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Abstract

In this study, the preventive and therapeutic potential of nitric oxide (NO) and natural antioxi-
dants on Alzheimer’s disease (AD) were studied using transgenic cells and C. elegans models. It
was found that low concentration of NO protected neuronal cells by reducing the production of
reactive oxygen species (ROS). In contrast, high concentration of NO aggravated the cell damage by
producing more ROS. Low concentration of NO and natural antioxidant could protect C. elegans
against paralysis induced by expression of transgenic Abeta gene. It was found that a formulation
of L-arginine and natural antioxidants increased the viability of N2a cells overexpressing APPsw
and ApoE4 by scavenging ROS. This formula also protected C. elegans against paralysis caused by
transgenic Abeta gene. These results suggest that this formulation of NO precursor and natural
antioxidants may have a potential for prevention and treatment of AD.
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AN EF AR R AR AEE, AT —SAE (nitric oxide, NO)RIRATTENF 1A EEBIAH
£ 3 Bl R K HEBRIE (Alzheimer’s disease, AD)IBFISER . SRR, RIREFINOTT DU i FRK 40 ML iy
EHE KPR MEGH, B IEAPPswHlApoE4idt B RA S EMMAGER: T B KINOR L& 1Y
R IE M S (reactive oxygen species, ROS) = MR L4 fu it . EENOFRAIEIFE T Abeta
HERFE ISR RFEET N EFMHIER . NOFRAT AN & EB A ST LLE 2 EFERROS
0 ApoE4FI APPsw % 25 [H] 5| (2 I 40 fvE 1 B, NPT DARE IF I IE L2 Abeta$% 2[R 15 5 U 28 BT N .
X B, NOFIRARPIEAN G E I T DAZE ADSH fu i 28 SR AL ch {7 2 8] 5 A2 O 40 B Fn £k
4G, B TREXTADER —EWBYa1ER .

XA
—EME, RBGIEMH, PFURKEERIE, HHEE

][/

1. 3]

R JR K i BRIE (Alzheimer’s disease, AD)J2 i WA BT IR < —, 2R TEF . HE 2R
RFAE A2 2B KM b B LA B-YiE B A 2 11 (B-amyloid protein, Abeta)y 32 %2 i 43 ) 2 47 BRI 5 5 W R AL 1)
tau 5 A 2 A HI P 4 4F 4 9 28 (neurofibrillary tangles, NFTs) DA K £E JuEk [ 1]. AD BFHHAF . Sh7ESE
— RIS RN DRI R ARG, 2R RATE R ). BEE SRR DRERL, AD MR JLE
FE G AR A K. AR E, AD RN 65 UL E ANBERSE TR 2. RECE N
fhow, AR, B AD FANER R EIGIN, FEait, FRAE 60 UL BN ST ZIE 1.6%# 21N AD,
FHXA B IEEIZFETE . X AD 5 N B3 BEERE TT O 45 5 RE A 2y Kbk Bk T 35 IR #4  J A
ZEUFAE, R AT B — AN 08 () By 7 Atk 2 ml @[ 2] [3]. 2RI, H AT I3 7T LA JU6 & AD 1Y
25y DRIk, WP FIAESE AD BRI A, AR ST TAEH 5T, 2R w70 RIg Bk 4k
) — MR EAES .

— M A (nitric oxide, NO), WHEF AN KA MFA5HE T, H NO & Bilf(nitric oxide synthase, NOS)
Al L-A5 2B (L-arginine, L-Arg)E /. B 7T ME Y 5K, NO FEARPERL FOREMIIL/IREESE SR N

)
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—RAVE S R R . Ak, NO R IRMA RGN EEIE ST, SNMIIEE.
RS2 IR S AR T A I R R AR G [4]. WEFURM, MIREEEER, NO HAMARY1EM. Ft,
AWFEBL, L NO iR DETA-NONOate A& H K B R SANZE T AT DARF AR AL R 305 3 A 22 R T2 5]
T LE A 22 21 it o B 320k M 42 0 Y NO 4 BB (neuronal nitric oxide synthase, nNOS)E k78 #MJE NO BE % 4111
MEB R FIMEMBEET 6], (H2, 4 NO MAERK L, TER NO # A2 FEMH &SR
WE EE 12— EEMATTT, NO B LAY I ST d AL AR IR 2, B R sl A e (i i 484k
RN A AN, B 245 BUMA ST A BTG PR B BEAIR 7] S NEBONIE A AL BLE. AD o3 B8R A2 FHR
PR AR EEAER . K, NO I KE/ =4 gex AD EL R ARSI ERH . 1k NO KEAE R
[7) Eof 20 4 240 A S 1) NO 7K AT e 7 T4 AD P95 BRATLA o

