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## 5272418123 : MAJOR PHARMACOLOGY

KEYWORDS : STANDARDIZED EXTRACT OF CENTELLA ASIATICA ECa233 / BRAIN

MITOCHONDRIA / OXYGEN CONSUMPTION / RESPIRATORY CONTROL INDEX
APINYA THOOPMONGKHOL : EFFECTS OF STANDARDIZED EXTRACT OF
CENTELLA ASIATICA ECa233 ON THE FUNCTION OF MITOCHONDRIA

ISOLATED FROM RAT BRAIN. ADVISOR : RATCHANEE RODSIRI, Ph.D., 84 pp.

ECa233 is the standardized extract of Centella asiatica (Linn.) Urban. in the family of Umbelliferae
that uses widely in ayurvedic medicine especially in neurodegenerative diseases such as Parkinson’s disease
and Alzheimer’s disease. The main cause of these diseases is mitochondria dysfunction. The aim of this study is
to find out the effects of ECa233 to the mitochondria.

The effects of ECa233 on the respiration of mitochondria isolated from rat brain were studied. The rat
brain mitochondria were incubated with ECa233 0.1, 1, 10, 100, and 1000 png. However there was no significant
difference in the rate of oxygen consumption of the brain mitochondria incubated with all ECa233
concentrations compared with the control while using glutamate plus malate and succinate as substrate. The
finding suggested no toxic effect of ECa233 on mitochondria. The data supported further investigation on the
protective effects of ECa233 on brain mitochondria.

The protective effects of ECa233 on the respiration of mitochondria isolated from rat brain against
rotenone, complex I inhibitor, were studied. The rat brain mitochondria were incubated with Eca233 0.01, 0.1,
1, 10, and 100 pg then incubated with rotenone. There was no significant difference in the rate of oxygen
consumption of the brain mitochondria incubated with all ECa233 concentrations compared with the control.
The finding suggested no protective effect of ECa233 against complex I inhibition of rotenone.

Also the protective effects of ECa233 on the respiration of mitochondria isolated from rat brain
against sodium azide, complex IV inhibitor, were studied. The rat brain mitochondria were incubated with
Eca233 0.01, 0.1, 1, 10, and 100 pg then incubated with sodium azide. There was no significant difference in
the rate of oxygen consumption of the brain mitochondria incubated with all ECa233 concentrations compared
with the control. The finding suggested no protective effect of ECa233 against complex IV inhibition of sodium
azide.

In the summary, ECa233 does not have any effects to mitochondria, even protect mitochondria against

rotenone and sodium azide in in vitro study.

Department : Pharmacology and Physiology _Student’s Signature

Field of Study : _ Pharmacology

Academic Year : 2011
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Mesinadadnyainaziee

AB = beta amyloid

ADP = adenosine 5’- diphosphate

ATP = adenosine 5’- triphosphate
ATPase = adenosinetriphosphatase

BSA = bovine serum albumin

CoQ = coenzyme Q, ubiquinone

’c = degree celcius

EDTA = ethylenediaminetetraacetic acid
ETC = electron transport chain

FAD = flavin adenine dinucleotide
FADH, = reduced flavin adenine dinucleotide
g = gram

g = centrifugal force unit (gravity)
H = proton

IC,, = median inhibitory concentration
IC,,, = maximum inhibitory concentration
kg = kilogram

M = molar

MAO = monoamine oxidase

mg = milligram

min = minute

ml = milliliter

mm = millimeter

mM = millimolar

ug = microgram

ul = microliter

N = normality

NAD' = nicotinamide adenine dinucleotide
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luTanouwesailusosunuaannuly eukaryotic cells Nnwia [1] Hanwdidglums
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Tumsdunsizy ATP (ATP synthase) 0 [4]
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J ad Y Y 1 [ = o <
nsudmenoasianasouliun complex I udinienennellds CoQ vmeiMeITU FADH, 0
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[ v 4
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1 'o [ ' SRt . .
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4 wva I 0
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¥y 99919 electrochemical gradient ‘wfnzmllﬂ%m N ATP Q79081915 2, 4-dinitrophenol (DNP),
carbonyl cyanide m-chlorophenylhydrazone (CCCP) 48 carbonyl cyanide p-(trifluoromethoxy)

phenylhydrazone (FCCP) [3]

A = = Y A o 1 9 = = -4
ma‘luT@ﬂ@ugmﬂqiymﬂwmmzm"lﬂqmsaﬂmmin ATP iJﬂﬁf,:.fiyLﬁEJﬁiJ@!ﬁEJ

= = 9 . A a d%l & o o A A 9 [
UAALEYY LASUNITEIN reactive oxygen species (ROS) Lﬂﬂﬂlu%‘uﬂuﬂahlﬂﬁ1 YNNYIVBINUNIT

LALAEMSABNVDITEUVYTE AN (aging and neurodegenerative disease) [36]

[y d
Tsnoalaiues
o s X . A ) & o a s o
Tsadalames (Alzheimer’s disease 1H3® AD) AuNURIUATILTN IAsdaunndy eI
4 _ . o Mo - ¢ 4 4 v o 2
¥ Alois Alzheimer 1iuTsaNNAvINANNFONVOUTAALTZAMANUIINNGR  TniAavu Ty
9 1 a d%l o Y1 1 = a 42’ v Y 1
A901y Taawu 7-10% NayuUnUA891g91nN 1 65 U 1ag 50-60% tayunuR 19 1guINNN
= A wa P 9 P o = I =
85 1/ [11] Ugiianisal 2% vesering wudthelszana 35 Auauiialan Insnensaliaell
Y
Y1 Y I Y1 o a ' .
Atle517 107 Awauluil a.a. 2050 [12] dihemnounsuama Tsauuylinswauns (sporadic
] < =\ A A v = 1 o = 4
cases) 081 lsnawiiveniilseziansouniaiulsauaziinsoenean1aiugnssuvodud
A ~ @ 4 =& Y a :’1 [ 9 1 =
# encode APP NInanegwiug [37-38] Bap118921nA01n13@A1gH 08N 60 1/ [39-40] DINTUDI
o A A 9

Tsnluszezisuusnaemsgardonnusr  Aetd@enGouiinlivmlild  szezaeufileasd

L1l

=

[ 4 a ] o A
piMsduay o1suaindslsiu nganladie A3 guidennunssiszezen Lezmemeaeas
9 9 A 2 v 9o = 9 A a Aa A
59U szezgamefegdenNTUT INMegasinnuazderIa lunge [41-42]
o 4 1 [ Jd Aa { 1 1 1
pimsanududenvesdilieda lawesinaninnishauesdIn  cerebral cortex Hood1a
4 ]

Juusy TaeagwuNauesdIu sulei NI9AULAZ gyri AU TuvzRauosaulndazlidiuves

. .Y = a < ¢ \ .
sulci UAVLDE gyri NI (gﬂﬂ 3) ImsvaRuaalszamluauesdiu neocortex, hippocampus,
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basal forebrain 1A% brain stem WU30815AITHNIN senile plaque Fasznoudly AB ﬁﬁzfm@ﬁj
4 a a { { a 1 1
mouenwaalszamuinanlng uaz NFT fdszneudieslisaumngniauniveavlaazauog
4 a a qgj 4 Y 1 .
Tuaadszaminniadng  wenintiunuwaalszamlndaeluduesaiu  cortical  uaz
Y 4
subcortical WU@18 DNA Uanin luaaallszamuod neocortex, hippocampus 0% thalamus [16-
4 a 1 a a a
19] Tagmsaevousaalszamnaninaung 1aun AuAAlnAve4 protein metabolism, A15NH
NNTWIAADY, oxidative stress, ANVUAAUNAUDA luTnABUIAS Y 1Az inflammation [43-52] Tasdl
= A v o J 1 = 1 = o
msfninaanuduiusiznin AR uazlulaneweses wu wumsgydsmsiinuues
Yy A Aa Y o s 2 = 0o q ¥ % 2 A
complex IV luanosvosdiefidediaaielsnoa lmwes [47] WomitenihIdwadmizi@esiing
a a @ 1 o aan [ = o Y =)
ueaIENUDY APP unAalnd APP denavzinlgnsennylulanewmases ildluTanouase
@ 1 4 o [ 4 Y 1 { o
afrandaanli1a [52] vazilionh AP 1 incubate Muadilszammnzidoanui AP mileah
Y
IiNan13MeNILDY apoptosis 1A necrosis [53] iNamsgapdonisiiauveslulanouese [54]
qidongaugaunaidion NAN13e3190UYADH5Y 1NA DNA damage tagihldinanmsgaydonis
o A & o ' J ~
MauvesluTanowessai ldgmsmevousaailszamluiga [55-56]

{ o o o Y] 1 1
oS lsnoalewes lagvan laun  ©1nqu  Cholinesterase Inhibitors (ChEIs) 151
donepezil, galantamine, rivastigmine tHBIINNUN IUaUBIdIUANDMIazan AP vzliszay
. 1 0% 1 A @ . 9 @ 3 4
acetylcholine BN UWﬂQiJﬁ%%’JEJLWZJi%WU acetylcholine Aemsdudaen lad

acetylcholinesterase 395 UNUATHITUVDI5LVUUTZEIN cholinergic [41]
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RS

]
LGN-TUNEL W _

CA1-TUNEL _ =

Control

Y Yy v PR o s < ) .Y
sUf 4 pwlusznumuinawesauesdielsnda lawesony 85 I vziwiu sulei uay gyri N
A = ~ o a = A Y @ < .
wenlSeumeunvuavesvesaulnfety 86 1 uaziiegnNUIBINNABIYANIIAUILIA senile
plaque, neurofibrillary tangles 4181& neuronal cell death lueauosaiu hippocampus CA-1 HazusIN

subcortical 1951 thalamic, lateral geniculate nucleus (LGN) [57]

da (]
Tsamsnuau

Ja o . . Y 4 @ 4 .
Tsamsaudau (Parkinson’s disease) ﬂu‘IN‘]JTﬂ8J1J1EJLLW1/]8J‘]513ENﬂQB‘d]5’f) James Parkinson
< { A 4 4
Tl ae 1817 Wulsaimaninanudonvousadseam  (neurodegenerative disease) ¥
A L4 I A wAa o I v o
Q‘Uﬂﬂﬁﬂlﬂ§$1ﬂm 2% ‘lJfN“iJiZ‘]ﬂﬂi L‘]J‘LlI'iﬂ“I/I11’Q‘Uﬂﬂﬁil!ilTﬂlﬂuﬂu@ﬂﬁﬂ\iﬂlﬂﬁiiﬂ‘l’l%‘]ﬂ'J'liJ
4 o o U ) [ 1
onvesszuulszamsesninlsadalmues [58] dthelsamsaududiuiios (<10% vos

o 1 aazl A v Ja [ o . . 1
Smudthenavue) HilsziaaseunsuiluTsansaudu (familial Parkinson’s disease) [21] f1)28
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A [ ] a ] Ia [
Tsamsaududiuunninalae lins1waune (idiopathic Parkinson’s disease) 13AW1snUdUTINIG
o A 1 I 1 o Ao o & Y aa o I
audulsanuvnoadunosll  dnvazmwzidnydeldlumsidenelsatuomsmeszuy

M o ' M o 4 <3
Uszandans (motorsystem) 4 21N1THAN Taun o3 duvaziin (resting tremor), AR
o o & Yy ¥ a4 y & = o A D) A A
1059 (rigidity) ¥9lsznevdledeudanisuaznauiionsdy omanaeu lnidnasnsenzide

d’ . . A . . IS £ A kY] nm Y dgl
MsiAdoU T (bradykinesia 130 akinesia) gayidon13NTIAIMTONTIAD 11 lAvZqnAUu (postural

M { a Ja o I

instability) [20] ®1MInszuvlseamdimsitnalulsamsnudy Wurauianmsaieves
J = . . ! v A A Aa '
waalszamlathiiuly substantia nigra pars compacta SIUAVIMIAZANYLTUTAUNGENN
4 Y Ao A Ia v W
Lewy bodies 11 cytoplasm veuaadszain [59] wonandne1siutaved 1sam1snuaues

(MBI oxidative stress azANVARUNAURINTIOILVed lu Tanouas e [60-61]

=® T 9/dl v v v @ A [ o A vAa o Ia 1]
nnMsANEIMUNANFuAanuel udagnstulssligiamsaives Tsamsnudu

[ Aa £ a ~ Iq Ja @ 9 1
wmnnlszansdn@te 70% [62] Feansisninmuasnisunetuauva lsaws nuduldun
mcﬁmtfjm@ju polychlorinated biphenyls, paraquat [63] 81GJJ'1LL1m\1ﬂEj3J organochlorine 1Y dieldrin

