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nINARaIUANMY (in vitro) uazlunng (in vivo) vaslsadaloiwey luiea
transgenic C. elegans fifimydauiasmanugnssuliiinsuaasoanas A
fioldiUSounandszny wiu Jengdbau dnpimedligdudau 1anlsl
uws Sodamawnziisslwdesfianms udu Tuunanauiiezldaiuneds
myafaluealsadalmueilu €. elegans uazanuianudilafivany
Isasalmuasinlaanmsltluaa C. elegans

drdran: lindalmwes, azlusassiion, C. elegans

Review Article

Roongpetch Keowkase*

Faculty of Pharmacy, Srinakharinwirot University, Ongkharak, Nakhonnayok, Thailand
* Corresponding author: roongpet@swu.ac.th

Thai Pharmaceutical and Health Science Journal 2013;8(4):175-185

Abstract

The nematode Caenorhabditis elegans (C. elegans) has been intensively
employed as a model organism to study a number of neurodegenerative
diseases, including Alzheimer's disease (AD). Although C. elegans is
phylogenetically distant from human, a majority of genes linked to human
diseases are conserved in this organism. C. elegans has homologues of
AD-associated human genes such as amyloid precursor protein (APP) and
both presenilins, Psn-1 and Psn-2. In addition, neurotoxic properties linked
with amyloid  (AB) can be studied in this organism. Using C. elegans
model, researchers have attempted to imitate the pathological process of
AD for better understanding of the molecular mechanisms of the disease.
Among many in vitro and in vivo models used for studying AD, transgenic
C. elegans expressing human AP has shown its own advantages, including
its relatively short life span, simple anatomy, and low cost to maintain in
culture in standard laboratory. This review provides an overview of
modeling AD in C. elegans and highlights some recent advances that this

“simple” animal has contributed to our understanding of AD in recent years.

Keywords: Alzheimer's disease, amyloid 3 (AB), C. elegans
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whethlifieanwasNuaasaanidanusunusnulsaiy
(disease-related phenotype) &n@laendwzn Tuluaavadlsa
wisnuan laiimsladuued human a-synuclein @ lulu C.

elegans wiwuivhldifiamsansvasisasdszanianeans
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fa1lzan dopamine  UATNIIFYLFBNIINUBDILDAR
o A o ' a o A

UzRINFINT (motor neuron) TILTUSNBMULLTUABINLAWD

o ! ca o« 30 A = v a o '
lugawifiuau  wielunsdlvaslindudodu  nnsld
Huntington fragment maduwwﬂ‘ﬁﬂi:ﬂauéf’m polyglutamine
(polyQ) nlUlu C. elegans vinldiAam I uvaILsas
ﬂs:m‘nunwiaa"lﬂLLa:ﬁn'liLn'lzna;wﬁ'u (aggregation) V84

A Aa a ' a o A o ! v a o 32
ls@unfiauUnd wwdoanuinulugiolindudodu

ANSAVINLIARTSAAR T2 IuAS
u C. elegans

mMialuien C. elegans AI0HUUAUIINIAITUNATIN
. . A ' ' o A a
“amyloid hypothesis” TINA1IIINIIFING AR AvnAwludn
sungnanvaImuialindalowes uazfawiiaziinangiu
o ad & e A | (%
siuayunnejianune udfdsidaldudanonunalnly
mufiafinan AR luszauisaduazzauluans sands
auaasnsuazauindwvasluiaanazunsisladgnn
- o N A A Y
manth fsdanesazAnIsilaimsaislueavasliala
A A A o ' A Aa &
Tsantisfansuaasaanvadfuiiunlaluzefiiionn 9 ais
Aa o a a v &
Inluieandanwusiuaasaannisdsngliiin (phenotype)
A o Aad Ada & ™ A Ada '
auidesnslasffiddianu 9 dsasaunsnfiezlifiney
uaztasqdulale aonudslasinaluaavaslinas lowaslu
C. elegans laslAinsuaasaanvasiufiianizianzasde
& A A . . < 36
LBLEDUNNTIG (tissue-specific) LN
£y PN ' 4 )
daarsnansandnadanilasianizlunsdlvasnmsasne
lueadniulinea kwasaeazlinsusaseannias luséu
@ A
APP wiavzlvinsusaseanuas AR laoase TaLNoUaNN
luiaavaslsndnlmmailununansazlviinsusataanyas
A ° o ¥ A A Ada
felusdu APP Gsazvinliluiaaluansasiiiduiaiafiond
dszloaddniunisaneiuunuadduvedlusdn APP
wanitaannmIdnsisniianmsazanves AR bunsdl
fa9smyaaluiaalinaa lmuaslu C. elegans His Lia931n
' A o { o
WUl C. elegans {iu api-1 Faaeldsfufiasdoaia
9 37 ' ¥
(homologous) NulUsdu APP luuywe udiu ap-1 #a1a
&% (region) N=@8IN0ATAN (encode) IuaIMvaIr8LLY
e AB,, wananiidanwuinuaiinlu C. elegans a:fidn sel-1
A o & 38 M iaa A
uae hop-1 Tinaaviaiduianlod y-secretase” u laiddun
a319tau ey B-secretase AINUAIFTIINIARVRILIADR b
wailu C. elegans adslasnisladn AR vasuyusditnly
lu C. elegans wazlinsuaasaanues AR iulauass

