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Abstract

To investigate the potential therapeutic value of a plant extract against amyloid 3-peptide-induced cell damage, we
first screened extracts of 250 herbs, and finally selected a water extract of Spinacia oleracea for further study. This
extractshowed the potential to inhibit the reactions of oxidants. We measured the angiotensin-converting-enzyme (ACE)
inhibitory activity of the extract, and assessed the ability of the extract to protect neuronal cells from chemical-induced
cell death. SH-SY5Y neuroblastoma cells were used in this assay. The extract exerted protective effects on HOp-induced
cell death, when H,O, was used at 100 M, 200 M, and 500 M (protection of 87% 73% and 58% respectively).
When 50 M of amyloid B-peptide was added to the test cells, however, the extract had no protective effect on cell
death, The extract inhibited ACE activity in a dose-dependent manner, and exhibited potent protection against the deleterious
effects of H;0,. In sum, these results suggest that a water extract of Spinacia oleraceahas the potential to afford protection
against chemical-induced neuronal cell death, and the extract may be useful in the treatment of neurodegenerative diseases.
The precise molecular mechanism of neuroprotection is under investigation.
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Sz3lo|nj L g3} 7]jol] FAIE central nervous
system (CNS)ol] 3323} amyloid plaque} neurofibrillary
tangles®] &Alo] 714 EA A o|THS). Senile plaques ¢}
neurofibrillary tangle-2 32 Atgre] WM &4 8t
U ol 7t ol uhe} Frleln] gxsteleiy gxke]
oA Zo] W7 0]=] =H|(6), senile plaqued] T2 T4
B2 precursor protein @ ZHE] FEH 427]9] ofn| w4t
o2 FA% B-amyloid protein (AB)e|t}. o] &2 fibrillar
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B-peptide] F=3+ 222 apoptosis pathway S 24 24| 7
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o) AL AHAH BRI HABA ES 214G A
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Ao & gtel = gltky HaEo] IrK12). wEbA 421734
gt oz Aujd] hat FEAEES FIL 45, B
-amyloid %<} & human astrocytoma cell lineQ] U373MGel]
A inflammation mediator) interleukin-1a, interleukin-1(3,
interleukin-6 2] cytokineo]1}, inducible nitric oxide
synthase GNOS), MIP-, Clq, C9 59} 8.4} BA 247
(CD59), estrogen receptor 2 proteinase inhibitor (acute phase
reactant protein, ACT) 5-¢] L&} 55 mRNA level = 2]
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A 2] (Spinach, Spinacia olerecea L)x= % otF-ol| &3
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Acetylcholinesterase, acetylthiocholine iodide, diothio-bis-
2-nitrobenzoic acid (DTNB), hydrogen peroxide (H.Oz), B
-amyloid proteings.as= SigmarlZHE T 35, cell
proliferation kit -2 RocheAl2%-E], CCK-8 kit= Dojindo
(Tokyo) AFEHE| TG4, 1 ol £ Aol A48
RE Aleke BA & 5 (Guaranteed grade) 0. 2 A8t
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RPMI-1640, fetal bovine serum, streptomycin-penicillin &
o] AE Mg Al2FE-2 Gibco BRL (Grand Island, USA)<]]
A}, v} etz Corning(Rochester, USA)ell A T3+ 2
Human neuroblastoma SH-SY5Y cell line-2 American Type
Culture Collection (Rockville, USA)oll A #1351 ch Al
= RPMI-1640 WA 10% FBS (fetal bovine serum;
GIBCO)$+ 1% antibiotics (penicillin/ streptomycin; Sigma
Chemical)& 7}k 37°C2] 5% CO: incubator(Model No.
MCO175; Sanyo, Tokyo, Japan)ol| A Hl| okalH A, 48~72 Al
7kl 3 WA Al v Fals] o, Al EF= 10 passageS

97 Sistek

FEE Mzx
2 Agio] AL AlFAE A T FAE AR FE
Aol N YT 0B, 0EANA A2 The, Lk 7}

¢

=B

[¢] pi

2825 | mLE 23 60T 24 A7 B FZAT
225¢ 94 Pelshl 35Ane Ag0 AHga

DPPH radical 2AH&4s &3

DPPH (1,1-Diphenyl-2-picrylhydrazyl) S methanol]] 400
uMe] =52 =9 DPPH solutiond] F&&-& #7tstod
Ao 3087k g T 517 nmmell A FEEE S46t
ATHAD).