1 Ao 1 a < a

[64], lindane [65] rotenone [24] Tavg Tunynauasy wu wnlavioman [66-67] WHI N
4 P &g v o 4 A I ~

MPTP (N-methyl-4-phenyl-1,2,3,6-tetrahydropyridine) #uiuoynugauasiznanduduauvan

o a JIa o 3 dy 1 Y o Y I
MWIZRIZANUATAABINTUDA ISAMISAUAY 19 rotenone az MPTP Haow larhwnlsniu
o ’a o N4 v Y Y o
nuvudraesIsamsnuduludainaass [68] Jumsnaaodli rotenone ANUANIUAIUTZOZE1)
[ o qul o I Y a 4
unHYLIN U5InQHadudins i uues complex I Tuanes [25] uaumg lviinamsmeveusad
. . a . . . 9

Uszamlathiulu nigrostriatal pathway INA striatal oxidative damage HASWUNITHIN O-

. . .. . a . ! v . I Ia
synuclein-ubiquitin inclusions Tu nigral cells FUIASINUNITNY Lewy bodies Gluﬁjﬂ’JEJTiﬂWTi Y
o v a o ¢ ' AY Yo 4
du [21] MUMIANBINTNDANTIVYOITAINAADINDIHMYN 15D rotenone Tp1Msadeu 1na
159991 (hypokinesia) A38M1N19MINID (flexed posture) AALAVDINTAI 1A990 (stooped posture)

r /e o o o o A P L
Tugihelsamsnudy uonamiudaInaasadalioINIsuyN310e193UII (severe rigidity) Hag
) Y] o Y] 1 I [
91M31AAU (shaking paw) AA1BAVOINTAUVUZNWN (resting tremor) Tudtae Tsamsnudu [25]
Y
A91198 1115 08UEUNA 1A rotenone FUEHI complex I BE19TUMIZINIZAY TasmsAny1 U SK-N-
MC cells i transduce 238 single-subunit NADH dehydrogenase U®4 Saccharomyces cerevisiae
(NDI1) 91 11Junu complex T WU rotenone liandasivelaveslulanewasoiionlssuiey
[ 4 Ak (% caj % 1 dy Y I 1 Ao a
NUIEAAUNA®Y rotenone GudIMIviela [69] wangumartinaalviiuIwesiuilavolsn

Ja o A o 5 o a . .
wisaudunanmagademsinuvedluTaneunie complex T #9921 19100 oxidative stress
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d? 9 - o Y = Aa A o 3 )
"UUTﬂﬂm‘W"ﬁﬂ"ﬁﬁi"N 0, 1/]1(11’?1M1ﬁﬂﬂulﬂ§ﬂaﬂﬂ§$ﬁﬂ‘ﬁﬂ1‘wﬂTiﬂTQTui?NﬂﬂﬁﬂﬂTiﬁiTﬂ ATP
[70]
[ A [ @ Y] 9 £ A 4 d‘
ﬂTﬁiﬂH”IIiﬂW”ﬁﬂuﬁu‘luﬂ’ﬂﬂﬂuﬂgiﬂHW]’JEJEJW]Nllil‘ﬂﬂigﬁﬂﬂlWﬂﬂﬂ@WﬂTﬁW1\‘]ﬁ$‘UU
o A ~ & A o 7
szandans IﬂEJﬂ13LWllﬂ'TIllﬁTiJ”Iiﬂﬂl@\ﬁ%‘ﬂﬂﬂi%ﬁhmiﬂﬂﬁlllu V]QI@EJLW?JﬂTiﬁQLﬂ§1$‘Vi
o v v o Ia o 1
Tathiiu asmsiateTahiiv vaznszdquisulathiiulaoass ;snelsamsnudu ldun L-
. . £ @ . . [ 4 =)
DOPA (L-3,4-dihydroxyphenylalanine) FUTua15 intermediate TuMsaunsIZH latiiu L-DOPA
: a " @
wilasugiiulaihiivlusedlszamiathiiudsooulesl  L-aromatic  amino  acid
1 a3 1 1 J :/’
decarboxylase 061315AAW L-DOPA aunsangszuvlszamdiunansldiiies 1-5% mniu
4
@ 1<
uentiugn metabolized lihiluTathiiunouenauos 3918101314 dopa decarboxylase inhibitors
1un carbidopa benserazide $yuiy L-DOPA fleariulaild L-DOPA 9N metabolized NYUBDN
J o &£ A = o A A o 3 4
[3¢'RN g1nqu COMT Inhibitors G]f\?i]i]ﬂ‘ﬁﬁ@ﬂ'liﬂ'\ﬁ'lﬂiﬂﬂ'lﬂuﬂ synapse I@]EJEJIIEJ\H’E']HU]J%M
catechol-o-methyltransferase EﬂﬂEjSJ dopamine agonists 13U bromocriptine, pergolide, pramipexole,
. D . . N : =t v .
ropinirole, piribedil, cabergoline, apomorphine, lisuride Gd]ﬁf]f]ﬂt]‘ﬂ‘ﬁjﬂﬂﬂi AU dopamine receptors
1 1 = @ 09.:’ o 4
Uaze1nNQy MAO-B inhibitors ¥U selegiline rasagiline fJfJﬂt]‘ﬂ‘ﬁTﬂEJ&JUEJ\‘]ﬂ1i‘1fIN1u"IIfJ\iLfJuh1“1ﬂJ
& o { o ¢
monoamine oxidase-B (MAO-B) #siianglathiiufivasnnwaadszamlathiiu [71] uud
o A o I o 1 Y A A J
Tl'l\'iﬂ'lﬁW@lH'lﬁl'lLW@iﬂ‘H'lI‘iﬂ“W'lﬁﬂuﬁuial\uuuﬂﬂg%$ﬁ@ﬂ1ﬂﬁﬂﬂsllﬂ\iL“ﬁﬂﬁﬂﬁszﬂ‘ﬂ llﬁgﬂﬂ{l@\i

4
aallsean
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1IUn (Centella asiatica)

4 a 4
¥0INNNANS Centella asiatica (Linn.) Urban.

¥929K Umbelliferae

%aé’aﬂqy Asiatic pennywort

A 9 A @ 1 @ [2J
FONDIDU WALIU, ANTTUBDN, ﬂzwuz, BUYUAS

g‘ﬂ‘ﬁ 5 19U (http://medplant.mahidol.ac.th/pubhealth/index.asp)

o 4 a J @ l 4

TIUNTFONNINGNMIAAT A Centella asiatica (Linn.) Urban. 390g11U19F Umbelliferae
g a AL y & A VY A ' A a A4
Wunsnduluaasoudu Tanvaziluliaugn@esdluauiuan sounduuns uansindoy

[l E4 ]
awde  Ivafiudldezsenlunndogiu - 35 o lufidawavdulu@ensesaduglla

] 4

9 1 Y I = < ~
mumﬁuﬂﬂmq 2-5 5. "UE]‘UGhJﬁEIﬂ ﬂTL!Gl‘]JEITJ ﬂamﬂu%ﬁmwummﬂaaﬂw%ﬂiu 2-3 A9N
A A A 3 < Y Y @ 7 k) o
NAUFLVIINIDUNIVUIALAN Lﬂuwauml,mn"lﬂ [72] ﬁ'liﬁﬂﬂﬂWﬂ‘]J’J‘Uﬂ‘lJ33ﬂ®ﬂﬂ’38ﬁ15ﬁ1ﬂi’gﬂﬁ1ﬂ
@7 19U asiatic acid, asiaticoside, oxyasiaticoside, madecassic acid, madecassoside (6 madecassol
o I A A L4 o o [ 1 <
[73] mumﬂuﬁuu"lwwuﬂusl%'“lummwmmqmw Qﬂlﬂl]ﬂ‘ﬁﬂﬂWiiﬂ‘HTﬁﬂﬂﬁﬁN“] LB LAY
v J Y o R & v 0 )
o i@uﬁlu NITHUIYUI a@”lﬂu ‘U‘U‘ﬂﬁﬁ'l’w LLﬂ‘Vlf]\‘]LﬁfJ I,‘]J'L!ﬁu [26] Tﬂﬂmwwmimm%ﬁmuuwa
' ¥ A A = v v ° = iy
LAZITINIT AT NIUDIYD i?ilﬂ\iﬂ151ﬂfﬂ53%}'L!53‘1J‘1Jﬂ’3']1]%'lllﬁ$‘i$ﬂﬂﬂ‘i$ﬁ']‘lﬂ [27] ﬂ']iﬁﬂ‘]sl'lf]‘i’l‘ﬁ
[ o tﬂ' t:' 9 1Y =Y | dy
GII?Nﬁ?iﬁﬂﬂ%Wﬂ‘U?‘Uﬂ“ﬂlﬂﬂ’J‘Uﬂﬂﬂ‘]JiZ‘]J‘]J“]JiZﬁ"l‘VlL!ﬁZTiﬂ‘Vl'NﬁllfN mma"lﬂu
{ 1 [ @ QJ QI a 9 o 1
1. msAnngasasanatnunlgnimunganssumsiseuiiazanu Turyusni
o Y = = 9 o ¥ = . y
Qﬂ1/]111’?q@tﬁﬂﬂ’nuﬁWﬂﬁﬂiuﬂﬁliﬂu;tl@%ﬂl']iﬁ]'lﬂ’wﬂﬁﬂﬂ streptozotocin UINN

' Y
intracerebroventricular  IASWUIUNGIMDITUMITUIY  oxidative  stress  928N1TAATEAU

malondialdehyde (MDA) NS EA glutathione {18 catalase [28]
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a v ¢ A

v W = S 1 | o
2. ﬁ']'iﬁﬂﬂ”ﬂ?]llﬂflf]‘ﬂ‘ﬁﬂﬂﬂ@\ﬁ%°]J‘]J‘]J§$ﬁ"l1flslli’)\1?fll«m"lﬁflﬂﬂﬂumﬁﬂJ’W‘L!‘]j. Vlgﬂl‘ﬁﬁfnu']
a § o { o
1¥inAN1IZ oxidative stress A28 nitropropionic acid (3-NP) Failu neurotoxicant N UMIZI1Z09TH
MINANETaNINADANOaIY striatum (¥URBINUT5A Huntington’s discase 1A8NEIVDINLNNT
[ 09/’ { X g o ' 1
U oxidative stress aANIYYHNINUDI succinate dehydrogenase uTuton lasgi lurqToj
molavedluTnnowaio uazaanismeves lulanownie [74]
=2 A v .. . v J . . A o 9 Y = =
3. MIANHINUTANI asiatic acid ®YWUT triterpenoid nana laeiniaun Mq%ﬁﬂﬂ{lﬂﬂ
s o qYa ) A & '
ﬁ3'1J'1Jﬂ§$ﬁ11/]611ﬂﬂﬂu‘ilu'lﬁﬂgﬂ‘]ﬂ'lglﬁ!ﬂﬂﬂ'1'33ﬁ'iJ'ENGIﬁ‘UiiJ“U'lﬂlfl'f]ﬂ"]f\‘lWTJ']'lﬁ"liJ'liﬂﬁﬂ
4 a o 1 o 3’ o
mitochondrial injury Iaetiouen luTanouaseu1 sz nnuNinsdudanswas cytochrome ¢
[75]
= A ' v o a o 1A 0
4, ﬂ'liﬁﬂ‘ld'lﬂllﬁﬂ\i'ﬂﬁ'liﬁﬂﬂﬂ?ﬂﬂlli]‘ﬂ'ﬁﬂﬂﬂ’f]\‘ﬁgﬂﬂﬂigﬁ'lﬂ"llf]\‘lﬁyilﬁﬂ'lﬂllﬂﬂgﬂﬂ'l
I Ia o v W @
IduTsamsnududis MPTP Tasansanatiiunansey lipid hydroperoxide (LPO), xanthine
oxidase (XO) HAZIWNTZAL total antioxidants (TA), superoxide dismutase (SOD), glutathione
peroxidase (GPx) ba1g catalase Tuauesaiu corpus striatum LA hippocampus [29]
=2 A U A p A o @ Aq ¥ = =
5. MIANBINUAAIN asiatic acid NANANNTIVN N LU pre-treatment NQ“I/]‘ﬁ”lJﬂ{IEN
d a 1A 1 J [
IaABUA SH-SYSY ADWHUDN rotenone LIS H2OZTﬂle‘]J'J’lﬁ’liJ’liﬂaﬂﬂ’liﬁ’lﬂﬂl@\u“ﬁaa, aAAvANT1
4
Msna cells damage UONNNUUIINLNTINTDAA expression U voltage-dependent anion
: { 9 a . : a9
channel (VDAC) Fne199411UMI AR mitochondrial damage 9NAIY [76]
A13ANANINTTIUIIUN ECa233 (standardized extract of Centella asiatica ECa233) 1u
=2 dy A o < = = S A . . . 19 1 =
MTANYIY uaﬂymmﬂumazwﬂﬂﬁmnuaa mJﬁmm triterpenoid glycosides lli]uf]ﬂﬂ')’] 80% U
8035182UV09 masdecosside 710 asiaticoside 08 1U%9 1.5 £ 0.50 TaglimsAnuINuaaINAITAna
1 4
WATTIUTIUN  ECa233  FeiiumsiBouiuazanusl  59u9%98aA52AU  malondialdehyde
[l A o o w an Y4 ~ A o Y a A
(MDA) Gluﬁﬂ@ﬁ@ﬂWﬂJufJﬁ”lﬂﬂJyﬂ1ﬁﬁﬂﬂ Gluﬁﬁﬁﬂﬂaﬂﬂﬂgﬂlﬁuﬂ?u11ﬁlﬂﬂﬂ13$ﬁuﬂﬁﬂl1@!a@ﬂ
Y v Y
Tagnsgnviaoadonuawn 13 NANIToULFIAT UBNINUAIANANINTTIUTIUD
YR A ~ Y} o I = 0o q ¥Ya 2
ECa233 fNGIS'JfJLWﬂJﬂ'JHJﬁ1N15ﬂ1Uﬂ']'i!'ifluzllﬁgﬂ??uﬂ?ﬁluﬁuﬁlu'lﬁﬂgﬂlﬁufJ'JUWGl‘ViLﬂﬂﬂWﬁZ;fﬂ]ulﬁﬂ

