

Background: The extract and hemiterpene glycosides of Ilex Rotunda Thunb exert antioxidant and anti-inflammatory
effects. The effect of rotundarpene on apoptosis in neuronal cells caused by the 1-methyl-4-phenylpyridinium (MPP") has
not been reported previously.

Methods: Using differentiated PC12 cells and human neuroblastoma SH-SY5Y cells, we investigated the effect of
rotundarpene on MPP"-caused apoptosis in relation to the cell death process.

Results: MPP"-induced cell death was identified using the MTT and neutral red uptake tests. Apoptosis was induced by
eliciting decreases in the cytosolic levels of Bid and Bcl-2 proteins, increases in the cytosolic levels of Bax and p53, disruption
of the mitochondrial transmembrane potential, and the release of cytochrome c and the activation of caspase-8,-9,and -3 in
differentiated PC12 cells and SH-SY5Y cells. Treatment with rotundarpene reduced the MPP"-induced changes in the levels
of apoptosis-regulated proteins, formation of reactive oxygen species, depletion and oxidation of glutathione, and cell death
in both PC12 and SH-SY5Y cells.

Conclusions: Rotundarpene may reduce MPP*-induced apoptosis in neuronal cells by suppressing the activation of the
mitochondria-mediated pathway and the caspase-8 and Bid pathways. Rotundarpene appears to act by inhibiting the
production of reactive oxygen species and by the depletion and oxidation of glutathione.
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Figure 1. Effect of rotundarpene on MPP -induced cell death. (A, B) Differentiated PCI12 cells or SH-SY5Y cells
(4x10" cells/200 L) were treated with 500 uM MPP" in the presence or absence of 1-25 uM rotundarpene for 24 h.
Cell viability was measured using the MTT reduction assay. (C) Differentiated PC12 cells (4x 10* cells/200 uL) were
treated with 500 uM MPP" in the presence or absence of 1-25 uM rotundarpene for 24 h. Cell viability was measured
using neutral red uptake assay. (D) Differentiated PC12 cells (4% 10* cells/200 uL) were treated with 2.5 uM rotenone
in the presence or absence of 1-25 uM rotundarpene for 24 h. Cell viability was measured using the MTT reduction
assay. Values are expressed as absorbance and represent the mean+SEM, n=6 (duplicates from 3 individual
experiments). p<0.05 compared to the control; *p<0,05 compared to MPP" alone. MPP" was abbreviated as MPP and
rotundarpene as RTD. SEM; standard error mean, MTT; 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide, MPP"; 1-methyl-4-phenylpyridinium.
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Figure 2. Effect of rotundarpene on MPP'-induced changes in the levels of apoptosis-related proteins. (A) Differentiated PC12 cells were
pre-treated with 15 pM rotundarpene, 1 mM N-acetylcysteine or 50 1M trolox for 20 min and then exposed to 500 uM MPP" in combination with
rotundarpene or compounds for 4 h. The levels of Bid, Bax, Bcl-2, cytochrome ¢ and p53 proteins were assayed by Western blotting with specific
antibodies. The densities of protein bands were expressed as a fold increase compared to the control density. Data are representative of three
independent experiments. (B, C) PC12 cells (or SH-SYSY cells) were pre-treated with compounds (15 uM rotundarpene, 1 mM N-acetylcysteine
or 50 uM trolox) for 20 min and then treated with MPP" in combination with compounds for 6 h. The amount of released cytochrome ¢ was
determined using an analysis kit, and the data are expressed as ng/mL for cytochrome c. Values are represent the mean+SEM, n=6 (duplicates from
3 individual experiments). 'p<0.05 compared to the control; *p<0.05 compared to MPP" alone. SEM; standard error mean, RTD; routundarpene,
NAC; N-acetylcysteine, MPP+; 1-methyl-4-phenylpyridinium.
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Figure 3. Effect of rotundarpene on MPP'-induced caspase activation. (A) Differentiated PC12 cells were pre-treated with 30 uM caspase
inhibitors (z-IETD.fimk, z-LEHD.fimk or z-DQMD.fmk) and then exposed to 500 uM MPP" in combination with caspase inhibitors for 24 h and
cell viability was determined. Values represent the mean=SEM (n=6). p<0.05, compared to the control; *p<0.05, compared to MPP" alone. (B, C)
PC12 cells (or SH-SY5Y cells) were treated with MPP" in the presence of 15 uM rotundarpene, 1 mM N-acetylcysteine, 50 1M trolox or 100 uM
ascorbic acid for 6 h. The activities of caspase-8, -9 and -3 were determined using analysis kits. Values are expressed as units and represent the
mean+SEM, n=6 (duplicates from 3 individual experiments). “p<0.05 compared to the control; *p<0.05 compared to MPP" alone. SEM;
standard error mean, RTD; rotundarpene, NAC; N-acetylcysteine, ETD; z-Ile-Glu-(O-ME)-Thr-Asp(O-Me) fluoromethyl ketone
(z-IETD.fmk), DQMD; z-Asp-(OMe)-Gln-Met-Asp(OMe) fluoromethyl ketone (z-DQMD.fmk), LEHD; z-Leu-Glu-(O-ME)-His-Asp(O-Me)
fluoromethyl ketone (z-LEHD.fmk).
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Figure 4. Effect of rotundarpene on MPP'-induced loss of the mitochondrial transmembrane potential. PC12 cells were
treated with 500 pM MPP" in the presence or absence of 15 uM rotundarpene, 0.5 pM cyclosporin A and 1 mM
N-acetylcysteine for 24 h. Values are expressed as the percentage of cells with depolarized mitochondria (low values of
DiOC¢(3) fluorescence) and represent the meantSEM (duplicates from 2 individual experiments). ‘p<0.05 compared to
the control; *p<0.05 compared to MPP" alone. SEM; standard error mean, RTD; rotundarpene, CsA; cyclosporin A,
NAC; N-acetylcysteine.
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Figure 5. Effect of rotundarpene on MPP-induced production of reactive oxygen species. PC12 cells were treated with 500
uM MPP" in the presence of 15 uM rotundarpene, 1 mM N-acetylcysteine, 50 uM trolox or 100 uM ascorbic acid for 24 h.
(A) Changes in DCF fluorescence were measured and data are expressed as arbitrary units of fluorescence. (B) Cell viability
was measured using the MTT reduction assay. Values are represent the mean+SEM, n=6 (duplicates from 3 individual
experiments). +p<0.05 compared to control; *p<0.05 compared to MPP* alone. SEM; standard error mean, RTD;
rotundarpene, NAC; N-acetylcysteine, MTT; 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide,
DCF; 2°,7’-dichlorofluorescin.
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Figure 6. Effect of rotundarpene on MPP-induced production of depletion and oxidation of GSH. PC12 cells were
treated with treated with 500 pM MPP" in the presence of 15 pM rotundarpene, 1 mM N-acetylcysteine, 50 pM
trolox or 100 pM ascorbic acid for 24 h. Total GSH, reduced GSH and GSSG were measured, and data are expressed
as nmol of GSH/mg protein. Values are represent the mean+SEM, n=6 (duplicates from 3 individual experiments).
"p<0.05 compared to control; *p<0.05 compared to MPP" alone. SEM; standard error mean, RTD; rotundarpene,
NAC; N-acetylcysteine, MPP+; 1-methyl-4-phenylpyridinium, GSH; glutathione, GSSG; Glutathione disulfide.
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MPP* AJefgt PCI2 A|ZolA] Al ] wiske 278kl
O, AlES] MPP'S Helalie v SRS gho] DIOC3] &
) el ARRAZ 717 AE 547k 27t MPP Ef-
AFEA] E JAIAISL 0.5 uM cyclosporin A A2]o] 2J8] 4]