TR IL, RIRPUAAGT T DL Bk L PR 4 A I = AR 1) 8 B e, TR i NO B Hi Bk =2k,
FEAR B PV 45200, ORI O LRI ZH 23 8]-[10]. L-Arg FRARPTEALFN A EER B —A NO FIRAR
PUEAFIN G EERAE )G, ATEAIRA R MBHL A R F, B4 —E &1 NO, X LUERRETERA
(reactive oxygen species, ROS), PRI 4HMIFIZH L, 78 b ML FREE AR AL vh 0 ) S A SO FEAIRA 2345 405 11
EAM T, AR AD AR A A LAY, $RDF T—A L-Arg FIRIRPUAN AN & BIE AL &
XP AD TSI MIEZZAE . S5 R, FEAEIAA . XA L-Arg MURARPUEMNFI GBS H & Re 8T
BRAmf A B A, AR I BRI E R R R R B, X ANMAS T LUES: Abeta ¥
BRI TR ETEH

2. MRIFTTIE
2.1. SEEaAARL

L-Arg, sodium nitroprusside (SNP)F diethylenetriamine/nitric oxide (DETA/NO)JE Sigma Chemical
(St. Louis, MO, USA). IR FOEHRIYANER R H 76 220G SRR AR A5 . Dulbecco’s
modified eagle’s medium (DMEM)J# H Invitrogen (Eugene, OR, USA). G4 ILIEMEH HR-HEE = P H
Thermo Scientific (Rockford, IL, USA). ROS Al 7] &% 5 Beyotime Institute of Biotechnology (Haimen,
China).

2.2. YHpAEEFEFNLLIE

N2a ZHHUTE & A 10% 06245 MG H 5 R -4 R PN DMEM iR, N 7 AD s, 78
N2a il N\ ApoE4 Fil APPsw (Swedish K74F). NO fif& SNP (1 mM), L-Arg (1 mM)a% L-Arg FIRAHL
AAFIA BB LA A (5 ng/m) A B0 5 24 h | MTT 324095 77, JF4% M ROS A& 10 R
Kl ROS 7= &

2.3. &HEIEFRRILE

AD 2k HUEEAL CL2006 1 GMC101 F VL4035 N3 Abetad2, 2 A4 H BLL A BRI A AT 14 S5k o
H GMC101 NIEEHESM . AD L HRIEKA E. coli OP50 [f) nematode growth medium (NGM)K57£%£(3
mg/ml NaCl, 2.5 mg/ml fE& 1k, 17 mg/ml FffE, 1 mM CaCly, 5 mg/ml JHEEE, 1 mM MgS0y,, 25 mM
KsPO, M) L35 32 AR B 2500, B53RIRE N 20°C . 2GS ALBEAT, 02 iUtk Ar R AbAb B, 7
HAEKZE L4 W R BN AR 258 1) OPS0 £, fift 30~40 252k, CL2006 fEHEANZi AL,
FERMEIFC TR BB H . GMCI101 £ H7E 4 h /g Re £ 25CiHS A BARIL, 18 h J5ITIHKE
M2 B H A 2 h 80—k @RS AUEK IR S S A TSR iE S 4 dUR A T R BEAT O,
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IX L2k bl g O 2R L,
2.4. Gt

Abeta 75 T REAE H LA Kaplan-Meier log-rank test 7387, &% A one-way B two-way ANOVA
BEATRII . P <0.05 oA NA BB R