ANNTIAI B-amyloid [30]



=h.
w

un

Aada v

q
gunsamazizive
[y <
3.1 JaqunIns

FnInaaog

o d 1

v
o o o @ Jd o a
HPUITNNUT Wistar LWﬁé)uﬁ/iuﬂ 200 — 250 N3y AMNFUITAINAADILUVIBIAN
a @ a dy 9 < 3} a To o dy
UN1INGIAYUYAa  fF1a1en umﬂgu mm@mﬂmmsmmmzmﬂimm”lumﬂﬂ hl‘L!TiQLﬁEN
v @ 4 4 a @ a ' 1 °
dninaaosnmzindymans NaInIainmINeIns auauguiginelnegiznin 25 £ 2 C
' ] @ v W a wva @ v
Glﬁllﬁ\iﬁ")'l\illﬁ$ﬁﬂ%')\iﬁ$ 12 mimﬁa‘mu Lm%ﬂaﬂ@ﬁ1hﬂﬁﬂi]‘i‘i81U§5mﬂ151%}ﬁ@3ﬂﬂﬁ@\1%8\1
awv 1 a 1 A ada o v
ANNIVYUHIFIN WA, 2542 I@EJWWHﬂ1§'E]1§3JG]i$L‘]dJEJU’J%’Ji]ﬂiuﬁ@ﬁﬂﬂﬁ@ﬁ%WﬂﬂmZﬂiiNﬂ1i

a o @ s o A o {
TYTITUAAINAADIAUSLDTBANETNT @WW@Qﬂiﬂ!MWTMWﬁSLﬁ"Uﬁ 11-33-007

anil

adenosine  5'-diphosphate  (ADP), bovine serum albumin (BSA), malic acid
(HO,CCH,CHOHCO,H), glutamic acid (C;H/NO,), potassium chloride (KCI), potassium phosphate
monobasic anhydrous (KH,PO,), rotenone (C,H,,0,), hydrochloric acid (HCI), 2-Amino-2-
hydroxymethyl-propane-1,3-diol (Tris) (CH, NO,), sucrose (C,H,,0,), mannitol, potassium
hydroxide (KOH), digitonin, absolute ethanol (C,H,O), Dimethyl sulfoxide (C,H,OS) ( DMSO),
copper sulfate (CuSO,), sodium potassium tartrate (NaKC,H,O,), sodium carbonate (Na,CO,), Folin-
Ciocalteu's phenol reagent, tyramine HCI, 5-hydroxytryptamine (5-HT), benzylamine HCI, sodium

azide (NaN,)
& Yo 4 4 [ a =
d1Inaaoy ECa233 clf\‘]ulﬂiﬂﬂ'l'lilﬂlglﬂﬁ"lgﬁﬂ"lﬂ TONAETANTITY Lﬂﬁ“ﬁﬂiﬁﬂ]u\‘] 7. Nq’i
AUAATY

A ¢
meummzqﬂmm
Automatic pipettes 200, 1,000, 5,000 pl and pipette tips

Centrifuge tubes 15 ml



19

Hamilton micro-syringes 10.25 pl
Hitachi automatic high speed refrigerated centrifuge (Himac model CR20B3) with rotor
(model PRP18-3)
Homogenizer (Glass-Col®)
Ice and ice box
Magnetic stirrer and magnetic bars
Oxygraph apparatus
-Biological Oxygen Monitor (YSI model 53)
- Clark Oxygen Electrode (YSI5331)
- Gilson Oxygen Chamber
- Strip Chart Recorder (Gilson Recorder Model N2)
Oxygen Probe Service Kit (YSI5775)
- Clark Type Membrane Booklets (Std)
- O, Probe Solution : half saturated KCl solution
- O-rings
Personal computer
pH-meter
Refrigerator and -20 'C controlled refrigerator
Surgical instruments : scissors, tissue forcep, tray, petri dish, beaker
Syringes 1 ml and needles 27 G
Temperature controlled circulator water bath
Temperature controlled water bath
Thomas glass homogenizer tube with Teflon pestle
Vacuum pump
Vortex mixer (Velp. Scientifica, Europe)

UV/Visible spectrophotometer (UV-160A, Shimadzu)



20

3.2 95ms)aw

3.2.1 Mansen AN MIAIENENB IV IHIISN
=~ = Y  am ., . . . B o
miEJlI]lllIﬁﬂﬂumiﬂ%WﬂﬁN@ﬂﬂJﬂQﬁEL!iﬂﬂ’Jﬂ’J‘ﬁ differential centrifugation G]N‘]Jiuﬂiqﬂmﬂ
25U09 Zhan Lagae (2002) [77]

1. ﬁwaauwwww 1 § @28 chloral hydrate 400 mg/kg i.p. 1 cervical dislocation udrda
wenauoIeenu 1d petri dish 17 isolation buffer 30 ml AALEABUANIZANDIAIU cerebrum 11111
15511 beaker N3] isolation buffer 30 ml

o v 2 g Py, . / 2 Ay oA Y a . .

2. mamﬂmﬂuﬂmmﬂq 1N isolation buffer NAUNWDANADA LAWAN isolation buffer

1718 U5masszanal 15 ml

Y A )
2 ! py o . Y
3. wmFwtlodueeld homogenizing tube ¥UIA 15 ml W15 homogenize AIBATOI
homogenizer

4. IN homogenate lanaon centrifuge 2 109 LL‘U'\‘IL‘VW] A 1AY isolation buffer 1% 14
Ysasvasaaz 10 ml ud21i111 centrifuge A101AT0 refrigerated centrifuge NAIUANGUNYI 4
C

. Y < I =
5. centrifuge AYNIINLTI 2,000 g Wunal 3 win
6. a1 ld (supernatant) laviaen centrifuge Nld 0.02% digitonin 1317 2 iaea viaen
2 . . I Y A 9 . 9 a3 I
a2 10 pl 1AW isolation buffer 19 1AUTN1AT 10 ml 1187 centrifuge AIBANNTI 2,000 g tHuria 3
=
N
1 (] . a . . I Y & Y
7. malalanaen centrifuge 2 11a0A 1AY isolation buffer 19 }MUTHIAT 10 ml ud2
. Y < I =
centrifuge AIYAITNLTI 12,000 g Wuran 10 wn
Qy 1 < 3’1 Y . .
8. maulanuaznoung 2 naoasunuluvaona homogenize L!,ﬁﬁﬁ homogenize ﬁ}ﬂﬂﬁ@
1 . a . . I Y a Y . Y <
mlanaon centrifuge 1 adA IAY isolation buffer 1 18U51a5 10 ml udd centrifuge AYNIINLIT
< ~
12,000 g 1J1a1 10 WIN
9 a 9 . . a < 9 3
9. ANAINZNOUAIY incubation buffer UTuaan0eY 2-3 A5
10. 1A% incubation buffer 1% 181511015 2 m1 19 auto-pipette ganreaznouldnasadunan

y Y vy .Y v
11817 homogenize AIYUDDNAT 9218 mitochondria Wou 14
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1ae Isolation buffer ‘]J‘JSﬂ?J‘]Jﬁ}’JfJ 250 mM sucrose, 10 mM Tris, 2 mM EDTA, 1 mg/ml
BSA 1511/39910 Cormier (2003) [78]

Incubation buffer szneuae 75 mM sucrose, 300 mM mannitol, 10 mM Tris, 5 mM KCI,
5 mM KH,PO, 1/511/39910 Zhan uazan (2002) [77]

9 9
Weme - Msazanenazdunsuniiuadongludnnzgungil 4 C

3.2.2 mamifSunalilsauvedlulnneuase
mSunalsavvedluTanewaselaelditues Lowry uazaAme (1951) dadauilag
E7)
v

e Iae Miller (1959) Taelia59iaadl [79]

1. 139914 mitochondrial suspension 1/33184 10 ul @28911NAYU 3 ml (1:300) 3¢ ldasazay

2. gaasaza1s A U5 1 ml Tdlunasanaass iy alkaline copper reducing agent 1 ml
wenlmdhmu daselivinlfnser 10 w1i (nsdiflu blank 11ndu 1 ml uaznsdiih standard
curve 9219 1 ml Y84 bovine serum albumin TUANMVNYU 0.05, 0.10, 0.15, 0.20, 0.25, 0.30 mg/ml
UNUTTOZANY A)

3. 1A Folin-Ciocalteu's phenol reagent (dilution 1:10) 3 ml e ldniu
4. v 11ua 10 water bath Rilgainigi 50 € dunan 10 wii

9
7

s & yg Y& A a
5. aane A Heungungines

) [ J Y 4 ~ 4
6. 111 5asnsganaunaed1einTed spectrophotometer 1AIUEIIAAU 540 nm
) J { o FY a = Y
7. hamsganaunasiiald TS eufeunylsuallsdunn sandard curve 19
v Y
A1y dilution factor (luntiAe 3 x 100) 3 ldmanuuduaz S lUsauves luTanewase i

ey mg/ml

=) d' 9 a =
nneie : Mawssuasazaenlglunmamlsmnallsau
. I A 9 1 A 1
- alkaline copper reagent Wumsazaenisznouaie 1 d3Uv09 0.5% CuSO, nazanyoy
T4 1% (w/v) U89 potassium tartrate 118z 10 AIUYBI 10 % (w/v) Na,CO, Nazageglu 0.5 M

NaOH
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- Folin-Ciocalteu's phenol reagent (dilution 1:10) 1n303 1891915199919 concentrated

v '
Folin-Ciocalteu's phenol reagent A38111nau 1usas 18U 1:10 (viv) oz on1¥iua

=

3.2.3 maaoaaimamelovedlulnaeiase

J o A A 1 a
mﬂﬂizﬂ@umﬂﬂﬁlmmsma%maﬂﬂmaumsElammslﬂizmi LY DONHLIIY,

[ . A I 9 = e Yo 1
FUFNITN, ADP + Pi 1199 uncoupler 1WUAY %9 Chance uag William (1956) 1adauiannzns

wilavedluTaneuassnwesnlseneudnalulfismeendu 6 a1z demssii 1

q' ] 1 =
M3 1 MIULINIL (state) A199) voamsmelaved luTanewaTe

State Condition
= A
1 UNe O,
2 1 0, A substrate

3 (active state)

11 0,, substrate 11z ADP

3u Y uncoupler
4 1 0, Az substrate
A A
5 UIWBN substrate
E4
6 n151118199ndVEIA excess calcium

#n51ms lseandnuvedlyInnewnseiade biological oxygen monitor (YSI model 53)

U52nouAIY Clark oxygen electrode (YSI5331) water-jacketed chamber (Gilson Oxygen Chamber)

: A ° { ad o . Y . .
Famuguaungin 37 ¢ (U 6) Taedsihlulanouase’ll incubate @2¢ standard respiration