N13E39 (construction) WAZNITANRWA ANWIE (charac-
terization) 2a9 transgenic C. elegans

M3a319luiaa transgenic C. elegans ¥ldlasmsdadud

=

(transgene) iR ﬁ“g@“ﬂ 298% (gene

9 o

JanwmeNaoIng

naadumaasuarinennsgunw 1 8 atiu 4, aa. — 5A. 2556

179

construct) fa unc-54/AB1-42 laodl unc-54 Ynnihndu
o a & o a
promoter NIN1IRA transgene A lUndeuwe (gonad) 183
C. elegans WNaNazlATNITUEAI0ENLULAREALIAN
s . 4 a ¢ & 36
(constitutive expression) U84 AR NUILIULTARNIINLULD
(unc-54 1w promoter NYiNlATMTUEAIRaNVRIBWANIZN
& @ g A o oa A A = a
LORAaNAINLWD) HhanNINNW YINNITAALU rol-6 ‘Ijx‘iL‘ﬂ%?_l‘H,

4 ' [ A o [ .
LA3BIRANE (marker gene) MY TITNarilA transgenic

v '
AA o A

C. elegans uwanwmxmsmaauﬁuuu C-shape %oei’ld'al’m C.
elegans THa wild-type (ﬁvl&ivlﬁ'ﬁﬂﬁaﬂ transgene LLa:ﬁ%a
suWuiAa N2) AfsnumMeMeRouiiuuy S-shape Faidu
557781 8NN TOLNANLANANSTZRING transgenic C.
elegans nu C. elegans ﬁVL&iVL@T‘Q‘”umsﬁ@ transgene 7?RIIN
iwlddnsmsasaseudumlsRinIsauues AB fuis
immunohistochemistry lagld human AB-specific antibody %\‘1
F1UW1219129900 AR WURNANNTRZEN (deposit) B9 AR
melwsadAusmnduite (body wall muscle) (3U7 2)

C of g
Ap 1-42
[ ——
C. slegans FUTR
promaoter
artificial signal
pepide

1%

3UN 2 3Uuvy (schematic) &1%3UN138379 transgenic  C.

P - ° o o ¢ o
elegans \Hatdwlatnadnsulsadalomas nsade
transgene ldlasnisigau signal peptide::AB1-42 Ay
promoter 183 C. elegans Ui13a1117 gonad HAINNHUFINIING
NIRZRNVDI AR @835 immunohistochemistry Taansl human

4
AB-specific antibody (monoclonal antibody 4G8) TILIFAINIIRZRY
a a o g 4 a ¢ v & aa
VD AB (RU@d, VINIWNGNATT) NUILITLTRANANULUD (FLVEN)
. 36

a4 transgenic C. elegans

g A A
wITUINBIUSNHIAIDAN

transgenic C. elegans

A o A . . S

(phenotype) NTALIW  AB progressive  paralysis  DINIT
L oda X . & a -

paralysis Adazulu transgenic C. elegans HLNAIINAUNIT
feauvad A Ndanuiduiudaioadlwaasnaiuiiayinli .

a A va & A
elegans gryiFauaanInlunisiadaning lafininsge
a’lﬂwyuﬁ: (strain) V@4 transgenic C. elegans a%aftin CL2006

