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Grape Seed Extracts (GSE) contain a number of polyphenols including proanthocyanidins 

and procyanidins, powerful free radical scavengers, are intended for use in food as functional 

ingredients exhibiting antioxidant activity. It is extracted from grape seed waste product obtained 

from grape fruit (Vitis vernifera, Linn). GSE have been reported to possess a broad spectrum of 

pharmacological and therapeutic effects including neuroprotective effect. The purpose of the 

present study was to investigate neuroprotective effect of grape seed extract on oxidative stress 

and brain damage induced by high-fat diet in rats. Forty rats were randomly divided into 5 

groups. Each group comprised of 8 rats. These extracts were incorporated into chow and fed to 

rats for 8 weeks (60 days). Group I were fed normal diets (normal group) , group II were fed high-fat 

diets (high-fat diet group), group III were fed high-fat diets and were orally administered with 

fenofibrate 100 mg/kg/day at 4 th weeks (reference group). Groups IV and V were fed high-fat diets 

containing GSE at the concentrations of 0.5% and 1.0%, respectively. At the end of the experiment, 

all rats were anesthesized with pentobarbital (60 mg/kg) . Blood was collected from left ventricle 

and their brain were immediately removed, dissected for cerebral cortex, cerebellum and 

hippocampus for pathological investigation of neuronal death (dark neuron counting). Brain 

homogenates was prepared for investigation of nitric oxide (NO) production and lipid peroxidation. 

Lipid peroxidation (malondialdehyde, MDA) in brain tissue and blood were examined. The 

results showed that GSE decreased MDA and NO production levels in brain tissue. Increasing of 

NO production and decreasing of MDA level in blood were found compairing with high-fat diet 

group. Furthermore, histopathologically examination showed that GSE prevented the high-fat diets 

induced cellu lar injury in brain ti ssue. These findings demonstrated that GSE potentially possess a 

benefit on neuroprotective effect from high-fat diets induced neuronal death via its lipid lowering 

effect and antioxidant activity 
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Ln~u!jmu1~~n;LI'I{'U~'U.,r~1'Un1~LL~L~~~LLfl::111ul'UiUJ~~L~ ~1nn11~m~t1'~~ Roberts 

LLfl~flru~ 2004 YtlJ~1~1"1-111L',r'U~~ (High-Fat Diet) L"I-1tiU'lu11~~.nr~"I-1fl~~L~~~~1~1'Uhj 

~~\!1ru, L~~n11~fl~~'i~fl~M~ (free radicals) LLfl::~11~~'YL~UFI'l1~~~"Jfl1::"I-1~1~~'i~fl 
~~1::ri1J~11lA'1'U~'i~fl~~1:: n11Ln~U!jmU1~~n;L~;'U'~~L',r'U (lipid peroxidation) LtI'U 

~1 L "I-1[;J~1 fiY 'Y~ L "1-1 tiU'lu11 ~ Ln ~~'i~fl~~ 1::~~n ~1~1 n~'ULLfl~'tl'i~fl~~ 1::L "I-1fi1~~11 ~ Ln ~ 
., , ... .c .. , " 
~'Uj;J11U j;J~ L 'lIflfl'll~1'l~Cl~ L 'lIflfli.i1::~1Y1 ~'lU 

L ~~~~1n~~~~ijn1~ L '!I,r'U'llU~ L~~~ ~'l LLfl::fi1 ~ L"I-1~ n LtI'U'tl~ rfu1::n'tllJ"I-1ifn ~~~~~~ 

LtI'U'tlt)m::~ijfl'l1~L'l~~n11Ln~'tlu~fl~~1::LLfl::~11~L'lIfl~Cln~1fl1uL~~1n (Srinivasarao LLfl:: 
~~ ~ 

0-
o 01II:II .... cal '" _ '" 

flru::1997, Pinol-Rlpoll LLfl::Flru::2006), 'U'tln~1n'Uu~~~11m'U'tl'U~fl'tlM::'U'tlmLfl::'!I1 ~LLFlfl'U . ~ 
nflLnl'Un11'll'tl~LL'll~L'lIfl~U1::~1Y1 (Candelario-Jalil LLfl::Flru:: 2001) 

LtI'U~Y1nlJri'U~~1n1nn"''tl'i~fl~~1::111Ul'U~~'tl~ijFl'l1~L~U'l;r'tl~rilJm1Ln'''111'l:: 

~~'tl~'1~L~'tl~L~ YtlJ~1'tl'i~fl~M::~1Yt'ln Reactive Oxygen Species (ROS) LLfl:: Nitrogen 

. " J'.aI.a. AI"~ J''': 
Species ~::M1~'tl~n~1~1n'lltJL~'tlLn"'111'l::'!I1"'Lfl'tl'" ~ULflU~L'U'tlLU'tl~~'tl~ (Sorrenti LLfl::Flru:: 

2006) LLfl::'U'tln~1 n~u~YtlJ~1 ~11~ ij ~Y1t rif1'U'tl'i~fl~~ 1::~ Ln "';tJ 1 'U~~'tl~ij ~Y1tu nil'tl~ L'll fl ~ 
, 0-

tJ1::~1Y1L~ (Pinol-Ripoll LLfl::Flru::2006) ~1n11U~1'Um1~n~Yie.J1tJ~1L~'U1'U\l,'tl~ Keynes 

LLfl::Flru::2005 LL~",~1~L~'U~1 lipid peroxidation ijFl'l1~L~U'l;r'tl~ri1Jm1lJl'L11fl~11L'Uj;Jln'tl'tln 

L'lIr?l (Nitric oxide consumption) 'tlth~~1n~1ul'UL'lIfl~tJ1::~1Y1~'l'UuLlJflif~~~LtI'U~'ltJ~;:j 

NO signaling pathway ~~~1n L~'tl~~1nLtJj;Jln'tl'tln1'llr?lLtltJt~Lfl~fl~'tl~11 (signal molecule) 

~~1"1-1,J1~~~ e.J1tJi'Y 'Y1'U1::"d1~ L'llfl~~~1 ~ ClJ LLfl::ij1JYl1J1Y1~1 ~ ClJ [;]'tl m1~1~1'U'!I'tl~1::lJlJ 
[;]1~1111U 1 'U11~ mu j;lfl~ "'~'UYt mfi~111Yt~ Ln "'~'U ;:j nfl Ln"l-1fl1U'tl th~~ FI'tlU FI'llJ fOJ~ 1 ~ 1:: ~lJ'!I'tl~ 
1 'Uj;Jln~~ n L 'll r?l~~1 'UI11'l ::~~ "Jfl L tJj;J In'tl'tl n L'll r?l~~ 1 n Ln'UFI 'l1~ rif'tl~ m 1~:: LU~U'ULLtJfl~ t",u 

tJ!jmm~'tln;L~;'Ul~nfl1mtltJ~11 peroxynitrite (ONOO") ~~ijfOJru~~lJ~LtI'U~'i~fl~~1::~~1 

tJ!jmmrilJt~Lfl~fl~1~1111ultJ11~mu'tlth~t'ULLN~11~Ln'" lipid peroxidation, protein 

peroxidation LLfl::DNA damage (Yucel LLfl::Flru::2005, Muralikrishna LLfl::flru~1999) LLfl~ 

~~tJfl~11~Ln~111'l~fi~~~'1"'L~~'" (ischemic brain Injury) UiL'U~~'" (Myron LLfl::Flru::2001) 

L'U(;lln~~nL'lI~1'U~~~~Ln~~'U~1nm1~1~1'U'~~L~'UL'lI~1'Uj;Jln~~n1'l1"';'ULYl1~1'U 
~~~~ (nNOS) t~mu~u'U L-Arginine LtI'U L-Citrulline l'U~111'l::Un~L'Uj;Jln'tl~nL'lIr?l;:jlJYllJ1Y1 

~1~'Y[;]~n1rn1~1'U'~~~~~~ (Wei LLfl::Flru::1999) L"li'U FI'llJfOJ~ neuronal excitability, fl'llJPl~ 
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CiI <III .: 

glutamate transmission LL~::fI'ltJfl).J n111 '"~ L'ltJU"IIfl-:J L~fl ~).J1 L~tJ-:J~).Jfl-:J (cerebral blood 

flow) fltl1-:JL1fi (;11).J1 U(;1'infl fl n1tt c;I~ ~ 11-:Jflfl n).J 1).J 1 n Liiuh.l n itJ ij ~ ~~1 t -XLii ~ 

neuroexitotoxicity U~:: Ltt~ith'::~1'vl(;11tJ1~ (Yucel LL~::l"'lru::2005, Wei LL~::flru::1999) 

~11~n~~1m).J~~fl1u (Grape Seed Extract, GSE) 1~~1n"llfl-:JL,"~fln11~1L'l,r,"1fl 
" ~1fl1U ij~1nl1::nfltJ~1""'ln polyphenols fl~).J1n).J1tJ~u1~LLri proanthocyanidins LL~:: 

procyanidins ~~n11~n~~ej1U).J1~1U'lU).J1ntufl~(;1.,..tJ~1~11~n~~1nL).J~~fl1uij~YltYl1-:J 

LJ1i"ll~YltJ1,"~1tJfltl1-:J L"llU ~hun11~m~tJ (Goncalves U~::l"'lru::2005), t.Intlfl-:Jn11Ln~ 

t1I"'li'lt~ (Karthikeyan LL~::l"'lru::2007), t.Intlfl-:Jn11Ln~t11"'lt;itJ (Orhan LL~::l"'lru::2007), ~1U 
cr '" cr., .. .r:: .r" Q ~ 

).J::LN (Zhange LL~::flru::2005), ~l1Un11Wll-:J(;1'l'1lfl-:JL~fl~, ~Ylfi~~U1j;)1~, ~Ylfij;)1Un-,1(;1(i\L"lIf) 

.. .Jo .., ..... .r" Q 

'~"lI"" (Majheric LL~::flru::2007) U~::Yl~11"'lt1J1"'lf)).J~Ylfij;)1Ufl112ol~fl~1:: (Baydar LL~::l"lru:: 

2007) 1'l).J-rr~~Ylft.lntlf)-:JLtt~~tl1::~1Yl~n~1~1tJ (Hwang LL~::l"'lru::2004) t1~,uu~11~n~~1n 
L).J~ ~fl1UL~ ~ n~~1t.1t -if Lilufhut.l1::nf)tJ'1Ifl~fl1,"11L~1).J,"~1tJ"lIij(i\ LL~:: LilU~'lut.l1::nf)tJ'1Ifl-:J 

I I " I 

LI"'l1f)-:J~1f)1~ L Ylf)"ll'ltJ~ (i\'i'l1f)tJ LL~ ::L~ftJn11tJfll-J ftJ LL~'l~1ij fI'l1l-Jt.I~fl (i\JitJ""f)Yl~ ::~'lW1 1Cl t-if 

Lilufhut.l1::nfltJ"IIf)-:Jfl1,"11L~1).J (Yamakoshi LL~::l"'lru::2002, Bentivegna LL~::l"'lru:: 2002) 
... " ... I .. 

~~~utUn11~m~t1I"'lf~u ijtjj;)Qt.l1::~~rfLYifl~mt1~Ylfi'1lfl~~11~n~~1nLl-J~(i\fl1utu 

n-,1t.1ntlfl~ L"lI~~t.I1::~1Yl~ L~tJ'lifl~ ntJt.I~mtJ1 lipid peroxidation ~~1 t -XLn (i\n11~1'l~fl11~~-
"" .,:. J''j .:-: ........ ~ ... ~ .. ..J ... J' 
fl~1::L"").Jl-J'ln"llU ~U~).Jf)~,"ULL1Yl LL~::W1Fl'l1).J'~).J""Ufi'1lf)~1::~tJ ~Uj;)1nf)f)n ~"lI~Yl Ln","IIU ~1n:n1 

" 
o " 0 

L ,"iltJ'l~1 t -X Ln ~111'l::L "IIlTut UL~fl ~~~ ~'ltJf)1,"11 L "IIlTu~-:J Ufl n~1 nilu~ (i\ Wl1Lt.I~tJULLt.I~~Yl1-:J 
" " " 

1. L~fl~n~~Ylt"llf)~~'l1~n~~'lnL).J~~f)~utUn11t.1ntl'tNL"lI~~t.I1::~1Yl~1nt.l~nffi1 

lipid peroxidation ~L'"titJ'l~'l~1nn11tJ1tnl"'lfl1,"11L"IIlTu~~tU'"\iLL1Yl 
.. ~ .c ... CI 0" t.I ,s., .. 1 ... 1<' 1 

2. L 'Vi'tlrln1il fjllfi'iiiJ~~")Hijn "lit1nL).Jfi ~'tlfU ~un11 nutJ'l L"JI~fitJ1::fi'lYl~'lUlItJ LtJ-

LLI"'l).Jt1~ (Hippocamous) flLtJ~i).J (Cerebellum) u~:::ntJf)~I"'lf)~LYlni (Cerebral 

) 0" .....j... J' ... ~ ~ ~..." 
cortex ~1nn11~nYl1~1tJ~'ltJf)112ol~f)fi1::Yl Ln~'1IU~1n n-,1tJ1 ~ 11"'lfl1,"'l1 ~"II).JU~-:J ~U 
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\UI"'~l1'Un111~!J (Hypothesis) 

i'l'11i'l Ii ~1il'1 n LlJ~ ~fl1'Ui1 ~."t ~'1'Un'11i'l1'1-lfl'i~ ~~i'l1:: 1 'Ui'llJfl-l LL~::i'l'1lJ'11ClUnilfl-l 

n'1ni'1 ~'1!J L'lI~~h.l1::i'l'1"'Iil'1 ml'i~~~i'l1::~ Ln ~~'UIil'1n n'111.i1L111'l'fl'1\-l'11L '~'U~-ll 'U 

\-l~LL1'" L~ 

t1r.: L!J"lfU vi fl1 "11'"1:: \~~tJ{ Expected Benefit Application) 

1. L~;r'fl~~i'lUUi'l'i'U~."t"''1-l Llli'll~"'!J'1''fI-li'l'11i'l Ii "'1il'1 n LlJ~ ~'fI1'U~'1i'l'1lJ'11Clil'fl-l Ii'UL'lI~~ 

U1::i'l'1."Iil'1 n n'11~ nYh~'1!J ~,)!J'fI'i~~~i'l1::~ Ln ~~'UIil'1 n n'11u1tn 1'l'fl'1\-l'11L '~'U~-l 
2. LiI'U;rfl~~i'lUUi'l'i'Un'11~r.r!J n'11~ ~'U'1i'l'11i'l Ii ~1il'1 n LlJ~ "''fI1'U~-l LU'U~,)'UL \-l~'fIIil'1 n n'11yh L,)U 

lJ'1 LiI'U'fI'1\-l'11Li'l1lJ~i1~."t,j'1lJ'11 ~il'fl-l 1i'Un'11Ln ~ L11'l~ L~!J');r'fl-l liu 1'l,)'1lJ~'1 L~'fIlJ''fI-l L'lI~ ~ 

U 1::i'l '1'" 



~ 
1J'VI'VI 2 

.,j.,j ., 

V11JVl1'IJ1'i'itU n'i'i~V1 L n!l1"l1'El.:J 

L"lJ~1..IL1..IL~'fl~~'l (Hyperlipidemia) i1m1l-Jil-J~1..IfiniJn1~Ln~hf'lLi'flf'l~~1tJ"Jj\j~LL~:; 
" 

Lil1..lU9r.rm~tJ'l~~1 ~ C1JL1..Imnn ~ hf'ltr'lL9 LL~ :;~~'fl ~ L~~~ (Cardiovascular disease, CVD) 

L~m'TlVn:;L~f'l~~'fl~L~'fl~~l-J~'l~iJ (Stroke) 91n~ti~"lJ~'l'fl'lro1n1~'fl1..l1~tJL~niJ vu\.2548 ~L~ 

~1tJ'l11..1~11.h:;"Jj1"Jj1..lvf'lL~m~tJ~~1'l91nhf'l~~~~L~'fl~~l-J'el'l~iJ1.h:;l-J1ru 6 ~11..1f'l1..lt;l'eliJ ~1'fl 

l.h:;l-J1ru 10% "lJ'el'l ~L~tJ~~ 1'l91n~1L~ ~~1..11 ~'l1..ltJ:i':;LY1 fllL Y1tJ~ f'l'l1l-J'n"jJ'fl'lhf'l~~'fl~L~'fl ~ 
~l-J~'ltJ:i':;l-J1ru 690 f'l1..lt;l~tJ~:;"Jj1mLL~1..If'l1..l LL~:;'tl1'l~1n1~1'l1tJL1..IY1nnfil-JmtJ ~'ltJhf'ltr'l L9LL~:; • • • 

f'l1..lt;l'tltJ~:;"Jj1mLL~1..If'l1..l~1'tltJ:i':;l-J1ru 7 f'l1..lt;l'fl-B''l Ll-J'l L~tJ~ dJ1..IL 1..IL~ fll"Jj1tJl-J1nn~1 L~fllm1j'lL1..I 

'tl1'l~1~'l1..l 131.2 t;l'fl 79.0 f'l1..lt;l'fltJ~:;"Jj1nnL~1..If'l1..l (Juntawises LL~:;f'lru:; 2009) 

, ~ ~ 

~~'fl~L~'fl~.!f1LtJL~tJ'l~l-J'fl'lLn~~iJ~1..I~1'tliimJ1~ 91..1Ln~n1:i';11~1tJ~1'fln1:i'mtJ"lJ'fl'lLi'l'fl~l-J'fl'l ;11 
, , ~ 

L ""~l-J'fl'l";1~~1.!f1~ ~tJn ~LtJ U99U1..ImJ'l f'l'l1l-J ~ ~tJ n ~"lJ'fl'l hf'l~~'fl ~ L~~~.!f1LtJ L~tJ'l ~l-J~-:J L~ 2 • 

, ~ 

1. Ischemic stroke dj'Wl1'l:;.!f1~l-J'fl'l"lJ1~L~'fl~LtJL~m ~iJl-nnn'l 80% i1~1mI'lLn~91n . 

Cerebral embolism Ln~91nn'fl1..lL~n1~b~tJn~1 emboli t1h1..lL~rklLil1..ln~1..I91n 

n1~LL;'l ~'l'lJ'fl'l L~'el~ (blood clot) ~tr'lL9~1'el~~~ ~L~~ ~ L ~ru~!;1niJiJL ~ 
~ .. 

a'fl'l~'fltJ ;1..ILtJI'l1l-J~~'fl~L~'el~~~l-J'fl'leJ11..1 carotid artery LL~:;LtJ~~~~'el~L~'fl~ 

~1'flLn~91nn1nL;'l~'l'lJ'fl'l~~~~L~~~ (atherosclerosis) 

Transient ischemic attack (TIA) VI~'El mini stroke dj1..l1l1'l:;~~l-J'fl'l"lJ1~L~'fl~ 

-n'lf'ln'lLn~1l1tJL1..I 24 -B''lLl-J'l hji1n1~";1~1tJ~l-J'fl'l m9i1'fl1n1~"1!1 ~1'fl'tl'tl1..l 
., X 

LLN"lJ~'ln~1l-JL1..I'el 
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Transient ischemic attack (TIA) ~1'a mini stroke Lih.lll,)'l~~~lJ'fl~'D,)~L~'fl~ 
i'l~11'lLn~1l')tJi.u 24 i'lLlJ~ 'bJiim1l4')~,)tJ~lJ'fl~ 'fl')~ii'fl')m1'D,) ~1'fltl'flu 

" J' 
LLN'D'fl~n~,)lJLU'fl 

2. Hemorrhagic stroke ~'flll,)'l~L~fl~'fl'flni.u~lJ'fl~~tJt.l1~lJ,)ru 20% LLr;iiitlj;J1')j;J')tJ~~ 

n~,)LLtJtJLLm Ln"'~')n 

Cerebral hemorrhage iiL~'fl~'fl'flni.u~lJfl~Ln~~')nW~fl~L~fl~LLr;tn 
o 0 . - ... ... ... " 

SubarrachnOld hemorrhagic Ln~~1n~~'fl~L~fl~Yl~'lLtJ'fl~lJ~lJ'fl~LLj;JmL~~ 

L~'fl~flflnlJ1i.u'll'fl~~1~1~~~1~~lJfl~ritJn~L~~n 

if~~!J Li!J--1"l1'a-1n,)~Ln ~ L~~~~'a ~ Li'a"11 lJ'a-1 

1. LTI"lfl'l1lJ~UL~~j;J~~ ~~iil"l'l1lJ~UL~~j;J~~n~1 160/90 mmHg Lilu1~tJ~L'l~1U1U~~ 

l41 i. ~~~fl ~ L~fl ~ LL~~ LL;~ ~'l L1'l n~1U n ~ ~~ ~~l41 i. ~ Ln ~~~'fl ~ L~'fl ~ LL~~ ~tJ LL;~ LL~ ~LLj;J n 

LtlUtJ~l41 i. ~~lJfl~l41~1U~ ~un ~ 
o .. 

2. L1~LtJ,)~'l1U l41i.~Ln~~~fl~L~fl~LL~~~tJLL;~ L~fl~ViluL~tJ~~lJfl~~~~n't.1~~U 
.. 0 

3. L11"l,.r'l 'l~ L'llU LTI"l,.r'l 'l~L~U~ ~4'~~'l~ L11"ln~1lJ L~'fl,.r'l 'l~'D1~ L~'fl~l41 'l ~ii~lJ L~'fl ~~~ ~ • 
.. 0 .. 

lu't.1(;)~~fl(;)L~fl~L~mYiluL~m~lJfl~ 
o .. 