H A
medium 11 oxygen chamber (‘H?ﬂﬁﬂﬂ’n reaction chamber) 1UA1502019 substrate 2¢ NUUIAN

=] o Y a 9 a [ < A = < £
a13a¢a1y ADP + Pi “]NEﬂz‘ﬂ’lﬁlﬁlﬂﬂﬂ151‘§@@ﬂ‘ﬁflﬂuﬂEJ']\?%"J@L?'JLW@LTJ@?JU ADP ”l‘iJuJu ATP %3

Y
(58P0 active respiring state 1139 state 3 respiration Had91N1UBNTIN5 I¥RONTHIIUITANAS

11194910 ADP 9 phosphorylate T1hilu ATP auvnualiaa5on11 state 4
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2 Water
/\ outlet
/
N 4 -4 | [joxveen eLecTROOE |
Water
Intake 3
OXYGRAPK
| = Reaction chomber APPARATUS
2 = Stopper _
3 = Magnetic stirrir 2
4 = Woter jacket

gﬂﬁ 6 a1 52NPVLAZNITNINUDY Biological oxygen monitor A9 (1) reaction chamber 2149 2
Y 4 o q ¥ ) $
ml, (2) stopper 191a chamber tioiloanu luldonadnliazately chamber Hav3UNIUMT
. . g Y aq Y o ad °
NAADY, (3) magnetic stirrer, (4) water jacket 1¥AIUANGMUAN1HUN chamber Taakiii 37 'C Tna

1 Yo a a
WIUAADALINT, oxygen electrode 1¥3aU5uraoondanlu chamber

MIANNIUMABIAIVANNMSHIED (Respiratory control index H50 RCI)
I 1 ] 9Il q ad ] 1 Y]
RCI Wumusdnmsoeneadannseulunialenisielany oxidative phosphorylation
= . v A A 9 = = 12 R a . A A
U coupling fudiieala auaseylulanewase1i@see19:An91n mechanical damage ¥i59INAVN
' o q Yy Y . {y 1 : o Y
a1z mnzanluvazuenen luTaneuwnieasi i 1dms coupling N'lia Falaealiuds

12iiA10g5en119 3 — 10 TagdmNToRIUIM RCT 9I1NA10819 oxygraph tracing 993l 7 14

=

C

[

=h,

N

[ 9 a =
RCI = a1 1¥eongnuvedlyInnouesolu state 3

[ 9 a =
a1 1¥eonduvodluInnouesoly state 4

RCI = mm%’um@uﬁuﬂswﬂu state 3

ﬂ?WﬂJ%ﬂﬂl@ﬁLfﬂfjuﬂiTWGlu state 4
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Stote 4

I
i
i
‘ : i
o
£ r |
|
bR
Y, | x
x
o ’
TIME { min) S

[

511 7 @29619 oxygraph tracing lumsiiwnlddnan RCl Taegmaaldan

RCI = Y /X N Y

= dy [V =~ = Y o Y] 1 a 1
Gl,uﬂﬁﬁﬂ‘lsl11!1’7%1\‘1iﬂﬂlﬁ‘iﬂul‘hﬂ@lﬂ@u!ﬂiﬂqﬂ ENINITIAAT RCI Tﬂﬁll@]ﬂJﬁﬁ@]Nﬁ iu
Ed 1
o A . Y .
chamber #4911 incubation buffer 13 TaABUIAT Y substrate ¥4 1AuA glutamate + malate 116 ADP + Pi
o w v 1w o 9 { 1 3 1
AU Y uazmmammwma% state 3 LAY state 4 ﬂ1ﬂuﬂ1ﬁ1u1ﬁﬂﬂulﬂ?ﬂﬁﬁﬂ1 RCI 913Li61 4

Y
u 139zl umsnaaed [80]
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MIfudnMslfeandauveslulanemasaluszazaigg

Qs
WL
|
A I
P = 1
—
|
|
\
-
1 min
v .O -
=0 TIME ( min )
«

[

d' 1 P ) Yo o Y a =
517 8 #10619 oxygraph tracing Tunisihunlddnnusasimsldendauveslulanounie

@ l . A [ @ 9y a =) 14
1NAIDYIN oxygraph tracing Gl,ugﬂ‘w 8 s Iusns M3 l¥eendouves lulanewase 1d

[

v
=1
JU

Il

daarmaldeanduly state 3 RxA n atoms O/min

P

Tagh R =na1wugeuoudu R luzl
P = anugevoadu P luzl

' ' Y
A = 312U n atoms YI0ONFAUNATAGDUAIDY 1111 1 ml

A ansam ldonaums

A = sXpxNx 10’ n atoms O/ml

Vx 100

] v [ v
WD A =9112U n atoms 99AFAUNATAEDUA 1IN 1 ml

4 v
s = mﬁuﬂizammmwﬁmmaewmu (absorption coefficient) ﬁqmwﬂuﬁm

EY

a a Lﬂ' d‘ ld' °© ISP ' o
N1INAAD (ﬂ3mﬁisumaaﬂmmumagmﬂaauuﬂm"lﬂagﬂ 0 C uag 760 mmHg) Tagiiaunmny

a o

0.02373 NgaHni 37 C

U
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p = daduvesoondaulunssenia=21%
N = 97142U atom GL‘L! 1 molecule "‘IJ?NE’J?Jﬂé]?Li]u =2
a 9 d' o [ = [ Y] = T v
V = 151na5mMai 0 C aNnuau 1 ussenmd Meuny 1 asulua Yauniny
22,400 ml
av ag Y d‘c!' ° [ 3 1 cs'dyd 1 @
lumsIteazarunuaurgiliagini 37 C duium A TuNisaunmfiy 444.9 n atoms O/ml
Y a = =~ Y o Y] 9 a d'o 9 as
sl Tdsauves luTaneuas sudninmoasinms seongnund s lda13
o (% a { ] I
19du il ldndasimsldeengnuvesluTnneuasoniivuieiy n atoms O/ml/min/mg

protein

3.2.4 MIANHINAVRIANITANANASFIULIIUN ECa233 aomsmialaveslulanouadaiinenain

& Y
ANDIHYNININB]Y substrate F1199) A4

3241  wavesmsaimnasgmihun  ECa233  memsmelaveslulnnerndeniield
substrate 114 NAD -linked (glutamate + malate) “?;Q!‘TJN substrate U84 complex I (n =5)

1) 1A substrate Ao 1 M glutamate + 1 M malate 51 10 ul 291U reaction chamber ﬁﬁ
incubation buffer 1,700 ul taz 11 Tanauase 200 ul

2) 1A% ECa233 ANMTNTUAI9 5 anududu 1aun 0.01, 0.1, 1, 10, 100 mg/ml YT 10
G'T;wz"lﬁﬂ?mmﬁﬁwﬂﬁﬁ%ﬂu chamber 191101 0.1, 1, 10, 100, 1,000 pg MUAIAY NGUATLAUAY
DMSO Fufludiinazateves ECa233

3) 11 0.3 M ADP + 0.6 M Pi USinas 4 ul udrguamsifasuntlassasimsldeendonly

state 3

Inc. medium mitochondria G+M ECa233 ADP+Pi

I P B NP
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3242 wavesmsaimnasgmiun  ECa233  memsmeloveslulnneraieniold
substrate 1114 FAD-linked (succinate) ‘?;Q!‘ﬂu substrate Y94 complex II (n =5)

1) 1A substrate A9 1 M succinate 151191 10 ul 291U reaction chamber ﬁﬁ incubation buffer
1,700 ul uaz luTanouase 200 pl

2) 1A% ECa233 ANUTNTIUA9 5 anuudu Taun 0.01, 0.1, 1, 10, 100 mg/ml USua 10 pl
c?wz"lﬁ’ﬂ?mmﬁﬁmﬁﬁ?aﬂu chamber (1111 0.1, 1, 10, 100, 1,000 pg ANEIAY NQUAILANIAL
pMSO Failudarazareves ECa233

3) 1AW 0.3 M ADP + 0.6 M Pi USuas 4 pl ué”;sg]waﬂ15LﬂﬁﬁmgLﬂmé”mwmﬂ%’aaﬂc‘fmulu

state 3

Inc. medium mitochondria succinate ECa233 ADP+Pi

Y 0l I W

3.2.5 mﬁﬁnmwaﬁummmﬁﬂmmgmﬁ'wn ECa233 aemsmialavedlulnnemaiafitenan
Aa v & . v =
ammgusﬁlumawumsﬂ‘umnszmums electron transport chain 91738 rotenone aailu

complex I inhibitor

3.2.5.1 Wava4 rotenone lumsdudamsmelaveshilanemaie 1iel¥ rotenone AT
@197 1o % inhibition (n = 5)

1) 191 substrate Ao 1 M glutamate + 1 M malate 5w 10 ul 291U reaction chamber ﬁﬁ
incubation buffer 1,700 ul tag 11 Ianauase 200 ul

2) AN rotenone AUV UA 6 ANUTNTY TALA 0.005, 0.01, 0.02, 0.03, 0.04, 0.05 mg/ml
U31a 2 ul nguAIUANIAY DMSO Fuiiudihiazaieves rotenone

3) 11 0.3 M ADP + 0.6 M Pi USina 4 ul udrguamsifasuntlassasimsldeondouly

state 3 LiQE state 4
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Inc. medium mitochondria G+M rotenone ADP+Pi

l [ P

3.2.5.2 HAVRIANIANANAIFIULIUN ECa233 aomsmialaveslulanouadaluniziting

[
U 4

VSINIZUIUNIT electron transport chain @8 rotenone 1HANMTYNYY maximum inhibitory
concentration (n = 5)
1) 1A substrate Ao 1 M glutamate + 1 M malate 5 10 ul 291U reaction chamber N1
incubation buffer 1,700 pul uaz I Tanouase 200 ul
2) 19N ECa233 ANMANTUAI9) 5 anuduty 1diun 0.001, 0.01, 0.1, 1, 10 mg/ml USuas 10
ul Fevg 1dUsmmndnsenlu chamber iy 0.01, 0.1, 1, 10, 100 pg MUSWY NGUAILAY
Lall DMSO Gdﬁm,ﬂuﬁaﬁmzmﬂmm ECa233
a Yy 9 / A - . b~
3) 191U rotenone AIVIUNYY maximum inhibitory concentration U5 2 pl aalu oxygen
chamber
a . a 4 =~ @ 9y a
4) 183 0.3 M ADP + 0.6 M Pi 1/31as 4 ul udrguamanlasuuilasdasimislgeanagaulu

state 3

Inc. medium mitochondria G+M ECa233  rotenone (IC,. ) ADP+Pi

100

I SRS S P NP

3.2.5.3 WAYRIMIENANINIGIMIIUN ECa233 demsmalavedlulnneaialuanisiiims

é’fué’anﬁxmums electron transport chain A28 rotenone 1HANMYNVY IC,,(n=5)

1) 1AN substrate Ao 1 M glutamate + 1 M malate 5 10 ul a4 lureaction chamber ﬁﬁ
incubation buffer 1,700 ul oz 11 Tanaumse 200 ul

2) 191 ECa233 ANMITNTUA199 5 anuyuyy 1aun 0.001, 0.01, 0.1, 1, 10 mg/ml Y3ues 10
ul c?ﬂﬂz"lﬁ’ﬂ'?mmﬁﬁmaﬁ?aﬂu chamber 11101 0.01, 0.1, 1, 10, 100 pg AMUAIAU NGUAILAY

(@1 DMSO cdmﬂuﬁ’aﬁmzmﬂmm ECa233
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3) 1A rotenone AN IC25‘1J§3J”I‘Q! 2 ul aslu oxygen chamber
4) 165 0.3 M ADP + 0.6 M Pi U5um 4 ul udrguamslasunlasdasinmsldeonginuly

state 3

Inc. medium mitochondria G+M ECa233 rotenone (IC,)) ADP+Pi

L Lol L e |

3.2.6 MIANHINAVIIANITANAMNAIFIULILN ECa233 aomisrialoveslulaneuaiaiitanain

anaIHYsN TuN1IZNIMITUEINSZUIUMS electron transport chain 738 sodium azide Fuilu

complex IV inhibitor

3.2.6.1 WaUd3 sodium azide Jumsdudamsmelavealulnnewnse 1ioly sodium azide
Yy Y \ ‘ﬂ' . R
ANNVYNVHUAN) INDHT Y% inhibition (n = 5)
1) 1A substrate Ao 1 M glutamate + 1 M malate 51 10 ul 891U reaction chamber N3
incubation buffer 1,700 pl wag luTanoua3e 200 ul
2) 10N sodium azide ANMANTUAII 6 ANMTNTY AR 10, 20, 40, 60, 80, 100 mg/ml
a 1 a B @ o . .
5w 2 ul NANAIUANAY pure water Failudsiaza1eues sodium azide
a . a 9 = @ 9 a
3) 1Ay 0.3 M ADP + 0.6 M Pi 15w 4 pl uadgramsi)asuuasdasinislyeendgoulu

state 3 LiQE state 4

Inc. medium mitochondria G+M sod. azide ADP+Pi

I NV I P

3.2.6.2 HAYRIMIANANINGGIMTIUN ECa233 slamsmalavedlulnnemadaluanziiding
GUEINIZVINMSI  electron transport chain A8 sodium azide JMANNANYY maximum

inhibitory concentration (n = 5)
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1) 1AW substrate Ao 1 M glutamate + 1 M malate 5 10 ul 891U reaction chamber ﬁfl
incubation buffer 1,700 pul uaz luTanowase 200 pl