(@397 2)
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A195191 2 LRAIRNHULLANIZVD transgenic C. elegans

Strain Transgene Expression Phenotype
N2 Wild type Wild type movement
CL2006 unc-54/AB 1-42 Constitutive muscle Progressive paralysis
CL4176 myo-3/AB 1-42 Inducible muscle Rapid paralysis
CL1175 myo-3 Control for CL4176 Wild type movement
CL2355 snb-1/ AB 1-42 Inducible neuronal AR Reduced chemotaxis,

1-42 Hypersensitivity to

serotonin

v
A o a

wananhdiinmsaeluies transgenic C. elegans ®&18
w”ufﬁ%a’h CL4176 G‘fiaLflumUw”ufﬁafwifmﬁalﬁms
LRAIDaNTad AR Lﬁutmumﬁmﬁ’l (inducible expression)
lagnaunsauin transgenic C. elegans 22ANSUEAI0 8N
AB ﬁ@iaLﬁaﬁmﬂﬂﬁ'wuﬂaoqmﬁgﬁﬁllﬁgm transgenic C.
elegans 10 16 °C 1w 23 °C 138319 transgenic C.

elegans & Uw"’uﬁﬁﬁﬂé’[mﬁ myo-3 \Ju promoter (¥inl#d

¥
A

NIUEAIBaNVEITWANIEAT myosin VaLTARNAINLIE) Las
§ 3 untranslated region (3UTR) fignannfAadnd Sedna
Wmﬂmmaaﬂ"uaaﬁu"fuagﬁ'umsﬁwmwaa smg-1 (D%
mRNA surveillance system) ‘fi\‘l smg-1 azlaivinan (inactive)
ﬁqm%gﬁ 23 °C fwavldimsusasasnues AB G915
U§AIBENTEI AB f':a:Lﬁ@'*fuwé’amﬂmim5muqmmqﬁmn 16
oc w23 °c mwlu 24 T3l Tuavhlidnsseauves
AB Mimadnautitauasyinlw C. elegans 1ia paralysis i

v A

sannadaulmld 309 3 (eda)

elegans SNUWUT CL4176 Agsludnsusasaanaaddu (non

UL§e4 transgenic C.
paralysis phenotype) LLag E‘Uﬁ 3 (’umﬁa) LLR@Y transgenic C.
elegans ®EWUT CL4176 NAN1IuFAIaanueIbu (paralysis
phenotype) nasaniasuganndan 16 °C 1w 23 oc®

o

37U 3 ansmezdunizaaslaina transgenic C. elegans 289

Y 'S o v & o .
Tiﬂaalsﬁmai NIFAIDANVDI AB V]L‘ﬂﬂaﬂﬂ']ul,%au']vl,ﬂgﬂ']ﬁ

L9 progressive paralysis V84 transgenic C. elegans FUNUT

]
a

CL4176 ‘[@ﬂgﬂsﬁmuam transgenic C. elegans ﬁl,?;mﬁqmﬁgu
16 °C §UNINRILNATAY (track) maamimﬁauﬁimaa transgenic C.
elegans DENITALIL faugUuNuEay transgenic C. elegans MEp
ﬁqmﬁgﬁ 23 °C \waan 24 Taluaielwdnisusaseanas AR
fFunainlifisenaasnisiadondivas transgenic C.  elegans

Whasanniia paralysis (Scale bar 50 um)40

) . ¢ 4 A4 o X .
Transgenic C. elegans 5ﬂmﬂwu1§%mﬁai’m°ﬂﬂﬂﬂ Link

36 @ = o { 4 o @,
LATATS ﬁamywuﬁ: CL2355 mﬂumuwmjﬁmﬁmml%ﬁ

naadumaasuarinennsgunw 1 8 atiu 4, aa. — 5A. 2556

180

NITLRAIDANVDY AR ATaadszan (inducible, neuronal
_ X . X . g om
expression) lutaafiasliulasnvinliiinsuaasaanvas
AB d18n3l% promoter i@ synaptobrevin (snb-1) atnd'lsh
AW ANBUTNURAIBANYBY transgenic C. elegans FNUWUTHL
awlddasidugainnly lasanwusiiugasaanloun  nnsd
chemotaxis Nasadfa benzaldehyde (reduced chemotaxis)
uazlienuhdanmInauauasdaasfalszan serotonin 41N