3. 458
3.1. REIRE NO 3t AD 4ApaHEEY ch 40pR7E M FiE M S A R RIS

W, AR E R N ApoE4 F1 APPsw 1) N2a AR 78 1 A FIHKE NO Xfi% AD ZH sy i 4
MOVE TR . W] 1(a), AHECTFXTHE N2a i, &R IA ApoE4 Fl APPsw &% [k AD 40 J A2 (1)
AT . NO fi4& SNP (1 mM, 24 h)AbERE—P ok 7 40 B . 1 L-Arg (1 mM, 24 h)AbFEA00 24 A
TRIER, UM E RN B . SR —3, 18RI ApoE4 FI APPsw [¥] AD 4Hfufs 2,
ROS (774 & et R 2 st 3 5 % . NO {4k SNP i NiE— 25358 T ROS HIAE K, 1 L-Arg B 29>
T ROS A (FE (b))« 1%45 B eI i L-Arg A8~ A4 11 NOUIRIR L 1) NO)RERS F4 AD 40BN 1) ROS,
X FLAN TG MR R o TR NO W 2> i s 4B M B, INEE Hy AD %% J2E DR 32t pl P 40 Pt 1
k.

3.2. L-Arg MIRARM AL FISIBIEECH S X HMEMER ROS BIER

LA L-Arg MIRRPTEANFI SIS A AD 4R, S5oRAE AD Z0RIEL, ZHp TS
PEA AR BRI (X 2(a)), BEIALE L-Arg FURIAGUEA I IO & Ae e 91 IR 55 AD 4 f gAY (1 4m
JoEEtE. W 2(b)FaR, L-Arg FIRARTUAEANFIG A BB A FAK T AD 408N 19 ROS /K°F, 5 AD
YUAAREL, 408 ROS /KFI/b T K% 2.5 fi5. LLESEREIR, L-Arg fIRARPUANLAIN & B ISR A&
AT AR 2 A% AD 40N ROS ZKF 300 41 i B A (R4 V5 H .
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Figure 1. Effects of SNP and L-Arg on cell viability and ROS production. Cells were treated with SNP (1
mM) or L-Arg (1 mM) for 24 h. (a) Cell viability was analyzed by MTT. (b) Intracellular ROS levels were
determined. Control: N2a cell; AD model: N2a cells overexpressing ApoE4 and APPsw. significantly dif-
ferent from control, *significantly different from untreated AD model, & significantly different from SNP
treated cells, P <0.01

1. NO & SNP AR L-Arg 3t AD ZHREAERZRAEEH & ROS K EHIYER . NO 44 SNP (1 mM),
g2 L-Arg (1 mM)AIRZHARE 24 h [T MTT AN 4HRE5E F1(a) A4 ROS 7K (b). Control: XFHR
N2a #Hffl; AD model: TEFRik ApoE4 F1 APPsw Y N2a 4ffl. “SxtBR4AMELL, 5 AD model AR 4L

TBLAEEE, &5 SNP AbIEZEFHEE, P <0.01
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Figure 2. Effects of NO and natural antioxidants formulation on cell viability and ROS production. Cells
were treated with the formulation for 24 h. (a) Cell viability was analyzed by MTT. (b) Intracellular ROS
levels were determined. Control: N2a cell; AD model: N2a cells overexpressing ApoE4 and APPsw.
*significantly different from control, *significantly different from untreated AD model, P < 0.01

[ 2. NO MR A E M S BIEFH AT AD MR B A RIPIER R EXT AD AR ENEM SR
BYERAER . NO FIRAME NSRRI A S LR 24 h fF A MTT SEHN4RAETE 77 (a)FNZH
B ROS 7K F(b). Control: XJHB8 N2a ZMAfl; AD model: i3 23Kk ApoE4 1 APPsw &Y N2a ZHAf .
"S3tRAAELL, 5 AD model RAHBLAMEEL, P <0.01

3.3. NO % Abeta 5 SHI5EBRIT ARIER

B R, AR AD #EHRF L bR GMC101 BFF T NO 7ESH44 P %) Abeta ZEPERIVEFH . 44
3, DAIRFEIKEZER NO ffi& DETA/NO 4H [FB4E £ L4 ) GMC101 £k, Z5 R 5IR, Abeta HIE %R
BT AD FIER L AU BRI R, AR FE ) DETA #i%T Abeta 175 5 (1) 28 BURERLR ELAT N A A
FIFLE R HIEA . o, 1 mM 06RO 7. X — 25 R BoRIE R IREZ N NO A REX) Abeta i 5 175
HAT N EAMEHIE