2) 191 ECa233 ANMANTUA199 5 anuduty 1dun 0.001, 0.01, 0.1, 1, 10 mg/ml USua 10
ul B992 18USnafivngAsen1u chamber iy 0.01, 0.1, 1, 10, 100 pg MWAFY NGUAILAY
Ay DMSO Fufludrhazatoves ECa233

3) 1A sodium azide AMMYUYY maximum inhibitory concentration Usum 2 pl

4) 1N 0.3 M ADP + 0.6 M Pi U5u1a1 4 pl ué’mwaﬂmﬂﬁﬁmuﬂmﬁmwmﬂ%’aaﬂ&ﬂulu

state 3

Inc. medium mitochondria GtM  ECa233  sod.azide (IC,,) ADP+Pi

S S

3.2.63 HavesmsaRAINIASg TN ECa233 Aomsmeloveshidanewaselunaziiiims
é’u%&nszmumi electron transport chain "8 sodium azide THAMUYNVY median inhibitory
concentration (n = 5)

1) 11 substrate Ao 1 M glutamate + 1 M malate 51 10 ul 841U reaction chamber ﬁﬁ
incubation buffer 1,700 ul oz 1uTanauase 200 ul

2) 19N ECa233 ANMANTua1a9) 5 anuduty 1@un 0.001, 0.01, 0.1, 1, 10 mg/ml USua 10
ul G'T;wz"lﬁﬂ?mmﬁﬁmﬁﬁ?ﬂﬂu chamber 111111 0.001, 0.1, 1, 10, 100 pg MVAINY NGUAIVAY
Ay DMSO Fuiludhazateves ECa233

3) 1AW sodium azide ANUY YU median inhibitory concentration U5 2 ul

4) 1f5 0.3 M ADP + 0.6 M Pi USina 4 ul udrguamaifasuntlassasimslideondonly
state 3

Inc. med mitochondria G+M ECa233  sod. azide (IC,)) ADP+Pi

[ PP R PPN Y
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a d
33 mﬁmnmmzmnmﬂw%m (Data analysis)
(Y 9 a = I =l =1
ﬂ”Ii’)@]i1ﬂ”lii‘b’i’)?)ﬂ“lﬂiluﬂﬂﬂhllliﬁﬂﬂumiﬂl!ﬁ’ﬂ\‘lwmﬂu mean + S.E.M. wagSeumeuna

3 zﬁ’jwﬂﬁjuﬁ”m One-way analysis of variance (ANOVA) uazly post-hoc test 5904 Tukey



UNN 4

Nan15I8l

4.1 wavesmsANANIASEIUIILN ECa233 somstialaveslulanewasaield substrate 1iu

NAD -linked (glutamate + malate)

AeusAsnaasInageum RCI vo4lyTnnounsofimion 18t iy 4.89 + 0.15 (n =
5) ECa233 15171 0.1, 1, 10, 100, 1000 pg 1 chamber Huun T ufvzansasimsmelel state 3
vouluTnnouese lenfSoufousunguaruny (128.16 + 2034, 117.04 + 17.48, 112.46 + 13.44,
126.65 + 20.87, 109.64 + 15.94 n atoms O/min/mg protein AMEWY ilorSouiout 12836 +
1827 wednguauawn) e lsaa liianuuansesznienguedeivedvamada (¢
(5,24) = 0.22, P = 0.95, one-way ANOVA) tiaz lutimanensriielaly state 4 vodluTanouase
oS suifoufunguaIuny (32.78 + 7.32, 26.90 = 4.68, 26.05 + 4.60, 28.07 + 4.73, 28.55 + 6.05
n atom O/min/mg protein MUY onSouifiousy 2629 + 5.2 veanquaAAN) (F (5,24) =

0.20, P = 0.95, one-way ANOVA) #9317 10
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5UM 9 uaas oxygraph tracing voamsielaveslulanemase lumsnaassninaves ECa233

a 1 1 4 I
Tutlsunmanag aensvinglalu state 3 uaz state 4 14019 glutamate + malate 114 substrate

am1l5zneUuee1lN3e1 1 M glutamate + 1 M malate 10 pl, incubation buffer 1,700 pl,

TuTaneua3e 200 pl, ECa233 ANMANTUA19 5 anuwudu 1dun 0.01, 0.1, 1, 10, 100 mg/ml

10 ul w99z laUSunaninlfaserlu chamber Ay 0.1, 1, 10, 100, 1,000 pg AWAIRY 130

DMSO 10 pl Tunguaduaw (control), tag 0.3 M ADP + 0.6 M Pi 4 ul quanmst)asuuilasdns

M3 1Feondiauly state 3 respiration Tagunu x v 1381 LAY y fAv Usua 0, 4 reaction chamber

Control

< Glutamate + Malate, DMSO

\ & ADP + Pi
|

\
\

\6 State 3 respiration

& State 4 respiration

ECa233 0.1 pg

6 Glutamate + Malate, ECa233

L €& ADP + Pi

|
|

\

|

L
&

ECa233 100 pg

|\ € State 3 respiration

State 4 respiration

ECa233 1 pg
6 Glutamate + Malate, ECa233

& ADP + Pi

\

\

\ < State 3 respiration

(‘ State 4 respiration

ECa233 1000 pg
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a | ~ a ' 1w =
TIJ‘VI 10 L’]JSEJUL‘VIEJUN’G‘UE’N ECa233 ﬂiummm @]ﬂﬂﬂiTﬂTiWTﬂi%ﬂJ@ﬂqﬂJIﬁﬂﬂulﬂiEJ state 3 (F

(5,24) =0.22, P = 0.95, one-way ANOVA) 118 state 4 (F (5,24) = 0.20, P = 0.95, one-way ANOVA)

4 3 1 S
115019 glutamate + malate 1111 substrate Az gAUAAATU mean £ S.EM. 910 5 115NAA04 (n = 5)

160
140
120
100
80
60
40
20
0 - T | T T T

M state 3

I L * [ L state 4

Rate of oxygen consumption
(n atoms O/min/mg protein)

control 0.1 1 10 100 1000
(DMSO)
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4.2 WaveIMTANANIASEIUIILN ECa233 domsrialaveslulanewasaield substrate 1iu

FAD-linked (succinate)

AeuiimInaasanageum RCT o lulaneuniofiason laTa iy 5.48 + 0.48 (n =
5) ECa233 15111 0.1, 1, 10, 100, 1000 pg 11 chamber Huun T ufvzansasimsmelolu state 3
vouluTanouese onlSsufoutunguaruny (10034 + 6.95, 100.77 + 9.33, 98.70 + 11.80,
90.70 + 6.66, 88.85 + 14.27 n atoms O/min/mg protein AMEWY iion/Fenfeniv 11026 + 6.16
YoanguaruAy) 0619 lsnam hilanuuanassznienguedsieddymeada ¢ (5.24) =
0.64, P = 0.67, one-way ANOVA) taz lifinadenswielaly state 4 vodlulanouae 1o
WFeuMeuAUNgUAILAY (53.52 = 6.62, 52.47 + 5.14, 54.10 = 4.35, 52.34 + 5.56, 53.97 £ 5.06 n
atoms O/min/mg protein AR Lﬁmﬂ%mﬁauﬁ’u 52.03 + 5.39 ﬂJfJQﬂfjiJﬂ’J‘UﬂiJ) (F (5,24) =

0.28, P = 1.0, one-way ANOVA) #1931/ 12
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35U 11 oxygraph tracing wesmsmielavedlulanouase lumsnaassnimaves ECa233 Tu

a 1 1 4 I
YTiannee aemsmelaly state 3 1o state 4 13814 succinate 1H1 substrate

d1l5znouvefi5e1Ae 1 M succinate Y3118 10 pl, incubation buffer 1,700 pl,
luTaneua3e 200 pl, ECa233 ANMANTUAI9 5 Anuwudu 1dun 0.01, 0.1, 1, 10, 100 mg/ml
=& Y (a ~ o Aaaa [ Y o w A
10 pl Fevz IdUFunanin§senlu chamber 10U 0.1, 1, 10, 100, 1,000 pg MWAIAY 150
DMSO 10 pl, 0.3 M ADP + 0.6 M Pi 4 ul gwamstasunilassasimsldeendaulu state 3 Tno

AW x A 1981 1Y y Ao Y31a O, Tu reaction chamber

Control ECa233 0.1 pg ECa233 1 pg

6 succinate, DMSO ¢
2 é‘ succinate, ECa233

6 succinat, ECa233
€ ADP+Pi 1
€ ADP +Pi

= < State 3 respiration

State 4 respiration
State 4 respiration

€ State 4 respiration

ECa233 10 pg ECa233 100 pg ECa233 1000 pg
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31U 12 wieuiisunaves ECa233 anududuaie aedasimsmelevesluTaneunie state 3
(F (5,24) = 0.64, P = 0.67, one-way ANOVA) Loz state 4 (F (5,24) = 0.28, P = 1.0, one-way

4 I 1 I 1
ANOVA) el succinate 111 substrate u@mzﬁ;mmmgﬂum mean = SEM 910 5 MINAaod (n =

5)
140 -
g 2 107
b~ Q
= % 100 -
a o
=) en
S g 80 -
(=] =
gﬁ g 60 ]
z O X
5 a M state 3
5 E 40 -
2 =
é B 20 IA state 4
0 B | [ | | |
control 0.1 1 10 100 1000
(DMSQ) < ECa233 (pg)------------------ >
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4.3 Wave rotenone Tumsdugamsmeloveslulnnewase 11old rotenone AIIITNT UMY

1Y % inhibition

newihimsnaaemageum RCI vodluTanewesofimsonl@Ta iy 639 +
0.96 (n = 3) rotenone YTH19! 0.01, 0.02, 0.04, 0.06, 0.08, 0.10 pg 11 chamber FWITDAADATING
melolu sate 3 vodluTnnewaiomniuuanuamndidy oS suifleusunguatunu
(74.95 £7.92, 61.15 £ 0.46, 49.96 + 0.38, 35.55 + 7.01, 26.33 +£2.86, 19.61 £ 1.79 n atoms O/min/mg
protein AN WenlSoufouiy 7495 = 7.92 veanguAILAN) HANULANMIEHINNGH
pgnTitlodyn1eana (F (6,14) = 19.14, P = <0.001, one-way ANOVA) Tagdaiinsl¥eondau
10 state 3 voa'luTaneun3eR 1431 rotenone 0.04, 0.06,0.08 UAZ 0.10 ug UANUUANANIINNGN
AIANBENUTIAAYNIEDA (P <0.05, P<0.001, P<0.001 tag P<0.001 Mua1AY Tukey’s post-

hoc test) A431/7 14

dofnumiedidudnisiudamamelied i lanowedely sate 3 (% inhibition)
WU rotenone 151181 0.01, 0.02, 0.04, 0.06, 0.08 118 0.10 pg 11 chamber § % inhibition (M1AY
0.00  0.00, 16.73 + 8.02, 31.98 + 6..47, 51.35 + 11.49, 63.01 + 6.89, 73.11 = 4.43 % AUA AL A
i 15