Ferric ion reducing antioxidant power assay
He ool 2B E33 F 408 52t 10 HAH o=
560 nmol ] FHEE St} iR B vt

ATHID).

Acetylcholinesterase 2iH&#d &H

Acetylcholinesterase (AChE)2] 242 Ellman 5(18)¢]
BS 2830l 450 nmoll A EAWHSE7]RE 5E3Ee
FBE 952 2gsel A2 AR} ACE oA F
RN ARE rlelA] @ Ao gAgATRYE it
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MTT assayoll A} Al 4 278 cell proliferation kit 1
(Roche)Z AH&-ato] A3t Mg AEES 96 well
plateo] 4 x 10* cellymL FFo.2 HF3te] 24 AT 5
ksl e AFH FE2ES A7 A sty
24 A\ 7FEot njokslgith. Wl aFo] ¥k Al o] solution I
ZVeiFa T 37°CelA 4 AIZE ) uljekele] MITE $HelA]
A QA E formazan crystal S #n]7 0 2 $23}5L solution
NZ 7}3ke] 37ColA A ovemightdte] &ajAl7l F
microplate reader2 ©] -85t 560 nmol| A FA=E A5t
otk M Eo] AEE (%) JAseR T FEE
o tg A& A7t AiEd %2 Gehlgith

Amyloid B-peptide REA AZAMEAIHY HE X2
E=ps|

Amyloid Bpeptidecl] QJaiA FESE AX APEE Al
g 4= glExA] A7|oA] AHE MIT asayE o] -&3to] A3
Atk Wk A LSS 96 well plateo]] 4 x 10° cells/mL
2zo g HE3l] 24 A7t F amyloid B-peptidensss) &=
Aelet 2222 3 Asle] 48 AlzHE<t v Fsiaith
joro] &k A Eo] AEE-L MIT assayoll <J3ted S48}
om, 4T AELe IEFs FHIHY 350
g AZ Avbrel AdEe %2 JEhidT
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NZH] Z2E0 ksl &3S 24357] ¢{s| DPPH
2 FRAP assayZ 241813t} (Fig. 1, 2). 2 A3, 71E9]
ozA ¥xsl 272 BHT(butylated hydroxytolune,
Sigma)e] DPPH radical 2784 & 12%2 YEISo™ Al
FH 2&2 1, 3,5 1LE A gl whet 2474 8, 17, R
20%2] A~AB4E JeblrhFig. 1). Kang S(19)°] W%
2220 AxgolsS vlwg A7 17.22%0]91 2™, Kim
Z20)0] 3= & @ AEBEAQ] gatspy A EA o]
209 vte] GRS Bad we Hasg S W, AR
2222 01s £L A7 BT 71 Aoz S
t}. FRAP assay:= o2 7}/ 329 #¥ = ferric
reducing abilitys 243t WHCE, pH 3,694 ferric
tripyridyltriazine (Fe"™-TPTZ) complex7} reducing agent©]]
o}8A] ferrous tripyridyltriazine (Fe'-TPTZ) complex = 2
w £REES 24eHe Aolth FRAP assay 23, A B4
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Fig. 1. Effects of Spinacia oleracea extracts on DPPH radical
scavenging activity.
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Fig. 2. Antioxidant activity of Spinacia oleracea extract by FRAP
assay in dose- and time-dependent manner.
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A9l Aoz BT Kim 5QN)o] 37%9] A& 3280
A} Acetylcholinesterase (AChE) #]3f AL A Add,
Sal| A 28.3%, DEUEA 21.5%, RE7]AM 194%
7 ok 20% o]itel AChEES Aslishe 84S BRI, sl
A 132%2] AEAAS Ve glie, 1 9 FE=
HE 10% o3t B4& YeiAY e 848 &
VERYA] gigteh. ol2lgl A7FAd wet AlEA +F
o] AChE Aol X e 43S EA8 & 23 A=
zzmo) Ayl Fert ¥4 ACHE & A#she 240
goldloz ZvMElATFig. 3). ofnl AEHL Sle
Tacrine, Donepezil, Rivastigmine 5-2] AChE inhibitor & °1%]
7%50] &8 Aol A Folgto 24 ¥ F-2| acetylcholine
Bers ZolAZA T ol & dxsto|H FAEAAM
Q1A 753} S5 7159 Mol Jgiths B& A7 Bt
e Hoz uFo] B A|FA FEEE in virodA]
ACHE & Aajste @4e] vk dedth22).
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Fig. 3. Acetylcholinesterase inhibitory activity of Spinacia oleracea

(SO) extract.