caspase-3
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9lth(Fig. 4). Rotundarepene, N-acetylcysteine’= MPP ]| ]3]

e AR B9 B ek

3. Rotundarpene o] MPP" &0 w}2 AJAkA 0] AT}
Zsetelee] wgw Ast] wAE A3t

MPP" A|s2EAo] thal rotundarepene®] SJA|FI7} BAIAIL
4 ool el ololi=A] ZARRISIE B4} DCFH-DA
L2 DCFZ ASIA 7= AL o]8sto] SAgAlh AL
A5k PC12 A|ZE MPP'E X251 o] DCF §3o] &
3] Z7feFl o, o8 st Z71+= rotundarpene, N-acetylcysteine,
trolox2] A7}ol| 9J3)] A =SItkFig. 5A). Rotundarpene} aFA
A T AR xn/dg Q1077 ket MPP* LZo| u}p
S Azl o] 2datad ggks A S8l Akl

oZ

2 _IIN' mlm
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Rotundarpene0| ¥}ZI1EZE 34t AA=4 1 —methyl—4—phenylpyridiniumOf] 2|8t MIZZXFHAR| O]X|= XS0}

AMEZAR] YeEll= 815 AT N-acetyleysteine, trolox,
ascorbic acid= MPP" 3o WE NEZALS JA5ISIcHFig. 5B).