Qan

TAod rotenone 151181 0.10 g lulgnseanninandasimsmelavesluTanouaioon
fanmamelaly sate 3 AR state 4 uaasuRamsdUSINTzIMMITUTBENTOU
voaluTanewaioenliaunsoifafisen oxidative phophorylation 18 iifeld ADP adlu
UFATen Fammaa R 18y 1.08 = 0.08 Faiied rotenone 0.10 pg fuilSinaiidhlviia
maximum inhibition #911/51NaRIFIAR median inhibition 1UERN 0.04 g Fe iy 1C,,
T INaNT probit AD y = 38.671x — 1.501 9214 AMUITUFUVES rotenone Tt 50% inhibition
ALY 0.039 mg/ml ﬁ?mﬂuﬁmmmdcluﬂﬁﬁ?mwhﬁu 0.078 pg

mﬂmiﬂﬂamﬁlﬂﬂ% rotenone ﬁ maximum inhibition (0.01 ug Tu chamber) t1ag I1C,4 (0.04

ug 14 chamber)
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U7 13 oxygraph tracing voIm3smielaveslulanowaie Weld rotenone luismmaien iu
4

gudanisviela

dr1lsznouvedlfi5e1 A 1 M glutamate + 1 M malate 10 pl, incubation buffer 1,700 pl,
1uTaneuaTe 200 ul, rotenone AMMVUYUAS 5 ANTUTY TAUA 0.01, 0.02, 0.03, 0.04, 0.05
mg/ml 159 DMSO USuas 2 pl, 0.3 M ADP + 0.6 M Pi 4 ul guanmsilasuuilasdasinisly

ponFoulu state 3 Taounu x Aoa1 uni y Avtl5uiar 0, 1u reaction chamber

Control rotenone 0.02 pg rotenone 0.04 pg

~

G + M, DMSO é G + M, rotenone

o

é G+M, rote%ne

ADP + Pi & ADP -+ Pi

NE state 3 respiration
é State 3 respiration

| € State 4 respiration
—5
‘ € State 4 respiration

State 4 respiration

rotenone 0.06 pg rotenone 0.08 pug rotenone 0.10 ug

o |

BLEEYES
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d' 1w =l A [ 3 F)
3U0 14 uaasmdasimamielalu state 3 vodlulanoweis fgndudimsmeladae rotenone
UYSua199 (F (6,14) = 19.14, P = <0.001, one-way ANOVA) 1a8 *, *** Iga4D4nNUANAT
o o

pgnlisdaydon)Tsumeuiunguatugy Taelia1 P <0.05 uag P <0.001 AWAIAY Tukey’s

1 Id 1
post-hoc test Lmazqmmmmum mean + S EM. (n=3)

90 -
80 -
E 260 -
é 0 s’k ok
S E
%) o) 40 -
5 @ *k ok
S g 30~ * k%
8 <
g E 20 -
10 -
0 [ I | [ [ [
control 0.01 0.02 0.04 0.06 0.08 0.1
(DMSO) = < rotenone (pg)------------------- >
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Y o 3 < 4 a
51U 15 uaawanmsdudaimsmelevedluTanewaiodly % inhibition Weld rotenone Ysual
1 o3| @ 3 1 ' v o w aa 4
ae umsdugaimsmels Tas * ez = uaeaeanuuanaved i litsdiAyneadn o

=) = v ! s 1 IS
nf3guneununguAILAN (F (6,14) = 19.60, P = <0.001, one-way ANOVA) Iagiif1 Taglia1 P =

0.001, <0.001 MUAIA, Tukey’s post-hoc test Az IAUAANTILA1 mean + S.EM. (n = 3)

80 -

%k k
%k %k
70
*
60 -
50
40
30
20
10
0 I | | | I I
0.08 0.1

control  0.01 0.02 0.04 0.06

% inhibition
! !

(DMSO)

Rotenone (pg)-------------------- >
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4.4 WAYBIM3ANANAIFIUTIVUN ECa233 slamsmglovedlulaneimasaluniziiimsdves

NIZUIUNT electron transport chain #78 rotenone 0.10 ug

U o U = d‘ = Yy [ Y
nauinsnaaemageua RCI vod luTanoumsoimson IaNAUNINAY 4.86 + 0.48 (n =
a A o Y a . . e ey Y 3
5) rotenone 1MW 1WNH11910A maximum inhibition (0.10 ng 1U chamber) aA8A31N15 1%
ponFoulu state 3 o9 luTanounisodslisdngneadalofonunguind (22.45 + 3.49
13euNeuny 81.53 + 5.43 n atoms O/min/mg protein “U’E]\‘lﬂfjuﬂﬂa P <0.001, Tukey’s post hoc
a =\ 9 o 9 a a A
test) ECa233 USu1at 0.01 pg HuudIfuandnsimsldeendgiouly state 3 voslulanowaion

Yo a =\ Y A o

185U rotenone Tuvazn ECa233 0.1 uae 1.0 pg  Huud Tduvziusnsimsmielaluy state 3 vos

[ l

A Ay Yy < Yy 9 ' A o
'lﬂmaummﬂ"lmu rotenone ’E]Eﬂ\‘l“liﬂﬁnil ECa233 V!ﬂﬂ313JLﬂliJﬂlu]liJﬁ13JWiﬂLW3Jﬂﬁi?ﬂﬁ?ﬂﬂii}

]
I3 o a

Yo Y @ a A Y {
o3 Iy Tanoua3 e 1451 rotenone Tdod1atiiadaynieana WonlsouieunyluTnnowasen

Yo L =) [ d'
ulﬂ‘i“u rotenone DYNNULAY ﬂﬁgﬂ‘ﬂ 17
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gﬂﬁ 16 oxygraph tracing Glumamammqw%%lumiﬂﬂﬂaﬂﬂmﬂaum?ﬂmm ECa233 910NN
&1 g\‘lmﬁ 1819428 rotenone 0.10 ug 14 chamber «'fédeu maximum inhibition
d1lsznouveii5e1 Ao 1 M glutamate + 1 M malate 10 pl, incubation buffer 1,700 pl,
1uTaneua3e 200 pl, ECa233 ANMANTUAY 5 ANty 1aun 0.001, 0.01, 0.1, 1, 10 mg/ml
10 ul c?a%z"lﬁ’ﬂ?mmﬁﬁmﬁﬁ?ﬂﬂu chamber 11111 0.01, 0.1, 1, 10, 100 pg MUSIHVYTD DMSO
10 pl, rotenone 0.05 mg/ml 2 ul (1.0 ug), 0.3 M ADP + 0.6 M Pi 4 ul @wamnﬂﬁauuﬂmﬁmmﬁ

1¥oonagonlu state 3 Tagunu x Aovat unu y Avtlsua 0, 1 reaction chamber

Control ECa233 0.01 ug ECa233 0.1 pg

& G+M, DMSO

& G+M, ECa233 & G+M, ECa233

€ rotenone 0.10 neg

{
rotenone 0.10 pug & rotenone 0.10 g
S ]

a

& ADP + Pi & App+ Pl

€& ADP+Pi

& State 3 respiration € State 3 respiration

State 3 respiration

= 3
10% O,
S DRV 5
I 1 min
T L —— — [

ECa233 1 pg ECa233 10 pg ECa233 100 pg

- : i i i et  — ] ol
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gﬂﬁ 17 nSeuifeusasimsmelavesluTaneunse sate 3 Tumsnaaeagnd lumsinies
luTaneunseves ECa233 Anudnduaiee mﬂmigﬂé'fué'?amimﬂ“lﬁ]é"m rotenone 0.10 pg W1
lifianuuanaisednslitiodnyneadasznINnguAILRUILNGNNARY (F (5,18) = 0.57, P =
0.72, one-way ANOVA) Tag * taasnnuuanalged iltisdiagneadaszninnguilnanungy
AIVANUATNUNAADINNNGN (F(6,28) = 13.55, P < 0.001, One-way ANOVA) Iagiia1 P < 0.001,

Tukey’s post-hoc test A ANFANTIUAT mean = SEM. (n=5)

100 -+

70 -
60 -
50 -
40 -

* #®
*
#*
30 * *
20
10
0 - T T T T T T
10 100

normal control  0.01 0.1 1

rate of oxygen consumption
(n atoms O/min/ mg protein)

(DMSO)
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45 WaYeIMsANANAIEINTIUN ECa233 slamsmglovedlulaneimasaluniziiimsdvgs

NIZUIUNT electron transport chain ?78 rotenone 0.04 ug

U o U = d‘ = YA LY
neuhnInaaeinaaeunl RCI vod lulanouasomson lata Uiy 6.21 + 0.16 (n =
5) rotenone luuminliing 25% inhibition #30 1C,; (0.04 ug 11 chamber) Tieunsnandas
9y a ~ 1 A o o w aa A ~ @ v a
M3y doendauly state 3 vodlulanouwisedniiisdnynanalomouiunquilnd (43.93
+2.96 1FoUNOUAD 84.08 + 13.61 n atoms/min/ mg protein “lJ’ENﬂchiJiJﬂa, P =0.06, Tukey’s post-
a ~ 1 9 1 = 9 A A o
hoc test) ECa233 Nn1/sumuildlu chamber 181n 0.01,0.1, 1, 10, 100 pg Tuua Tduiindnsinig
a { ] 1 < 1
1doondoulu state 3 vos luTanoumien 1451 rotenone 9819 15NA M ECa233 naanmdudu b

Y

Q‘ [ { Yo 9 1 v o aa 4
aunsamudasimimelaveslulaaouesien sy rotenone ldpdaiiisdidamaana (i

g

= ~ o A A Yo 1 = v A
nfeuieunluTanounion 15y rotenone 0819REY 9317 19
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v A
517 18 oxygraph tracing TunmisnaassmgnslunmsinilesluTanewaieves ECa233 91nn13gn
4

§udan1svneleadae rotenone 0.04 ng

am1l52neUVDRNTe1 1 M glutamate + 1 M malate 10 pl,  incubation buffer 1,700 pl,
TuTaneua3e 200 pl, ECa233 ANMANTUAY 5 ANty 1aun 0.001, 0.01, 0.1, 1, 10 mg/ml
USua 10 ul c??wg"lﬁﬂ?mmﬁﬁmﬁﬁ?miu chamber 11111 0.01, 0.1, 1, 10, 100 pg MUSIAUHT D
DMSO 10 pl, rotenone 0.02 mg/ml 2 pl (0.04 pg), 0.3 M ADP + 0.6 M Pi 4 pl ué’mjwama
Wasunlasdaimsldeendionuly state 3 Tasunu x Aenar unu y AovSina 0, 11 reaction

chamber

Control ECa233 0.01 ug ECa233 0.1 pg

o =

& G+M, ECa233
& G+M, DMSO '

& rotenone 0.04 ug

& G4M. ECa233
|

éa rotenone 0.04 pg =
rotenone 0.04 pg

N\ < ADP + Pi

& ADP+ Pi & ADP -+ Pi

€ State 3 respiration & State 3 respiration

Il 0% 0,

i 1 - — f B
1 min f
-l - - — — L L. -

ECa233 1 pg ECa233 10 pg ECa233 100 pg
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gﬂﬁ 19 nSeuifeusasinmsmelaveslulaneuase sate 3 Tumsnaaeagnd lumsinies
luTaneuaieves ECa233 Anmdudua1e mﬂmigﬂﬁugamima%ﬁaa rotenone 0.04 pg
nun ludinnuuanaedelivediAgneataseninnguaAILANA UNgUNAaBINNNaY (F (5,18)
=0.55, P = 0.73, one-way ANOVA) taz lufianuuanavedsiidedinynieanaszninnguilng
AUAIUANLAZNAUNAADINANGY (F (6,28) = 2.32, P = 0.60, one-way ANOVA) tisazyauaaiiu

i1 mean + S.E.M. (n = 5)

120
100 —

80

60
40
20
0 -

normal control 0.01 0.1 1

rate of oxygen consumption
n atoms O/min/ mg protein

(DMSO)
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4.6 Wavd sodium azide lumsdiudamsviglavadlulanowase 1301¥ sodium azide AN

Yy Y \ 4‘ . sp.sqe
LUNVYUMIE) INBHT % inhibition

AeuiimInaasinageum RCT vod luTaneuniofiason @A iy 5.21 + 0.44 (n =
5) sodium azide 15119 20, 40, 80, 120, 160, 200 pg 1U chamber aNsoaAMIMIB1a1U state 3
vouluTnneumisnniuulantunimududy Lﬁmﬂ%mﬁauﬁnﬂfjmmmu (5.05 £ 5.72, 6.02 +
6.71,29.64 + 6.03, 5021 + 3.67, 54.56 + 3.31, 69.29 + 2.71 % audda ilenFenifeuiy 0.00 =

o o a

0.00 VOINGUAILAN) UANUUANANITENINNGUOINTNBTAYNNADA (F (6,28) = 37.18, P

[ a

<0.001, one-way ANOVA) Taglinnuuana Nes Nuied Ay n1adasznInNnguaIuguiungui

9

1831 sodium azide 80, 120, 160, 200 pg 1agIA1 P = 0.001, <0.001, <0.001, <0.001 MNP,