39 {
) ANT9N 2

i‘fu (hypersensitivity to serotonin LEA
ANWULANIZ (characterization) 984 transgenic C. elegans “7{
la@mahanlgluedsoieanulsesa lowes

n13LAia paralysis Asrnrsnganadnladnsann
transgenic C. elegans mﬂwvuﬁ: CL2006 uaz CL4176 daLdn
phenotype Tiidwia3asiiolunss1una (readout) fgzaIn
FmsUMILss duRiiinan AB wonaniissil phenotype
auiduyselomiluluiaaves transgenic C. elegans 1TWNs
Uszifiunsiia chemosensation fidaUn@lylu transgenic C.
elegans SNUWUT CL2355 %uﬁumUW”%ﬁjﬁmﬁmﬁﬂﬁﬁmi
ugasaanvas AR Mimasyszan Judu uazanniif C.
elegans WuseiTsanlysels (transparent) ¥inlAa w130
fnsnsuanseanvesiuluameissddialdneldnsas
Jansvel mﬂqmauﬁcﬁﬁmm C. elegans ¥nlimanunsald
MINBILAUNITURAIADNVBIATLIDILRY green  fluorescent
protein (GFP) lu C. elegans wosefeafidia wuiudnnits
33 liisannsndssdiunazasnsuaaiaanvas AB
& onenadnagu nsusadeanvad AR dnarinliiinng
witginlWiAensneasRe (transcription) w898 hsp-16
(heat shock protein-16) F9ldfinnsaade transgene sdﬁ\‘i
Usznaudy hsp-16/GFP transcriptional reporter 40 lu
transgenic C. elegans NBWWS CL4176 uaz¥inn1sdanan1s
wilsainliiAensusasaanuas GFP lumasnaruitansan
5 liumanigrihldinsusasesnses AR wii3Emaftaz
{usEnnedanvasmssanisiiafinain AR uadinsiasls
F10N11309URIVBIFTLIDILEY GFP (GFP-based readout)
axdud sz lordanefedmsuminsranansasende’ds high

throughput screening41

[y ) o
analnatdasnaslaiaa transgenic C. elegans Nu
o aa A a % 6
anEMENWNYIBINeNNalnlinoaluiuas

NNANENIITNIRITAU AT I luLaa transgenic

C. elegans dwniulsnoalowasiuinsuuunlviinng

a

UEAIDBNVEI AR LULFLWL (specific) MLmasnaNttauazn

& =2 o, A9 e A &
wraaUszan dauadnlutean insuaasaanaad AR Nias
UszamaziduluaanlnfifssnuansmeuaInanFananny
Tugiolsadalowed udluiaaitlidd phenotype fiTaran

atalsienu luiaa transgenic C. elegans N imsuaasaan
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A & o & za v o gao A a &
209 AR Maanawiiandanudunusnuliafiialuuys
' . . A {
iul5a Inclusion Body Myositis (IBM) Gadulsaniiainu
AaunduaInanuLitoatniuuss (severe myopathy) fialu
3 a & o & 42
wywd lasfiaannisazanzes AR lumadndiaiite
wanandt danuinsasnassiadanuhdanisiiafzan
o o o A { @ {
MIFUNE (exposure) NU AR TIW1RLNINUMIN AR Anatn
mMIiaRsdalrasnniawnuliinasdwoaslanain admku
lunsassluiaa transgenic C. elegans wNalglunmsdnm
lindalowaiinjainlunluaanlviimiusasaanues A
'Y & A Ao v 1A A . Ao o o A
Eraanauthe deddeldilioumanefieadeivesanida
Wisuifsunuluiaanldinisusasaanves AR Aloas
A o v A A & v A ' ' A
dszan TevalaidSouniuldtane dudanisdssidn