3.4. RARIMEUFINRE ZX Abeta BSRERT HEER

WRF 2 —FIR A R ARPUELT, LA RUERR ROS. N T MR RARPUE M FIN AD 28 dpi Rl ey
Abeta 175 F FIRERAT N IPE A, FRATHRI A AD 56 (R 28 A A CL2006 A3 T UR# 24 Abeta B 14 I/EH
FPAC 2 L4 1) AD SRR 28 AL CL2006 4k g i /2 BN A IR FEUR T R IR 7o bk bR, 5
4~13 RAEFRETIIRES 28 R EH o S0 8E BRI, FEAN R FEIR G 7k B R IR 4R s S TRV R0 R
FFRdE B R IR AR L, R AR L3 A i A . Herbr, 250 ng/ml MR 2 6) 4 HUpesse () 4l 4
FAR(JE 4(a))o 7ESS 11 R 13 RIS, 7E 250 ng/ml SR 75 2 AT RS IR 3L 115 IR 2R du it RRE8 % 5 i oA
78.94%F1 51.59%, LK 56.76%K1 29.84%. ek B R I/RIFE RAFEXT Abeta 5 T IIRELFRELAT AN R A B
Z A HIE R (5 4(b)).

3.5. L-Arg MIRARM BN FISIEIRECAE X Abeta iFESHERITARIER

TR RILAIFI AD BEHE PR LL ARG 1 LIk L-Arg FRIRFUEALTFN K &G BIEBC AL &%) Abeta
SR AT NHITER] . SEIREE R BL, FEMNN L-Arg FIRRFTEAL A & A IC L & B 5k F R SR
CL2006 £k 55 7E 7 77 B 55 738 B RG IR 102k AR L, R A REse 1 LL Bl 348 A BRI (14 5). e, 100 ng/ml
tof £ R A4 1 P B0 . X — S5 IR L-Arg IR ARPUEAHI B & BRIEBC 4L A& %) Abeta 75 S 08 1
BB AIANEIE
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Figure 3. Effect of DETA on Abeta-induced paralysis in C. elegans. Worms synchronized to L4 stage were transferred to
plates with different concentrations of DETA (0, 0.1, 1 and 10 mM). Transgenic Abeta was induced 4 hs later and the num-
ber of the paralyzed worms was counted 18 hs later

[# 3. TEIRE NO ik DETA % Abeta i5SH) AD & & F 2k HAFERFIBITARNE . FZHE L4 B9 AD EFEE
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Figure 4. Effect of astaxanthin on Abeta-induced paralysis in C. elegans. (a) CL2006 worms synchronized to L4 stage were
transferred to plates with different concentrations of astaxanthin (0, 2, 10, 50 and 250 ng/ml). The number of paralyzed
worms was counted from 4 to 13 d. (b) Synchronized CL2006 worms were cultured on plates with or without 2*50 ng/ml as-
taxanthin and the number of paralyzed worms was counted on d 7, 9, 11 and 13. Ast: worms treated with Ast. significantly
different from untreated worms, P < 0.05

El 4. NEIRELNE RHH) Abeta FSH) AD HERZLHAFRHFIEITA. (2 EIHLE L4 1) AD FEF L AR
CL2006 £k HIFEEBBIMA R EIREMFZ(O, 2. 10, 50 1250 ng/ml)AY OP50 KA EISFFE FI%5s, &S 4~13
REBRENFRLEBEBE . (b) RS CL2006 LHEMA 250 ng/ml £F5 FE) OP50 KEAIFEIEFF & LIS, &
IR A MR R AOB B - Ast: ZARLUITE RAE ., "5RAINERLIER control ZLHRBLLARZFES, P<0.05
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Figure 5. Effect of NO and natural antioxidants formulation on Abeta-induced paralysis in C. elegans. CL2006 worms
synchronized to L4 stage were transferred to plates with different concentrations (0, 100, 500, 1000 and 2500 ng/ml) of the
formulation. The number of paralyzed worms was counted from 5 to 13 d