Tukey’s post-hoc test ﬁﬁg 1 21

Tae sodium azide 200 pg luilgaseramsoansasimsmielaveslulanouaioaud
Y
o Y 1A [ 1T ag
8a51mM5mele Iy state 317D state 4 paaInAamstudimsvudidanaseuved lula-
Apwasoau lieunsoinalnsen oxidative phosphorylation 18 1iield ADP aslulfiser s
o J Y 1w =2 A 1 N y I a A o Y a .
MuUIUAT RCIT TAHY 1.00 + 0.00 399971 sodium azide 200 pg 1WuUTuanM 1¥Aa maximum
. .. ! a A o Y a . i e 3 A =& (Y
inhibition @IUU5uUNMN1HINA median inhibition WU@EN 120 ug a9 Ty IC,, Tagan
oA v Y 9 . R e "
TUNIT probit AD y = 0.025x — 1.600 312 1d ANt uIuUe sodium azide 1 50% inhibition 11U
1< a { 1 aaa % Y

63.71 mg/ml nioulSunanldludfaseuniny 127.42 ug lumsnaaesiily sodium azide 200

¢ o . e e . . b ' o
ug #9111 maximum inhibition 182 sodium azide 120 ug Faduamlndifeeiy IC,,
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317 20 oxygraph tracing ¥0amimelavesluTanoueie Wold sodium azide luilsumanes fu
4

gudanisviela

am1l5zneUveNe 1 M glutamate + 1 M malate, 10 pl, incubation buffer 1,700 pl,
luTaneuase 200 pl, sodium azide ANMTUTUAY 6 ANMYNTY TAUA 10, 20, 40, 60, 80, 100
mg/ml U5um 2 ul D) pure water (A231182018U0 sodium azide) 2 pl, 0.3 M ADP + 0.6 M Pi 4 pl
udrgramanldennlassnsinsldeendiouly stte 3 Taounu x Aonat unuy Aedsmw o, lu

reaction chamber

Control Sod. azide 40 pg Sod. azide 80 pg

> = ) ol |
& GM 5 € 53 2!
é‘ sod. Azide
6 $
: éi ADP + Pi & ADP + Pi
- - : —1
—g |

) o €§tate 3 respiration
ﬁ_ State 3 respiration : !
- ! +

Sod. azide 160 pg Sod. azide 200 pg

e 2h ]




50

gﬂﬁ 21 nsawansdudanismelivesu Tanouaeily % inhibition 11014 sodium azide A
AR Fuansiudansmels NUNRANNUANAINBI NN BT A YN NADATLH NG
AIVANUATNGUNAADY (F (6,28) = 37.18, P <0.001, one-way ANOVA) 1a8 * 118z ** (1eAIAIn I
uaNANINNTBdAYNNaDa Taslia1 P =0.001 1ag <0.001 AR, Tukey’s post-hoc test Ligi

< '
azyauaauifual mean £ S.EM. (n = 5)

80 —
* %k
70 -
60 - * % *x
50 -
g
S 40 - /
b=t
=
£ 30
X
20 -
" kom
0 | I | [ | |
-10 - control 20 40 80 120 160 200
(water)
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4.7 WaYeIMsANANASEIUTIUN ECa233 slamsmglovedlulaneimasaluniziiimsdvgs

NIZUIUNT electron transport chain #78 sodium azide 200 ug

U o U = d‘ = Yy [ Y
nauinsnaaemageua RCI vod luTanoumsoimson JANAUNIAY 7.42 + 1.19 (n =
5) sodium azide TudFunfi1%1AA maximum inhibition (200 pg U chamber) andas1n13 1%
ponFoulu state 3 o9 luTanouwisodiivsdagynivanaweioununguing (3048 = 1.18
fFeuneuny 87.74 + 10.78 n atoms/min/mg protein ﬂl@ﬂﬂfjwﬂﬂa P <0.001, Tukey’s post-hoc test)
a A = 9 A o
ECa233 1n3uafe 0.01, 0.1, 1, 10, 100 pg Huua Tduszimnoasimanielalu state 3 voe'luTa-
A Ay Yo . . 1 I gy 9 1 A o
ADUIATON IATY sodium azide 9619 150 ECa233 nnanududu luawnsamiusasinismiely
w04 luTanouasen 145y sodium azide Idod1aditivdragniana wenlSouioun luln-

a A Yo . . 1 = @ A
ﬂ@u!ﬂiﬂﬂ]‘lﬂiﬂ sodium azide 9¥191A87 @Nzﬂ‘ﬂ 23
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H A
317 22 oxygraph tracing Tumsnaaewiigns lumsinileslulaneunIeves ECa233 91nn1sgn
4

¢ 3
§u8an15ve19@18 sodium azide 200 ug #1l1 maximum inhibition

dm1lsznouvelfi5e1 Ao 1 M glutamate + 1 M malate 10 pl, incubation buffer 1,700 pl,
Tulanewase 200 pl, ECa233 anududua1eg s anududu ldun  0.001, 0.01, 0.1, 1, 10
a é Y Aa A o aan [ %
mg/ml USwar 10 pl ez lduSunanhgnsenlu chamber 110D 0.01, 0.1, 1, 10, 100 pg
AINRIAVY50 DMSO 10 ul, sodium azide 200 pg 2 pl, 0.3 M ADP + 0.6 M Pi 4 ul 9Wan1s
nlasunilasdasimsldeengoulu sate 3 Tasunu x fonar unu y fAell5ua 0, lu reaction

chamber

Control ECa233 0.01 pg ECa233 0.1 pg

€ G+M, ECa233 € G+M, ECa233

& G+M, ECa233

s0d. azide S0d. aziae K. S0d. azide
d. azide 200 pg € sod. azide 200 pg € sod. azide 200 pg

€& ADP+Pi

ADP + Pi & ADP +Pi

< State 3 respiration | & State 3 respiration

ECa233 1 pg ECa233 10 pg ECa233 100 pg

= |

BLaSYeS
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gﬂﬁ 23 ulisuifieusanmamelavesluTanewnse sate 3 Tumsnaassmgnilunisdniles
TuTaneueseved ECa233 ANUduIUAIaY mﬂﬂTiQﬂéTﬂgiﬂﬁﬂTfjcli]ﬁ)’m sodium azide 200 pg
wulifianuuanaedalitiudngyneadaszrinngualuauazngunaaed (F (5,18) = 0.86,
P = 0.53, one-way ANOVA) lag * naasiianuuananedwidedinyneanaszninnguilng
AUNGUAILANLAZNAUNAABINNNGN (F(6,28) = 13.30, P < 0.001, One-way ANOVA) Tagiia1 P <

0.001, Tukey’s post hoc test tiAiazALFANTIUAT mean + S.EM. (n = 5)

120

—_

00 -+

*
* *
* *
O 1 | i | [ [ | [
100

normal  control 0.01 0.1 1 10

o]
(e
|

rate of oxygen consumption
n atoms O/min/mg protein
N o
S S
| |

[\
]
|

< sod. azide 200 pg >
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4.8 WAYBIM3ANANASFIUTIUN ECa233 slamsmglovedlulaneimasaluniziiimsdves

NIZUIUNT electron transport chain #78 sodium azide 120 ug

U o U = d‘ = YA LY
neuinInaaenaaeual RCI vod lulnnowasoason laua iy 7.07 = 0.57 (n =
. . a A o Y a . . e (Y 9y
5) sodium azide IWUFuuNMI¥NA median inhibition (120 ng 14 chamber) andn31M5 1%
ponFaulu state 3 vo9luTanowasvedlitivdnymeadaefisununguilnd (31.19 = 3.51
FeuneUny 82.92 + 7.05 n atoms /min/mg protein ﬂl@ﬂﬂfjwﬂﬂa P <0.001, Tukey’s post-hoc test)
=\ 9 A o a A
ECa233 0.1 uag 1 pg 11 chamber tua Tdwaziinsasimsmielalu state 3 voeluTanoumson

@ 1 a3 ] A o

185U sodium azide 08191500 ECa233 pnanmdudu liaunsamusasimsmelaveslyla-

A Ay Yo . . Y 1 A o a A = ~ @ A Ay Yo
ﬂ@u!ﬂ‘iﬂ‘l/]]lﬂ‘i‘u sodium azide Ul@’é)ﬁlNllHEJﬁ1ﬂﬂJg‘1/]Nﬁﬂﬁ LﬂJ’E]l,ﬂiﬂﬂlﬂﬂﬂﬂﬂiniﬁﬂﬂum‘i&mqﬂiﬂ

. . ! = [ A
sodium azide 0819487 A3 25
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v A
317 24 oxygraph tracing TumsnaassmgnslumsinilesluTaneuaisves ECa233 91nn13gn
4

Fudansveladie sodium azide 120 ug

dm1lsznouvelfi5e1 Aol M glutamate + 1 M malate 10 pl, incubation buffer 1,700 pl,
1uTaneua3e 200 pl, ECa233 ANMANTUAY 5 ANty 1aun 0.001, 0.01, 0.1, 1, 10 mg/ml
5 10 pt «?wg"lﬁﬂ%mmﬁv‘imﬁﬁ?miu chamber (101 0.001, 0.1, 1, 10, 100 pg ANAIAY
%39 DMSO 10 pl, sodium azide 120 pg 2 pl, 0.3 M ADP + 0.6 M Pi 4 pl @wamsméauuﬂmﬁmw

m3ldeongiouly state 3 Taounu x Avaan unu y Avt3uim 0, 1 reaction chamber

Control ECa233 0.01 ug ECa233 0.1 pg

€& GM, DMSO G+M, DMSO & 1GFM; DMSO

€ sod. azide 120 ug € sod. azide 120 ug € sod. azide 120 ug

ADP + Pi
€& ADP +Pi

& State 3 respiration —
& State 3 respiration State 3 respiration

10% O,

1 min

ECa233 1 pg ECa233 10 pg ECa233 100 pg
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gﬂﬁ 25 nisuifsusanmamelaveslulaneunse sate 3 Tumsnaassmgnilunisiniles
luTaneunieves ECa233 aAnudndua1ee ﬂwﬂﬂwigﬂﬁugq'r]wiwwﬂ“lﬂﬁ'aa sodium azide 120 pg
nu'liuanavedeiivedagyneadaseninnguaIuguIEaznguNAasINNngu (F (5,18) = 0.78,
P = 0.57, one-way ANOVA) 1ag * 1adaInuuana e ulisddynadaseninnguilnany
NAUAIANLAZNGNNAABINANGN (F(6,28) = 10.60, P < 0.001, One-way ANOVA) ITagiian P <

0.001, Tukey’s post hoc test tiAiazALEANTIUAT mean + S.EM. (n = 5)

100 -~
90 -
- 80 -
S 8
a & 70 -
o
g = 60
£ g 0
o E * *
g £ 50 -+ b *
5 & *
2 4 - *
° g
T 2 30
b= =
= 20
10
0 1 I | I | I I
normal control  0.01 0.1 1 10 100
()% N0 [0 N —— Eca233 pg >
e sod. azide120 pg >




UNN 5

ajluazennewanside

9

Ay AA
N1UI98UY

[

o d' = [ o aS A 1
ﬁqﬂizmmwaﬁﬂymammmiﬁﬂmMigmmnﬂamams (ECa233) a10n13
o =S a c!' g QSJI o d'
mauvedlulanewaseluninzilna °lumaz1ng]ﬂﬂummimqmmm complex I HagN1ILNYN
[ Qs’/ o 1T ad =y £ g
JUSINITNINIUUDY complex TV Tupszrrumsvudianaseuvedlulanowass Fuilums

@euuunesiuiaves lsannanANaeNYeesEUUYTEaIN  (neurodegenerative  diseases)

Y

Y Ia o [ J o w Aav A =2
]lﬂllﬂ I‘iﬂWTiﬂuﬁu!l,ﬁgI‘iﬂ@ﬁvl“lﬂiJ@i ATNAIAY fﬂi’mElul,ﬂuﬂﬁﬁﬂ‘kﬂlmﬂu@ﬂﬂ18 (in vitro
o = Y X @ %
study) IﬂEJ‘VHﬂﬁI,LEJﬂVl,lII@ﬂﬁ]um‘iUﬂ?ﬂﬁh@ﬂﬂlfl\iﬂuﬁlﬁﬂ HAIANHINAVDITITANANINITIUDIUN
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0.1 128.16 £20.34 32.78 £7.32