1 =S

AN ULUDY phenotype WAzTIVULIINNTURAIAONYDS AR 92

o o [l

mnﬂagmww:ﬁmaﬁnﬁﬂmﬁa walutaainrinliissunsan
=1 o a

AANBIANUFUNBTIZATINTUEAIBBNVEY AR NUMTLAA

AN AB e

anuntatiaAulsadalaiuasinle
a1nn1512duea transgenic
C. elegans

= oa a d a Y o &
IINNIIANBIULNTINHNIVNNN ﬁﬂﬂWULﬂﬂQﬂUI‘iﬂaavL‘HLllﬂi

v

NnMslsluLea transgenic C. elegans fasdaludl

1. AB Wne 1 IHANITUEAIDaNVBIBULBTRANINT
NNMINALA microarray ANEINNTLEAIDONVDID

4 9 lu transgenic C. elegans auwuy cL4176" Tuusyen

A A

A o (=) A . = < A
ﬂuﬂgﬂmuﬂ’su’llﬁuﬂﬁiuaﬂd 3] ﬂﬂ&l’]ﬂqﬂqﬂ WUQW“%GI%%%Q 3]

a

fiu hsp-16 (heat shock protein-16) (@N13199 3) wana sl
fudunianung1TaInunIaneuuy apoptosis nLReI
o & o o o
Tiinsuaaseanundudis laud F37C12.2 uazdadian 2
funiduiuniianuaaronfonuie 82% fo F22E5.6 uas
s & g o @
ZC239.12 mmaaaﬁuﬁﬁmmﬂawﬂﬁonu§u1um:ga
A o . .
TNFAIP1 ‘Ho‘g}m}mf}u tumor necrosis factor a-induced
protein WRZINNIBITEWLIN tumor necrosis factor A FINTTA
UaanwmsiiaRuNTaslszanuSii o hippocampus 31NANT
we 44 A . & ;
1a5u AR Watdumsdnsnindunanindnmsiufouudadlu
transgenic C. elegans fnsidsuudadlugdihofiduliada
& A o, 43 v o
lowaswialal Link wazame leian1suaaiaanvad aB-
. o )
crystallin (CRYAB) (D3 homologous nU HSP-16) uwaz tumor
necrosis factor Q-induced protein sl,uauawaagﬂwkﬂé”a%
A A Aa 'Y ' a & a X
WasMAFI LA INLIINITURAI8 DNV BT UNIRDILAND Y
' o ! o & A a a ) '
atnaannluanesvasfihodnlmmefifiowIonfivuiungu
arwqu lun1sduduiinaniinanadlu transgenic  C.
elegans nuluausiianusaandasnu ainunililuiag
A A o 'y A
Wuiadaslarinldisnanunsanas

transgenic C. elegans

naadumaasuarinennsgunw 1 8 atiu 4, aa. — 5A. 2556

amaravlaindiulatindnmsusaseannildouudasllann
MIRNIFzaNYEY AR

P o ' P A o val &
M13190 3 @I’JFJUW&“HBGU%Y]QHL%%EJ’J%’]I%JJﬂ']iLLﬁ@]\‘iai’]ﬂﬂJ']ﬂ’ﬂu

u transgenic C. elegans mﬂwyuﬁ: CL4176

Fold increase

Human
Gene Description (induced /
homolog
control)
F22E5.6 TNF-induced protein 1 homolog 6.41 MSTP028
2C239.12 TNF-induced protein 1 homolog 2.42 MSTP028
Y46H3A.D Small heat shock protein HSP- 3.47 CRYAB
16-2
Y46H3A.E Small heat shock protein HSP- 5.41 CRYAB
16-41
F37C12.2 Apoptosis inducing gene 1.89 PIG8

181

2. N517iq oxidative stress tadn1suansaanvas AR Tn
transgenic C. elegans
A 4 a e 4
M3LAa oxidative stress MAAINMNMITIATU AR Lunitalu
sungiayAildioasgniiiate lao AR iuaingvinlAd
v . . 5,45 oA
NI1I®IN reactive  oxygen species (ROS)  WuU1UN1T
e jA3en oxidation we9lisfn (protein oxidation) uaz
Ufji581 peroxidation wasluaiis (lipid peroxidation) luguas
o | P o & 46,47 A A ad
vasrjihonidulndalmued " Wadunsdudungujii
matiaUfi3en oxidation vaslusduiimasdszamidunan