4. l'D~u'l UL~fl ~~~ l41 i. ~ Ln ~m1't.1 ~ r;iU'Dfl~~~fl(;) L~fl~LL(;)~YiluL~tJ~~lJ'fl~ L1'ln~1Un~ 

5. n11~tJ1.J~i iil"l'l1lJL~tJ~l41'l~Ln~~~'fl~L~fl~~lJtl~LL~~~~fl~L~'fl~,.r'l'l~~tJ~1'fl~(;)r;iul~ 
6. 'D1(;)n11flflnn1~~n,)tJ 

~lJ'fl~U1~nfltJ~'lm"ll~£f~lJfl~ 2 'Dil~ ~fl L"lI~£fu1~~1Yl (neuron) LL~~L"lI~£fLn~tJ (glial 

cell) L "lI~£fLn~tJii~u')~'l un11~ LL~ LL~~untl'fl~ L"lI~ £fU1~~,)Yl L "lI~£fU1~~1Yl LilUL"lI~£f~~ n~l41 
" 

~u1~~~'fll.J~'lUlULLtJtJ'Dfl~i'Y'Y1rulYHh~L1tJn~1 ~ntJ~l41~1U (action potential) m1~~r;i'fl 
1~~~1~ L"lI~£fu1~~1Yl,rULn ~~ul~~tJ m1~i~ ~ 11Ll"lii"llil~ r;i')~1~1'llJ L1-tJ n~1 ~11~'flU1~~,)'" 
(neurotransmitter) ;r1lJtJ1L'lru1~~~1~ L"lI~£fu1~~1Yl~'fl~ L "lI~£f~ L1-tJ n~1 l"l1 LL uui ~'lUU1~n'fltJ 

LL~~~,J1~'Dfl~~lJ'fl~ LLU~\~LiJu 3 ~'lU~~LL~~~LuaJ~ 1 
" 
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(http://www.library.thinkquest.org/ .. .Ibraindivisions.htm) 

., 
LLtJ~'el'eln1~~~tl 

'el'el~LyjnYl'el1u~u (olfactory bulb) 'el~~1tJt.~U1~~"fi1~u1~L~mnum1 ~~n~~ 

:nu~~ (Cerebrum) ij"ll~1c;)1~C\J~~ii1'eltJ~UnLtI~~1~,)~~1n 
, , " 

"fi1~u1Vl Lnmnum1~tJ~1 LtI~P1~6n~1~m1"fi1~1~"lI'el~n~1~L~'el n11Vic;) m1 
" 'IJ " 

~'el~L~~ n11~~n~~ LL~:;n11fU1~ (Devi LL~:;rlru:; 2006) LLtJ~LtI~ 2 ;nLL~~:; 

;n~tJn~1 cerebral hemisphere LL~:;LL~~:;;nLLtJ~LtI~ 4 Vi ~~LL~c;)~1~nJ~ 2 
" " 

1. Frontal lobe "fi1~U1~rl,)Url~n11Lrl~'el~1~') n11'el'elnL~tJ~ rl,)1~~C;) • 

rl,)1~~1 ~~ikY'1!1 tJrl~nLL~:;rl,)1~l~n 

2. Temporal lobe "fi1~U1~rl,)Url~n111~~LL~:;n11~~n~~ • 
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Frontollobe 

Otfa:tory bulb 

(http://www.stanford.edu/ ... /basics/braintutlab3.html) 

Vl1~1,r~ (Thalamus) "'1~U1~ ~1tJVl'tl~n~~LL~1.h~~1VlL~'tl~-.1'ltJ'~t;h-.11 '!I'tl-.1 

~lJ't)-.11tJiLL~~t;l't)tJ~\I'fl-.11'),)1lJl~nL~tJ1.b~ "'11~i1mm~~-.1't)'fln'!l't)-.1.,..~~n~~lJ~1\1 

1'),)1lJL~tJ1.J') ~ 

'lllLtJVl1~1,r~ (Hypothalamus) "'1~U1~ LtI\I~\ltJn~1-.1'!1'fl-.1~~tJtJU~~~1Wti~­
L \I~LL~~fiI')tJ fillJ m~~~ t;l1l't)fi:lJ\I~1 n (;j't)lJl~~lJ'fl-.1;-.1~ ~ l')')tJ I')lJ~lJ ~~'!I'fl-.1mlJ1ru • • • .. , 
U1LL~~~11~~~1tJ'l\lL~'fl~LL~~LnmritJn111')')tJfJlJ'tlru~lJij 

2. ~~'il~~'lUn1l1~ (Midbrain) LtI\I~lJ't)-.1~(;j'fl~1n~lJ't)-.1~,)\I~U1 LtI\ltJ1L')ru~ftJLL~~~-.1 

~'flU1~~1Vl 1~~~1-.1~lJ't)-.1~,)\I~U1ritJ~lJ't)-.1~,)\lYl1tJ "'1~U1~L~tJ')ritJn1~LI')~'t)\I'l~'l 

~lJ't)-.1~'l\l hippocampus 

(Neuroplasticity) , 

.., , 
L"J!~tfU~~1Y1lJ1nn~1Yl\lYl~,)\I~\l1 (Muralikrishna LL~~l')ru~1999, Gioacechino LL~~ 

filru~2000) ~1L~~Ln~~1n~lJtN~,)\I CA1 i1fi1,)1lJ~1lJ1~C11\1n1~ri14'~~,)\lLn\l'!l't)-.1 • .. 
Ca

2
+ J11tJ1UL'II~iU1~~1Y1't)'t)n'i.rA'u't)tJ \I't)n~1nilij NMDA-receptor r.i1\1,)\llJ1nt1n~')tJ .. .. , 

(Gioacechino LL~~filru~2000) t1m1-.1~lJ'fl-.11\1Yl\lYl~,)\I CA1 '!I't)-.1 hippocampus i1m1 

LL~"'-.1't)'t)n'll't)-.1Ltl\l'l'lllJ1\1t;l1n'fl't)n'l"J!M\lLVl1~ (Neuronal nitric oxide synthase,nNOS ) 

, ..r ... .., " .J 
lJ1nm1~UY1~'l\l CA3 LL~~ dentate gyrus (Lumme LL~~filru~2000 )"'-.1LL~"'-.1 ~\lzUVl 3 



~~ ~: ',. ' .. ' . '\ 
J I' • 

. '/ : 
; f' . 
; { 

l . \ 

"-'~" --'- .. . '.-.. , .. 

ltlvl 3 1l1ViU~IM~).I'tl~'lh'U hippocampus, CA 1 U~:: CA3 (Cornu Ammonis) 

(http://www.scienceblogs.com/purepedantry/2007/04/stress ) 

(http://www.neuroscience.bham.ac.ukl .. .Ihippocampus.htm) 

o 0-

1. Yi'tl'Ui (Pons) ~(;IntJ~l.J'tl~~,)'U~1~ Yi1\nJ1Vi~')tJ~l.Jn~1l.JL;j'tltJ1L')ru1.tJ~U1 • 

9 

2. Ll.J~~~1 (Medulla) LU'U~l.J'tl~~')'UVf1tJM' ~'tlntJl"l1i'Uw~'~ LU'UYl1~~1'U'1It:l~ • 

... ., .".... ..dd .... Q 0 .... 

3. "li~LtJ~~l.J (Cerebellum) 'tl~(;I1'U~~~"lI'tl~ cerebrum ·nLtJ~~l.J l.JtJYltJ1Yl~1~CU 

1. 'Un 1 ~~ ')tJ ~ l.J n 1 ~Yi 1~1 'U ~1'tl L~ tJ,)''tl~ ntJ~::tJtJtl ~::~ 1 Yli~ n1 ~'1It:l~ ~::tJtJ • 
II ! I I " ... ...1."......, 0 ",q .. ~ CiiI 

n~1l.JL'U'tl (motor system) LYit:l ~Lnc;'ln11L~~'tl'U~~,)LL~::Yl1~'U1YlLu~tJtJLYltJtJ 

n1~LfO)~t:l'Ul ~')~ 11~ n1 tJ ~t:l~ n 11"::Yi 1 ntJ n11L~~t:l'Ul ~')~ rl1 i~ Ln (;I; 'U" 1~ 1. 'U 
" I I I 

"lIru::U'U LL~,)YitJ1tJ1l.JtlftJ1.~Lii c;'In1~L~~t:l'Ul ~')Yi L~l.J1::~l.J (~~ LL~ c;'I.:I1. 'U~tlYi 4) .. 
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Cerebrum 

Cerebellum 

~t1Y14 111'VHL'14~~"UJ/rHI1h1J cerebellum 
" 

(http://www.nlm.nih.gov/ .. .Iency/imagepages/18008.htm) 

L'lS~~t1~'141'V1 (Neuron) 

L"JI~ffth:::~1Yl (neuron) iiltJ11~~~1n~~1m-rlu L"JI~fftJ1:::~1Yl pyramidal Vi1J2-J1n'tu 

cerebral cortex iiU,)Lfl~U~n~2-J1 'lfl12-J1~U't~ L~uil,)fl~'l'tl~~Lc;iu.n(;l 2-J'tl~(;Ifl~1U~1tJ~1 (fish-
'U 

o ~ 

eye appearance) L"JI'l Yl""~1~~2-J'!l'tl~ L"lI~fftJ1:::~1YlLilultJ~12-J L~~U2-J fl1U't Uii'(;I~U1 L~U'!l'tl~ 

~11 Nissl (endoplasmic reticulum) m:::'~1Ufl~ LL~:::L"JI~fftJ1:::~1Yl granular '!l'tl~ cerebellumii 
~ 0 

ltJi1~n~2-J '!lU1(;1L~n'tn~L~u~riu U'tlnr.l1n~u~ii purkinje cell LiluL"JI~ffViii'!lU1(;1't~qj2-J1n Sj 

L(;lUL(;I1~LL~n ~~ n1Ufl~1U ~u'hl LL~:::ii L(;IUL(;I1~n~ LtJuLilu~1u,)U2-J1 n purkinje cell ""UL~ U 
~ 0 ~ 

.nuLtJ'tlffiUL '"IViii n'lN' (;11::: LUUU'~fl~ L "lIfiffLilu~~1u.nu 't U~2-J'tl~~,)U cerebellu m 

L'lS~~~1'1J~tJUtI~'141'V1 (neuroglial cells ~1'e) glial cells) 

~ ~ 

L"lI~ff"JIU(;I~ii~~1u~n~N::: iiltJh~LL~:::'!lU1(;1(;h~riuL-rluL~mriu"l!il(;lLL1n L"lIfiff.,..')n\l'"l::: 
" I I" 

LL Yl1n'tltl't ULil'tl LUfl"Dfl~1:::UUtJ1:::~1Yl~')un~1~ 'l(;lU~1~,J1Vi ~1 ~ n I ~fl Fi1'"1U1:::UUtJ1:::~1Yl 'U Ok' • 
~ 

~')un~1~ U1fl1~11LLfi:::flfln; L~U2-J1 L~U~ L"lIfifftJ1:::~1Yl iuci1U'!lfl~ L~Uflfl n'"l1 m"llfifftJ1:::~1'V1 
o ~ ~ 

LL~:::~1~,J1YhilU"'1uriu (blood brain barrier) L~'t~~11Lflii~1'tlL;'tl'l1flU1~"l!U(;IL'1~1:::UU 
'U 

tJ1:::~1Yl~')un~1~ ~12-J11tlLLtJ~~12-J"l!U(;I~""UtJflU Lilu 4 "lIU(;I ~~d 
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. ~ 

L~'1lVi~", ~m~ru::f't~1UpJ"'1'l LL~::ijLL'!lU~~.J1mJ1U LL'1IU~ilhJ~"'ntJ~~tlI'lL~tll'l L1Un~1 

perivascular feet (end feet) ~::";1~U1~LijUYl1~~1U'1ltl~tl1~11L;h~L'lI~i LL~::L'lI~i 
~ ~ ~ 

'lIi'l",iltT~'Il'lU~1~U1::tJtJtJ1::~1"'~'lUn~1~LL~::U1f)1~11~1L~U~L'lI~itJ1::~1'" • 
~ 

2. Oligodendoglia (oligodendocytes) LijUL'lI~i'1lu1I'lL~nijLL'1IU~"!lU1c;)iu 2-3 LL'1IU~ ";1 
. ~ 

WU1ViLUn11U1m~11~1L~U~L'lI~;tJ1::~1'" LL~::~11~tJ~f)nUJ~~u (myelin) 
~ 

3. Microglia (microcytes) LtlUL'lI~i'1lU1I'lL~n i'l'lLf't~U~L~'1l ijLL'lJU~'lJU1c;)iu 2-3 LL'lJU~ 

";1~U1~rh~I'l~~LLtJ~ntJ~f)~ (phagocytosis) 1l1ULU1::tJtJtJ1::~1"'~'lUn~1~ 

4. Ependymal cell LtlUL'lI~i~ijttJi1~f't~1U~L~~U~~1f)f't~1mL""~ f)~r;n~t.J'\r~L'lu(;'i'h~~ 

(Ventricles) LU~~f)~LL~::t.I\l'~'lJtl~'Ilf)~n~1~ (central canal) 'lJf)~L'lJiU~~~";1~U1~LU 
~ ~ 

n11~11~LL~::I'lc;)=n~U1~~f)L~m~~f)~LL~::L"!liu~~~ 
" 

. 
• I.... ... 

1u'VI 5 f'tf) 
" 

1. ;'n'lf~i (Cell Body) ijltJi1~LL(;lfl(;h~(;l1lJ'lIi'lC;)'lJf)~L'lI~~tJ1::~1'V1 fl1uLuijil'lLf't~U~LL~::L'lI­

L'VIYi~1~=n~~1f)i'l'l L1Yi~1~=n~ ~~iltltlfLLn LLU~i'llilc;) (;]1~1 L'IlUL~U'l ntJ L'lI~i.,t'l LtJ fl1UL UL'lI­

L'VIYi~1~=n~'lJf)~L'lI~itJ1::~1'V1ijf)f)fntlLLU~i~~1~'Y fllf) 

1) il~i tJf)~ (Nissl Body) Ltluf)f)fLLmLu~i~YitJL~U~'lL'lI~itJ1::~1'V1LL~::LI'lULC;)1(;) LL(;] 

~. 'I 0 ".J.J., % !'i'.I .... 0 ., 0 ~.I" ~ 
~:: ~~YitJ ~ULLf)n'lltlU "'1~U1'V1LnU'lntJn11~~Lf't11::~ ~u1(;lU~1~1tJU1 ~uM1~ LuU 

Lf)UL'lI~~L~m;rtl~ntJn1m1n1::LL~tJ1::~1'" 

~ ~ 

2) L~L."f'tf)ULc;)1u (Mitochondria) tlf)fLLmLu~iilYitJL~li~LU~'lL'lI~itJ1::~1'" LC;)ULC;)1(;) 

LL~::LLf)n'llf)U YitJ~1 ntJ1L'lrutJ~1utJ1::~1'" LI'lU L~Yi1::tJ~1UtJ1::~1"'U1~1~~ L~ L.,,-
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2. L!ltI'l::-..'f1 (Nerve Fiber) LtlU~'JU~LLtJn'tl'tlm,J1~1n~'JL'n~ff ii~m~H1.l~LtluLL'nu.:JL~n 1 

~1U'JULL 'U.:J LL~~ft'J1~tJ1'J''a.:J LL 'U.:J LLj;] n ~1.:J riuhJ j;]1 ~~il1~ LL~ ~~1 LL ~ti.:J~'a~ lm.J1~~1Vl 
~1LLUn'tl'amtlu 2 tl1~LflVl ~'a 

I I " I 

1) u~ul(1l1t;l (Dendrite) Ltlu~hu''a.:JL'n~ffVi~u'a'tlnltlLtluLL'tlu.:Jiu 1 LL~'JLLj;]nn.:J 

n1u'a'anltl~1n~1tJ L(1lul(1l1~":h~il1~fum~LL~tl1~~1Vl~1n~ti'JtJful"l'J1~1~n 
" 

2) LL'an'n'aU (Axon) Ltlu~'JU'D'tl.:Jl'nLVl'ri~1~;~'D'a.:JL'n~fftl1~~1Vl~~u'a'an~1n~'J 

L'n~ff ~'JUtl~1tJ'D'a.:J LL'tl n'n'tlU~~LLj;]mtluLL'DU.:J wtJ n~1 T elodendron 

Nissl body 

(http://www.cwx.prenhall.com/ ... /custom1/deluxe-content.html) 
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....1.. ... 't ~ J'...I ~...I .I 
1. Hypoxia "'~1tJCl~ m1Y1~m~1tuflfln'liL'"I'U tJLfltJ~L'UflLtlfl~~fl~'Ufltlfl~ 'li~LtI'U~1L"'(;jYl 

0... ..J. 't" .... .. .. 
~1fOl'YLLfl~.,..tJtJfltlYlYl1 ,..L'liflflLn", cell injury LLfl~ cell death hypoxia ~~1L"'(;jLn'" 

'"I1n 

~ I 

- Ln"''"I1nm1'D1'''L~fl",'tuL~m~~fl~ (Brain ischemic) Lilfl~'"I1nm1~"'~'U"!Ifl~ 
I ~ I 

"'flfl"'L~fl"'Vi'tu L~t1~~~fl~ Lc;)t1ijri'fl'U~~ L~'fl C;)LL ~~ ~'l L;h 'tu~ C;)'fl~,..1fl Ln C;)'"I1n 

L1fOl''fl~'''flfl '" L~fl c;) L fl~ 

~ 

Ln "''"I1n1~tJtJ'''1t1't'"l,..1fl1~tJtJ 't,..fl L~t1'UL~fl c;) ~~ L ,..fl'l vi1 't ~ij L~flC;) 'tu L~t1~ 

~~fl~'WLYltl~""fl 

2. Nutrition imbalance ~fl m1't~ftJ~11m"n1't'Um~1tu'tlJL"'~1~~~LtI'U~1L,..~vi1't~Ln", 

L1fOl L"ll'U m1't~ftJ~11fl1"'11""'l n 't ,11'U~1 mn'U'tuvi1 't ~ Ln c;) L1fOl"'fl'flC;)L~flC;)LLC;)~ ~tJLL~~ 

(atherosclerosis) 't~~1t1 (""~1f~n~ LLfl~~L'li~ LLfl~fOltu~ 2541) 

m 1LU~ t1'ULLUfl~ L ti'fl~'"I1 n'1 '" L~'fl e;) LLfl~'1 e;)'fl'fl n; L'"I'U vi1 't ~ Ln c;) n11LU~t1'ULLUfl~"JInc;)~ 
~'Un~tJ~~fn""L~~'t~ (reversible cell injury) LLfl~"JItle;)~'tlJ~'Un~tJ~~1l1""L~~ (irreversible 

I ~ I 

cell injury) Lc;)t1Vi reversible cell injury ,j'Um1Lnc;) ischemic LLfl~ hypoxia 'e;)LLmV1't~ftJ 

j;Jfl n1~Y1tJ ~'fl n1~tJ'l'Um1"'1t1't'"l~'t-n'fl'fln:h'"l'U''fl~L'lifl~ L'lifl~il1'fl'fln; L'"I'U'tU't-n~~1~ ATP Lc;)t1 

th'Un1~tJ'l'Um1~L1t1nr)1 oxidative phosphorylation ~~Lnc;)'t'U't~LYlfOl'fl'ULc;)1t1 m1~'YL~t1 
oxidative phosphorylation vi1't~1~~tJ ATP '!J'flWl!fl~fle;)fl~ LL~ij AMP L~~~,n;'U ~~ijj;Jfl'tU 

n1~~'Un'11vi1~1'U''fl~ phosphofructokinase LLfl~ phosphorylase vi1't~L~~'fit;111n'11Lne;) 

anaerobic glycolysis ~~LtI'U"!ItJ'l'Un'11~~'~ ATP '"I,nn'11~fl1t1'tnflLfOlL'"I'U n'11L~~''tl~ 

glycolysis '"I~vi1't~Lne;)m1~~~~''tl~ lactic acid vi,'t~~Il'''''Il,t1't'UL'lifl~LtI'Un1e;)LLfl~ij pH fle;) 

~'fl~ ~~'"I~ri'fl't~LnC;)n'11{tJn~~''tl~LfOl1~,~'U't'Utl'lLfOl~t1~''fl~L"JIfl~ (clumping of nuclear 

formation) 

I ~ 

m1'D1C;) ATP vi1't~Lne;)mmJ~t1'ULLufl~m1fOl')tJfOl~~'tl'fl'ULLfl~il1''fl~L'liflfl1e;)t11fi active • 
transport ~~'fl~'t-n ATP LtI'U~flvi1't~ij Na + L-n1~'~~~~'flt1Il,t1't'UL'lifl~LLfl~ K+ 't"'fl'tl'tln~1 

" 
1l1t1'U'flm"JIfl~ vi, 't ~ij~1 LLfl~~'tl'tl'U't,..fl L"~L'lifl~L~~~1n~'U Ln C;)L'lifl~tJ')~ ~') (cell swelling) 
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I I " " 

n"11Lfil~fl'\J.Yi'Dfl,nj1 LL~::~flfl'\J.L;-1111tJ't '\J.L'lI~;1::tJ::LL1mr'\J. ~::y'h 't \\' rough endoplasmic 

. ... .t 0 't s.... s. ~tJ'" s. s. ... 
reticulum (RER) tJ'llJIWlLL~::\H~"'flflm.J1lJ1n'D'\J.Yl1 "'lJm1~11~ ~ 1(;l'\J.~"''\J.fltJ~~ C11lJm1'D1'" 

L~fl '" LL~ ::flfl n~ L~'\J.LtI'\J.L'l ~1'\J.1'\J. L'lI ~;~:: Ln "'t1'\J.(;l11tJ,ij",~1~~1lJ 11(1 ~'\J.n~tJ~ ~111Yi L~lJL'" 
,.~ ..c ... 

(Yi~~l"1n'" LL~::Yi L'l!~ LL~::filru:: 2541) 

Irreversible cell injury LtI'\J.m1LtJ~tJ'\J.LLtJ~~~Ln"';'\J.Liifl 1lJLYlfilfl'\J.L"'~tJ LL~::~'l'\J.'Dfl~ 
. l.t _... CI.t ... 

cristae tJ'llJL(;l~lJ1n'D'\J., plasma membrane Ln"'m1~n'D1~. lysosome ntJ'llJ'D'\J. lJm1~::~lJ 

'Dfl~ LLfil~ L~tJlJI11tJ't '\J.L'lI~;fl!h~lJ1nlJ1tJ 111tJ't '\J.LlJ LYl filfl'\J.L"'~tJ ~tJ'llJ~ ::ii~11''\J.,r'l111tJ't '\J. 
mitochondria matrix tl1 L,..~m1ruu~ fil~~1 Lij'\J.j;Jfl1tJ~fltJ1~::iim1*'lL "'~'1Jfl~ Llh~'\J. Lfl'\J.L'lI~ 

LL~:: metabolite ~1~1'Dfl~L'l!~; pH ~~"'~~~1't\\, lysosome tJ'llJlJ1n;'\J. iim1*'lL"'~'1Jfl~ 
Li)'\J.L'lI~ lysosome (L"li'\J. RNAase. DNAase. protease LL~:: phosphatase) ~L'lILYlYi~1~~lJ 

Lfl'\J.L'lI~ ~~nrh'lYi1 't\\' Ln "'m1tJfltJ~~1tJfl~ IiltJ1::nfltJ ~1~1111tJ't '\J.L 'l!~ff LL~::Ln "'m1LtJ~tJ'\J.LLtJ~~ 

'1Jfl~U'l Lfil~m'l LL~::L'lI~; IJl1tJ't '\J.~~ "'n~1tJ LU'\J.nfl'\J.'D'\J.1 '" 't"''li~tJ1::nfltJ ~'ltJ phospholipid ~~ 
~flLtJ~::QmntJn'\J.L~tJ phagocyte (~~LL~"'~'t'\J.ltl~ 6) 
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ltJ.vl 6 U~(;\.:J~1~tJ,f'\JIWel'\Jn1~Lnj;J ischemic injury, ~'l'\JtJ'\JLtI'\J reversible cell injury, 

~'l'\J-a1.:JLtI'\J irreversible cell injury ('W.:JH~n~U'il~~L"lf~ U'il~FHU~ 2541) 
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Yo"''' 't "" "" a ""t Fl'l1J.l1tJ.lV.U fi'i::Wl1~ 'lFl'",iI'iI J;'I L'a'il (;l1fJ.l'il~ J;'ItI LL1J~ (atherosclerosis) ""'l'il 'lFl1f J.l'il~'!1" 

Li'ilJ;'l (stroke) ntln1'l(;l1t11J'iI~L"lf'aiU'i::1f1'Y1 

m1~ n~~ ~,)~lJ,)YiU~,) m1u1tn 1'1'fl,)'I.n11 '!I,r~~-:l Ltl~L'J ~ ')~') ~~') 't tX Ln (i1I CJ~ L~tJ 

lJl'fli,)-:l mtJ~ 1')tJ LLN 2-1') n~~ (i1I ~'fl n'fl 't tX Ln (;l L11'1~~'fl (;l L~'fl (;l LL(;l-:l tiu LL;-:l (atherosclerosis) • 
~-:lill'1'J,)2-li2-l';~firiun,)1~ ~lJ'fl-:l'!l,) (;l L~'fl (;lLL~:::L'1I ~itJ1:::~,)Yl (;1') tJ 'ij,) n n ,)1~n~,)'1l'fl-:l 

Hamdheydari LL~:::l'1ru::: 2000 YiU~') Oxidized-LDLs (Low density lipoproteins) il 
~ ,~ 

CJ~IJl'fl endothelial cell '1l'fl-:l~~'fl(;lL~'fl(;l1'J2-I~-:l~~'fl(;lL~'fl(;lYlltJL~tN~2-I'fl-:l L(;ltJilCJ~~(i1I 

m1~,)-:l,)~LL~:::mlJ')ru'1l'fl-:lL'fl~1'11~ eNOS m2-l')rultl(;11n'fl'flnl'11~~~(;l~-:lilCJ~yh'ttX 

'ij')nm1~n~'!I'fl-:l Ying LL~:::l'1ru:::2000 LL~(;l-:l'ttXL~~~,)'fl1~,)11"11,r~~-:l~,)2-I,)1ClL~2-I 

m1LL~(;l-:l'fl'fln"1l'fl-:l caveolin-1 ~~~'flr;)L~'fl(;lLL(;l-:l't~rY (aorta) LL~:::~(;lm1LL~(;l-:l'fl'fln'1l'fl-:l 

L'fl~l'11~ eNOS (endothelial nitric oxide synthase) tl'fln'ij')nn'fl,)~,)11'11,r~~-:lJ-:lLtl~ 

~~L~~'1I'fl-:lL11'11'1'J,)2-I~~L~'fl(;l~-:l, stroke LL~::: coronary artery disease (Wilde LL~::: 

I'1ru:::1999) LL~:::'ij')nm1~n~,)"1I'fl-:l Yucel LL~:::l'1ru::: 2005 YiU~,)JlI'J:::l"11,r~'t~L~'fl(;l~-:l 

(inducible nitric oxide 

synthase) ~ -:l il ~ ~ L ~ tJ -:l1Jl 'fl n ') 1 ~ ') ~ 1 tJ 't tJ tJ 1::: ~ IYl (;1 ') L tl ~ ~ ') L ~ ~ '!I 'fl-:l L 11'1 ~ 'fl ~ ~ 

(glaucomatous optic neuropathy) LL~ :::Ln (;l n,)1~ m~u~~ 2-I'fl-:l~-:lYiU2-l,) n 't ~~tl'ltJ 

Alzheimer's disease (Hamdheydari LL~::;l'1ru::: 2000) 
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J', ,.,J.. ... 
'D~ ~~l-J'VlU1L'l t1J synapse (support synaptic plasticity) 'l!~ fOl'lU fiJ),J n'11'Vl'1~'1~'D'tl~ 

synaptosin I LLfI::CREB (Cyclic AMP-response element-binding protein) ~~'UJLfI~fI 
~~ n ~'1'l;:j tJfI [;)'tlm ni'1~'1~'D'tl~ 1'tl tJ [;)'tl L'l! fI ;t11::~ '1'Vl L~ tJ'l;{ 'tl~ riu n '11iStJ~lLLfI:: fOl'l '1),J4 '1 

" , 
(Wu LLfI::fOlt1J::2003,2004) ~~l!~m1fu1.J1::'Vl'1~'tl'1~'11YliJ1 'D,r~~~ Lfj~L'lfl'1~'1~til::iJ tJfI 

" , 
~'1L~n'11L1m.!iLLfI::fOl'l'1),J4'1f1~fI~ ~'tlntil'1nil 'tl'1~'11YliJn1~1'D,r~ (fatty acid) Lfj~ 

~'l~1.J1::n'tlu~~til::;:j tJfI hJL~),Jn'11m::~~ excitatory ~'1 L ~ L'l!fI;1.J1::~'1'Vl ~ n~'1f1'1tJ 

(Valencia LLfI::fOlt1J::1998) LLfI::~'1 L~L'l!fI;tJ1::~'1'VlU'l),J ( Monique LLfI::fOlt1J::2001 )LLfI:: 

til '1 n n'11~m~n'D'tl~ MingLLfI::fOlt1J::2009 'ViU~'1 n'11u1'Gl fOl'tl'1~'111 'D,r~~~ dj~L'lfl'1~'1\!;:j 

tJfI~'1 L~;:j f'l'l'1),J L~tJ~ [;)'tln'11Ln~ L1fOl L~1::UU"r'l Ltil LLfI::~fI'tl~ L~'tl (;l LLfI:: L1fOl~fI'tl ~ L~'tl ~ 
~ ~ J' <Q -JC:.t 

Lfl tJ~ ~ l-J'tl~ (cerebrovascular) L 'Vil-Jl-J'1 n 'D~ LtI~tJ fI),J '1 til '1 n 'tl~),J fI 'tl~ 1::'Vl L'Vi),J 'tI~ til '1 n ... 
n'11~ mf'1'D'tl~ Baran LLfI::filt1J::2005 'Viu~'1n'11u1tn fil'tl'1~'111 'jJ,r~~~ LtI~L'lfl'1~'1~ .. 