*Values with different letters are significantly different by SPSS and t-test at P<0.005.
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Fig. 4. Protective effect of Spinacia oleracea (SO) extract on HOrinduced cytotoxicity in SH-SYSY cells.

A Protection of hydrogen peroxide-induced cell damage by SO extract. B : Cell viability was determined by MTT assay. SH-SY5Y cells were treated with indicated concentrations
of H:0, withjwithout SO exiract for 24 hr. Values are means + S.D. from four independent experiments.
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Fig. 5. Protective effect of Spinacia oleracea (SO) extract on
amyloid B-induced cytotoxicity in SH-SY5Y cells.

(A) Representative micrographs showing SH-SY5Y cells with or without extract for
48 hr. (B) Cell viability was determined by MTT assay.

on, NZEo| well YL 2 Ko J7]E Bfo] dzy
9131, amyloid B-peptide2] 2] ¥=r} &7 o|g
7 gro] T8k Yehdt) th o2 50 uM amyloid
peptide®} A1 F3] FEE-S I Agshd 238 2T
Hi} o 2 AE YEES BPE, o]+ antioxidante]]
9)&) A} radicale] AALE A= YA T 23] radical
HESo] Ao g fuso] AE Aldo] o] Bo| f=¥
Ao Rolu} A g BA|HS 0 B A7 Hook
Wasl @ Ao F3Eth

(=] ot
L |

Amyloid B-peptidec] o)l FE¥E A ZAVE S HEst
= BAL A $lske] 2500] A& Al 3 AFEAES
2R 23898 23 7 g3t e AEX FEES
o] &-3led 417 A EAFE (neuronal cell death)S o= =
R3d F A2 dolugith AlgA] F&E0] 413t
8433} acetylcholinesterase 4ol gt A& &2 AlEA
225 AY¥rErt 5452 FoF oz g ek
Faralr49F amyloid B-peptidec] <&l =¥ SH-SYSY
A ZEZo] AFAE ] thEh Al FX] ] AR aRE A
HE A}, FAaksteio] oF A EAFE tisto] AlFA

22 A &3S YERNRI v amyloid B-peptide2]
= A ZAPEAA &S e &Egteh

L

FE
[e]

785

ZAte 2
B A7E 2ABAR A sr)EdTAR A

(HMP-B050042)2) A4 g Faid A3 4579
o

1t

rak

IF

1. Choi, K.G. (2003) The long-term care and dementia
policy in welfare states. Soc. Welfare Policy, 17, 55-75

2. Lemiere, J., Van, G.D. and Dom, R. (1999) Treatment
of Alzheimer’s disease: an evaluation of the cholinergic
approach. Acta. Neruol. Belg., 99, 96-106

3. Hardy, G. (2003) Alzheimer’s disease: genetic evidence
points to a single pathogenesis. Ann. Neurol., 54, 143-144

4. Avila, J. (2006) Tau phosphorylation and aggregation
in Alzheimer’s disease pathology. FEBS Lett., 580,
2922-2927

5. Golde, T.E. and Echman, C.B. (2001) Cholesterol



430

10.

11.

12.

13.

14.

15.

. Kosik, K.S.,

ok

modulation as an emerging strategy for the treatment of
Alzheimer’s disease. Drug Discov. Today, 6, 1049-1055

. Luigi, P., Rudoph, ET. and Dora, M.K. (2003)

Alzheimer’s disease : the cholesterol connection. Nat.
Neurosci., 6, 345-351

Joachim, C.L. and Selkoe, D.J. (1986)
Microtubule-associated protein tau (tau) is a major
antigenic component of paired helical filaments in
Alzheimer disease. Proc. Natl. Acad. Sci.,, USA, 83,
4044-4048

. Harada, J. and Sugimoto, M. (2000) Activation of

caspase-3 in 3-amyloid-induced apoptosis of cultured rat
cortical neurons. Brain Res., 843, 311-323

. Goodman, Y. and Mattson, M.P. (1994) Secreted forms

of B-amyloid precursor protein protect hippocampal
neurons against amyloid [B-peptide-induced oxidative
injury. Exp. Neurol., 128, 1-12