'
A A

Nnayyadasz (free radical) Mifauan AR lddimaimsia
W carbonyl Fadudri3a (marker) 283Nl JAzen
oxidation 2831U3d% lag Yatin uszame™ vinsdnwlu
TuLen transgenic C. elegans uazlwiTadinnzIAs909L 788
U328 M hippocampus G91650 AB wamsanun lduaaalsiiin
:i'lﬁm‘sa%ﬁaawaﬁm:i’fu‘lun@uﬁiﬁ%’u AB 14 dauluﬂsjuﬁ
1650 ABy,., Fuidu AR MSssdraunsaezdluuuudounsy
LLa:néjuﬁvL@i’%'u AB.., fidmiunufinsaazdlu methionine 7
@unils 35 dunsmazdlu norleucine (Met 'Nie) lifinns
sisauyada: e‘fjawamiﬁnmﬁaw%ﬁwa“ﬂﬁwaanma:ﬁ‘[u
Tuw AR uaznsaazdlu methionine anuindudanisasns
auNAdaTz wazananiiannnsleluias transgenic  C.
elegans vinlwladn1sdunuinnsaazilu methionine  #

a

° ' 35 . a o ' 17
ALLAWI 35 (Met ) WA leucine  NALUWRAWI 17 (Leu ) &
N4 (secondary structure)

anudAydansaielanaiemis
A 49 { o &

770 beta sheet vaIxnolUsAn AR (3U7 4) @anuTseanIa

syl lddlasaairandunisiia beta sheet arafidudansa

MIRNIaRYAERTE
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S

<

£ 50l 2
8

LB}
A i "
vy 5\;}\"; K, [D o
/ﬁwﬁ J
L DL
S H
v v

51 4 Tﬂidﬁ%”ld‘i’laﬂgﬁwaﬂ AB usasdrauniaaziiluaasans

U L]
willng AR, uazmufalassaivndsgilaveglugduuums
A o 1% a
alpha helix 1 sadilanvmsiduinfervana1ual3e uaz beta
sheet 2 @o lansaazfilufignasnauusasfianisgnunuiias

a o A 49
nynezdludian

%ﬁﬂuﬁ’m’m%’mauuag’m “amyloid  hypothesis” fa
amyloid plaques Hanuidudamsiiansain AR wie'la
Drake uazams’ 39leviin1sdinmanusunusszning AB,
NN9L7Aa oxidative stress, Wae amyloid plaques lagltluian
transgenic C. elegans m?_lwvulf CL4176 ‘fiwamiﬁﬂw’l
aﬁuaguawﬁgmﬁha%aSas:ﬁmwe&"ww”uﬁﬁ'umuﬁaﬁw
NN AR uazwuINinsiia oxidative stress widngdlaiing
imMengunued AR wWoWasuaaLu amyloid plaques TIua
msmaaaﬁmmsna@ﬂ%ﬁ’l AB aﬂ%&ﬁag‘lugmmuﬁamm:
ngunuliu amyloid plaques uaddandanuduis (toxic
species) BInansAnEiigaansasnuTasinafiin amyloid
plaques liisiiudanisifiafiwan AR wazann1sdnmn
U84 Link LLa:ﬂm:SO WUIIN19L1@ oxidative stress 31N AP
Lﬁumm@;ﬁﬁﬂﬁﬁ@ paralysis Tu transgenic C. elegans Lae
ti9wnd1 AB oligomers (oligomer LAAIINAILMENGUAUDDS
2-14  monomers) HANMUFNWUTAUAILAARBIIN AB
wanani Sefnangudisivayusuudgminlals plagues
weitdln oligomers  AinelwiAaauLTuRwlurislulse s ls
LUBIHAS neurodegenerative disease gm"ﬁﬂiﬂww{ﬁuﬁmsz

uena il Smith wazame™ ¥imsdnmIn AB Tuariy
32@UvaY hydrogen peroxide (H,0,) edﬁol,ﬂuawaﬁaim%avl,aj
Tasdnmnlu transgenic C. elegans mf_lwvuﬁj CL2006 L8
CL4176 NNAMIANBINULINTZALV B hydrogen peroxide
Winduadradinddalu C. elegans ﬁgaaaomuwwuft,fia