[E 5. TRIRE NO KRR E W FI S IBIEECLE A HNE Abeta I5SH AD 45 EF 2 RHEHRHFIEIT A FHHH CL2006
LZREMANTREIRERN NO FIRAMEUFIFEIBELILEE (0. 100, 500, 1000 F1 2500 ng/m)AY1EFRE 15, 7

5 5~13 RENFERRZ R RIEE



M %

4. i1ig

NO fEAEYA W 7RG EE ARV ThRE . MEN N B A AA SRR 7, NO & &7 5K 88 i & ¥ 1E
[12][13]o [AEf, NO&—ANHEEMAMGES, BAEMESAEHELMPERTIER, FRalEEmaEFmrib
HORIEE BRI [4] [14]. NO AT LU i 1 15 4 28 B A4 i 384 G RN (2 2k 2 A e 2 db AR AP s 2 i .
FRH, NO A] DL AR A K R R B 5 SRS I B [5] [6]. 1H NO FIAP a8 B A W
PE, BREAME AT EKMARPER SN, Se Emd CLEiR B = A mr, aT LA §— RV EE AR,
IR 2B AT PRSI« 90 0E 2 o sl - PV VE A0 S [ 14] [15] 6

SR T L-Arg AIRAAPUENFI A A BT P PTEAFI BRI E R BT LSRRI . iR
T3 (3,3° - B beta,beta- T M E-4,4°-ZH)ERIAY MR, AL T APAER PR FhaRbrE L
A, HPUEAITEYER T beta-BHZY MR 10 5. 4E2EF E (1 100 £5[16]. ITFEXTURE 2= D RE A 7034
XPHAEYNETERA T2 AR RS R, EAE MR, R 3 AT DLURRG 6-3 2k 2 kAN
Abeta 753 HIEA R SObLAR45 i MAI LI T2[17] [18]. FERMN Gk ML AN PRI, R 5 i 4 ) AL
L A B R R TSR 2 Je R B AR DR A 1 1 E B2 47 . R 2 IR AN IR ZE [ 19]. (LIS SEEU & 2 Pk,
Sy, MBI, RAETE RIS, AHURZE, =EERISAS AR, Wk, LSRR AT fEiE
ok o )l R A P e I SR 0 Bk LR R RO B TR, D O IR RE SRR, RO
SRR EE IR G[20]-[22], X i S B BRI R (23], AnBE T R AR A Uk, B
TERIE K, WP, BIATER, IR, PRORESEIER . SR I, AT B A IR SR B
BRAEHT, o KRR Co UL I PV VR B 5 1 R 7 26 1 NO [ A48 ) b 368 LA T B 1 ) 550 stk O JUL 5 1t
FERBUG BA LRI R[0] [24] [25].

AT RIS R R, IR NO 7 L@ IS BRiE A R M i, Btk AD BRI &RiE
IR E R s T R L NO W] Dhdd 38 9 is P A AR IR s S A A . 1& & NO FIR SR
AL TR AD 22 AT i Abeta 5 5 R0 BLARFAE H A B FMHIPE A . T 2% NO & BRI L-Arg
IR KR PUEAIREAT A B RC S5, BT BRIEC 7 BE AT LAAE SR H Abeta %% J5[H] 51 2 1) 28 HORERR BRAT A,
AT DAL 2 A BTl B3R IA ApoE4 FI APPsw 5 56K i ) ROS 7K P i AN A it 375 4 B A1 o SIZ36: 36 B,
H L-Arg FIRARPUAMTFIA B R A FT BB 7 fE4R ik R Uk Rb, BERT DL A— 2 &1
NO, XrPATERREE R[], Fik, L-Arg FIRIAPUANFA EIERCH GXTT AD 4 KX SN i)
PR F AT BE S o nT DA FE B i NO F 72 AR RTBR AR ROS 7KSF A9 o 1 4 7 K P9 38 B () NO 7K B S8k
W JESPRTR R R D Re, TP AN L% AD Jo B e B BB R L. LA L-Arg FURARPUEA T 10 & B
FEBCAH A T BEXT PR AD XS FIHHEIE AD RN (8] A — e MfE A

Ib4h, BT AD 2 Z R FEL, B 7R E AL P, H0%] Abeta FE1E R ARSI ELIMIAETE, NO
FNR SR AT B FE BC 2H A5 PT R B I AL A1) G 1) 98 3R [ 26 )60 U 1 88 A fdt e 55 R HE A FH o AT i 45
FNWER BT AD RIRMIELSE AD Js B & () DhRE & i 2 it 7 IMERI 2% .