" ~'ll-J riu;:j fil'l '1),J Lfil1tJ ~ L'1'tl f~ iJ tJ fI vh 't ~ L'l! fI;tJ 1::~'1'Vl ~ l-J'tl~ hippocampus ~'l \! 
" , 

dendrite ~~i\!LLfI::(;l'1tJ1~\!Yl~~ • 

1'll-J~~'tl'1~'11~;:j~'1 mfl~~ntJfI~'1 't ~L~'tl1J~fI'tl (;l L~'tl ~~ 'lJ L~tJ n'11~'1~'1~ (endothelial 

dysfunction), 'D'1~fOl'l'1),J~),J~fl1::~~'1~ oxidant riu antioxidant LLfI::nCJfln~n'11 

LL~ (;l~ 'tl'tl n 'D 'tl~ NOS-isoform LL[;)'t \! 'Vl '1~ (;1 N ri~;( '1),J [) '1 'l::1 'tI,r ~ 't ~ L~ 'tl ~ ~~ .. 
(Hyperlipidemia) ;:jtJfI~'1't~m1LL~(;l~'tl'tln'D'tl~ nNOS (NOS-1) L~),J;~ ~~n'11L~),J~\!;1 .. 
iJ m'1),Ji),J~\!firiun'11(;1'1tJ'tl'tl~ L"llfl;tJ1::~'1'Vl ~'ltJ (Yucel LLfI::f"l(l..!::2000) ~'tl ntil'1nil 

n'11~m~n'D'tl~ Mader LLfI::fOlt1J:: 2005 tJ~'ViU~'1't~~[)'1'l::~),J'tl~Ln(;ln'11~m~U iJm1 

m::~~ glia cell 't~iJm1LL~~~'tl'tln'tl'tl~ inducible NOS (iNOS) 't~~),J'tl~1~ ~'1't~nn'11 

~r'1~ NO 't~m),J'1 t1J),J'1 n N04'1\!'l~),J'1 mn~1tJn CJ fI~'1f1'1m"ll fI;tJ 1::~'1'Vl~'tlrJ'tn ~ L~tJ~ 
'IJ 

, " 
1~ 't\!'tlt1J::L~tJ'lri\! endothelial NOS (eNOS) Yl~fI'tl(;lL~'tl(;l1tJL~tJ~~),J'tl~til::C1nm::~\! .. . 
'i' 2+· 't" ... " c.: J'.!'l • 't" dO ... ~~t1 Ca 'Vl'1 ~),Jn'11~1'1~ NOL'Vi),J),J'1n'tl~L1J~CJfI'Vl'1 ~~fI'tl(;lLfI'tl(;l'tltl'1tJ[;J'l 

(vasodilatation) LLfI::iJm11'l),J~'l'tl'tl~ macrophages, microglia LLfI:: astrocyte L~'tl 

~Un~L"llfl;tJ1::~'1'Vl~ [;J'1tJ 
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.Y. .,.. .1-- .1-.1 It <V -., .. 

2. A,)1~1I~"'Ufi'!l'il~1J!ln'!J1n1'L1J~!J'UU1JjI~ ~'!I~'U (lipid metabolism) 'YI~'U~L'lIjIjI 

tI'~.1'Y1rltJ n1':r;11!J'!I'il~ L'lIjlitl'~.1'Y1 L ;j'il~'"I1n. ~'iI~'!I1 fI L i'il" (Muralikrishna 

LL~:::filru:::1999) 

m1LtJ~tJ\lLLtJ~~'t'1l,r\l~~\!'Wl!~~ iJ~~l11'l~Lnc;)m1~11~ arachidonic acid (AA) 

1'llJ~'ltJ YnJ~1 AA ijtJ."tJ1"'~1~C\J'l\ln11in,j1'l~L'lI~~tJ1:::~1."t;11tJ Lc;)tJn1:::tJ'l\ln11 

~11~ arachidonic acid ~'fl~'fI1~m'fl\l't'll,r phospholipase LL~::: phosphatidylcholine .. 
synthase t;l1n\!\l arachidonic acid "I:::~m'fl\l't'll,r cyclooxygenase (COX)LL~::: 

lipoxygenase (LOX)LtJ~tJ\l'l~Li:l\l prostaglandins, leukotrienes LL~::: reactive 

oxygen species (ROS) ROS ~LnC;);\ll11'l~'1I,r\lLnc;) lipid peroxidation LL~:::LnC;)~11 
, 

ViiJ~~t;i'flL'lI~~ (cytotoxic product) ~'fl4-hydroxynonenal (4-HNE)LL~::: acrolein ~11 

~~ n ~1'l~1lJ11ClL '14'tJ ritJ LtJ1~\lLLtJtJ covalent l11 'l ~LtJ 1~\l~ C\J L~ tJ n 11l11~1\l .. 
... ., " 't... 0 'l "... .. \l'fln"l1nU arachidonic acid tJ~n1:::[;J\lL'fl\l 'lIlJ sphingomylinase .,,1 \UJn11~~t;1 

ceramide ~~iJP'lru~lJ~LiI\l pro-apoptotic agent 't~n~'ltJ n11Lnc;) ceramide LL~::: 

oxygen radicals iJ~~l11'l~lJL"'fil'fl\lLc;)1tJ~'k!L~tJn11l11~1\lLL~:::mf~ cytochrom C 

~~l11'l~~lJ'fl~iJfil'l1lJ't'lt;i'fln11nnl11~1tJLC;)tJL~~1:::'fl~1~~~"I1n'fl\llJ~~~1:::(oxygen w • w 

radicals) \l'fln"l1ne'fl'tlJ~~M:::~LnC;);\lLiI\l'1lilc;) ROS (02- LL~::: OH-) ~1lJ11ClL'1l11 

tJnmtJ1ritJ't\lt;1ln'fl'fln't'll~ (NO) ~~11~~\l"l1nn11l11~1\l'1l'fl~L'fl\l1'l1,r nNOS 1~LiI\l 
~11 peroxynitrite (ONOO-) ~1lJ11nin,j1'l~Lnc;) lipid peroxidation, protein 

peroxidation LL~::: DNA damage LL~:::iJ~ntJJl1~L~titJ'l,j1'l~L'lI~~tJ1:::~1."t;11tJ't~\l .. 
'1Iru:::L~tJ'lri\l \l'fln"l1nnfi~~tJ~1 arachidonic acid LL~::: metabolite ~1lJ11nl11'l~ 

blood brain barrier (BBB) l11~1\l~c;)tJn~ Lc;)tJiJ~~t;i'fln11~C;)n1'fl..:j~11cJ1\lL.;r1-'fl'fln 

~lJ'fl~l11'l~Lnc;)n11tJ'llJ'1I'fl~~lJ'fl~'t~ (Muralikrishna LL~:::filru::: 1999, 

filru:::2000, Monique LL~:::filru:::2001) LL~:::l11'l~L'lI~~tJ1:::~1."mtJ 

Gioacechino 
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n1,jlfl~ NO u~:m1'Ln" signal transduction 

., ., 
h..l[;J1nflfl n L"JIc;I (NO) ij f'ln..liUJ~d:I"'LLrifl~~~1u't~~l1~t "'U'1LL~ ~i."lJ~'" fl1~1HI • 

, ~tI~ " .:. ~ , ....I, , ~tI~"" J' 0 ~ .. 

LL·,Um'~~1t1 ~ ~(;\Yl'lLL~~f1f1n~Ylfi[;JflL"JI~~Ylfl'J'\.n,:jflfln ~ ~(;\ M1,:j"lJ"'~1nn11Yl1~1"'''lJfI,:j LfI'" ~"JI~ 

nitric oxide synthase (NOS) LtI~t1'" amino acid L-arginine i.~Lij", L-citruliin LL~~ i."'[;Jln-
., 

f1f1ni."JIc;I(ValenciaLL~~f'lru~1997)"'f1n~1nil~f1,:jfl1~t1 cofactors L"J!", heme, NADPH, 
.... I _ 0 

tetrahydrobiopterin (BH4), FAD, FMN LL~~ calmodulin n11"lJ1(;\ cofactors (Mn~1'l~r.J~Yl1 

t,xLn(;\ eNOS-uncoupling ~ cerebral artery Li:h..lfl1L~~~1t,xLn(;\ endothelial dysfunction, 

hypertension, hyperlipidemia, atherosclerosis LL~~ hypoxic-ischemic brain injury (Toda 

LL~~f'lru~2009) 

t"'1~uutl1~fl1Yl~'l"'n~1,:j (Central nervous system, CNS) 1"'[;Jlnflflni."JI~ (NO) 

fl11,:j~"'~1nn1m1~~"'''lJfI,:jfl11~f11h~fl1Yl glutamate ~,:jLi:I"'fl11~f11h~fl1Yl"l!Ulnm~~"'L"JI~i 
Lih~~1t1 (excitatory neurotransmitter) glutamate {unu NMDA receptor ~1t,x Ca

2
-

channel LtI(;\Ln(;\n11i.~~"lJfI-l Ca
2

+ L;r1~L"JI~itl1~fl1Yl~'l'" postsynaptic ~-lr.J~~1t,xLnlnn11 
"o~.. .J"J' " .. 

m~~"'n11Yl1-l1"'''lJfI-lLfI'''~''JI~ nNOS (Yucel LL~~f'lru~2005) NO Ylfl11,:j"lJ"'111t1 ~t..lL"l!~~ 
, 

tl1~fl1Yl ~1~,J1VlLij", neuromodulator ~1f1 neurotransmitter (Wei LL~~f'lru~1999) Llntlhjij 

CJ i.!'"I ... I '% ...t.. " " 
n11LnUfl~fl~ 'l ~"'L"JI~~u1~fl1Yl LL[;J~~~-lLM1~~"lJt..lL~f1[;JfI-ln11 LL~~fl1~1H1LLYl1n1~~1t1f1tJ1,:j 

1'l(;\L1'l~1"'L~f1~~L"JI~i ijim~ru~hJf'l-l~'l~-lfl~1t1~'li.tlLi:lt..l nitrate (NO 3-) LL~~ nitrite (N02-) 

i.~f1th-l1'l(;\L1'l NO ~Ln(;\~t..l~ postsynaptic neurons fl1~11mLYlim~~1t1tJfI",1t1~-ltl~1t1 

tl1~fl1Yl"lJfI-l presynaptic neurons i.~ LL~dj r.J~tlfu LtI~t1"'n11~i,:j fl11~f1t11~fl1Yl'llU(;\ 
,4 q .J".... .- " 0 .cJ.c:Iro .: ... r 

glutamate "JI,:j~UYlU1Yl LntJ'l"lJfI-l num~U'lt..ln11L1t1t..l1LL~~f'l'l1~Yl N~1Yl Ln 1n"lJ",t t..l1~(;\U L"JI~ ~ .. 
(Valencia LL~~f'lru~1997) (~,:jLLfl(;\-ltt..lltl~ 7) 

.. ..., tI tI' 2.1' " ..... " 0 
L"JI~~~1f1n11 ~(;\ ~f1t1 Ca "lJt..lLfI-l111t1 ~"'L"JI~~ ~r.J~n~~[;J"'n11Yl1,:j1"'''lJfI,:j constitutive NOS • 
( 

0 "" ... ....J 1 " ... J' eNOS LL~~ nNOS) Yl1 ~~ eNOS ~unu caveolin-1 Yl endothelial plasma membrane 1n(;\"lJt..l 

,J 0 "".... " ~ ., J' 1I ... " 0 
~,:jr.J~Yl1 ~~~n11fl11-l NO ~(;\~J1n"lJt..l (Ying LL~~f'lru~2007) "'f1n~1n"'t1-lm~~t..ln11Yl1-l1t..l"lJfI-l 

nNOS ~,:jLUt..l soluble enzyme ~Ylui.~t..li."JILYlYl~1fl;~"lJfI,:jL"JI~itl1~fl1Yl 
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N eu,,11 VasocrOOtatiln 
Toxkr, 

(0++ 

Citrult1ll8 

Atginine 

'i1J;j 7 u~fI~n~lnn1'i~;'~ NO 1:u postsynaptic neuron ... 
(http:// www.nichd.nih.gov/ ... /pubs/acute/acute.cfm) 

• "I .... "I_I.d' 
'U'Vl'U1'Vl'!l'e)~ NO j;J'e)n1'i~"'~L'l!l'UL~'e)j;Hl..IL~!I~~)J'e)~ (Cerebral blood flow) 

~.. ~.. .,j " J' ~. ~ .. 
Lt.!f;l1nflfln L1I (;I (NO) Yl~11~1It.!"1n endothelial cells ~~tJ n11Yl1-l1t.!"1Jfl-l Lflt.! ~nJ 

eNOS ;:h.JYlU1l'1n1:~t.!n11Vi1-l1t.!lIfl-lLflt.!L1I~ soluble guanylyl cyclase (sGC) 1~LU~tJt.! 

guanosine triphosphate (GTP) LULUt.! cyclic guanosine monophosphate (cGMP) ~-lLU 

n1:~t.!n11Vi1-l1t.!lIfl-lLflt.!L1I~ protein kinase G (PKG)1~ijn11iu potassium (K+) LL~: 
2+ .. .. ...".: J' .... ,,, ell 

calcium (Ca ) flfln"1m1l~fI Ln(;ln11~fl1tJf;l'JlIfl~n~1~Lt.!fl"1Jt.! LLfI:~t.JflYl1 ~~~flfl~L~fl~ 
., 

lImtJ~'J (vasodilatation), fI(;I~'J1~~t.!L~~f;l, UUU-ln11Ln1:n~~LLfI:n11U(;lLn1:lIfl-lLn~~L~fl(;l • ., 
(platelet aggregation), UUU~n11U(;lLn1:lIfl-lL1IfI;dj(;lL~fl(;l1l1'J (adhesion) LL~:iJfl-lnt.!n11 
.a. .. .. cr ':'1'" ., .. .J" J' .:II 
Ln(;l~~fl (;I Lflfl (;I LL(;I-l f;lUU.1I-3 (atheroclerosis) t.!fln"1nt.! Lt.!f;l1nflfln L1I ~Yl~ 11-l"1Jt.!"1 n~~fl (;I L~fl(;l 

U1L'JN peripheral efferent nerves ~L1tJn~1 Nitrergic (Toda LL~:~N: 2009) ijUYlU1YlVi11~ 
., ,., 

~flfl (;I L~fl (;I L~tJ~~~fl-3l1tJ1tJ ~'J (cerebral vasodilatation), L~~ n11L ~~ L~tJt.!L~fl ~ LU L~tJ-l~~fl-l 

L~~~t.! LLfI: Vi11~n~1~LnflL1tJU~fl1tJ~'J (relaxation) (~~LL~(;I-31t.!1U~ 8) 
" 
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I Shear Stress agonists I 
~ 

eNOS . ~ ~doth.II., •• 11 

7 
NO 

GTP GCs .GMPc 

~ 
Muscle cell 

.Ca2+ 

VASODILATION 

( http://vvww.scielo.br/scielo . ph p?pid=S0066-7 82X200600 ... ) 

.... 
fil'El postganglionic 

(nitrerg ic) nerves LL~:::1\!L'lI~;1.l1:::~IYl (neurons) \!tln"'lln~~-:l~¥I-:l~\!~ endothel ial cel ls 

(EC) "lJ'El-:l~~'ElC;)L~'ElC;)LL~-:lLtJtJ (pial artery) , intracerebral arterioles LL~::: capillaries Lc;)tJn11 

YiI-:lI\!':lI'El-:l eNOS 

..l"J'" ... , .. 
NO Yl~11-:l':ll\!~,)\!l.JUYlUIYl[;l'El cerebral arterial , arteriolar smooth muscle cells LL~::: 

~~'ElC;)L~'ElC;)~'EltJ (capillaries) L~tJ NO ~1l.JIH1LLYi1m:::"'lltJ"'llnL'lI~;1.l1:::~IYl11.l~ vascular 

smooth muscle cells (Toda LL~:::Plru::: 2009) ~-:l~~YiI1~~~'ElC;)L~'ElC;)'1JtJltJ~,)LL~:::L~l.Jn11 

1~~L~tJ\!L~'ElC;)LitJ~~l.J'El~1~~~\! (~~LL~~~1\!111~ 9) 
" 
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Endothelia cells PIal anery 

Intracerebral arteriole 

muscle cells 

Nitrergic neMs 

~e,·,~::~I~'''''4 

~~ :o", __ 

t1
- o. _.. .,.,... ., .. 

~ 'VI 9 U.'Ml-3(;J1u.~'U-3'V1~n1~"'~1·H'U(;J~n'el'£ln L'1!(;J (NO) .. 
(Toda u.~~Fltu~2009) 

" . 

, 
"" "" ... ~UYlU1Yl Lnm nu 

~1mn'UhJi1~~~11.""Ln(;l.,.,tJ1fi~111'YiL~ L-n'U Ln ",mTU1 (;l L~U'~~ Ltj~ LU~ (tissue injury) LL~::Ln (;l 

mT~1t1"1l~~L'lI~; (cell apoptosis) 

'£l~'U (Grape) • 

i1~~Yl1~~YltJ1f1l1~~f Vitis vinifera LtI'U~~L,j'~ ~1~1Tm~1'k!L&iuL~L~~~~1'UL'~~'U1,) 
L"1l ~~~~~'U~~~'U1,) LL~::L"1l ~~~'U t1~~u'U1h::LYl filL Yltli1mTtJ~ n~~'U1 'ULLClUI111"l~::t)'U~n L-n'U . " . 
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'£l1'U~'U~fn1~hr~ LtlU'fl~u~1.l\in~1tJ n11L"'l1C1JL~UL(;J~~1n ij~m~tru:;'ll'flL~qJ t.Jfl~n 
t.Jflnfl~I"l'flu;h~L~qJ ij~LL~~~1fl~'l~~11~~'l1U n1'flU Ll.l~flnu1~ ~~VhL~t.JflLL(;Jn~1m~flt.Jfl 

LLriLU'll'l~~U(;Jn,n LUt.Jfl~~~1 ij~~~ 1-2 L~~~ 'll'l~L'lfl1~~~"'l1n~~LL~~~~"'lULnUt.JflL~-nL'lfl1 
, " " 

3 Lt)flUfOl1~ LUL'lfl1 2 U ~1~1H1L~t.Jflc.J~(;JL~~ 5 fOl~~ t.Jflc.J~(;J1.l1:;~1ru 1 0-15 nLfln~~/~wfOl~~ 

(~~LL~~~LU11.l~ 10) 
" 

(http://www.culture.go.th/grape.htm) 