MPP' A|ZEAJo] U2 rotundarpened] lA| L 25ete]
& o] it avfe o] folfl=A] ARSI AN E
£ kS 534+0.10 nmol/mg T E 0|9} 500 uM MPP' & 244
7

(15 uM)& MPP” leZof uh2 F2EfEl 2 12HE AsIchFig.
6A). N-acetylcysteine, trolox, ascorbic acid= MPP" -Zof w2
FeEe 128 oEIon, BEe FReee o) JTs
UehiA] gk

MPP' 1] ©J5t AlAle] Bl rotundarpene®] 4|t
7} SFEHERE Alslo] gt AR o]Rolf=A] ARISITE tf
% PCI2A 2L 4] 2FEFE] 2 ASHEQl o]l 2 e 20] e
0.49+0.02 nmol/mg ThiiZo| itk MPP' 2 A|EZ 24A]7F 22)5}
= 1 oSS FEER Y| 2 tiA| 2] Hlwsto] 3.7v)
7H1.83 nmol/mg THA)3}ITE RotundarpeneS MPP™ L-Z:0]|
THE SFEEREY A1ElE oAsHlom, 15 pMollA] 72% oAl &
75 B $JthFig. 6B). Rotundarpene, trolox, ascorbic acidA[A|7}
olgelaFEElL & VIO, N-acetyleysteinet 17
MPP" A3 = ojF2l25Ele 2 & 5719k GSSG/GSH v
& 2715 AABItHFig. 6B and C).

| =

BolE PCI2 A|Zo A MPP = MZAEAL 24 thild Bid,
Bcl-2, Bax, p53, A|\ETE ¢ 529} caspase (8, 9, 3) A=
SHFsllch SH-SYSY A|ZOJAE MPP'= AEIE ¢ S8j9}
caspase-3 SIS X5t MPP = ARIA vFREabAdE w7
AA AETE ¢ FEA7]1L caspase-9, -35 B/JStsto] AVEA|E
A2 9071} % Caspase-9= pre-caspase-32 £3l], E4s}a}
o] caspase-35 WHECE™ Caspase-32 caspase-2, 72 A6l
PARP-1< 24, 2h4}stil g PARP-1 o] 2 oo
A AEARE 2 oZIck ™ aheha] Bafel PCI2 HEolA AR
ub9] Bi9} caspase (8, 9, 3) AJBK= MPP/} AR mh=n
‘d& HBAA NETF ¢ fre|A17]aL caspase-9, -3 B/Jol5to]
RFAEALE A O7ITh: AL ST, MEAEAL G4 Bax
A v EIS WS RS ¢ flE Aaelel AE
AIAE AP, Bax 282 Bel-20] oJal] ALt A}
Q1) ps32 2% Bax A4S BASKRICE™ AEAEAL AL

caspase-82 BidE HGAIA AFGA] WEREIAGE F7HAFIA,

caspase-3-2 A7 BAIFAZICEY webd, AFAT= MPP'7L Al
AN AR A 7350k caspase 8-Bid A2 DL 5
Sl AEAALE SOtk A A

llex rotunda Thunb®] 3] 552 Mkl 495 avs v
Epdichar e ek el m AA|EA MPPT H2]o] uh2
AEEAFEA] viRl= Al AR Agdeh of=idt Aol
£3LE PC12 AZS o] g3to] AlZAL oA MPP” Z2]of u}
& AlEApEAR] A= rotundarpene®] BIE AT 9t
¥l PCI2 A3} SH-SYSY H|Zo|A rotundarpene-> MPP #2]
off w2 AlEAFEAL 24 T o] Hstel AR 9] B3]
£ JAIBHAL). o] st A= rotundarpene caspases-9, -3 &
Azl ol2&= ARFA] AR} caspase-8-Bid A= SAIIE A
3lo] MPPof| of3)] el NIEAEARS AAE S0 A7kt

MPP" 1= AFIA| S54RSS dJAste] Bath RS
A9t AT BAdAkAE ARAlo] Zgate] ARIA| uRRabA

NEAE & felA7ek” ik Aol 57t

SRR Tt ARSE @do] vehhe olof whk AFEA| uHE
It AT AETE ¢ f2]je} caspase A3l w2 AlEARE
Al IFgo] ZFYECE ™ 2 AglollA] MPP'i= PCI2 A|Eof|A 2
‘dakas A, SFEEE AT ARLE dozion, A=
MPP'o]| gt M|ZAPEAL 24 thild ofo] Wsls A3t
Rotundarpene-> MPP™ tnZof| wh2 SHAJARA A, SEFELS: 31
2k AkE oAlEkdek webA rotundarpene 2HdAkAr A4,
SREE R 1723} A81E JAste] MPPT ol wh A|ZAbd

AR 24 whalE oRo] Wsks ojAgktar Azieict
A2 07 HslE PCI2 A4 rotundarpeneS- caspase
/gate] o]2+= AFA| AWt o} caspase-8-Bid = 2
SH5 Adllste] MPP o] olet AEZAHALS JAgcar Ajzhetch
Rotundarpene©] AJZAPEAN] 0|2 A= SAJARAIAL,
SREER 1} Ak} oAflof] ofsf o] ol RS Ao AYRIT
Rotundarpene> 45 A}, FAlS axp7} Qlal 41754 MPP
off oIk AEAFEAL A E 7} QLo H R, rotundarpene©] T}
Zgmae] gt ABAMEEYS AAT 4

]
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