= = a '
LﬂiEIULV]FJ‘]Jﬂ‘]JﬂQ&Jﬂ'JUQN

3. m‘sﬁnmnalnmsaanqvé%m Ginkgo biloba extract
Tulaaa transgenic C. elegans
1uiaa transgenic C. elegans vadlsaoabouastialn
infsvaanmndnsnalnfiugiusasmafalinsalmuasinn
msnaasdlunie (n vivo) e lasiawiznis@nsinis
Lﬂ'ﬁc’iwuﬂmlmm‘”ﬂuLaqamn‘vxéi”amﬂﬁl,snaﬁvlﬁﬁ”umiﬁuﬁa

AU AB wananigaiduiaTesldenliiszinisadsadn

naadumaasuarinennsgunw 1 8 atiu 4, aa. — 5A. 2556

182

UszAnSnwaasenfifdnunin (potential drug) fiazldluns
snwnlsasalawes lumsdanwinalnnseangnivasansana
m@‘sgmmaﬂu wilefine (standardized Ginkgo biloba extract)
73%05un4 EGb 761 Gadundanmefiasuomisfivindas
a‘sswqmmomLLazL%a'jﬂ'ﬁ'gmﬁumwéw udgalainsunaln
misangniduita lddmsdnsnalnmseangnivsluoas
Uszaniwz1ae9 (neuronal cell culture) Tununanad uazlu
Tuiaa transgenic C. elegans WUT&I&NA EGb 761 {na'ln
Tunsundasimasyszam (neuroprotective effect) #anuagnd
i gUSInILAe program cell death®, ﬁ”ﬂﬂ%mimw:ﬂ@;u
(aggregation) Va3 ABss, LLa:Lﬁlu stress response56

smith uazame™ lavinn1sdnsluluias transgenic C.
elegans a’mwvu‘.hf CL2006 WU TeaLTad hydrogen peroxide
‘fidtﬂua%aﬁmﬂu transgenic C. elegans file3us13NA
EGb 761 fiszausdninlu transgenic C. elegans alailasuans
8 EGb 761 uazsIWun kaempferol %38 quercetin (F91du
g3 flavonoids Midusndsznouluansana EGb 761) uas
JanduT  (L-ascorbate) mmsnam:ﬁwaaa%aﬁmnﬁa
WSsuiauny transgenic C. elegans Alailesusseng 9
wsi wananil wu uszaoi® s1e9uinansana EGb 761
Lﬁwawqm”a (life span) lu c. elegans (THe wild type) q/ﬁﬂu
nzUnduazlunneifl oxidative stress wamsANELMANTL
FfiAwinasana EGb 761 Hualfiy anti-stress system
ﬁ‘dmfuﬁdLﬁuﬂm&lﬁﬁu“ﬂ’lu@iam’lmﬂ?m} (stress resistance)
LLa:LﬁumqﬂTﬂ

Strayer uszamaz’ g3 ldvinsdnsnalnluszaulaana
2848138Na EGb 761 6ian13aan13Lia oxidative stress lag
1luiaa transgenic C. elegans m?_lwymf CL2070 (GFP-
tagged inducible gene hsp-16-2) "édtﬂuﬁ’mﬁuﬁjﬁﬁmiﬁ@
(tagged) a’liWQQmim‘Huﬁ (fluorescent) Sa'letun green
fluorescent protein (GFP) nu promoter YIEn hsp-16-2 %d
sevilinnsesuasdunindnisuaasaonaabu hsp-16-2
ﬁﬂﬁnwmmmgmmamaanmaaﬁulu?aﬁ%’imwu real
time & Taprld5si75aezdn13n0uanasde oxidative
stress  Mmiaslusiufinousuasdannuiasua (stress
response protein) L% heat shock proteins (HSPs) "fiwﬁﬂu
liufa hsp-16-2 INNsANMIU8Y Strayer uazamse” WU
MILFAIDDNVDIDY hsp-16-2 ﬁgﬂmﬁmﬁﬂm juglone @4
Wuanseandlad (oxidizing agent) Laz heat shock gﬂﬁ'ﬂﬂ%
FuanIana EGb 761 Uszunos 86% waz 33% audan’ @9
nalniiwesansana EGb 761 fanusunninuanusunsoly
MaANSAIM T30 (survival rate) 189 C. elegans @on13
1630 oxidative stress W@ thermal stress (Eﬂ‘ﬁl 5A uae 5B)
SIWAINIAATEAUVES  hydrogen peroxide  @3UMANNNA
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