~11~n~"'l1nLl.J~~'fl~U (Grape Seed Extract) LtlU~111.l1:;LJWl Phenolic compounds • ," , 
~~~11L~~1l1~1l.J11Cl~lJL U~"l!~U1Hi'L'llunuLL~~lJ~1 n L ULl.J~ ~'fl~U (Zhang LLfl:;fOlru:;2005) 

~lJ~1LUL~~~'fl~Uij~11 polyphenols 1.l1:;l.J1ru 60% LLfl:;ij flavon-3-ols, catechin LLfl:; 

epicatechin LUf'l'l1l.J L;rl.J-ifu~~~n ~'ltJ (Garcia-Marino LLfl:;fOlru:;2006) ~11~1~ C1J~~lJL U'fl~U 

~'fl proanthocyanidins LLfl :;procyanidins LtlU~111.l1:;n'fllJ~~ Ln ~"'l1 n n 11vhl.l~n1tJ 1 

polymerization "1I'fl~ polyhydroxyflavon-3-ol monomer units (( + )-catechin LLfl:; (-)­

epicatechin) nlJ oligomers (Dekic LL~:;f'lru:;1998, Karthikeyan LLfl:;fOlru:;2007) 

..(_~ OJ ... .... '" .. '1 OJ '" 1. 'l'Vlfi1J'£l,m'U~~'£l(;J L~'£l (;J LL(;J~(;J'U ~"lI~ (anti-atherosclerosis) LL~:::'l'Vl fi~ (;J ~"lI).J'U ~ 'U 
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~ .r
tl 

_'1 ... ...... ... 
Yamakoshi LLfl~~CU~1999 I'1m~n~Ylfi nufl~~flfl(;lLflfl(;lLL'M[;lULL"~"fl~~'11~n~ 

~'1n UJ~ (;lfl~'W~)j proanthocyanidin Lil'W~'1'W,)'W"J'1n Ldfl L ~titJ')U'1 tA'')tJfl'1~'11'1. "~'W~~ 

't'Wn1~~htJL~tJ~~lJ~'11~n(;l~)j proanthocyanidin 't'Wfl'1~'11'1."~'W~~~,)'1lJL'lJ''W 0.1 % 
" 

LLfl~ 1.0% (w/w) '"I'1nm1Yl(;l~fl~Yi1J~'1~'11~n(;l~)j proanthocyanidin li'1't\h~;1J'1.,,~'W 
"' 

't 'WL~fl (;l LLfl~ malondialdehyde 't 'WLi\''WL~fl (;lLL~~'t m1J ~ (;l~~'1.tA' 'Wfln~'1 nU~flYl'1~ 
immunohistochemical LL~(;l~'t"'d~'W~'1 oxidized-LDL positive macrophage derived 

foam cell fl~~~tA'')tJL'rl'Wn'W 

4-v l:. a -v .. 
2. 'l'VIfi!lU!l~n1'iU'!l~[;l1't1'el~L~'el" (anti-thrombotic) 

Sano LL~~I'lCU~ 2005 ~m~n~Ylt"fl~ proanthocyanidin lJI'tln'11LL;~~,)"fl~L~fl~ 

L(;ltJL~timU'1 't"'Ln(;lm1LL;~~,)"'tl~L~fl(;l~ carotid artery 't 'W~':LL1Yl ~l'JtJm1U~L~ L'lIflf 

shear stress 
"' 0 "' 

proanthocyanidin ~'1lJ'l1C1U1JU~m1Ln(;ln'f)'WL~'f)(;lYl carotid artery '1.~LL~~UUU~ 

1..1 ~ n1 tJ '1 n '11 LL ; ~ ~ ') , fl ~ L n ~ (;l L ~ 'f) (;l 't 'W ~ fl fl (;l Yl (;l fl fl ~ '1. tA' ~ ~ LL ~ (;l ~ L'" L ~ 'W ~ '1 
0-

proanthocyanidin ~'llJ'11C1'f)fln~YlfilJl'f)l~h'Wm1LL;~~,)"fl~L~fl(;l L(;ltJuuu~m1Vi'1~'1'W 

'fl~Ln~(;lL~'f)(;l'1.~(;ltJ[;lN 

Shao ZH LL~~~ru~ 2003 ~m~n~Ylfi'fl~ grape seed proanthocyanidin 1JI'f) 

m1tlnil'f)~t.r')L~~'lnm1~m''1~'ltJ~')tJ'f)'t~~~~1~~~L~titJ')U1tA'')tJ H20 2 (exogeneous 

oxidant stress) LL~~ antimycin A (endogeneous oxidant stress) L'W cell line ~~m1 
o _ _ ......._ 

Yl(;l~'f)~YiU,)'l GSE ~'llJ'l1C1~(;lm1Ln(;l'f)'t~~'f)M~LL~~YiU'f)[;l1'1n'l1lJ'lI')[;l1'f)(;)''f)~ cell 

line L(;ltJ~Ylt;~n~'1,)Lil'W'1.tlLL1J1J dose-dependent 

4. '1 'VI ttJ ni1'el~n1'i'ti1~1'W'tI'el~ ~t1 u~~lj;l 
Ray LL~ ~~ ru~ 1999 ~ n'!;''1 ~Ylttl nil'f)~ n'1n''1~'1'W''fl~ ~1JLL~~'1.[;l~'1 n n'11 

L~timU'ltA'')tJ acetaminophen ''W'1(;l 400 mg/kg 'tm(;ltJ~(;lL''lYl'l~''llfl~Vi''f)~ Yi1J~'l 

GSE ~'llJ'l1Clfl (;lmlJ'lCU alanine aminotransferase (AST) LL~~ blood urea 

nitrogen (BUN) L'WL~'f)(;l'1.tA'LL~~~'1n~flYl'l~YitJ'1fi~YltJ'l'fl~~ULL~~'1.[;l YiU~'1 GSE 
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.. 
~1~11C1U1JU~n'mn'" apoptotic U~::necrotic Lt.!L'l!~;~1JLL~::'t(;l't~ 

5. 'lYl~tJnil'a~'i::tJtJtJ'i::t1Y1~'l'Unjl1~ (eNS) gnVi1j11!J~1n'a~~jI~t'i:: 

Balu LL~::l"lru::2006 ~m~n~'Vlf'llfl~ GSELt.!n11U'tl~nt.!1::1J1Jt.11::~1'Vl~':It.!n~1~ 
o ......... cl":X., 

(CNS) ~n'Vl1~1tJ~1nfl'\f~~fl~1::'l!~ Ln"'~1n'tl1!J'Vl L Yl~'IIt.! ~t.!~':LL1'Vl (age-related 

oxidative) t"'tJ~LI"l11::~n11~::~~'IIfl~ DNA damage makers (8-0HdG) LL~:: DNA .. 
protein cross-links ~~m1'Vl"'~fl~Yl1J~1 GSE ~1~11C1U1JU~n11~::~~"1Ifl~ 8-0HdG 

Lt.!~~'tl~~':It.! spinal cord, cerebral cortex, striatum LL~:: hippocampus 't~ 

J. I _~ '. I v "'. 6. 'lYlfi1Jn1J'a~L'IIjljl1J'i::~1Y1 (neurons) "ll'a~~1~~n(;}~1nU.jjl(;}'a1'U 

Lt.!U~'1,jt.!nm1~m~n~'Vlf'llfl~~11~n"'~1nL~~"''tl~t.!LL~::boJLL'M[;]fln11Ufl~nt.! .. 
n1n11~1m'l!~;1h::~1'Vl~1n~1tJ t"'tJn11~mi1riflt.!~,J1~'II'tl~ Hwang U~::l"lru:: 

2004 Vhm1~mi1~'Vlft.1nu'tl~L'l!~;t.11::~1'Vl'llfl~ GSE 1t.! gerbil hippocampus t"'tJ 

L~tim\l1 L ~~t.!LL1'Vl Ln "'111'):: ~~fl~~')t.!~,J1"111 "'L~fl '" (forebrain ischemia) ~':ItJ~fi 
" 

common carotid artery occlusion t.!1t.! 5 t.!1V1 LL~::U'tlt.!~11 GSE cJ1t.!'Vl1~t.11n"1lt.!1'" .. , 
60 mg/kg 1~Yl..:!ri'tlt.!LL~::~i~ occlusion 30 t.!1V1~1nn11'Vl"'~'tl~Yl1J~1 n~~V11~~1J 

GSE nl"l,)1~~t.!1LL\it.!'IIfl~L'l!~;t.11::~1'Vl pyramidal ~1nn11U'tl~~')t1~fi cresyl violet 

(neuronal cell density) L~~~t.!'tlth~n,rtJ~1riqj'Vl1..:!~ntiLri'tl LmtJ1JLVltJ1Jn1Jn~~ 
vehicle treated LL~::Lrifl~mi1~':ItJ~fi immunoreactivity 'II'tl~ 8-hydroxy-2-.. 
deoxyguanosine (8-0HdG) Yl1J~1 GSE ~1~11C1U1JU..:!n1n11~1tJ DNA Lt.!~~'tl~ .. 
~')t.! CA1 'II'tl..:! hippocampus 't~n~,)tJ ~~,rt.! LL~'M1~L~t.!~1~11~n"'~1nL~~"''tl~t.l 

~ 1~11C1U'tl~ nt.!n 1 n11~1tJ L 'l! ~ ;t.11::~1'Vl1 t.!~t.!LL1'Vl~ L ~titJ ')\l11 ~ Ln "'111':1 ::~~'tl..:!"111 '" 
" 

m1'Vl"'~fl..:![;]fl~1'11fl~ Feng LL~::l"lru::2005 ~n1i1~'Vlf'll'tl..:! GSE 1t.!n11ufl..:!nt.l 

n11Ln "'fl~~~~M::1 t.l~~fl~ t"'tJH'~':LL1'Vlfl1!J 7 rrt.lL~titJ':I\l11 ~ Ln "'111')::~~'tl..:!'111'" 
L~'tl'" (hypoxic brain) ~')tJ~fi right carotid artery occlusion n11~'" GSE 'IIt.!1'" 50 

mg/kg L -if1'll'tl~-X'tl~ 5 t.!1V1 riflt.!~11 ~~~fl..:!"111 '" L~fl '" t"'tJ1 ~rrt.!~:: 2 I"lf~ t.!1t.! 22 rrt.! Lt.! 

rrt.l~ 22 .r..:!~1~Un~~fl~~,)t.! right hemisphere LL~::~n11Lt.1~t1t.!LLt.1~~'Vl1~YltJ1fir)'VltJ1 
~,)t1~fin11U'tl~ H&E ~~n11'Vl"'~'tl~Yl1J~1~t.!LL1'Vl~1~~1J GSE n~1~,rn~~'tl~~"'~~~1n 

" 
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~ ~ 

20.0±4.4%S.E.M. (vehicle groups) mi'lfl3.1±1.6%S.E.M. (treated groups) LLi'l:::~ 

1:::~1Jn'11LU~m.lLLUi'l.:jYl').:jYitl')fi~YltI,) L 'W~~fl.:j~'l'W cortex, hippocampus LLi'l::: 

thalamus ~flf.Jn~')n~~rl'l1Jf'l~ ::::~1J thaiobarbituric acid reacting substance • • 
(TSARs) ~.:jLU'W marker "1lt:l.:j lipid peroxidation LLi'l::: 8-isoprostaglandin-F2u L'W .. 
brain homogenate ~~i'l.:j m:YI"'i'lfl.:jilLL~"'.:jL,xLih.l~,)~,)1~n~Iii')m~~~fl~'W~,)~,)1Cl • 
n~n,)1Lii ~ lipid peroxidation LLt\"Uj.:ji'l "'f'l'l,)~ L~t1V1')t1"1lt:l.:j~~t:l.:jVl~.:jlii')n~l1') L "\\ii", 

1l,)'l:::~~t:l.:j"1l,) ~ L~fl~ L 'WVltJLL1Y1 

c.J~"1lfl.:j m 1Y1 ~i'lt:l.:j Lilt:l 'W'W')'W~');l'llfl.:j Assuncao LL~:::rl ru:::2007 ~~ n1i'l L 'WVltJ 

LL1Y1fl,)t1 6 L~t:l'W LLu.:jt:lt:lmu'W 3 nfi~ ~fl nfi~~1~f1JLLt:l~nt:l1lt:l;, n~~~1~f1J1'loJLL~.:j 
.. ".. " 

(red wine) LL~::: pair-fed control ~~j;)fln'W'W')'W 6 L~t:l'W (;11'llii';jLrln:::~m~')ru lipid 

peroxidation, glutathione levels LL~::: antioxidant enzyme activities 'I. 'W 

hippocampus homogenate LL~:::~m~nL~t1'ln1JYi~~m1~n'11L1m.JlLL~:::rl'l,)~~,) 
(behaviorally test) ~'ltl';jfi Morris water maze Iii')nm1Y1~~fl.:j VI'\JLL1Y1~1~f1J 1'loJLL~.:j 

" 
iilipid peroxidation ~t:ltl~.:jLLi'ldh:::~1J reduced glutathione (GSH) LL~::: antioxidant 

enzyme activities ~.:j~'\Jt:l~').:jihrtl~')~t1JYI').:j~ti~Lijt:lLl1t11Jn1Jn~~~1~f1JLLt:l~nt:l1lt:l; 
c.J~m1Y1~~t:l.:j morris water maze Yi1J~,)VI'WLL1Y1~1~f1J1'loJLL~.:ji1~(;11')m1~t1'\J1LL~:::i1 

" " 

~,)Yi'ln flavonols L-n'W catechins, procyanidins LL~:::polyphenols i1~ru~~1J~LU'W~,)1 

r1f,)'\Jt:l~~~~M:::'I.'\J~~t:l.:jLL~:::i1~Yltunilt:l.:jL'~;U1:::~,)YI~'l'W hippocampus Iii')nm1~n 

.yh~')t1 ~'ltlt:l'W~~~M:::~ Ln "';'WIii')nm11J~'LIlrl LLt:l~ nt:l1lt:l~1~ . " 
Montilla LL~:::rlru:::2006 1~Yhn'11~n~,)~Yltunilt:l.:j~~t:l.:j~'l'\J cerebral 

cortex LL~::: 1(;1~ ~ nvh ~')t1 ~'ltlt:l~~i'l:SM::: Iii') n n'11mtimu') ~'ltlt:l')VI,)11 "lJ~'\J~.:j 'I. '\JVltJ 

LL1Y1 L(;ltlt-ifVltJLL1Y1t:l')fJ 3 L~t:l'\J LVititl'lU')'I.,xLii(;lt:l~~~:S~1:::~'ltlt:l,)VI,)11"1l~'W~.:j 
(uJ':::nt:l1J~'ltltrlL~~L(;1t:l1t:l~ 1.65%(w/w)) '\J')'\J 4 iu",')~ t(;ltln~l-J~f1Jt:l,)VI,)J'1"1l~'W~.:j . .. 
Iii:::1~f1J1'loJLL(;l~ "lJ'W')(;l 400 mll70kg/day (ad libitum) (;1J''llii';jLrln:::~m~')ru total 

cholesterol, lipid peroxidation, reduced glutathione (GSH) content, superoxide 

dismutase (SOD) , glutathione peroxidase (GSH-Px) LL~::: catalase activities 'I.'W 

~l-Jt:l.:j, 1(;1 LL~:::'I. 'WLii (;l L~t:l~ Iii')n c.Ji'l m1Y1 "'~t:l.:jYi1J~,) VltJLL1Y1~1~f1J l'loJLL~.:j i1t:l~~i'l-
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m1~n~"1I~~ Devi LLrl::fil tu::2006 ~UU~'4\JtJrl~lcJi'~ n~ 1 \Jm.1LL1'Vl~'fl'lfJ)J'ln 
(4 L~~\J) LLtJ~m1'Vll1lrl'fl~'fl'flmu\J 3 n~)J~'fll~fu GSE f'l'J'l)JL;J)J;J\J 25, 50 LLrl:: 75 • 
mg/kg/day 1 ~LI1l EJ n 'l1n \J~ I1l ~~ n\J LU\J L'l rl 'l 9 i tJ 11l'll-f j;] 1'l'; ~ Lfil 1'1 ::l-ftl1)J'l tu 

superoxide dismutase (SOD), catalase, malondialdehyde (MDA), protein 

carbonyl content, choline acetyl tranferase (ChAT) LLrl:: acetylcholine esterase 

(AChE) 1\J brain homogenate "1I~~~)J~~~'l\J cerebral cortex, hippocampus LLrl:: 

cerebellum tJrlmrnl1lrl~~~ur)'l GSE ~fil'l'l)JL;J)J;J\J 75 mg/kg/day ~'fln~'Vltl~~~~11l 
, 

L(;)EJ~'l)J'l1C1L~)Jm)J'ltu SOD activity, ChAT activity LLrl::rll1lm)J'ltu MDA LLrl::: 
II I I " 

protein carbonyl content Hi' \J~n';'lnnm1L~)Jm)J'ltu"1l~~ ChAT activity ~~tJ~=an~ 

Ach content 1\J~)J~~~~ 3 ~'l\J m)J'ltu Ach ~L~)J;\J1\J~)J~~~\JLU\Jmri'lm~).J 

f'l'J'l).J~'l)J'l1Cl1 \Jm1L1-EJ\J~"1I~~~\JLL1'Vl~ ~~~'lEJ1~ ~'lEJ ~~ LL~ 11l~ 1 ~ L~\Jr)'l ~'l1~ n 11l';'ln 
~ ~ ~ ~ 

L)J~(;)~~\J~'l)J'l1CltJmJ~~~)J~~~'l\J hippocampus, cerebral cortex LLrl:::cerebelium 

';'l n m1Cl nyh rl'l EJ cJi''lEJ~\J)J rl:S~ 1::: 1 \J~\JLL1YllcJi' 
IIlI ~ 1J III 



d 
'U'VI'VI 3 

" H"'nJLL1YlLViPlej~~firl~~h (Wistar rat) UT\.nrn 170-200 nf~ ~')~')~ 40 ~') ~LL~~,)~ 
~ CIJ" CIJ 

"' ~,)~1s')~m1~LL~i ~1'Yl ~~'tl~ ''tl~ I"lru::i~1'LLViVltf PI')~ ~f ,-A')~~mru~~,)';)YltJ')itJ L~tJ~ ~,)tJ 
"I I I 

'tl,)~,)1v;~S,)~Lv;'tltlflJ~J1T"'i ri'tl~L1~ m1Yl ~~'tl~1 ""'tl,)~,)1't ,:r~~~ Li1~L,) ~')~tl~ itl~')i LLtl~ 
, " 

i ~1'Yl ~~'tl~'tl'tln Li1~~'tl~ ~') ~'tl~tl~ nN 1 ""U') ~')~ ~'tl-.l n,)1LL~ ::1"l,)lJ 1"l~1 ""'tlt11 ~~J1')')dl ~LL~:: . " 

, " 
'eltlmruYlH1~m1Vl~~'tl~ ~~-.ltl 

1. Autopipettes "11~,)~ 5, 10, 50, 100, 200 LL~:: 1000 1-11 (Gibson, France) 

2. Centrifuge (Beckman Instrument, USA) 

3. Cryostat tube (Leica 500 Cryostat, USA) 

4. Light microscope (Nikon, Japan) 

5. Microplate reader (t~ Sunrise, Tecan) 

6. Microcentrifuge (t~ 21 OA, Denville) 

7. Microtome (Microm HM 335 E, USA) 

8. Potter-Elvehjem homogenizer with pestle LL~:: glass homogenizing 

vessel (Heidolph, Germany) 

9. pH meter (Beckman Instrument, USA) 

10. Spectrophotometer (Shizumadzu, Japan) 

11. Vortex mixer (VM-300. Gemmy industrial) 

12. Ultra-low temperature freezer (Forma Scientific Inc., USA) 
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13. Water bath 
, 

..... I ... c:r 
14. '(;ILf'l1tl,nJtltJ1(;1"'L~n 

15. tJ1~n14'UL,)~1 (Citzen ®) 
, , 

.. ... .. I 

16. Lf;Wtl~"ll~~:;LtltJ(;I (ttJ A 200 S. Satorius) 

3. ~11LFlil 

~11Lf'liJ~H1.tJn11Yl(;t~tl~ iJ~~~ 

bovine serum albumin (BSA) , Folin & Ciocalteu's phenol reagent, sodium 

carbonate (Na2C03), sodium citrate, sodium phosphate dibasic anhydrous (Na2HP04), 

cresyl violet acetate, sodium phosphate monobasic anhydrous (Na2H2P04 ),ZnS04 p-.. 
aminobenzenesulfonamide, N-(1-naphthyl) ethylenediamine dihydrochloride, 4'''';tlIil1n 

u1';'" Sigma chemical Co., USA. 

sodium nitrite (NaN02) LL~:; cadmium bead 1i11nu1';Yl Oxford Biomedical 

Research Co., USA. 

Hydrochloric acid (HCI), sodium chloride (NaCI), sodium hydroxide 

(NaOH) 1i11nu1';'" Merk, Germany 

Standard Malondialdehyde (MDA), Trichloroacetic acid (TCA), 

Thiobarbituric acid (TBA) 1i11nu1';Vl Fluka chemic, Japan 

Oil Red 0 stain, Hematoxyline-Eosin stain, glacial acetic acid 1i11nu11i'Vl 

C.V.Laboratories Co., LTD, 95% alcohol, xylene 1i11n LAB-SCAN analytical science, 

paraplast 1i11n McCormick Scientific Co., USA 

Casein, sucrose, cellulose, cholesterol, mineral mix, vitamin mix, 

methaionine, choline bitartrate 1i11nu~ Fluka chemic, Japan. 

q ~ a I 

4. n11L(;11!12J~11~n~r.l1m2J~~'£I.:J'U (Grape Seed Extract, GSE) • 

~1LlJ~(;ttl~tJ~tJlf'l1~~~ (Vilis vinifera, Linn.) 1~fuf'l,)1lJtltJLf'ln:;iIil1nu11i'Yl~mlJ . ~ . 
1'),rLtJtl;;l~1Ii(;l (Spy winecooler) L~"1J~ 171/1-4 "l!tltJ 78 CltJtJ~fl1,) ~ f~~ (;1 "''eltJL;j'el~ nN LYlYl • .. .. 
1021 0 L(;ttJiJitJ(;1tltJn11~ Ii (;t LlJ ~ (;ttl~tJ~~il • 
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~, ~ 

tJftJ~1l1Yi~~LL1Yl ~'.ltJtl1~11Yl'U~1'Uri'fl'UL1-~n'l1Yl r;Jfl'fl~ LiI'UL'.lfl1 1 ~tJr;J1\-f Lr;Jm~tJ~ 2 
I " I I 

~'.lt;itl~ll~nN L~U1j;l1~~tl~n'l1fl'.ltJ~~tL~tl~L'U~1l1'.l~ijr;JLLfl~~~1~ 12 i'.lL~~Yl~n.I~1Jij 25±1 
, ~ ~ 

tl~fII1L'flL;tJ~j;]fltl(;lL'.lfl1 i~in~~n'VJn131"'ULLfl~LLU~~~l'rYlr;Jfltl~LiI'U 5 n~~1fl~ 8 ~'.l~~U 
, , ... 

nfl~Yl • 

, , ... 
nfl~Yl III • 

, 

~ 

1~rutl1~11Yl'U~1'U (Normal Diet) 

1~ftJtl1~111 '!Il!'U~~'U1'U 4~tJ r;J1\-fLL~'.l d-~ L ~1'.l~ ntJtJ1fl (;11 '!Il!'U fenofibrate 

1 00 ~fl./nn./l"'U L'U~tJ(;I1\-f~ 5 (Yamakoshi LLfl~l"ln.l~1999) 

n~~Yl IV 1~ftJtl1~111'!1l!'\J~~1'.l~ntJ~11~nr;Jr,nnL~~r;J'fl~'\Jm1~L~~~'U 0.5% · " . 
, 