1 117.04 £ 17.48 26.90 +4.68

10 112.46 £ 13.44 26.05 +4.60

100 126.65 +£20.87 28.07 £4.73

1000 109.64+ 15.94 28.55 +£6.05
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M3199 3 tanssasimsmelavesluTnnewase enaaeunaved ECa233 Tuanududuaian

v 4 I~ I 1
aomsnielaly state 3 131014 succinate 151 substrate Taetaaiua1 mean + S.EM

S ECa233 | daaimisviely | dasimsmiela

(ng) state 3 (n atoms state 4 (n atoms
O/min/mg O/min/mg
protein) protein)

0 (control) 110.26 £6.16 52.03 +5.39

0.1 100.34 +£ 6.95 53.52 +£6.62

1 100.77 £9.33 52.47+5.14

10 98.70 £ 11.80 54.10+ 4.35

100 90.70 £ 6.66 52.34 £5.56

1000 88.85 + 14.27 53.97 £5.06
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1WuA1 mean = S.EM
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v
[

VHIN511819878 rotenone Usunaisnen Tasueaag

rotenone (ug)

% inhibition

0.00 (control)
0.01
0.02
0.04
0.06
0.08
0.10

0.00 £ 0.00
0.00 +£0.00
16.73 £ 8.02
31.98 £ 6.47
51.35+11.49
63.01 +6.89

73.11+£4.43
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Y
TanouA3ev09 ECa233 AMUANIUA1 91nm3gndudin1snieladie rotenone 0.10 pg Tag

ueaauduA mean + S.EM

ECa233 (ug)

8n31n1511819 state 3 (n

atoms O/min/mg protein)

0 (control) 22.45+3.49
0.01 21.33 +£1.57
0.1 32.75+7.35
1 30.77 £ 8.33
10 25.76 £7.00
100 23.52+4.44
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Y
TanouA3ev09 ECa233 ANUANIUA1 91nM3gndudin1snieladie rotenone 0.04 pg Tag

ueaauduA mean + S.EM

ECa233 (ug)

903511391819 state 3

(n atoms O/min/mg

protein)
0 (control) 43.93 £2.96
0.01 58.56 £7.21
0.1 54.08 £7.65
1 55.52 £6.44
10 54.14 £7.50
100 51.15 £8.78
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ueaauuA mean + S.EM
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v
[

Vi selaae sodium azide 131aa139 Tag

Sodium azide (ng)

% inhibition

0 (control)
20

40

80

120

160

200

0.00 = 0.00
5.05+£5.72
6.02 +£6.71
29.64 £ 6.03
50.21 £3.67
54.56 £ 3.31

69.29 +£2.71
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Y
TanouA3ev09 ECa233 AU NIUA1 91nmsgndudinmsmieladie sodium azide 200 pg Tag

uaauuA1 mean + S.EM

ECa233 (ug)

8n31n1511819 state 3 (n

atoms O/min/mg protein)

0 (control) 3048 £1.18
0.01 41.35+4.56
0.1 42.78 +4.00
1 41.51 £4.52
10 33.74 £ 3.68
100 32.79 +4.12




76

H A
M99 9 uarasaensImMImielaves luTaneuase state 3 lumsnaassgns lumsintlesly

Y
TanouA3ev09 ECa233 AU NIUA1 91nmsgndudimsmieladie sodium azide 120 pg Tag

ueaauduA mean + S.EM

ECa233 (ug)

903511391819 state 3

(n atoms O/min/mg

protein)
0 (control) 31.19 +£3.51
0.01 37.56 +£6.17
0.1 4331 +6.08
1 43,15+ 5.64
10 37.92+4.41
100 34.88 +£3.79
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Effects of the standardized extract of Centella asiatica ECa233 on
the respiration of mitochondria isolated from rat brain

Apinya Thoopmongkon®, Ratchanee Rodsiri

Department of Pharmacology and Physiology, Faculty of Pharmaceutical Sciences,
Chulalongkorn University, Thailand
* Presenting Author

The effects of standardized extract of Cenrella asiatica ECa233 on the respiration of
mitochondria isolated from rat brain were studied. The rat brain mitochondria were incubated
with ECa233 5 concentrations (0.01, 0.1, 1, 10, and 100 mg/ml). High concentration of
ECa233 (100 mg/ml) decreased the rate of oxygen consumption by 26 and 30% while using
glutamate plus malate and succinate as substrate, respectively. However there was no
significant difference in the rate of oxygen consumption of the brain mitochondria incubated
with all ECa233 concentrations compared with the control. The finding suggested no toxic
effect of ECa233 on mitochondria. The data supported further investigation on the protective
effects of ECa233 on brain mitochondria.

Keywords: standardized extract of Centella asiatica ECa233, brain mitochondria, oxygen
consumption, respiratory control index
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Effects of the Standardized Extract of Centella asiatica ECa233 on the
Respiration of Mitochondria Isolated from Rat Brain
Apinya Thoopmongkon, Ratchanee Rodsiri

Department of Pharmacology and Physiology, Faculty of Pharmaceutical Sciences,
Chulalongkorn University, Thailand

Abstract

The effects of standardized extract of Centella asiatica ECa233 on the respiration of
mitochondria isolated from rat brain were studied. The rat brain mitochondria were incubated with
ECa233 5 concentrations (0.01, 0.1, 1, 10, sod 100 mg/ml). High concentration of ECa233 (100
mg/ml)deausedthcnwofoxmmtmpﬁonby%mdm%whﬂeusingdmteplm
malate and succinate as substrate, respectively. However there was no significant difference in the
rate of oxygen consumption of the brain mitochondria incubated with all ECa233 concentrations
compared with the control. The finding suggested no toxic effect of ECa233 on mitochondria. The
data supported further investigation on the protective effects of ECa233 on brain mitochondria.

Keywords standardized extract of Centella asiatica ECa233, brain mitochondria, oxygen
consumption, respiratory control index
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Introduction

Mitochondna play the important
roles in energy production, cell signalling
and regulation of cell morphology, mobility,
multiplication, and apoptosis. Dysfunction of
mitochondria leads to decreased of ATP
production, disrupted calcium buffering and
promoted the generation of reactive oxygen
species (ROS) (1). Neurons are susceptibie to
the alterations of mitochondria functions,
thus mitochondrial dysfunction has been
hypothesized to be involved in aging and
neurodegenerative diseases (2).

Centella asiatica (Linn.) has been
traditionally used to improve cognitive
function (3). Clinical studies showed the
benefits of Centella asiatica extract in age-
related decline in cognitive function (4),
elderly with mild cognitive impairment (5),
generalized anxiety disorder and depression
(6). In vivo studies revealed that Centella
asiatica extract improved cognitive behavior
in pentylenetetrazole-induced kindled seizure
rats (7), protected against 3-nitropropionic
acid-induced mitochondrial dysfunction in
mice brain (8) and attenuated MPTP-induced
oxidative stress in aged rats (9). The
standardized extract of Centella asiatica
ECa233 is established by researchers from
the Faculty of Pharmaceutical Sciences,
Chulalongkom University. The extract
contained not less than 80% triterpenoids and
the ratio between madecassoside and
asiaticoside should be within 1.50 = 0.50.
Oral administration (10-30 mg/kg) exhibited
ameliorating effects on memory deficits
induced by either transient bilateral occlusion
of common carotid arteries or i.c.v. injection
of f-amyloid mice suggesting a promising
neuroprotective effect of the extract in stroke
and Alzheimer’s disease (10). The aim of the
present study was to investigate the effect of
ECa233 on the mitochondria isolated from
rat brain.

Materials and Methods

Male Wistar rats weighing 200-250
g (National Laboratory Animal Center,
Mahidol University, Nakompathom) were
housed at a constant ambiént temperature
(2542 °C) and humidity (45-65%) on a 12-h
light/dark cycle with free access to food and
water. The standardized extract of Centella

FVRRERAS, ‘@.'.EU.LM);&&W
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asiatica ECa233 were provided by Associate
Professor Chamnan Patarapanich and co-
workers, Faculty of Pharmaceutical Sciences,
Chulalongkorn University. ECa233 used in
this experiment was dissolved in DMSO to 5
concentrations; 0.01, 0.1, 1, 10, .and 100
mg/ml.

Method for isolation of rat brain
mitochondria was modified from Zhan et al.
(1T). Brefly, rat was sacrificed using chloral
hydrate (400 mg/kg i.p.) and decapitated.
The brain was quickly removed and placed in
ice-¢old isolation buffer containing 250 mM
sucrose, 10 mM Tris, 2 mM EDTA, and |
mg/ml of BSA (pH 7.4). The cerebellum was
removed and the cerebrum was homogenized
in 20 ml of the isolation buffer. Rat brain
homogenate was centrifuged at 2000 g for 3
min. The supematant was collected and
added 20 ul of 0.02% digitonin then
centnfuged twice at 2000 g for 3 min and
12000 g for 10 min. The pellet was
resuspended in the isolation buffer and
centrifuged at 12000 g for 10 min. The
synaptosome layer was washed with ice-cold
mcubation buffer containing 300 mM
mannitol, 75 mM sucrose, S mM KCI, 10
mM Trs, and 5 mM KH,PO, (pH 74).
Finally, the mitochondria pellets were
collected and resuspended in 2 ml incubation

buffer. Protein  concentrations  were
determined using Lowry method.
Effects of ECa233 on the respiration

of rat brain mitochondria were investigated
using  Gilson  oxygraph  apparatus.
Mitochondrial suspension was incubated
with the incubation buffer in a Gilson
reaction chamber at the controlled
temperature of 37 °C. Either 10 pl of 1 M
glutamate plus 1 M malate or 10 pl of | M
succinate, the substrates for mitochondrial
electron transport chain complex [ and
complex II respectively, was added (state 4
respiration) and then added 10 pl of ECa233
to the reaction chamber for | min. Four pl of
0.3 M ADP plus 0.6 M phosphate were then
added to initiate mitochondrial oxidative
phosphorylation reaction (state 3 respiration).
The oxygen concentration in the reaction
chamber was measured using Clark oxygen
electrode and calculated as natoms
oxygen/minute/mg protein. The respiratory
control index (RCI) was used to evaluate
mitochondria = function and only the
mitochondria suspension which RCI = 4

\
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were used. Data were presented as mean *
SEM (v = 4/group). One-way ANOVA was
performed  for  statistical comparisons
between cach concentration of ECa233 and
control. P < 0.05 was considered as
significant difference.

Results

The mean respiratory control index
(RCI) of mitochondria suspension (+SEM)

used in the present study was 5.64 = 0.28 (n

= 8) when using glutamate plus malate as
mitochondria respiratory chain substrates
indicating a good condition of mitochondna
before incubating with ECa233. The range of
ECa233 concentration wused in - this

A ggzo-
154
H
gE 10
g
1
s g
:z 0 =
E:
B 20 ~

-
w
I

o
4

rate of oxygen consumption
natom O/min/mg protein)
w ©°

experiment was 0,01-100 mg/ml to examine
the toxic effect of ECa233 from low to high
concentrations. It was demonstrated that
ECa233 tended to reduce rate of oxygen
consumption of mitochondrial state 3
respiration when using either glutamate plus
malate (figure 1A) or succinate (figure 1B)
as substrates. ECa233 100 mg/ml (1,000 pg
in chamber) decreased rate of oxygen
consumption of mitochondrial state 3
respiration by 26.11 and 29.88% when using

_glutamate plus malate and succinate as

substrates, respectively, but these changes
were not significantly different from control.
In addition ECa233 had no effect on rate of
oxygen consumption of mitochondrial state 4
respiration.

Wstate 3
Estate 4
0 01 1 10 100 1000
ECa233 concentration (ug)
Wtate 3
ustated
0 01 1 10 100 1000
ECa233 concentration (ug)

Figure 1 The examples of oxygen monitor tracing and rate of mitochondrial oxygen consumption
of rat brain mitochondria in incubated medium containing glutamate plus malate, ADP +
Pi and ECa233 (A) and succinate, ADP + Pi and ECa233 (B)
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Discussion and Conclusion

The present study showed no toxic
effect of the standardized extract of ECa233
on the respiration of rat brain mitochondria,
even though brain mitochondria were
incubated with very high concentration of

ECa233 (1000 ug). This finding is in __

agreement with earlier in vivo studies
showing that pre-treatment of ECa233 (10
and 30 mgkg) significantly decreased
cerebral lipid peroxidation indicating an
antioxidant property of ECa233 [10]. As the
pathogenesis of Parkinson’s disease (PD) and
Alzheimer's disease (AD) related to the
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inhibition of complex I and complex IV in
mitochondnal electron transport chain,
respectively, it is worth to investigate the
neuroprotective effect of ECa233 on brain
mitochondria models implicated PD and AD
invitro,
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