Selkoe, D.J. (2000) Toward a comprehensive theory for
Alzheimer’s disease. Hypothesis: Alzheimer’s disease is
caused by the cerebral accumulation and cytotoxicity of
amyloid beta-protein. Ann. N.Y. Acad. Sci., 924, 17-25
Pederson, W.A., Kloczewiak, M.A. and Bluszaiin, J.K.
(1996) Amyloid beta-protein reduces acetylcholine
synthesis in a cell line derived from cholinergic neurons
of the basal forebrain. Proc. Natl. Acad. Sci., USA, 93,
8068-8071

Talesa, V.N. (2001) Acetylcholinesterase in Alzheimer’s
disease. Mech. Aging Dev., 122, 1961-1969

Maeda, N., Hada, T., Murakami-Nakai, C., Kuriyama,
L., Ichikawa, H., Fukumory, Y., Hiratsuka, J., Yoshida,
H., Sakaguchi, K. and Mizushina, Y. (2005) Effects of
DNA polymerase inhibitory and antitumor activities of
lipase-hydrolyzed glycolipid fractions from spinach. J.
Nutr. Biochem., 16, 121-128

Matsubara, K., Matsumoto, H., Mizushinal, Y., Mori, M.,
Nakajima, N., Fuchigami, M., Yoshida, H. and Hada,
T. (2005) Inhibitory effect of glycolipids from spinach
on in vitamin and ex vivo angiogenesis. Oncol. Rep.,
14, 157-160

Porrini, M., Riso, P. and Oriani, G. (2002) Spinach and
lymphocyte DNA
resistance to oxidative stress but this is not related to

tomato consumption increases

16.

17.

18.

19.

20.

21.

22

23.

24,

ZAFEAFFFE] A Al4E A4z (2007)

cell acrotenoid concentrations. Eur. J. Nutr., 41, 95-100.
Wang, Y., Chang, C.F., Chou, J., Chen, HL., Deng, X.,
Harvey, BK., Cadet, J.L. and Bickford, P.C. (2005)
Dietary supplementation with blueberries, spinach, or
spirulina reduces ischemic brain damage. Exp. Neurol.,
193, 75-84

Park, 1.Y., Heo, J.C., Woo, S.U,, Yun, CY,, Kang, SW,,
Hwang, J.S. and Lee, S.H. (2006) Anti-inflammatory
and cellular protective effects on hydrogen
peroxide-induced cytotoxicity of grasshopper extracts.
Korean J. Food Preserv., 13, 796-802

Metodiewa, D. and Koska, C. (2000) Reactive oxygen
species and reactive nitrogen species: relevance to
cyto(neuro)toxic events and neurologic disorders. An
overview. Neurotox. Res., 1, 197-233

M.J, Shin, S.R. and Kim, R.S. (2002)

Antioxidative and free radical scavenging activity of

Kang,

water extract from dandelion (Taraxacum officinale).
Korean J. Food Preserv., 9, 253-259

Kim, Y.C. and Chung, S.K. (2002) Relative oxygen
radical species scavenging effects of Korean medical
plant leaves. Food Sci. Biotechnol., 11, 407-411
Kim, D.I, Lee, S.H., Hur, EY., Cho, SM. and Park,
H.J. (2005) Screening of natural plant resources with
acetylcholinesterase inhibition and antioxidant activity.
J. Korean Soc. Food Sci. Nutr., 34, 427-432

Racchi, M., Mazzucchelli, M., Porrello, E., Lanni, C.
and Govoni, S. (2004) Acetylcholinesterase inhibitors:
novel activities of old molecules. Pharmacol. Res., 50,
441-451

Valko, M., Morris, H., Cronin, M.T. (2005) Metals,
toxicity and oxidative stress. Curr. Med. Chem., 12,
1161-1208

Yan, LM, Tatarek-Nossol, M., Velkova, A., Kazantzis,
A., Kapumiotu, A. (2006) Design of a mimic of
nonamyloidogenic and bioactive human islet amyloid
polypeptide (IAPP) as nanomolar affinity inhibitor of
IAPP cytotoxic fibrillogenesis. Proc. Natl. Acad. Sci.
USA, 103, 2046-2051

(44 2007 29 102, e 20079 64 20%)