n~~Yl V 1~ftJtl1~111'!1l!'\J~~1'.ll-JntJ~11~nr;J'"l1nL~~(;Itl~'\J1"l'.l1~L~~~'\J 1.0% · " . 
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2006) 

~'lUth":::nfltJ Normal High Fat High Fat + High Fat + High Fat + 

diet diet Fenofibrate GSE 0.5% GSE 1.0% 

Casein 15.30 15.30 15.30 15.30 15.30 

Sucrose 10.00 10.00 10.00 10.00 10.00 

Constarch 45.26 33.26 33.26 33.26 33.26 

Cellulose 5.00 5.00 5.00 5.00 5.00 

Lard - 5.00 5.00 5.00 5.00 

Cholesterol - 1.00 1.00 1.00 1.00 

Mineral mix 3.50 3.50 3.50 3.50 3.50 

Vitamin mix 1.00 1.00 1.00 1.00 1.00 

Methionine 0.18 0.18 0.18 0.18 0.18 

Choline bitartrate 0.25 0.25 0.25 0.25 0.25 

Soybean oil 4.00 10.00 10.00 10.00 10.00 

Fenofibrate - - 100 mg/kg - -

GSE 0.5% - - - 0.5 -

GSE 1.0% - - - - 1.0 

~ , ~ 

~1m~11i.:J 5 ~~11'i.:Jnfh'l1~~~1"'Vl"'~fl.:JnU'Vlnt)u (i.:J~1~,rn'tl1~11ri'tlULL~:::~i.:Jl~ .. . 
~ ~ , 

'tl1~111~~) L"'mvi1tJ~m~111~~'Vlnl'lf.:Jriflun11'Vl(;1~fl.:JL~tJ.:JLtluL'l~1 8 itJ(;)1,x (2 L~'tlU) i.:J • 
~ " 
~1~,rn~'J~n13 t)ULL~::: ~1U'lrum~1ru'tl1~1ri1~'Jnu~nt)u L~fll'l1tJ 8 itJm,xLL~'l~1LUUn11 

[;11~LL~U.:J1U~.:JLL~(;1.:JtU1tJ~ 11 .. 
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High-fat diet HF+Fenofibrate 100 mg/kg HF+GSE 0.5% II HF+GSE 1.0% 

Blood collection 

from left ventricle 

• r)"' 1:;~1J 

Left hemesphere 1~ ~lJ , NO 

1 
Rat brain section I 

H&E stain LLfl:; cresyl 

violet stain 

• L~'El~m~t1n'l1 

LU~tllJLLU~-3YJ1-3'mJ1fi 

~m~1J'fl-3'iUJ'fl-3~'llJ 

~ULULLfl)'J11~, ~­

L1J~~).J LL~:;f'ruf~­

fl'ElfLYin'lf 

1 
U~:; MDA 

Rat brain cryostats I I 
1 '----

~--~--------------~ 
o 1. '" " lJ1 utl'fl).J~'lti : • Nitric oxide production 

Oil Red 0 stain - NO in brain 

• ~nWln'l1L~'El).J 

'-I'El-3L'll~iu1:;~1Vl 

LL1J1Jm'-l~lJ~:;~).J 

llJ~).J'El-3~'llJ~ULU 

LLfl).Jl1~ , =nT-
~ ..... ~ 

L1J~fl).J LL~:;'llru1fl-

fl'ElfLYin'lf 

• Lipid peroxidation 

- MDA in brain 
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I 
a &tI ..., .. ~ "., 4It" • .-:III ___.. .cI 

5.2.1 LnULflflCillL~fl1Ci11unJ1M'DtJIDYLflflCillLLfl~f'l1'V11\1Lf'ltJf'lflUn ~ULflflCill 

L"l1~L~flCill LUt)UU1n (baseline) LLfl~t)U~f'l1U 1 L~flULCillm"l1~L~flCill~Ufl1tJ~1\1'D'a\l~~ 

'VI CiIIflfl\l LLfl~ L Ut)U~ f'lru 2 L~flU fl CiIIfl1~11i 1nr)'VI CiIIflfl\l LtlUL'l fl1 12 i'l LtJ\I ri'aUvi1 L ~flflU ~'ltJ 
" 

pentobarbital sodium 'DU1Ci11 60 tJfl./nfl.LCilltJ~CiIIL.;r1'V11\1'll'a\lYl'a\l "l1mrU~1LtJCiII'll'a\lflnL"l1~LnU 

L~'a CiII~,.r'l L "l~fl\l£i1\1;1tJ L ~fl 1n1'l"lt) CiIImtJ1 CU L 'DlTULLfl ~f'l1f1tJ 11t1U~m 1vi1\11U'Dfl\l ~U LLfl~ LlJI 

5.2.2 m1ln1'l"lt)CiII1~~UL'DlTuLuL~flCillmtJ~fi'D'a\lu1';-'VI Human Gesellschaft for Biochemica 

and Diagnostica mbH (Enzymatic colourimetric Test Kits) 

5.2.3 m1ln1'l"lt) CiIIf'l1f1tJ11t1U~m1vi1\11U'Dfl\l ~U LLfl~ Lin 1n1'l"l~ Lf'ln~~LCilltJ~fl\lU~~m1 1I1-

nfl f'lCU~fI~L'l'llfil1f1lnf ,li1fl\lnmrtJ~1~'VItJ1~tJ 

- liquid nitrogen 

- 10% neutral buffered formalin 

- phosphate buffer saline pH 7.4 

- 0.1 % Triton X-1 00 LU 50 mM phosphate buffer (pH 7.4) 

50 mM phosphate buffer (pH 7.4 ) U1~n'auJ)'ltJ Na2HP04 ~1U'lU 14.2 
" I 

nftJ LLfl~Na2H2P04 ~1U'lU 26.8 nftJ"l1n,jUtJ1f111fl~fl1tJli1~uufu pH 

7.4 ~'ltJ NaOH ~1'a Hel 

" .... .. 
5.3.2 'lIUIn'aum1LnUfltJfl\l 

5.3 .2.1 ~~\I"l1 mnu L~fl CiII LL~'l vi1 n11~1 LU CiII n ~L ~fl n J)'l tJ'II CiII LU CiII n~L ~fl mLfl~tJ1f1tJfl\l , 
" " \1\1~tJ CiII'Dfl\l~U'VI CiIIfl'a\l LL 'llL U tJ 1 LL ;\lU c;,fl ~ L ~tJ CiII LL~'l \1uli 

" 
" " I 

5.3.2 .2 tJ1f1tJ'a\l\1\1~tJCiII~1\1J)'ltJ ice-cold phosphate buffer saline pH 7.4 "l1n,jui\l 

" tJ1~,jnfl tJfl\l LLfl ~LL U\I fI tJ'a\l'afl m t1UfI fl\l;l n ;I n'1tJvi 1 n1 1~ CiII LLtJ n fI tJfl\l flfl n Li1u 

fbunULULLf'ltJUfI (hippocampus) "»LUfl~tJ (cerebellum) LLfl~~ufflf'l'afLYini .. 
(cerebral cortex) LLU\I;U~'lUfltJ'tl\l~\ln£i1'l fixed LU 10% neutral buffered 

formalin LLfl~""fl~'ltJ aluminium foil LL'llLL;\I\1uliLU liquid nitrogen ~1'tlLnuH 
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, 
Vi -80 ~~ fit 1 L'Dfl L~U~.,Un~1.,::Yi'1n11'" I?lfl~~ j;J~ hJ ~'lU~~~~;n'tl'l1 L[;i1mJLUU 

homogenate 

.... ... 
5.3.3 'lfimn[;11U~ Brain homogenate 

~1~~~~;n'tl'l1"1n.;r~ 5.3.2.2 ~1,1U[;l1~~fi'1l~~ Assuncao LLfl::r1ru:: 2007 Ll?luii 

" 5.3.3.2 "1mrU~1~l.J~~l.J11JI?lLU 0.1 %TritonX-1 00 LU 50 mM phosphate buffer 

" 
(pH7.4) ~1U'lU 3 LYi1't1fJ~~1\nrn~l.J~~L(1luH glass-Teflon homogenizer 

5.3.3.3 ,1uL"'fl::L~UI?lLUUL'lfl1 30 ~u1ViLLfl::~1 homogenate ~l~~LU centrifuge 

tube 
'" , I I 

5.3.3.4 r.l1mruuuVi 5,000 9 LUUL'lfl1 60 u1Vi Vi'eJru\-l]Jii 4 ~~fiI\1L'DflL;U~ 
, 

5.3.3.5 LrhJL~Yn::~'luL~lt)1u microtube LLfl::Lri1JVi~ru\-lJ1ii -80 ~~fiI\1L'DflL;U~";uVi . " 

~1\-lf1J[;11'l"~Lr111:: lipid peroxidation, Nitric oxide (NO) production LLfl:: 

tJ1~1ru protein 

5.4 n1~VI~~'el~V: 2 n1~~~FI~::'" Lipid peroxidation L'U'6UJ'el~U~::L'UL~'el~ 

~Lr111::,r lipid peroxidation LU~~~~LLfl::LuL~~1?l[;11~~fi'tl~~ Keynes LLfl::r1ru::2005 LI?lU 

1'1?l Malondialdehyde (MDA) ~~LUU end product '1I~~u~mU1 peroxidation '1I~~l't1lTu MDA 

~1~1nlYi1u~mU1n1J thaiobarbituric acid (TBA) ~~LL~(1l~LUlU~ 12 -1f1-l~1~Ln(1lLUU~11~ii 
~ LLfl::1' (1lrl1 m1(1l (1ln~ULL~-l~ r1'l1l.JU1'l r1~U 532 U1 L UL~ [;11 

" 

S N OH OH N SH 

t~'Lc-c=c '(Or 
Y-H H H~ 
OH OH 

MDA TBA MDA-TB~ 

tI "'" tI-- .. l VI 12 U-..IM £)n~!l1n1~Ln~ Malondialdehyde (MDA) 
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" , 
5.4.1 ~1tJ1Vllf1Lflt1:i Lipid peroxidation It.!~~'f)~LLfl:lt.!L~'f)(;I 

5.4.1.1 Trichloroacetic acid (TCA) 10% w/v in 0.25 N HCI 
" , .... ",,,,.,0.,0 

- L(;11U~ 0.25 N HCI ~1n HCI L'1l~'1lt.! 21 ~fl. CJ~~mJt.!1nflt.!~1t.!'lt.! 979 ~fl. 
, 

- i~ TCA ~1t.!'lt.! 1 00 nf~CJ~~nu 0.25 N HCI ~1t.!'lt.! 1 000 ~fl . 

5.4.1.2 Thiobabituric acid (TBA) 0.67% w/v in 0.25 N HCI 
, 

..... .... 0 ....... 0 

- L(;11U~~1nn11"l!~ TBA ~1t.!'lt.! 2.01 m'~CJ~~nu 0.25N HCI ~1t.!'lt.! 300 ~fl. 

5.4.2 ':lfin11?LFl11:i Lipid peroxidation (MDA) (Keynes LLfl:Flru:2005) 

5.4.2.1 L(;11u~~fl'f)(;l'V1(;lfl'f)~ 3 ~fl'f)(;I H·Li:It.!~fl'f)(;l'V1(;lfl'f.l~ 2 ~fl'f.l(;lLLfl:~n 1 ~fl'f.l(;lH·d:Jt.! 

blank 

" " 5.4.2.2 L~~~1tJ11t.!LLj;jflt~fl'f)(;l ~~~ 

-H' brain homogenate ~1t.!'lt.! 250 ~I 

- L~~ Trichloroacetic acid (TCA) 10% w/v in 0.25 N HCI ~1t.!'lt.! 500 ~I 

5.4.2.3 ~1~fl'f)(;l'V1(;lfl'f)~~~~~(;l~t.!~'lUFI'l1~L1'l 6,000 9 d:Jt.!L'lfl1 20 ':It.!1Vl~~ru~1Jij 4 
, 

'f)~ Pl1 L '1!fl L;!U~ L Yl'f)(;1 n (;1:n'f)t.! hhmt.! 

5.4.2.4 ~(;l~'lt.!1~ (supernatant) ~1t.!'lt.! 500 ~I 

5.4.2.5 L~~ 0.67% w/v in 0.25 N HCI Thiobabituric acid (TBA) ~1t.!'lt.! 500 ~I fl~lt.!~'lt.!l~ 

-if'f) 5.4.2.4 
, " , 

5.4.2.6 CJ~~tJDnh.J11,xdhnt.!~'lmFl1'f.l~ vortex mixer ~1mrt.!~~Vl~ru~1Jij 90-100 'f)~Pl1-

L;!U~t.!1t.! 15 t.!1Vl 
• ..,... I 

5.4.2.7 Lil'f)fltu L'lfl1 ~1~fl'f.l (;l'Vl (;lfl'f)~~~~~ (;l'l1~~~ 1m,x Ltjt.!Vl'f.lru~flij,x'f)~ . " 
, " 

.., I .diI '" ..:II q 4 

5.4.2.8 'l(;)Fl1n11(;)(;)nflt.!LL~~(;l'lmFl1'f)~ spectrophotometer 'V1F1'l1~tJ1'll'lflt.! 532 nm 
" 

5.4.3 n11~1t.!'lrum~1ru Malondialdehyde (MDA) 

~1t.!'lru~1m~1ru MDA It.!L~'f)(;)LLfl:lt.!~~'f)~L(;lun111-n1"111'1'l1~i~~t.!fi1:wh~m1~ 

L-if~it.!'1l'f)~~11fl:fl1U~1 (;11~1t.! nu 1"11 n11(;) (;l n~t.!LL~~ ttl (;1n n11Ln (;ltJIimU1 ~1t.!'lru~1 n 1"11 
...." 4.J 

MDA '1l'f)~LLj;jfl:~'llt.!~ti'lU ~M LLfl:~1t.!'lt.! brain homogenate protein ~1t.!'lruLilt.!~ti'lU mg 

11m1t.!m~1ru MDAlt.!~~'f)~lt.!~ti'lU ~mole/mg protein LLfl:m~1ru MDA It.!L~'f.l(;llt.!~ti'lU 

~mole/ml 



37 

MDA (~mole/mg protein) = tfhnn.l MDA (~mole) /m~1n.1fl,)1~L'~'U protein (~g) 

= m~1n.1 MDA (~mole) 

m~1n.1m1~ L'~'U protein x 10 -3 (mg) 

5AA m~t1~::Liju~fiilLflr1::tfm~1n.1 Malondialdehyde (MDA) 'lY'll;JtNLLfl::'lUL~'tl1?l 

,",1fl,)1~i~~ufiL:n~L~U (Linearity assay) 

,",1fl,)1~i~~ufiL:n~L~U~'tl~~fiilLm1::tfm::vhl~~u'l-n'll1~fl::fl1U~1(;l~~1U MDA 5 

fl,)1~L'~'U ~'tl 100, 50, 25, 125 LLfl:: 0 ~M m~~1~U ~1,",1 Coefficient of variation (l) 

'il1nm1~m1~i~~ufi~::~~1~m~1n.1 MDA 'lU'll1~fl::fl1U~1(;l~~1Wiu,",1n1~l?ll?ln~ULL'll~ 

Lvi1nu 0.99 (~~LL'll'M'lunJ~ 13) .. 

2.5 

2 
r]' 

~ 
~ 
;:t 1.5 ~ 
c 
(!: 
(!:> .. 1 .-
c .-

-l!: 

0.5 

0 

- .-

0 20 40 60 80 

f'I'l1~L;r~;rU'lltl.:J~1r~:;~1tJ~1~rf)U MDA 

(j.JM) 

.. " 

r = 0.99 

100 120 



38 

__ ,. ,0 ............ "( • • ) 

5.4.5 ,)fi,)LM1:;~fl,)1~LLlJ\lm'D'f)~'lfi,)LI'I11:;~Preclslon assay: Intraday LL~:; Interday 

Intraday LL~:;lnterday 'D'f)~~mLI'I11:;\fm~1t1.1MDA1\1~~'f)~L(;lt/l-D brain homogenate 

~1\1,)\I 250 ~I LtJ'f)fL~\I(;) CV 'D'f)~lntraday precision 1\1LL~~:;1't.mi1nu 10.126, 13.55,4.545 

u~:;2.793 ~1~~1~U LL~:;LtJ'f)fL~\I~ CV 'D'f)~ Interday precision Lvhnu 7.753 (~111~2) 

j;l1"~ 2 LLfHMfOh~1~"I1nm11'(;11l1t11\11'\lL;itl')n\l (Intraday) LL~:;1\1LL~~:;1'\I (Interday) 'D'f)~ 

~t3LI'I11:;\fm~1t1.1 MDA 1\1~~'f)~ 

, , ... 

, ... .. 
')\1." 

1'11LUtl~LU\l~1~1~1\1 

% CV of intraday 

, , ... 

precision 

I'll Lum LU\l~1 ~1~1\1 u 

% CV of i nterday 

precision 

., , ...... 
I'IN.,,4 

., , ...... 
I'IN." 5 

, 
... ... 
')\1.,,1 

0.323 

0.342 

0.312 

0.263 

0.341 

0.316 

0.032 

10.126 

0.357 

0.341 

0.455 

0.365 

0.328 

0.369 

0.050 

13.55 

0.371 

0.028 

7.753 

0.458 

0.457 

0.408 

0.443 

0.438 

0.440 

0.020 

4.545 

, 
... ... 
')\1.,,4 

0.365 

0.243 

0.357 

0.312 

0.513 

0.358 

0.010 

2.793 



39 

5.5 n1''YI~'iI'iI~;I 3 n1'~LFI,,::~tB"'1W Nitric oxide (NO) LU~"''iI~U'il::'hJLi'il~ 

Nitric oxide t\'nJ11t1LtJ~mJLtltJ nitrate LL~~ nitrite 1.~'flth-:l1')(;lL~,) li1m1~LFln~'; 

tJ'hnN nitrite ~Ln(;l~tJ~')tl Griess reagent L(;ltlt;' metallic cadmium LtJ~tltJ nitrate (N03' ) 

t~LtltJ nitrite (N02-) (~-:lLLt\~-:lttJltJ~ 14) tJ'hnClJ'1l'fl-:l nitrite ~.r(;l1.~\tltJm~1ClJ'1l'fl-:l nitric 

Nitrate (NO 3-) 

Nitric Oxide cadmium (cd) 

Nitrite (N02- ) 00 540 nm (Pink color) 

" , 
5.5.1 ~1mVitftlLFln~~1tJ(;l1n'fl'fln1.'l!~ (NO) ttJ~~'fl-:lLL~~ttJL~'fl~ 

, " , 
- ZnS04 30% w/v -n-:l ZnS04 ~1tJ')tJ 90 nf~ tJ~~nU~1n~tJ 300 ~~ . 

" , !Iii 0 ..... 0 .... 0 

- 3 N HCI tJ~~n1(;l HCI L'iI~'iltJ '"l1tJ')tJ 62.2 ~~.nutJ1n~tJ'"l1tJ')tJ187 . 8 ~~. 

Griess reagent tJ1~n'flU~')tl 

- Color reagent I (1 % sulfanilamide) L(;l1tl~L~tl.r-:l(1 % sulfanilamide)(p­

aminobenzenesulfonamide) 1.5 nf~tJ~~nu 3N HCI ~1tJ')tJ 150 ~~ . 

Color reagent II (0.1 % N-(1-Naphthyl) ethylenediamine dihydrochloride) 

L(;l1tl~L~tl.r-:l 0.1 %N-(1-Naphthyl) ethylenediamine dihydrochloride 0.5 nf~ 
" , 

tJ~~nu~1n~tJ~1tJ,)tJ 500 ~~. 
" , 

0.1 M HCI L(;l1tl~L~tl1-n 0.1 M HCI L.;r~.;rtJ ~1tJ')tJ 4.0 ~~.tJ~~nlJ~1n~tJ 460 

" , 
- 0.1 M. NH40H L(;l1tl~LC;1tJ1-n NH40H L.;r~.;rtJ ~1tJ')tJ 4.59 ~~ . tJ~~nu~1n~tJ 

495.4 ~~ . 
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.... .,J 

n. U1 brain homogenate ~~li~HYl~CIJ~1Jij~~~ 
., , 

'D . ~"'~')~th~fU.J~~~1U,)U 10 IJI L~hJ~~1uu1niutIhJ1CIJ 190 IJI 

fl. L~~10 IJI 'D~~ (30%w/v) ZnS04 solution tJ~~1~L.;r1n\JLL~~ incubate H~ 
... 11 ... 

~CIJ~1J~~~~\J1\J 15 \J1Yl 

~. U1'hJ~\J~ 3,000 9 LtI\JL,)~1 5 \J1Vl 

'"I. LntJ~,)\J1~H~~CIJ~1Jij -20 ~~Pl1L"lI~L:ntJ~ ~1~ftJ~~,)'"It)~m~1CIJ nitrite 

j;j~Ib.J 

5 5 2
...... ... . 

. . . 1 ')fin11~n'"l,)'" nitrite 

n. L~1tJ~ dj", Cd++ bead ~~1\Jn1~~1~LL~~~11~LL~~LL~,) ~1\J,)\J 0.5 nflJ 
, 

(~,)tJ~1i~) 

'D. L~~~')~th~~~1\Jn1~~n~~n'fl\JLtl~~\J 200 IJI 1~~~ centrifuge tube ~ii 

Cd++ bead 

fl. Incubate ~ 37 ~~Pl1L"lI~L:ntJ~LtI\JL,)~1 24 i,)LlJ~ 

~. ~~~,)'flth~~~1\Jn1~ incubate LL~')1~1\J microcentrifuge tube 

'"I . ~\J~ 3,000 9 LtI\JL,)~1 5 \J1Vl 

~. li1n1~~1,)'"It)~ nitrite Il1tJ1\J 1 i,)LlJ~ (Fl,)~~1~LL~~LntJ Cd++ bead1\J 
., .. ., 
U1tJ1~1~fu LntJ) L~tJiii\J~~\J~~ j;j'flLtlil 

L~~~')~th~ 100 IJI 1\J respective wells (Cf1~,)'flrJ1~iim1~L.;r~.;r\J 
., , 

.. .. "0.., 
~1nLn\J Fl,)~L'"I~'"I1~~')tJ\J1n~\J) 

L~~ 50 IJI color reagent 1 tJ~lJ1~L.;r1n\J 
, 

L~~ 50 IJI color reagent 2 eJ~lJ1~L.;r1n\JLtI\JL,)~1 5 \J1VlVl 
... 11 

~CIJ~1J~~~~ 

t)~n11~~n~\JLL~~~ 540 \J1L\JLlJ~~ .. 
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5.5.3 n11~1Y'ltYtlhntY Nitric oxide (NO) 

mlJ1tY NO L UL~tl"'LL~::L U~lJtl-l~1lJ11Cl ~TU'ltYL"'tJ n11L-n 1"i1 ~'l1lJilJ~ufi1::~~1-l 

fOl'l1lJ L ;lJ;U'tl-l~11~::~1tJlJ1 (;11~1Uril.J 1"i1 n11~ '" n~ULL~-l ~ (;111 n11Ln ~tllJmtJ1 ~1U'ltY~1 n 

f'i1 NO 'tl-lLLj;j~::~'lLU~ll'ltJ IJM LL~::~1U'lU brain homogenate protein r'i1U'ltYdju~ll'ltJ 

mg 11tJ-l1UmlJ1tY NO L\l~lJtl-lL\l~ll'ltJ IJmole/mg protein LL~::mlJ1tY NO L\lL~'fl~'tu~ll'ltJ 

IJmole/ml 

NO (IJmole/mg protein) = mlJ1tY NO (IJmole) /mlJ1tY~'l1lJLoJflJoJf\l protein (lJg) 

= mlJ1tY NO (IJmole) 

mlJ1tY~'l1lJL;lJoJf\l protein x 10 ·3 (mg) 

5.5.4 n1nl1::Liju~fith~11::imlJ1tY L\l(;11n'fl'flnL"J!(;\ (NO) L\l~lJ'fl-l 

f'i1fOl'l1lJilJ~\lfiL;-lL~U (linearity assay) 

f'i1 fOl'l1lJilJ~\lfiL;-l L~\l'D'fl-lm LfOl11::im::~1L~~tJH~11~::~1tJlJ1 (;11~1\l NaN02 7 

fOl'l1lJL;lJ;\l ~tl 100,50, 25, 10, 5, 1 LL~:: 0.5 IJM(;11l-J~1~l.J ~11"i1 Coefficient of variation 