B O
R TR E K H AR 5410 H (81422015, 91332111, 31371087, 31201338), [ 5% 8 25 LRI 5% &

JEITHI(2014CB548100), H AT T ATHRICAER), LR ST RI(2015GSF115014), B iR
R ETHRITUE (2009-3-93), HERMH A HOR K F 8 sl A S S FF .

SEV#EL (References)
[1] Querfurth, H-W. and La Ferla, F.M. (2010) Alzheimer’s Disease. The New England Journal of Medicine, 362, 329-

()



MR %

[16]

[17]

344. http://dx.doi.org/10.1056/NEJMra0909142

Ferri, C.P., Prince, M., Brayne, C., Brodaty, H., Fratiglioni, L., Ganguli, M., Hall, K., Hasegawa, K., Hendrie, H.,
Huang, Y., Jorm, A., Mathers, C., Menezes, P.R., Rimmer, E., Scazufca, M., Alzheimer’s Disease International (2005)
Global Prevalence of Dementia: A Delphi Consensus Study. The Lancet, 366,2112-2117.
http://dx.doi.org/10.1016/S0140-6736(05)67889-0

Dong, M.J., Peng, B., Lin, X.T., Zhao, J., Zhou, Y.R. and Wang, R.H. (2007) The Prevalence of Dementia in the
People’s Republic of China: A Systematic Analysis of 1980-2004 Studies. Age Ageing, 36, 619-624.
http://dx.doi.org/10.1093/ageing/atm128

Guix, F.X., Uribesalgo, I., Coma, M. and Muiloz, F.J. (2005) The Physiology and Pathophysiology of Nitric Oxide in
the Brain. Progress in Neurobiology, 76, 126-152. http://dx.doi.org/10.1016/j.pneurobio.2005.06.001

Fernandez-Tome, P., Lizasoain, 1., Leza, J.C., Lorenzo, P. and Moro, M.A. (1999) Neuroprotective Effects of, a Nitric
Oxide Donor, on Hydrogen Peroxide-Induced Neurotoxicity in Cortical Neurones. Neuropharmacology, 38, 1307-
1315. http://dx.doi.org/10.1016/S0028-3908(99)00069-6

Ciani, E., Guidi, S., Della Valle, G., Perini, G., Bartesaghi, R. and Contestabile, A. (2002) Nitric Oxide Protects Neu-
roblastoma Cells from Apoptosis Induced by Serum Deprivation through cAMP-Response Element-Binding Protein
(CREB) Activation. The Journal of Biological Chemistry, 277, 49896-49902.
http://dx.doi.org/10.1074/jbc.M206177200

Fatokun, A.A., Stone, T.W. and Smith, R.A. (2008) Prolonged Exposures of Cerebellar Granule Neurons to S-Nitroso-
N-Acetylpenicillamine (SNAP) Induce Neuronal Damage Independently of Peroxynitrite. Brain Research, 1230, 265-
272. http://dx.doi.org/10.1016/.brainres.2008.06.109

Shen, J., Wang, J., Zhao, B., Hou, J., Gao, T. and Xin, W. (1998) Effects of EGb-761 on Nitric Oxide, Oxygen Free
Radicals, Myocardial Damage and Arrhythmias in Ischemia-Reperfusion Injury in Vivo. Biochimica et Biophysica Ac-
ta, 1406, 228-236. http://dx.doi.org/10.1016/S0925-4439(98)00007-6

Shen, J., Li, M., Xin, W. and Zhao, B. (2000) Effects of Chinonin on Nitric Oxide Free Radical, Myocardial Damage
and Arrhythmia in Ischemia-Reperfusion Injury in Vivo. Applied Magnetic Resonance, 19, 9-19.
http://dx.doi.org/10.1007/BF03162257

Zhang, D. and Zhao, B. (2004) Oral Administration of Crataegus Extraction Protects against Ischemia/Reperfusion
Brain Damage in the Mongolian Gerbils. Journal of Neurochemistry, 90, 211-219.
http://dx.doi.org/10.1111/].1471-4159.2004.02480.x

Zhao, B. (2015) “Double Edge” Effects of Nitric Oxide Free Radical in Cardio-Brain-Vascular Diseases and Health
Studied by ESR. Chinese Journal of Magnetic Resonance, 32, 195-207.

Palmer, R.M., Ferrige, A.G. and Moncada, S. (1987) Nitric Oxide Release Accounts for the Biological Activity of En-
dothelium-Derived Relaxing Factor. Nature, 327, 524-526. http://dx.doi.org/10.1038/327524a0

Furchgott, R.F. and Vanhoutte, P.M. (1989) Endothelium-Derived Relaxing and Contracting Factors. The FASEB
Journal, 3,2007-2018.

Contestabile, A. and Ciani, E. (2004) Role of Nitric Oxide in the Regulation of Neuronal Proliferation, Survival and
Differentiation. Neurochemistry International, 45, 903-914. http://dx.doi.org/10.1016/j.neuint.2004.03.021

Calabrese, V., Mancuso, C., Calvani, M., Rizzarelli, E., Butterfield, D.A. and Stella, A.M. (2007) Nitric Oxide in the
Central Nervous System: Neuroprotection versus Neurotoxicity. Nature Reviews Neuroscience, 8, 766-775.
http://dx.doi.org/10.1038/nrn2214

Higuera-Ciapara, 1., Felix-Valenzuela, L. and Goycoolea, F. (2006) Astaxanthin: A Review of Its Chemistry and Ap-
plications. Critical Reviews in Food Science and Nutrition, 46, 185-196.
http://dx.doi.org/10.1080/10408690590957188

Ikeda, Y., Tsuji, S., Satoh, A., Ishikura, M., Shirasawa, T. and Shimizu, T. (2008) Protective Effects of Astaxanthin on
6-Hydroxydopamine-Induced Apoptosis in Human Neuroblastoma SH-SYSY Cells. Journal of Neurochemistry, 107,
1730-1740. http://dx.doi.org/10.1111/1.1471-4159.2008.05743.x

Chang, C., Chen, C., Chiou, J., Peng, R. and Peng, C. (2010) Astaxanthine Secured Apoptotic Death of PC12 Cells
Induced by Beta-Amyloid Peptide 25-35: Its Molecular Action Targets. Journal of Medicinal Food, 13, 548-556.
http://dx.doi.org/10.1089/jmf.2009.1291

Shen, H., Kuo, C., Chou, J., Delvolve, A., Jackson, S.N., Post, J., Woods, A.S., Hoffer, B.J., Wang, Y. and Harvey,
B.K. (2009) Astaxanthin Reduces Ischemic Brain Injury in Adult Rats. The FASEB Journal, 23, 1958-1968.
http://dx.doi.org/10.1096/1].08-123281

Al Makdessi, S., Sweidan, H., Dietz, K. and Jacob, R. (1999) Protective Effect of Crataegus Oxyacantha against Re-
perfusion Arrhythmias after Global No-Flow Ischemia in the Rat Heart. Basic Research in Cardiology, 94, 71-77.

http://dx.doi.org/10.1007/s003950050128



http://dx.doi.org/10.1056/NEJMra0909142
http://dx.doi.org/10.1016/S0140-6736(05)67889-0
http://dx.doi.org/10.1093/ageing/afm128
http://dx.doi.org/10.1016/j.pneurobio.2005.06.001
http://dx.doi.org/10.1016/S0028-3908(99)00069-6
http://dx.doi.org/10.1074/jbc.M206177200
http://dx.doi.org/10.1016/j.brainres.2008.06.109
http://dx.doi.org/10.1016/S0925-4439(98)00007-6
http://dx.doi.org/10.1007/BF03162257
http://dx.doi.org/10.1111/j.1471-4159.2004.02480.x
http://dx.doi.org/10.1038/327524a0
http://dx.doi.org/10.1016/j.neuint.2004.03.021
http://dx.doi.org/10.1038/nrn2214
http://dx.doi.org/10.1080/10408690590957188
http://dx.doi.org/10.1111/j.1471-4159.2008.05743.x
http://dx.doi.org/10.1089/jmf.2009.1291
http://dx.doi.org/10.1096/fj.08-123281
http://dx.doi.org/10.1007/s003950050128