(r2) ~1nn11yjfOl'l1l-JilJ~\lfi1::~~1-lmlJ1tY NaN02 L\l~11~::~1tJlJ1(;11J1\lnu,"hn11'!1~n~\l 

LL~-lLYhnl.J 0.99 (~-lLL~~-l't\lltl~ 15) 

0 .4 

0 .35 
., 

0 .3 
~ 
;l 0.25 Ie; 
c 

0.2 ca: ca:. 
v- 0 .15 r 
c 

r2 = 0 .999 
r 0 .1 -cs: 

0 .05 

a 
0 20 40 60 80 100 120 

(j..lM) 
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5.5.5 mLflt1~\ffl'l1lJLujy!i'1''Dfl~mLfl11~\f (Precision assay) : Intraday LL~~ Interday 

Intraday LL~~ Interday 'JJfl~~fi~Lflt1~\fmlJ1ru NO ttJ~lJfl~L(1ItJt-D brain 

homogenate ~1tJ')tJ 10 1-11 LtlflfL;tJ~ CV 'JJfl~ Intraday precision ttJLL(;\~:;rltJLvi1ntJ 9.77, 

7.45, 8.73 LL~:; 7.65 (;I1lJ~1~tJ LL~~LtlflfL;tJ~ CV 'JJfl~ Interday precision Lvi1ntJ 8.355 

((;I1t1~ 3) 

j;l111~ 3 LL~(1I~f'h~"~~1nn111'(1Ifl1tJttJrltJL~mntJ (Intraday) LL~:;ttJLL(;\~:;rltJ (Interday) "Dfl~ 

~~Lflt1:;\fmlJ1ru NO ttJ~lJfl~ 

, . ... 

, ., ... 
')tJYl 

fl1 LtJm LtJtJlJ1 (;I1~1tJ .. 
% CV of intraday 

precision 

% CV of interday 

precision 

" , ., ... 
flNYl 3 

" , ., ... 
flNYl4 

., ..I 
')tJYl1 

0.306 

0.316 

0.367 

0.367 

0.384 

0.348 

0.034 

9.77 

, , , 
rltJYi2 

., ... 
')tJYl3 

... ... 
')tJYl4 

0.400 0.357 0.373 

0.444 0.351 0.372 

0.402 0.304 0.319 

0.381 0.381 0.375 

0.453 0.382 0.394 

0.416 0.355 0.366 

0.031 0.031 0.028 

7.45 8.73 7.65 

0.371 

0.031 

8.355 
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5.6 n1-a~ LfI'i1::~ fI'l1t1 L,rtl,r'U'!J'iI~ t t1-a6l'UL 'U"nJ'iI~U~::L 'U Lii'il ~ (protein concentration) 

mT~LI"\T1::\fm1~L';;~';;U''f)~hh~u1U~~'f)~LL~::1uL~'f)(;\~1mT~LI"\T1::\f(;l1~~fi,'f)~ Lowry 

etal.(1951) 

5.6.1 ~1tJ1~1"'11J~ LM1::\f1"\'l1~ L .;;~;rU''f)~ L,jT~u1 U~~'f)~ LL~:: 1 UL~'f) (;\ . " . 
- Na2C032% w/v : L(;l1tJ~"1ni~ Na2C03 20 n1~~~~ri1JU1niu1,xI"\T1Jm~1(;lT 

1000 ~R 

- NaOH 0.5 M : L(;l1tJ~"1n.r~ NaOH 20 n1~~~~ri1J~1niu1,xI"\T1Jm~1(;lT 1000 

. " . 
- sodium citrate 2% w/v: L(;l1tJ~"1ni~sodium citrate 1 0 n1~~~~ri1JU1niu1,xI"\T1J 

m~1(;lT 500 ~~. 

- cupric sulfate 1 % w/v : L(;l1tJ~"1n.r~ cupric sulfate 5 n1~~~~ri1J~1niu1,xl"\ru 
m~1(;lT 500 ~~ . 

. 
- BSA 1 ~n./~~. ~::~1tJ1u NaOH 0.5 M : i~ BSA 0.005 n1~ ~~~ri1J 0.5 M NaOH 

5 ~~. 

- Folin & Ciocalteu's phenol reagent 

- Working protein reagent : ,jT::n'f)1J~'ltJ Na2C032% w/v. NaOH 0.5 M, 2% 

5.6.2.1 

" 

sodium citrate w/v LL~:: cupric sulfate 1 % w/v 1u 

rer(;lT1~'lU 100:10: 1:1 (;l1~~1~1J 

5.6.2.2 L~~U1tJ1~~1U"'~'f)(;\'V1(;\~'f)~~1T~::~1tJ~1(;lTfi1U ~~(;l1T1~ 
~ 

Standard tube 0 50 100 150 200 250 300 ~n. 

1 ~n./~~ . BSA 0 50 100 150 200 250 300 ~I 

0.5 M NaOH 500 450 400 350 300 250 200 ~I 
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~ ~ ~ 

t.I~),J~11fl~fl1tJt~L;1riU r.nmrUL~),J,j1m~.:J lii'flhHl 

5.6.2.3 tU~fl'fl(;l~,)'flth.:J L~),J 0.5 M NaOH 41U')U 490 ~I LLfl~ brain homogenate 
~ ~ 

41U'lU 10 ~I ""1mrUt.I~),J,j1mt~L;1riu 

5.6.2.4 L~),J working protein reagent fl.:JtU~fl'fl(;l'Yl(;lfl'fl.:JLLliifl::~fl'fl(;l ~fl'fl(;lfl:: 6.5 ml 

""1mru~.:J~.:JH~~ClJ~lJij~'fl.:JU1U 1 0 U1Yi 

~ 

5.6.2.5 ""1mrUL~),J Folin & Ciocalteu's phenol reagent fl.:JtU~fl'fl(;l'Yl(;lfl'fl.:JLL~fl::~fl'fl(;l 
~ 

~fl'fl(;lfl:: 200 IJI LLfl::t.I~),J,j1mt~L;1riU~'ltJ vortex LtJUL'lfl1'flth.:J~'fltJ 30 

... ... 
'lU1'Yl 

~ ~ 0 

5.6.2.6 ~.:JVi.:JHYi'flClJ~l)ij~'fl.:JU1U 30 U1Yi . .. 
5.6.2.7 ,j1hJt)(;Iri1m1(;1(;1n~ULL~.:J~'lmFl1'fl.:J spectrophotometer ~FI'l1),JtJ1'lFl~U 500 .. 

U1LUL),J1n1 

5.6.3.1 

5.6.3.2 

,j1),J1Y1fl'fllnn11YhL~(;I.:Jm),J1ClJhh~u LLfl::~1 regression line m),J1ClJLth~U 

tU~'l'flth.:J~1),J11t1~1L~(;ItJm1LmtJULV:tJU1::~~1.:Jri1m1(;l(;ln~ULL~.:J (00) .. 

o ~ 

LU1~U tu~ti'ltJ mg/ml ~1'fl IJg/~1 ;.:J~),J1tJCi.:Jm),J1ClJLU1~U"'.:J~),J(;Itu brain 

homogenate ~1-n ULLliifl::u~mm 
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" 
'Ii'l'U cerebral cortex. cerebellum LL'it hippocampus ~'ltJ~fi~~t;\'fltutl 

5.7.1 U1:;LijUL'lI~iu1:;~"IYlQnv'h~"ItJ~'ltJ~ Hematoxylin-Eosin Stain (H&E stain) 

o ...,," l' 0 

U"I~~'fl~'lIn'll"ltJ~"I~"I~ (rinse) l'I'ltJ PBS (phosphate buffered saline) LL~:;Yl"lm1 

~~lLLtJn (dissection) ~~'fl~'fl'flmtlufbu cerebral cortex, cerebellum LL~:;hippocampus 
" , 

Iil"lm!u fixed ~'ltJ 10% neutral buffered formalin LtlUL'l~"1 24 i'l t~~ ~"IU'1ItJ'lUm1 
~ ~ I ~ ~ 

LI;J1tJ~:nULil'fl~'lm~i1'fl~ tissue processing LL~:;embedding LU paraffin ~~:nuLil'flL~ij 

FI'l"l~~U"I 4-5 t~Fl1'flU (\Jm) LL~:;U'fl~~'ltJ~ hematoxylin-eosin ,j"lLmLFln:;i~'ltJn~'fl~ 

'~Yl11~~ (light microscope) t~tJU1:;LijUL'lI~iu1:;~"IYl~ij~n~tlJ:;~'flL~n~~ (shrunken 
I '" I 

cell) LL~:;~~~L;r~ (dark neuron) ,rtJ4"1U'lU(;]'fl~il~~t.i'ltJYluYi ~"IfOi"lL'U~tJ LL~:;L~1:;~tJ 
" FI:;LLUU (grade) t~mLu~Ltlu 4 1:;~tJ~~il 

0 = L'lI~iu1:;~"IYlClmi"l~"ItJ < 1 0% 
" 

1 = L'lI~iu1:;~"IYlClm;"I~"ItJ > 1 0-15% 
" 

2 = L'lI~iu1:;~"IYlCln';h~"ItJ > 15-20% 
" 

3 = L'lI~iu1:;~"IYlCln';h~"ItJ > 20% 
" 

" 
5.7.1 .1 ,j"lm~"I~ftJm1U'fl).J Hand E u1:;n'fltJ~'ltJ 

- Xylene • lil"lU'lU 1000 ~R 

- 95% alcohol · lil"lU'lU 1000 ~~. 

· - absolute alcohol lil"lU'lU 1000 ~~. 

- hematoxylene • lil"lU'lU 500 ~~. 

· - eosin lil"lU'lU 500 ~~. 

" " ~CII CII.Q 4 

5.7.1.2 'lDm1LI;J1tJ~"llULU'fl (Tissue processing) 

,j"l~UL~'fl~chUn'11 fixed LL~:;n"l11;J1'lIil~UIil~tJ~'ltJl;J"ILU~"1 (Gross examination) LU 
I """ I " 

tJ"IU"lJtJ'lUn'11Yl"l~ LFlij (processing) L Yl'fl L ~uLil'fl,ruij FI'l"l~ LL ;j~~'flYiIil:;~ ~'fl'fl n Ltlu:nUtJ"I~1L~ 
I c!J':::' .q .: J' " 
~"ImL~:;~:;~'lntJ~'1Iu "lJUI;J'flUm1LI;J1tJ~"llULU'flU1:;n'fltJ~'ltJ 
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.. "" 4 0 .- .. 

n. '!IlJ'lt.ln'11(;1~tI'1tlflnt;'1n'!ltlLtlfl (Dehydration) 

o ~ J' ~ , ,,~ .... ..I....-
LUtln'11Y1'1 't ~"lItlLtlflUn fIIt;'1ntl'1LL~:::'!Ifl~ L ~~'l j;J'1~1 L(;Itl n'11't "lItI'1tl'1 Lfl~Yl~ f'JCU~~lJ [;l 't tI 

II " " I " 

n'11~~U'1 LL~:::'!Itl~ L~~'lflflnt;'1n;tlLUfl '!I CU:::L~m ntl~'l~tlLfl~~'1~'11C1 L ;'1"ULL YltlVl't tI;tI 
..,... " I I 

LUfl,rtl"~ u'1mVlH'~tlLLtl~nfllltl~ (absolute alcohol) LL'llHtI'1t12 ;'lUJ~ 

'!I. '!IlJ'ltln'11 clearing 
"I I " " 

U'1tl'1YlH' ~fl xylene 'i~51 f'J CU~~lJ~~~ LL fl~ ntllltl~fltl nt;'1n;tlL Ufl LL~ :::u~ ~'1~'11m;'1 

LLYltl~ LLfl~nfllltl~1~ ~Ttl~nlJLUtI~tlU'1't~~'11 embedding medium LLYl1n'i~L;'1"U'ttl 
itlLdtl"~flth~~j;J~tl(;li'litlLdtl LL'llHtI'1t12 i'lL~~ 

1'1. '!IlJ'ltln'11 Infiltration 

~'1L~t1n'11H' paraplast (embedding medium) ~~~tl~fl~'ttllU liquid wax LLYl1n'i~L;'1 
" " " " " " 

"u't tI;tlL Ufl ~1tl~ nlJ'll'ltl~tJ~ LFlN~11~ ~1~1'!1tl~:ntlLUfl 't ~ 1'1~ Fl'l'1~ LL;~ LLN H LL 'll;tlL Ufl 

H 2 i'lUJ~ 
J' C$ 

~. '!IlJ'ltln'1ntllJ~tln (Embedding) 

U'1itlLdtl~"~~~~~'ttlliqUid wax medium (paraplast) ~~lJnt;fltl'ttlLLlJlJ (molds) ~i1 . " 
" " " I " " 

'!ItI'1(;1~'1~1 j;J'1~'!Itl1(;1"tltl~:ntlLiltl,rtl LL~:::djtl paraplast LL;~~'l rit;:::'ll'ltl~tJ~;tlLUtl".ntl 
, " " 

~n1;'CU:::Vlt;:::~'1 't~n'11~~:ntlLiltllJ'1~U1:::~1CU 3-5 ~ Fl1tltlL~ 

t;. n'11~(;IlJ'1~ (Sectioning) 

" " I "" 

~'1n'11~ (;I:ntlLiltltltln LijtlLLc.JtllJ'1~1 ~'ltl LFl1tl~ ~ ~:ntlLiltl (M icrotrome) 51 fl'l'1~~tI'1 3-5 

Ll-JFl1tltl 

" " " ~ .diI '" Clr.CiiI • 5.7.1.3 n'11tltl~"lItlLtltl~'lmfi Hematoxylene & EOSin 
, " , 

LYlfl LUtln'11LLtl n~'ltlU1:::ntllJ~'1~1"tlfl~ L'l!~~LUtl L~fl (Tissue structure) L(;Itltl'1 fiitlUflmm 

" " 
n. ,l-JU'1m xylene 2 Fl;:~1~::: 3 tI'1Vl 

" " I 0 .... CiiI 

'!I . '1l-JtI'1tl'1 absolute alcohol 2 FlN1~::: 1-2 tI'1Yl 

" " I 0 .... ~ 

Fl. '1l-JtI'1m 95% alcohol 2 FlN1~::: 1-2 tl1Yl 

" ~. c.J'1t1U'1 (Tap water) 1-2 tl1Vl 

" '" " '9 CiiI I 0 QI1 

t;. tltll-J ~'ltl~ hematoxylene 5-10 tl1Yl LL~:::1:J1t1t11 1-2 tl1Yl 
, " 

'fl. ,l-J'ttl bluing solution :n~51f'Jru~l-J~LtltI~h~~1't~~L~~51~U1L~tI 1-2 ~tI'1Vl 
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... 
'jL ~1U,J1 2 u1ViLL~:::U'fl~Ji''ltJ~ Eosin 1-2 t.nYi 

... ... I 0 ..., ~_ 

"lL '~U1tJ1 95% alcohol 2 FlN1~::: 30 'lU1'Vl 

... ... 

'11. '~,J1tJ1 xylene 2 Flf..:J1~::: 1 u1YiLL~:::LFl~'fltJLL~u~1~~Ji''ltJ mounting medium 

5.7.2 n11tJ1:::LijUL'!!~;th':::~1'Vlt1m11~1tJ~'ltJn11U'fl~ cresyl violet stain .. 
I I ~ ~ 

LYl'flLLtJnL'!!~;tJ1:::~1'Vl(neuron) Yi(lnYh~1tJ LU=nULtl'fl~~'fl..:J'fl'fln"1nL'!!~;tJ1:::~1'VltJn~ 
" 

Lc;)tJih~~nn11 L'!!~;tJ1:::~1'VltJ1:::n'fltJ~'ltJ~'lutJ1::n'fltJ~L~tJn~1 Nissl substance ~..:JLtlU 

'fl..:J~tJ1::n'fltJ~YltJl~u rough endoplasmic reticulum ~1~11(lYltJ~1U'lU ltJ11..:J LL~::n11 

m::"1tJ~'l1~LL(;Jn r;\1,HluL UL'!!~;tJ1::~1'Vl LL~~:::"l1tj", Nissl substance ijFlru~~tJ~ Ltlu~h..:J~..:J • 

" I I " 

~ti'ltJYluYi ~1rl1L'U~tJ LL~::L\h:::~tJFl:::LLUU (grade) Lc;)tJLLU-.lLUU 4 1::~tJ~..:J~ 

0 = L"l1~~tJ1:::~1'Vl(lml1~1tJ < 5% 
" 

= L'l!~~tJ1:::~1'Vl (l ml1~1tJ > 6-10% 
" 

2 = L'l!~~tJ1:::~1'Vl(lmh~1tJ > 11-15% 
" 

3 = L'l!~~tJ1:::~1'Vl(ln';h~1tJ > 15% 
" 

... 
5.7.2.1 tl1m~1~ftJn11U'fl~ Cresyl violet tJ1:::n'fltJ~'ltJ 

- Cresyl violet solution: L(;J1tJ~L(;1tJi..:Jr.J-.l~ Cresyl violet 0.5 nf~ CJ~~ritJ~1niu~ 
... 

'elU~1U'lU 1 00 l-J~ ."1mrUL~~ absolute alcohol ~1U'lU • 
20 l-J~ . CJ~l-JL~L;hnu LL~:::LntJLiUl1"l1u::i:l'fl..:JriULLM 

- Working reagent: L(;J1tJ~L(;1tJtl1 stock cresyl violet ~1U'lU 45 ~~.LL~::L~~ 

acetic acid ~1U'lU 15 ~tJ(;1 CJ~~L~L;hriULL~::Fl'l1L(;J1tJ~ 

L~~'Vln~f-.l • 
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... ~'" ..... 
5.9 n1~,;) LA'l1::''''''lI'i1).J'i''VI1~''' CI j;) .. 

5.9.1 ~~"I1nn11"'(;I~tl~rkl~1"1:;LL~(;I'Hrh..!1"i1L~~tJ±rhfl'l1l.Jfl~1(;1Lfl~'el'lUJ1m~1t.1"1Jtl~ 
, , 

I ... .cI .- 0 

fl1L~~tJ (mean±standard error of mean) "lI~l.J"I1t.1'lt.l n=8 

5.9.2 ~Lfll1:;ifl'l1l.JLL(;lnr;h~1:;W)1~n~l.J"'1~~ti~t(;ltJ~fi One-way analysis of variance • 
(ANOVA) "'(;I~tltJrA''ltJ Least Significant Difference (LSD) t(;ltJ~"I11n.nI"i1fl'l1l.J 

I I I I 

LL(;lnr;h~tl!h~ihrtJ~1~'1J"'1~~ti~Y11:;~tJfl'l1l.JL:n'el,rt.lYl 95% (p < 0.05) 



...I 
U'VI'VI 4 

..., a. I ...,...,..., 

4.1 e.I'a'!lil~"'11 ... n,.r,nm~'a"il~'U"il 'U'U .... ~il-1J(n1~), 'U'U.j;)1 (n1~) U'a::: 'l.I'U .... ~il-1J/'U'U . • 
~1(ij'ain1)J) L'U~'UU1'V1 ... 

"1 nn11Y1 t;I~fl-.lYilJ~1 ~\1LL1Y1n~l-J~'1.~flJfl1'\.n1'1. ~~tJ~~tJ1tJ 8 ~hJ "'1,x iJ ~~-vi1L ~ 
I.J.., .... Q.- .... c:. J' I .c::IiI .... 0 .... 

1'11L~~t1"11fl~ tJtJ.IWl, tJtJ.~l-Jfl~ LL~::tJtJ.~l-Jfl-.l/tJtJ.(W) (l-J~~n1l-J) LYil-J~-.l~tJfltl1~l-JtJtI~1I'1qJ 
I I I" , 

Y11~~~~Vl p<0.01 Lilfl LmtllJ LVltllJnlJn~l-JV1'1.~f1J'B1~11~tJ~1tJ (~~ LL~ "'~ LtJltJYl16 LL~:: 

17) n111~flJfl1~11'1."1I~tJ~~1'll-JnlJtI1~",'1.~~tJ fenofibrate 100 l-Jn.lnn ./'JtJ LL~::'1.~flJ 
" 

fl1~11'1."1I~tJ~~i'll-JnlJ GSE 0.5% LL~:: 1.0% "'1l-J~1~lJ iJ~~~"'tJtJ.~l-Jfl~, tJtJ . ~'l LL~:: 

tJtJ. ~l-Jfl~/tJtJ.~'lL tJ~\1LL1Y1 '1.~flth~iJ,rtl~11"l qJYl1-.l~ ti~ (LL~ "'~ ~~ r;]111-.l~ 4) L"'t1~ GSE 

1'1'l1l-JLil-J;)tJ 0.5%LL~::1.0% hJL~~~~LLr;]n~h-lntJ't)th~iJ,rtl~1I"lqJYl1-l~ti~ ;-lLL~"'~L~L~tJ 

~1n11'1.~flJ GSE hJ;:j~~-vi1L~~1~,rn~l-J't)~/~1~,rn~'l L~l-J~tJ 

(;l111-1J;i 4 LL~t;I~~~"1Ifl~fl1~11'1."1I~tJ~-lLL~::~11~n"'''1ml-J~'''fl~tJ(;]'t) tJtJ .~ l-J't)~ (nfl-J) , tJtJ.~'l " . 
(nfl-J) LL~:: tJtJ . ~l-Jfl~/tJtJ . ~'l (n~~nfl-J) LtJ~tJLL1Y1 L~'t)rwlJn1~tJ'" 8 itJ"'1,x 

" 

.., , 
tJtJ. ~'lV1 8 itJ "'1,x tJtJ. r;]'lnfltJ 

, 
Y1"'~fl~(nfl-J) (nfl-J) tJtJ. ~l-J't)~ (nfl-J) tJtJ. ~l-J't)~/tJtJ. ~'l n~l-Jn11Y1t;1flfl~ 

NO 160±0.25 249±60.66 1.91±0.084 
-3 

5.85x10 ±0.26 
.. - -3 

.. 
HF 157±0.28 279±75.14 2.81±0.280 7.51x10 ±0.73 

HF+fenofibrate 165±0.37 249±55.28++ 1.99±0.150++ 
-3 ++ 

6.23x10 ±0.73 

HF+GSEO.5% 160±O.45 258±66.01 ++ 2.02±0.078++ 
-3 ++ 

5. 78x1 0 ±0.23 

HF+GSE1.0% 165±O.77 250±61 .90++ 1.96±0.063++ 
-3 ++ 

5.96x10 ±O.1 8 

., ~ . .. 
"1Iil~'a U"'''~L1J'Uf\1L'il'a!J±SEM (n=8) .. 

++ .. _I"!! ... IV ''''1'''''' '1 IV P <0.01 L~ilL1J1!J'U L'VI!J'Un'Un'a~'YI ~"1'Uil1~11 ~"1I~'U?f-1J . .. 
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25 

20 

;: 
c 15 .-
1& ... 
! 10 5 ... ... 

5 

0 
ND Hf Hf-f~notibrat~ HF-GS£O.5% Hf-GS£ 1 .0% 

5.1 LL~~f;l'l1'N~ 5.2 L(;\tJ~~'l total-cholesterol, triglyceride, HDL-cholesterol LL~~ LDL­

cholesterol t ULStl(;\~':LL1'Vlii~'l L~lJ~-.1~U'flth-.1ihrtJ~'l ~ryVI'l,a'l t1~~ p<0.01 L~'fl LmtJUL VltJU 

nun~~~'t~fU'fl'l~'l1~Utf'lU ~ULL1'Vl~'t~fum~'l1't'n~U~Ni'JlJnu GSE rl'J'llJL;)lJ;)U 0.5% , ~ ~ ~ 

..... .... . . 
LL~~ 1.0% lJ1~(;\U total-cholesterol, tnglycende, HDL-cholesterol LL~~ LDL-cholesterol 

(mg/dl) ~(;\~-.1tlth-.1ii,rtJ~'l~ry'Vl'l-.1~t1~ (p<0.05) ~'flLmtJULVltJunUn~lJ~'t~fU'tl'l~'l1't'!l~U~-.1 

(LL~(;\-.1~-.1lU~ 19 a,b,c,d) f;l'llJ~'l~U L(;\tJ~ GSE f01'J'llJL;)lJ;)U 1.0% l'i'lt~1~~U't'!l~UtUL~'tl'" 

~(;\~-.1't~~n~'l GSE rl'J'llJLilJiu 0.5% (p<0 .01) n'l1't~fu fenofibrate L~'tln'l1fm~ntu~u",'l,x 

~ 4 'JhtJrl'JUFJlJt~1~~U't,~utUL~tl(;\hJ L~~~U~'ln'flt1'l-.1ii,rtJ~'l~ry'Vl'l-.1~t1~ L~'tliu~", t U 

~U(;\'l,x~ 8 n'l1L~fu GSE 0.5% LL~~ 1.0% i'JlJ~btJ~-.1LL~~U"''l,xLLm "JhtJmurllJt~'!I~utu • 



UlI'iI_1v1 5.1 c.Jfl"1J'tl~~11~ri"'''lnLlJ~''''tl~\!~i1(;]'tl1:;~U Total-cholesterol LLfl:; Triglyceride (mg/dl) 1\!L~'tl"'"1J'tl~~\1LlS"'~~ 5 n~lJ 