M %

[21] Petkov, E., Nikolov, N. and Uzunov, P. (1981) Inhibitory Effect of Some Flavonoids and Falvonoid Mixtures on Cyc-
lic Amp Phosphodiesterase Activity of Rat Heart. Planta Medica, 43,183-186.
http://dx.doi.org/10.1055/s-2007-971497

[22] Li, L.D., Li, Y.G., Gao, F.H., Liu, Z., Zhang, J. and Yu, L. (1984) Studies on Hawthorn and Its Active Principle. II.
Effects on Cultured Rat Heart Cells Deprived of Oxygen and Glucose. Journal of Traditional Chinese Medicine, 4,
289-292.

[23] Walker, A.F., Marakis, G., Morris, A.P. and Robinson, P.A. (2002) Promising Hypotensive Effect of Hawthorn Ex-
tract: A Randomized Double-Blind Pilot Study of Mild, Essential Hypertension. Phytotherapy Research, 16, 48-54.
http://dx.doi.org/10.1002/ptr.947

[24] Zhao, B., Shen, J., Li, M., Li, M., Wan, Q. and Xin, W. (1996) Scavenging Effect of Chinonin on NO and Oxygen Free
Radicals and Its Protective Effect on the Myocardium from the Injury of Ischemia-Reperfusion. Biochimica et Biophy-
sica Acta, 1315, 131-137. http://dx.doi.org/10.1016/0925-4439(95)00112-3

[25] Shen, J.G., Guo, X.S., Jiang, B., Li, M., Xin, W. and Zhao, B. (2000) Chinonin, a Novel Drug against Cardiomyocyte
Apoptosis Induced by Hypoxia and Reoxygenation. Biochimica et Biophysica Acta, 1500, 217-226.
http://dx.doi.org/10.1016/S0925-4439(99)00109-X

[26] Coleman, J.W. (2001) Nitric Oxide in Immunity and Inflammation. International Immunopharmacology, 1, 1397-
1406. http://dx.doi.org/10.1016/S1567-5769(01)00086-8

Hans X
W B REE B EZIM T RS

BRmaTE RS (QQ. WE . HRFEEH])
R VL L i A & AT

24 /NI DA N R S IR T A 558 i)

RUT IAE L4 R LTI

LAV I AT VP o

IR

. A o SUHE T AR

Nk Wb~

hmiE S http:/www.hanspub.org/Submission.aspx

(=)



http://dx.doi.org/10.1055/s-2007-971497
http://dx.doi.org/10.1002/ptr.947
http://dx.doi.org/10.1016/0925-4439(95)00112-3
http://dx.doi.org/10.1016/S0925-4439(99)00109-X
http://dx.doi.org/10.1016/S1567-5769(01)00086-8
http://www.hanspub.org/Submission.aspx

	Preventive and Therapeutic Effects of Nitric Oxide and Natural Antioxidants on Alzheimer’s Disease
	Abstract
	Keywords
	一氧化氮和天然抗氧化剂对阿尔茨海默症的潜在防治作用
	摘  要
	关键词
	1. 引言
	2. 材料和方法
	2.1. 实验材料
	2.2. 细胞培养和处理
	2.3. 线虫的培养和处理
	2.4. 统计分析

	3. 结果
	3.1. 不同浓度NO对AD细胞模型中细胞活性和活性氧生成的影响
	3.2. L-Arg和天然抗氧化剂合理搭配组合对细胞活性和ROS的作用
	3.3. NO对Abeta诱导的瘫痪行为的作用
	3.4. 天然抗氧化剂虾青素对Abeta诱导的瘫痪行为的作用
	3.5. L-Arg和天然抗氧化剂合理搭配组合对Abeta诱导瘫痪行为的作用

	4. 讨论
	致  谢
	参考文献 (References)