, mlJlN Total-cholesterol mlJlN Triglyceride 
n~lJn11"''''fl'tl~ 

baseline 4 weeks 8 weeks baseline 4 weeks 

ND 88.57±7.26 91.45±6.32 91.29±3.37 122.48±11.09 127.15± 7.65 
.. .. .. 

HF 87.79±5.15 222.50±4.4 482.86±23.12 123.15±2.99 238.52±5.54 

HF+fenofibrate 86.13±2.69 223.05±2.45 220.92±2.22 
++ 

125.29±1.79 236.80±6.35 

HF+GSEO.5% 87.52±1.42 205.37±3.11 
++ 

232.25±4.73 
++ 

125.61 ±2.66 224.20±6.56 
+ 

HF+GSE1 .0% 86.52±4.05 188.03±1.76 
++ 

192.23±1 .82 
++ 

124.59±2.79 190.17±17.32 
++ 

- --- ----- - - - ---- --- -- - - -- - - - --- - --

... !:'I ' ..I 
'JJ'!llJ~HL~UI_1LlJ'UfolIL'il'i!l±SEM (n = 8) 

" 

..I _I"!! ... v ,..I'1"'1V .r 
p < 0.01 LlJ'!lLlJ'i!l1.JLVl!l1.Jm . .Jn~lJVl ~UI'i1.J'!l1'\111'i'W'U31'U 

+ ..I _I"!! .co v ,..1'1"'-'" '1 ...... 
P < 0.05 LlJ'!lLlJ'i!l1JLVl!l1.Jn1.Jn'ilJVl ~UI'i1.J'!l1'\111'i~'JJlJ'U~_1 . " 

++ ..I _ I"!! .co ...... ,..1'1......... '1 ...... 
P < 0.01 LlJ'!lLlJ'i!l1.J LVI !I 1.J n1.Jn'ilJVl ~UI'i1.J'!l1'\111'i ~'JJlJ'U~_1 . " 

8 weeks 

125.24±3.67 

-546.42±18.92 

203.81 ±2.69 
++ 

233.28±2.45 
++ 

205.02±2.23 
++ 

(J1 
~ 

nkam
Typewritten Text
54
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[;l1r1~~ 6 LL~~~ri1'V11~Ll"1i1l"1~'ln~tJ~U'tln~~1l1,)::n1ryh~1U'1l'tl~~ULL~::1[;l L~tJYiUrl1 

~':LLr'V1n~~~1~fu'tl1".nr1'1l,ru~~LijUL,)~1u1ui1r::~U BUN LL~::CRE lUL~'tl~hlLL[;lnt;h~~1n 

n~~~1~fu'tl1~1r~U~1U'tlth~i1,rtJ~1~n 1'V11~~n~ LL[;]r::~U SGOT, SGPT LL~:: ALP L~~~~~U 
CI ~.~ '" 

I! I II I 

'tlth~i1,rtJ~1 ~ ru'V11~~ n~~ p<0.05 LiJ'tl LWtJU L~tJunun~~~1~fu'tl1~1rY/U~1U ~')un~~~ 
., "4A , 

1~fu HF+fenofibrate i1r::~u BUN, CRE, SGOT, SGPT LL~:: ALP L~~~~;U~1n'tlth~ij 
" 

I I I" 

,rtJ ~1 ~ n 1'V11~ ~ n~ LiJ'tl LWtJU L ~tJU nu n ~ ~~1~fU'tl1~1 r 1 '1l,ru~~ LL~::n ~~V11~fu'tl1~1 rY/u ~1U 
.~ II "fI .... 

~')u~,:~1~fu'tl1~1r1'1l,ru~~i')~nu GSE l"1,)1~L-if~-ifU 0.5% LL~::1.0% i1r::~u BUN, CRE, 
, , 0-

SGOT, SGPT LL~:: ALP LL[;ln[;]1~nun~~V11~fu HF+fenofibrate L~tJ~ GSE ~~ 2 l"1,)1~L-if~-ifU • 

i1 ~~l11 L "" ri1'V11~ Ll"1ij l"1~'ln ~1 nrl1 n ~~~1~fu HF+fenofibrate 'tlth~i1,rtJ~1 ~ ru'V11~~ nti~ . ~ 

, 0-

p<0.05 LL[;]~~l"1~i1r::~u~~nrl1Wm~~~1~fu'tl1~1rY/u~1U 
'" '\j IIIj ... 

n~~ BUN Creatinine SGOT SGPT ALP • 

1. NO 22.63±4.17 0.8±0.07 73.3±15.45 19.6±4.9 66.75±19.4 

. . . 
2. HF 19.9±8.2 1.04±0.36 166±130.6 79.5±78.5 138.3±53 

3.HF+ 46.9±17.0r+· • 2.52±0.95++ 254.9±1 04.6+'· 102±92.4+· • 596.1 ±354.8++·· 

Fenofibrate 

4.HF+ 32.8±9.52t.+ 1.7±0.63f+ 180.8±111 .8 f+ 95.1±75.7f+ 246.3±151 tf++ 

GSEO.5% 

5.HF+ 37.9±5.2 f+ 1.9±0.42 f+ . 171 .9±39.13 t·+ 72.9±19.5t 261.2±239.6 tf++ 

GSE1 .0% 

4 _I":! ... ..., ,4'1"" 
t P < 0.05 b).lilb1J~!I'UL'Vl!l'Un'UmUJ'Vl ~j;l~'U HF+fenofibrate • 
tt P < 0.01 b~ilLm!l'UL;j!l'Un'Un~).I~lM'U HF+fenofibrate 
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4.4.1 ~iI~'il~ GSE ;lil~'iltR-~1tu NO uil~MDA (umoUmg protein) L'U~~'il~"JI'il~~":U'iVi 

r.nn(;1'111~~ 7 LLfI~pJ~ 19 LLfl",~1~Lih,l'hm1i.~ftJ'f)'1\.n1i.'1I2~\.I~~LtlUL'JfI'1U'1uiJ~f1"fi'1 
"" .... "..: J' I ... .., 0 .... _ ... ..J ~ .. ~ .. 
~~1~"'tJ NO LLfI~ MOA ~UiUJ'f)~LYl2.J~~'1IU'f)m~2.JUtlfl'1flCYYl'1~flCl(;1Yl p<0.05 L2.JtlLu1t1tJLVltltJ 

ntJn~2.J~i.~ftJ'f)'1~'11~U~'1U LLfI~Ldtl i.~ftJmfl ",1. 'nYu fenofibrate 1'J2.JntJ'f)'1~'11i. '1I2!Ufl~YltJ~'1 .... " 

fenofibrate fl'12.J'11Clfl"'1~~tJ NO LLfI~ MOA lUfl2.J'f)~i.~tlth~iJ,rtl~'1~CYYl'1~fln~~ p<0.01 Ldtl 

LllitltJLYltltJntJn~2.J~i.~ftJm~'11i.'1I2!Ufl~ LLfI~m11~ GSE fl'J'12.JL;2.J;U 0.5% LLfI~1.0% 1'J2.JntJ . " 

LtI1t1tJLVltltJntJn~2.J~i.~ftJtl'1\n1i.'1I2!ufl~ L"'tI~n'11f1"'1~~tJ NO LLfI~ MOA lUfl2.Jtl~'1Itl~ . " .. 
fenofibrate LLfI~ GSE ~~ 2 fl'J'12.JL;2.J;uhJiJfl'J'12.JLL(;1n(;h~nutlth~iJ,rtl~'1~ CYYl'1~fln~ LLfI~tT~ 

YltJ~'1~ULL1Yln~2.J~i.~ftJ GSE fl'J'12.JL;2.Jiu 1.0% ii1~~tJ NO lUfl2.Jtl~~'1n~'1n~2.J~i.~ftJ GSE " . . 
fl'J'12.JL;2.J;U 0.5% (p<0.05) 

, 
NO lUfl2.J'f)~ (umollmg protein) MOA lUfl2.Jtl~ (umol/mg protein) nfl2.JVl"'f1'f)~ • 

NO 221.6±63.40 49.9±36.28 
. . 

HF 378.7±176.50 98.5±37.70 

HF+fenofibrate 168.3±54.30++ 26.43±23.20 ++ 

HF+ GSEO.5% 142.9±57.70++ 34.4±30.00++ 

HF+ GSE1.0% 117.8±21.09++ 33.3±25.52++ 

• ..a _I"!! .. ..., • ..a...,.., .r 
p < 0.05 UJ'ilLlJ'itltlLVltltlntlmpJ'VI L(;1'itl'il1~1'i~'U31'U 

++ P < 0.01 L~'ilLlli!ltlLVi!ltlntlmhJm~'rtl'il1~1'i\"JI~'U~~ . " 
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• N01UIIJItN(Umol/mc protein) 

C MDA lUIIJIDI(Umol/mc protein) 600 • 
c 
'Qj 

500 .... 
0 ... 
Q. 

QIII 
E 400 
~ 
0 
E 
:1 

300 
< a 
~ .. 200 
~ 

0 
z 100 
)~ 
;;. 

0 

NO HF HF+fenofibrlllte HF+ GSEO.5% HF+ GSEl.OOA> 

n.l 20 U~fl~~-a'!l'tH GSE ;lij~'rlm)J1tu NO u-a::MDA (umol/mg protein) ·hJ~)J'rl~'lI'rl~ .. 
~ . 

~'\JU'iVlVl~ 5 n-a)J " . 
" c:'I • ...a 
'lI'rl)J-aU~fl~L'U'\Jfl1L~-a!l±SEM (n = 8) .. 

...a _I"!! .. .... • ...a.,.,.., d' 
p < 0.05 L)J'rl LlJ 'i!lU LVI !I'.Jn U n'i!)JVI ~"'iU'tI1~1'iVi'\Jl1'\J 

++ P < 0.01 L~'rlLlli!JULVi!lunun~)J;l1fflU'tI1~1'i1'l1~'\J~~ 



.001 .. , -~ "l .. 
4.4.2 e.J~"lJ'el~ GSE "').I~'el1J·nJ1tu NO LL~~MDA (umol/ml) UL~'el~"lJ'el~,"ULL'1'" ... 

, ., , 
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, ... 
L~'tl 

LmtJULVltJuriun~~VlLr1;'1U'tl1~11YiU~1U LL~:;Lij'tlLr1;'1um~I?lL',ru fenofibrate 1')~riU'tl1~11 

L'lJ21U~~Viu~11:;~U NO L~~~ULL~:;1:;~U MDA 'tUL~'tlI?l~I?l~~'tlth~ij,rtJ~1~qj'Vl1~~~~~ 

p<0.01 LL~:; p<O.OS {;l1~~1~U L~'tlLmtJULVitJuriun~~~L~1U'tl1~11L'lJ,rU~~ ~~LL1'Vln~~~ 
., tI... .,.,.., " '" ......".. c: J' 
LI?l1U'tl1~11L'~U~~1')~nu GSE f'l,)1~L'lJ~'lJU 0.5%LL~:;1.0% ~1~I?lU NO LUL~'tlI?lLVi~'lJULL~:; 

OJ 

1:;~U MDA l.uL~'tlI?l~I?l~~'tlth~ij,rtJ~1~qj'Vl1~~~~~ p<0.01 LL~:; p<O.OS {;l1~~1~U L~'tl 

LmtJuLVltJuriun~~~Lr1;'1U'tl1~11L'lJ21u~~LYlm'tlth~L~m 'tlth~hn{;l1~ GSE ~f'l,)1~L;r~;rU 
• OJ 

0.5% ";1't\l1:;~U NO 'tUL~'tlI?lL~~~uLr1;',j'tltJn~1n~~~L~1utJ1~I?lL'lJ21u fenofibrate (p<0.05) • 
.: " " 0".... ~ J' ..... .. 'tIl U'tln~1nU GSE f'l,)1~L'lJ~'lJU1.0% 'Vl1't~1:;I?lU NO LYUJ'lJU LL~:;1:;(;lU MDA l.UL~'tlI?l~I?l~~ LI?l 

., " 

'tn~'L~tJ~riun~~'tl1~11YiU~1U (LL~I?l~~~{;l1n~Vi 8 LL~:;nJVi 20) 
• ~ OJ 

, 
NO 'tUL~'tl(;l(umol/ml) MDA 'tUL~'tl(;l(umol/ml) n~~'Vl(;l~'tl~ • 

ND 35.6±7.23 7.07±1 .63 

.. .. 
HF 21.49±3.43 12.06±1 .23 

HF+fenofibrate 32.87±6.80
H 

8.7S±1 .21+ 

HF+GSEO.5% 26.9±3.86+ 9.41±4.72+ 

HF+GSE 1.0% 31.9±2.67H 8.93±1 .6( 

., ~ , .001 
"lJ'el).l~LLi1~~L1JUF\1L';l~tJ±SEM (n = 8) ... 

.001 _~ - ..... ,.001,,,,,,,, d' 
P < 0.01 L).I'elL1J'1tJ'l..JL'YI!It.Jn'l..Jn~).I'YI (;l'1'l..J'el1'V11'1VfIJl"IJ 

+ P < 0.05 Li1'elLmtJ'l..JLVitJ'l..Jn'l..Jna).lv1'ffl'l..J'el1'V11'1'''lIir'\Ji1~ . " 
++ 0 01 Li1'elLm!J'l..JLVi!J'l..Jn'l..Jna).lv1'(;l~'l..J'el1'V11'1'''lIir'\Ji1~ p < . • ... 
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• NOlwM"lUmol/ml) 

45 C MDAlwMll(\.lmol/ml) 

40 
E 35 .::. 
0 
E 30 ~ 

G: 
25 CIt 

c~ 
.:; 20 ct a 
~ 15 .. 
~ 10 

0 
z 

5 

0 

NO HF HF+fenofibrate HF+GSEO.5~ HF+GSE l.O~ 

" ~ • ..& 
"tI'tI).I"HI.'l4~-1I.1J1Jfl1L';l~t1±SEM (n = 8) .. 

..& _I".! ........ """'.,.., ..r 
P < 0.01 L).I'tILlJ~t1'H'VItltJntJn~).I'VIL~~tJ'tI1~1~'W1J~11J . ... 

+ p < 0.05 L~'tILllitltJLYitltJntJn~).Im~'rtJ'tI1~1~l"t1ir1Jti-1 

++ p < 0.01 L~'tILllitltJLYitltJntJn~).Ivil~tJ'tI1~1~l"t1ir1Jti-1 
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4.5 ~'aVl1.,'J'"I'a"!J1fi1V1!11'l1'!l.,'JL'If'aitl'~~1V1"'1U cerebral cortex, cerebellum LL'a~ • 
hippocampus "1. u~u LL'V1mlPirtJ~1'~n fl'"l1n L)J; fl'!l~U .. . 

(dark neuron) ,;l1!11fin1,i'!l)J H&E LL'a~ Cresyl violet 

~~"lJ'tl..:j GSE 1Jl'tl~1u')um~(;11t1"lJ'tl..:jL"l!~~hh·:;~1'Vl~')tlm1tl'tll-J H&E LL~:; Cresyl violet 

Ld'tl~"11ru1~ mfru:;"lJ'tl..:j L"l!~i1.h:;~1'Vl~~(;I~ L'~ (dark staining) LL~ ::iln11~'tl L~ mJ'tltl 

(shrunken) "lJ'tl..:j L'l!~ itl~:;~1'Vl YiU~1 m11~fu'tl1~1~1,,ru~..:j LUUL,)~1U1Uii ~~":h t ""~1U,)U .. 
dark neuron tU~l-J'tl..:j~..:j 3 ~,)uL~~~ul~'tltJ1..:ji1~tI~1~'kJ'Vl1..:j~n~~ (p<0.05) Ld'tlLtntiULVitiu 

I " I 

nun ~ ~ Vi 1 ~ f u 'tl 1 ~ 11 Yl U ~ 1 U ~ ') U n ~ ~ Y11 ~ fu 'tl 1 ~ 111"11,r U ~..:j i ') ~ n u tl1 ~ (;I 1"1I,r U 
.. 4.1" " 

" I 

(HF+fenofibrate) ii~1U,)U dark neuron 1u~~'tl..:j";..:j 3 ~')U~(;I~..:j'tltJ1..:jii~tI~1~'kJ'Vl1..:j~n~Y1 

(p<0.05) Ld'tl LmmJ LVitiu nu n ~~~1~fu'tl1~1~ 1 ,,rU~..:j LLlJlhlii f'),)1~ LL(;1 n 1J11..:j nU'lJ'tl..:j~1U,)U . .. 
I I" I 

dark neuron 1 U~l-J'tl..:j~')u cerebellum Lil'tl LmtiU L Y1t1unun~l-JY11~fu'tl1~1~Ylu~1uLL~:;n~~Y1 

1~fu'tl'l~1~1'lJ,ru~..:j YiU~1~ULL~Yln~~~1~fu GSE f'),)1~L'~'U 0.5% LL~:;1.0% i')~nU'tl1~1~ " ... 
l'lJ,ru~..:j ii~1U,)U dark neuron ~(1l~..:jLd'tlLmtluLY1t1unun~~~1~fu'tl1~1~1"11,ru~..:j (p<0.05) .. . .. 

• I" I 

L(1ltlVi~1U,)U dark neuron ~(;I~..:jl~n~L~mnun~~Vil~fu'tl1~11Ylu~1u (LL~(1l..:j~..:j(;11~1..:jVi 9 
• .u 

LL~:;~tl~21) Ld'tl ~ mf1 ~~"1I'tl..:j GSE (;]'tl~1u')um~(;11t1''tl..:j L"l!~ itl~:;~1Yl ~')tI n1~1 "" f'):;LLUU 
" 

" " (grade) "1nn1~tl'tll-J";..:j 2 ~fiYiu~11""~~ltl1uLLu,)Yl1..:jL~tI')nu~'tl GSE ";..:j 2 f'),)1l-JLi~,u 
" I I 

~1~1~t1~(1lf'):;LL'Wum~Ln(1l dark neuron 1u~~'tl..:j";..:j 3 ~')ul~ (LL~(;I..:j~..:j(;1'ln..:jVi 10) L(1ltlVi~~ 
" 'lJ'tl..:j GSE";..:j 2 f')')1~Li~-ifU~1~1~t1~(1lmnn(;l dark neuron 1~iif')')1~LL(;1n(;]1..:jnu (p<0.05) 

, " 
LL~:;LihLtntiULVitlum~tl'tl~";..:j 2 ~fiYiU~1 m~tl'tll-J~,)tI H&E Luu~fim1~m=t'l~tli1..:j .. 

~n~ru:; LL~:;~')utl1:;n'tluL(1ltli')ltl"1l'tl..:jL'l!~itl~:;~1Yl ~')um~tl'tll-J~')tI Cresyl violet d.'lu 

~fim ~tl'tll-J LLUU~ LP!~L~'tl ~ mf1 m~Ln (1l~1~tl~:;n'tlu Nissl substance ~..:j L-ifu..:ju'tl n m1(;11t1"11'tl..:j 
"" I I 

L"l!~itl1:;~1Yll~ ~..:j~um ~tl'tl~";..:j 2 ~fi~..:j~1~1 L Yi'tl ~n~1m~(;1'ltl"lJ'tl..:j L"l!~itl~:;~1Yl LL~:;Lil'tl 

~"1~ru1t.J~m1Yl(1l~'tl..:j~1~ Yiu~1i..:j~1u')umnn(;l dark neurons LL~:;~:;~Uf'):;LLUU (grade) 

" 1u~~'tl..:j";..:j 3 ~')u 1""t.Jmuultl1uLLu,)Yl1..:jL~tI')nu L(1ltl~1l-J1~t1H'm1tl'tl~ Cresyl violet LUU 

m~~n~~uuu~fi H&E 1~ 



64 

(;l1Tl~v1 9 LL~(M~~'!lf.l~ GSE (;]f.l~1U'ltJn11j;)1U'!lf.l~L'1!~~U1:;~1Vl (dark neuron) ~'lUm1tJf.l1.J 

H&E LL~:; Cresyl violet 

Cerebral cortex 

" 0 .. ... 
YiUVl~l.Jf.l~ 

n~l.JVl(;\~f.l~ • H&E Cresyl violet 

NO 5.50± 1.97 5.40±1.67 
.. .. 

HF 13.60±6.86 13.70±6.24 

HF+Fenofibrate 8.90±3.13+ 5.60±1.45++ 

HF+GSE 0.5% 7.70±3.22+ 6.10±2.13++ 

HF+GSE1.0% 6.20±2.08++ 4.70±1.46++ 

., ~ 0 _ 

'7I'el1.J~U"'~~L1J'UFl1L';l~tI±SEM (n = 8) 

+ 

" 
p < 0.05 

P < 0.01 

p < 0.05 

Cerebellum 
Hippocampus 

Cresyl 

H&E Cresyl violet H&E violet 

9.61±1.46 8.75±1.28 9.61±1.68 8.40±3.92 
. .. .. .. 

11 .90±1.80 10.50±1.74 18.40±4.15 13.10±7.06 

10.80±1.35 8.12±1.39++ 7.70±3.92+ 3.40±1 .58++ 

9.08±O.56++ 8.10±2.08++ 7.70±4.3f+ 9.10±6.07++ 

8.30±1.0++ 7.50±2.56++ 8.10±2.07+ 6.30±2.46++ 
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(;l1~1.:J;110 LL~'MtJfl~'il\l GSE [;]'ilm1UnU'il\lm1"ti1fl1tJ~'il\lL"l!fl~U1~~1Yl LL~(;)\lLiltJl"l~LLtJtJ 

(grade) 4 1~~1J 
A ... 
YitJYl~~'il\l Cerebral cortex Cerebellum Hippocampus 

Cresyl Cresyl Cresyl 

I 

H&E violet H&E violet H&E violet n~~m1Yl (;)fl'il\l 

ND 0 0 1+ 1+ 0 1+ 

HF 3+ 2+ 2+ 3+ 3+ 3+ 

HF+Fenofibrate 1+ 0 2+ 1+ 2+ 0 

HF+GSE 0.5% 1+ 1+ 1+ 1+ 2+ 1+ 

HF+GSE1.0% 1+ 0 1+ 1+ 1+ 1+ 

m11~I"l~LLtJtJ (grade) ~1~f1J~fi H&E stain 4 1~~1J 

0 = Yi1JL"l!fl~U1~~1Yl~n"ti1fl1tJ < 10% 

1+ = Yi1JL"l!fl~U1~~1YlCln"ti1fl1tJ > 10-15% 
" 

2+ = Yi1JL"l!fl~U1~~1Yl~n"ti1fl1tJ > 15-20% 

3+ = Yi1JL"l!fl~U1~~1YlCln"ti1fl1tJ > 20 % ... 

n111~I"l~LLtJtJ (grade) ~1~f1J~fi Cresyl violet stain 4 '" 1~(;)1J 

0 = Yi1JL"l!fl~U1~~1YlCln"ti1fl1tJ < 5% ... 

1+ = Yi1JL'l!fl~U1~~1YlCln"ti1fl1tJ > 5-10% ... 

2+ = Yi1JL'l!fl~U1~~1YlClnVi1fl1tJ > 10-15% ... 

3+ = Yi1JL"l!fl~U1~~1Yl~nVi1fl1tJ > 15 % 
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I cerebral cortex I • H&E 

\II ~ Cruyl vlol.t 
c 25 
0 .. 
::l 
CII 20 c 

.;>tl .. 
1\1 

"i -. 15 .. 41 
::0 

~ .~ 

" 10 ' f: 
w 
V\ 
C) 5 • 
! n~)lnn1li~ :z 0 

NO HF HF.'.nofibnt. HF +6Sf O,S,_ HF+6SU,~. 

I cerebellum I .H&E 
\II .., Cresyl violet c 16 0 .. 
::l 14 
CII c 12 

.;>tl .. 
10 1\1 

~ -. ::0 8 .. 41 
::0 ~ 6 .~ 

" 4 'f: 
w 
V\ 2 
C) . 0 n~)lnnll~U " ;:I .. NO HF HF.F.no~b.>I. HF.GSfO.S·. HF+GSU,OO. 
:I 

I hippocampus I .H&E 

\II 
... Cresyl violet 

c 25 0 ... 
::l 
CII 
c 20 
~ ... 
1\1 
~ 15 .. •• r .. .. ~ ~ 
' C' 10 " ' I: 
W 
V\ 
C) 5 
• 
" n~)jnnlls~ ;:I 
41 
:z 0 

NO HF HF.F.nofibut. HF.GSE O. 5'!. HF+GSU.OO. 
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, 
I I 1_ 

cerebral cortex, cerebellum LL~:: hippocampus ''fl~~\1LL1V1"tJnn~~ YllJ,)'l n~~V1 

~ ".. .r ... I ::. A. ... A. • I ... I 
~(;I1lJfl1~11YltJ~'ltJ L'U~~IJ1::~'lVl''fl~~~'fl~V1~ 3 '~')tJ~r1')tJ1J1::n'fllJ''fl~ L 'l!~~IJ1::~'lVi 

~~\l1n!i1f!(;I ii~mtru::L'l!~; (cell bodies) n~~ 'tJ'l(;lL~C1J ~Cil~'l!~~'fl~lJ')~~')tJ'fl~ 
" 

neucleolus ~(;I~L'~"I'lnm1Ufl~~')tJ H&E ~1'fl~Cil~U'l~tJ'fl~lJ,)~"I'l~11'fllJ~,)L'l!~;"I'ln 

m1Ufl)J~')tJ cresyl violet LlJYllJm1~m~lJ (inflammation) LlJYllJL'l!~;lJ,)~ (cell 

swollen) LL~::~'l~'l1Cl~fl~ L ~tJi'l') Lrt~tJ~ L~'flth~-r Cil L"ItJ4' Cil'fl~L tJ1::~lJ rt::u tJtJ (grade) 0 

L(;ItJYllJmrih~'ltJ'fl~L'l!~;U1::~'lVlUfltJn'.h1 0% U'fl~~')tJ H&E ~1'fl U'fltJn~'l5% Ufl~ 

~,)tJ cresyl violet (LL~(;I~~~lU~ 23-28A) ~'l~~'l~lJ L~'flLllitJlJLYitJlJrllJn~~~L~flJ 

fl'l~'l1L·urtJ~~ (high fat-diet )YllJ~'l ii~~L~~mn1'l~'lm'l!~;U1::~'lVi (dark neurons) 

LtJ~~fl~~-3 3 ~,)tJ L(;ItJYllJm1~Cil~U'fl~ H&E df~~tJ (dark staining) YllJm1~'fl L~n~~ 
(shrunken cells) ''fl-3~,)L"J!~;U1::~'lVi LtJlJ'l~L"J!~;fl'l"lYllJm1~Cil~,) (pyknotic nuclei) 

'fl-3i'l,)Lfl~tJ~i')~ ~')tJ"I'lnm1Ufl~ H&E tJfln"l'ln~ YllJm1~Cil~~'l L~tJ'fl~lJ')~ L'~~tJL tJ 
, " 

~')tJ'l!fl~L'l!LVlYl~'l~;~ (cytoplasm) ~1'flYllJ~,)~~ ~') L"J!~ ;U1::~'lVi ~')tJ~fin'l1U'fl~ 
, , " 

cresyl violet ;-3LL~Cil-3n~m1U'fl~~Cil~,)tJ'lJ'fl~ Nissl substance L~~~tJ4'Cil'fl~LtJ1::~lJ 

rt::LLtJtJ +3 LCiltJYllJmn1'l~'ltJ'lJ'fl~L"J!~;U1::~'lVl~'lnn~'l 20% U'fl~~')tJ H&E ~1fl 

~'lnn~'l 15% U'fl~~')tJ cresyl violet (LL~Cil~~-3lU~ 23-288) [;l'l~~'l~lJ LL~::r.:nnlu 

nrl~~L~flJtJ'l~CilL'~tJ fenofibrate 100 ~n./nn./t)tJ ;j~m~tru::'lJ'fl~L'l!~;U1::~'lVi • 

" " tJ'fl~Cil')tJ cresyl violet (LL~ Cil~ ~-31U~ 23-28C) 
" 

1 ,0% i,)~rllJfl'l~'l11,~tJ~-3 (LL~Cil~~~1U~ 23-28D,E) ~'l~~'l~lJ YllJ~'l;j~n~ru::,'fl~ 
" " , ," 

L"J!~;U1::~'lVi Ln~ L~tJ~ rllJ n rl~YiL~flJtJ'l~ CilL 'lJ~tJLL~ ::nrl ~Yi1~flJ'fl'l~'l1YitJ ~'ltJ LL~"I::;j . . ... 

,,- 0 '-.1 '" tI 4 fenofibrate m~m1Y1'l~'ltJ'lJ'fl~L'l!~~IJ1::~'lY115-20% tJ'fl~Cil')tJ H&E ~1'fl10-15% 
, " 

Ufl~~,)tJ cresyl violet 4'Cil'fl~LtJ1::~tJrt::LLtJtJ +2 ;~"I'ln~~m1V1Cil~'fl~YltJ~'l GSE ~~ 2 

rt')'l~ L,~;rtJ;j~'ltJ')tJL"J!~ ;U1::~'lVl~ Cl n';h~'ltJ1lJ LL~ n ~'l~ rltJLL~ ::Ln CilU'fltJ n~'l nrl~~ " . 
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i,.I '" Q,CIII 

CEREBRAL CORTEX tJ'el~Ul'JtJ'Jfi H&E 

(x400) l'W\.n'+LLj''V1VJnn~l-J (n=8) r.nn1l1'W A,C,O LLf'l:::E LL~~-.1L'l!f'l~~l-J'el-.1tJn~ (~nPlj'~~1 .) LLmn 

~')m'l!f'l~tJj':::~1'V1~~~~L;rl-JltJ11-.1~'elL~nU'elt.l~t.ln~1 dark neurons (~nP\j'~'lI1,) I~ ) ~,)'W1l1'W B 
, " 

'WlJ dark neurons 1,)l-JrllJ neuronophagia LLf'l:::n1j''lIt.11m~l-J~'W'lI'el-.1 Virchow-robin space d:J'W 

41'W')'Wmn (A=NO, B=HF, C=HF+Fenofibrate100mg/kg/day, O=HF+GSEO.5% LLf'l::: 

E=HF+GSE1 .0%) 
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IV IV 

CEREBELLUM tI'el)JU)'UI H&E 

'leU 23 LLM)-.:j[)I~'"l~~tJ1wh·'1tJ1"1J'tl-.:jL'1!~:Hhh:;~I'Vl~~'tl'H~,)U cerebellum ~'tl~~')t.J H&E (x400) ... , 

1U~WL~'VlYJnn~~ (n=8) '"lln[)l~ A,C,D LL~:;E LL~(;)-.:jL'1!~;~~'tl-.:j purkinje cells un~ (~nM~~I' 

)LL'Vlm~')m'1!~;u~:;~I'Vl~~(;)~L-ir~~uh-.:j~'tlL~nil'tlt.J~t.Jn~1 dark neurons (~nM~"1JI,) I~ ~')U 
~ ~ 

[)1~ B ~tJ dark neurons LtlU~IU,)U~ln (A=ND, B=HF, C=HF+Fenofibrate1 OOmg/kg/day, 

D=HF+GSEO.5% LL~:;E=HF+GSE1.0% ) 
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HIPPOCAMPUS i'el~~tJtI H&E 

Norma~ neurop;; 

E> 
ormal neurons ... 

ltl 24 LL~(;)'111'lYi'f'lYitJ1fi!)'V1tJ1"1l!l'lL'1if'l~lh:;~'l'V1~a..!!l'l~,)u hippocampus U!la..!~,)rJ H&E (x400) 

1U'\..l\1LLj''V1VJnn~a..! (n=8) ronnll'lYi A,C,D LLf'l:;E LL~(;)'1L'1if'l~~a..!!l'ltJn~~m(;]')rlULriuLL~'J(;1!lU~rJ'I 

~~'1 (fjnPlj'~~'l') LLmn~')m'1if'l~tJj':;~'l'V1~~(;)~Lo]a..!!tJ1'l'l~!lL~n~!lrJ~rJn~'l dark neurons 

(fjnM~"1I'l,) I~ ~,)U1l'lYi B YiU dark neurons 1,)a..!rlu neuronophagia LLf'l:;mj'"1ltJ1m~a..!~u"1l!l'l 

Virchow-robin space Lriu"hu')ua..!'ln (A=ND, B=HF, C=HF+Fenofibrate100mg/kg/day, 

D=HF+GSEO.5% LLf'l:;E=HF+GSE1 .0%) 
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"" "" CEREBRAL CORTEX tI'!UJ(;'l'lti Cresyl violet 

.-

.. 
Nissl sub.s~nces 

.. 1 
• • 

I~ • 

, 
• 

I 

• 

~tJ 25 LL~I'l'lJlIY'l'~Y'lmfi'lJ'fl'lL'l!~'lfU~~~I'Vl~~'fl'l~,)'W cerebral cortex ti'fl~~,)EJ Cresyl violet 

(x400) 1'W~lJLL~'Vl'VJnn~~ (n=8) ~lnmY'l A,C,O LL~~E LL~I'l'lL'l!~'lf~~'fl'lun~ (~nM~~I' )LL'Vljn~,)EJ 

L'l!~'lfu~~~I'Vl~~I'l~~IL~'W'fl~~,)'1L;r~ XUil'1~'flL~n~'flm1EJn~1 dark neurons (~ni'I~~'lJI')/~) ~')'W 

mY'l B Y'l1Jm~(;nEJ'lJ'fl'lL'l!~'lfu~~~I'Vlti'fl~~I'l~~,)'W Nissl substances (dark neurons) LtI'W~I'W')'Wmn 

(A=NO, B=HF, C=HF+Fenofibrate100mg/kg/day, O=HF+GSEO.5% LL~~E=HF+GSE1 . 0%) 
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.... .... 
CEREBELLUM tI'eI).J(;I'JtI Cresyl violet 

nJ 26 ... 
(x400) 1U'vl\fLLdYlYJnn~~ (n=8) '"llnfllY'1 A,C,D LL~::E LL~I?l\lL"1!~~~~'El\l purkinje cells tJn~ 

(~nPld~~I. ) LLYlmJf'"lm"1!~~tJd::~IYl~~I?l~~1 L~U'El~~'"l\l L-n~ XtJ11\1e:!'El L~nU'EltJlj-tJnrJl dark 

neurons (~nPld~"lJl'"l I~) ~'"lUfllY'1 B Y'l1Jn1d[;lltJ"lJ'El\lL"1!~~tJd::~IYl~'El~~I?l~~'"lU Nissl 

substances (dark neurons) LtlU~IU'"lU~ln(A=ND,B=HF, C=HF+Fenofibrate100mg/kg/day, 

D=HF+GSEO.5% LL~::E=HF+GSE1.0%) 



•• 

HIPPOCAMPUS !l'el~~'JtI Cresyl violet 

; 

.. 
e_ Normal neurons 

1# • 
• 

• 

• 

Normal neurons 

• 
I 

Nissl substances 

• 
I 

Normal netJron~ -• 

• 
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• 

ltJ 27 LLfl~'I1l1Yi'f'lYitl1fi"1l'el'lL"1!f'liu),:;fl1Y1fll-J'el'lt'l'JU hippocampus ~'ell-J~'JtJ Cresyl violet 

(x400) lum'.fLL),Y1YJnn~l-J (n=8) linn1l1Yi A,C.D LLf'l:;E LLfl~'IL"1!f'lifll-J'el'lUn~h1tJ'It'l'JnuLij1.J.LLm 

~'elUL1tJ'I~rt'l(f'lnPl),~~1 . ) LLY1m~'Jm"1!f'liu),:;fl1Y1~~~~~1 L~U'ell-J,j'J'I L-nl-J )'U11'1 ~'el L~n~'eltJ .. .. 
~tJn~l dark neurons(~nM~"1I1'J/~) t'l'J1.J.1l1Yi B YilJm)'mtJ"1I'el'lL"1!f'liu)':;fl1Y1~'ell-J~~~t'l'JU Nissl 

substances (dark neurons) Luu41U'JUl-J1n (A=ND.B=HF. C=HF+Fenofibrate100mg/kg/day. 

D=HF+GSEO.5% LLf'l:;E=HF+GSE1 .0%) 



4.5.2 eJ'in11~n'l!t1n11Li'!l~"lJ'!l.:lL'1f'i~tJ1::~1'V1Utltlij1"lJ~'U~::"UJ!j''!l~~LPI'I!t~'J!I~fi Oil 

Red 0 stain 
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"l1nt:.J~n1J'V1(;)~'el'lLL~(;)'I1~Lihd1 n1J'tf'el~~(;)~LL(;)'I~rJlJL~~'eln'W Lu'W~n~ru:;n1mJ':;"l1rJ 
, " , 

~,)'lJ'el'l1 'lJl1'WtJ n ~~'I LU 'W'el 'I r1tJJ':;n'ellJ~~ n'lJ'el'l LoW'el L~'el~~'el'l LL(;]ch~lJn1J'~ (;)~ LL(;)'I Lu'Wn~~ n'el'W • 

'el~111rJ1'W1'l!1V1~~1~~~'lJ'el'lL'l!~;tJJ':;~1V1 LL~(;)'I~'In1nn(;) vacuolar degeneration ~'ILU'W 

'lJlJ,)'Wn1J''elth'l~~'I~ L'l!~;lh:;~1V1 LL~ (;)'I'el'eln~1 L~'el Ln (;)n1J'lJ1 (;) L~lJ 
, '" 

"l1nn1J'~n~n1ntJ~rJ'WLLtJ~'IVl1'1"l~~mW3V1m'lJ'el'lL'l!~;tJJ':;~1V11'W~~'el'll1'1 3 ~,)'W~,)rJ • 
';)fin1J'tf'el~ H&E LL~:;Cresyl violet hJ~lJ~n~ru:; degeneration 'lJ'el'l1'lJl1'W (vacuolar 

" , , 
degeneration) 1'W~'WLLJ'V111'1 5 n~~ LL(;]dj'el~n~1~,)rJ';)fin1J'tf'el~ O il Red 0 ~lJ~1n~~Vl1~flJ " . . 
'el1~1J'1 'lJl1'W~'I Ln (;) n1J'LtJ~rJ'WLLtJ~'I'lJ'el'l L'l!~;tJJ':;~1V1 ~'el~lJn1 J'~:;~~'lJ'el'lhl1'W1 'W~,)'W 1'l!1 V1-

~~1~~~'lJ'el'l L'l!~ ;tJJ':;~1V1 L~'WLU'WLij (;) 1 'lJl1'W'lJ'W1 (;) L~ n ~ (;)~ LL(;)'I L e]~ LL~:;J',)~ n'WLu'Wn~~ n'el'W • 

( LL~(;)'I~'IJ'tJ~ 28) LL~:;"l1mtJ~ 29 LL~(;)'I1~L~'W"l~~mfi~111~1'W~~'el(;)L~'el(;)L~m~~'el'l ~'I~lJ~1 
" " . , " , 

~ n1 J''el (;) ~'W'lJ'el'l 1 'lJl1'W (~(;) ~ LL(;)'I) 1 'W~~'el (;) L~'el (;) ~')'Wn ~~Vl1~flJ'el1 ~1J'~'Wti1'W , n ~~Vl1~flJ 
q q ~ q 

'el1~1J'1'lJl1'W~'Ii')~nlJm~(;)1'lJl1'W fenofibrate , n~~~1~flJ'el1~1J'1'lJl1'W~'Ii')~nlJ GSE 'lJ'W1(;) 
" ." 

" 0.5% LL~:; 1.0% 1Pl1~~1~lJ hJ~lJn1J'Ln(;) vacuolar degeneration 1'W~~'el'll1'1 3 ~,)'W ~'ILL~(;)'I 

1'WltJ~ 30, 31 LL~:; 32 1Pl1~~1~lJ 
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Red 0 x400 (L=Lipid accumulation) 

Lipid emboli 

III 

AI ........ <V.... "L .j' 
~1J 29 1l1'W'VI1~~~VUl1fi'J'VI!J1 ~~ (;I~~n~CU~n1~bn (;I vacuolar degeneration 'lH 'U'el 
~ . 
~~'el~ ~~~"L 'U~~'el (;I b~'el (;I~~'el~ -l~bn (;Ib ~'U n'el'UL"lJ 3T'U;H~~ (;Ii bb(;l~'el (;I ~'U'el!i1l1!J"L 'U~~'el (;I . . ~ 

b~'el(;l Oil Red 0 (8 x400, Cx100) 
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tl'i~'l41'V1'l4~'el.:!tln~'if'l'U cerebral cortex (A) ~UliuUI':! Oil Red 0 (A x100) U'i~111~ 8 

U'l4U1.:!~'li'i~tl~'l41'V1tln~;':!~UliJ1~~'U ('inPl'ii) Oil Red 0 (8 x400) ... 

tl'i~'l41'V1'l4~'el.:!tln ~'if'l'U cerebellum (A) ~Uli UUI.:! Oil Red 0 (A x1 00) U'i~111~ 8 U'l4 UI.:! 

purkinje cells tln~;':!~UliJ1b~'U ('inPl'ii) Oil Red 0 (8 x400) ... 
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• 
tl~::~1'V11UJ'el-lltln9i~1'U hippocampus (A) 9i~iu~-II Oil Red 0 (A x100) U-a::1I1'W B 

U~~-IIL'Ii-a~tl~~1'V1tln9i;1-119i~i,r1L~'L.I (-anpf~~) Oil Red 0 (B x400) ... 
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. ,. 
11:f,lftl't ~U 111111rl~ 1 I1rlW1 B~m~U ll'tl't~ 1 t'BI't~U,t\""lr:: ~1' t,~ U~""lr!:St'~n,tt1[. Vl .... lBI1:f,lft~ 
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• ft 
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SndW8::lodd!Ll ::~11 Wn1l8q8J8::l 'X8lJO::l 18Jq8J8::l 

nt,~ t'BI't~n ~ lA.l~::~ f1~~1[.1 t'Bl[.lrllA.~~lrlM~~t'llA.t'~f11mrl~f11~ lU B~ lrllA.~~lrlMt'llA.I1B~bt,~ltl 

::~'1 t'BI't ~n ~::~11 ~ B~m ~::~ ~~~tthB~ ~UlUl1l1 (e!w8p!d!lJ8dALl) t'~~ B~m ~n,ttl[. t::t,lLtt'B~ 

Jn~l'tll'tlt,l!oJl"" t'BI't~n~::~11~B~m~ (ON) J"l[.tUBBU!.ltlntt'l~~~lU::~11 ('v'OVII) UOil8P!XOJ8d 

P!d!l '~B~m~nl'tlT.' ru ll'tfI1 U1'~' nl[.~U'lA.glrlM~~t'llA.t'~f11mrl~f1'~lU~::~11t'BIT.WU1 lA.~f1'1t,ltl 157 ,. k I "k .r .. ~-~ " r' r ... 
I1B~bt,~~~lUl!t-t'~n.ttI[.Vl""lBl1l1l'tt,? 388 11:f,lft~I't~UI111I1rl~mrlW1 j\l~f1l 8 nlnl~t,1 

,. . nl::' t'~n.tt~Vl""lBrlt,,lf rll .... rl~1~lU~ ~1 t'BI't~,\'\ ~ l!\t,rl? .... 1 rl~l nDbb~n ~1't!.~Ul .... lBnl::' 

~~l'trl!:~n~B~~I't'Ulb~lI~~l~t'BI[.t'BI't~t'Br;Uf1llA.Ul~U~::b~~t'~::~f1U~~!:t'~Pt'~l!oJ~U~~lU 

t'BI't~:: ~1' ~ B~1 ~ B~ .... hBrl' ~~I[.' B~ ~~ 1'tlA.::~ ~B~tthBnl~ g lA.U t'U I'tt,~ rlll1 U ll1l'tnnn~B .. r''' I "'rw" ".1'''' par ~ I 

~ ~111 U lb~lI~~l~t'B~lrllA.~l[.lLt1 t'llA.~lA.Ul~nt1-1,\'\ ~t'~ ~" 9~hl'tn ~::~'1 t'B~~ lA.}~ 1n ~ t'B~~lA. 

~ B~ .... n ~ l!t-~t:l~ .... nB~ l~U ~~lU U lb t'~n,ttl[. t ~l""lBrlt,,lf l!oJ~l ~~,,\'\ 1"l!\t,rlt: .... ' ~::~ ~~~tthB I'" I I 

UlblA.l~::~f1~~l[.ml~l!t-~lUt'Br;Uf1~lUn~ (peJlX3 p888 8deJ8) n~B~~I't'Ulb~lI~~l~t'B' 

glA.U~Ul.I::~11 rllI1Ull1t'BI't~t'llA.l!oJ~1~U1"'" llA.lA.ml!oJl~~""1l~nI::1t'1[. t'BI't~n' ::~~B~tthBt'l~~ r p .. "I, or' ... 0 P It -. " 
.. . . ~lU 1111 t'~~B~m ~n.tt' t::t,lLtt'BI[.Jn~l'tll'tlt,l!oJ l~U~ B~ 1 t'B~~ lA.~lUt'Bl[.rlll't .... t'ft~ b 

• t-@, ~ l81A.g, l.,U ~ t.1 flog, tt ~~" ~ t.11i l.,1. flo ~ @, 

9 1A.1A.n. p 

t-~~~~~l..U~I1Ii~~~~ 
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, ~ 

'tl1~11L'UrU~~ r,nneJ~n11Vl~~'il~''il~ Feng LL~:;rlru:;2005 VlL~11tJ~1uHri'ilU~U1tl~1~11 
"" II I" 

~ n "'''1 n Ll-J~ "''il~U hlil eJ ~ ~'ilU1~Un ~'l LL~ :;U1~Un~lJ'il~"1J'il~~ULL1Vl ~~,rU n 11VlU1~,rn ~'l LL~:; . ~ 

~ , , 
U1~Un~lJ'il~~ULL1VlVl~"'~~"1nm'llJVlL~f1J'il1~11L',rU~~ LtlUeJ~uniJ'il~~lJ'il~''il~~11~n'" 

" . " 
~ 

"1mlJ~ "''il~U''1n'il1~11L "1J,rU~~ Lvhuu . ~ 

I I" I 

8 iU"'1~vi11,xLii"'1l1'l:;L"l!,ru1UL~'il~~~L~Lij'tlLmtJ1JLVltJ1Jn1Jn~lJVlL~f1J'il1~11YlU~1U ;~ 
, ~ 

" ......... -=10 I II_ 
~'tl"'rl~'tl~n1J~1U'l"tJVlVl1lJ1n'ilU~U1U"l!'il~ Godard LL~:;rlru:;2009 LL~:;Ming LL~:;rlru:;2009 

LL~ :;L~'il LmtJ1J LVltJ1Jn1J~ULL1Vl m'llJ~L~f1J'il1~111 ,,ru~~1'llJ n1JtJ1 ~ ~ L ,,ru fenofibrate LL~:; 
~. " 

GSE ~~ 2 rl'l1l.J L.;rlJ.;rU"ll'ltJ~~1:;~1JL"1J,ru1 UL~'tl ~~ L~lJ~~~UL~ LL~nu~ hl~ "'~~ Lvhn1J1:;~1J 
~ 

~ 

L~11:; GSE ileJ~U1JU~n11~~;lJL,,rULi1~m':;LL~'H~'il~H'L~tJ~N (Tebib LL~:;rlru:;1996) 
~ ~ 

~ ~ , 
'tlth~11n(;l1lJ eJ~n11U1Ju~tlu~hILLN~'ilVl":;~~'~~,,uCi~1:;~1Jun~ ~'lun111,x fenofibrate 1u 

, , 
iU~1~Vl4 il~'lU"ll'ltJ~~1:;~1J1"1J,ru LDL-c 1~ LL~:; GSE Vlrl'l1lJLil.Jiu 1 ,0% 1,xeJ~~~1:;~1J 

LDL-c L~LVhn1J fenofibrate LL~:;~~n~1 GSE ~rl'l1lJLilJiu 0,5% LL~~~~1n11~~L"l!,rU''il~ .. 

~m'lU1U (8 iU~1~) ":;L~UeJ~~~L"1J,rUL~-n~L"un~11:;tJ:;L'l~1~L~f1JU1U 4 iU"'1~ L~'il 
LmtJ1JLVltJ1J1:;~1J1"1J,ru"l!ij~~ (HDL) 1UVlnn~lJ ":;L~UL~~1 GSE ~rl'l1lJLilJiu 0,5% LL~:; 1,0 • • 

% "ll'ltJfm~t11:;~1J HDL-c L~~'tlnU LL~~ 1,0% vh1,x LDL-c ~~~~L~~~'il1n1JtJ1~"'L',rU 

fenofibrate 

1(;1LU~tJULLU~~ eJ~~1~~'il~rl~'il,:jn1J,:j1u';j4'tJ"1J'tl,:j Montilla LL~:;rlru:;2005 LL~1"i1L'ilu1'lllr~tl,:j 

1J'ilnCi,:j~lJ11ClU:;''il,:j~1J (liver enzyme) 1UL~'il~~\1LL1VlL~lJ~,:j~U'ilt11,:jilutJ~1~'1JVl1,:j~Ci~ Ld'tl 
I "I I 

LmtJ1JLVltJ1Jn1Jn~lJVlL~f1J'il1~11Ylu~1u ;,:j Nakayama LL~:;rlru:;2007L~L~U'tlH~1n11Vl . ... 
1~f1Jm~11L "1J,ru~,:j LtlUL'l~1U1Uil eJ ~vi11 ,xn11Yi1,:j1U"1J'tl,:j ~1J~ ~~,:j t~tJ~1J~1il n11~ :;~lJ''tl~ 

L"1J,rU (lipids deposit) ~L"l!tVl~~1~~lJ"1J'tl~L"l!~;r;i1JLtlU~1U'lUlJ1n ~'lU~ULL1Vln~lJ~L~f1JtJ1 .. . 
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~~1'!IlrtJ fenofibrate 1'l~ntJtl1ww1"l1lTtJ~,rvitJ~1 ijrh BUN, eRE, SGOT, SGPT LL~:; ALP 
" 

L~~~~~tJ~1 ntlth~ij,rtl~1 rifll"'1~~ ti ~ L~tl~~1 nm~111 "lIlTtJ~~ij ~~.yh 't 'IX r11"'1~ Lrlij rl~'ln~ 
" "ti " 

.. 0 .,.,..! ~ ~ cJ~ " ".... .4 
LL~~~Cl~n11"'1~1tJ"lItl~[;ItJLL~:;~(;1LYi~~~"lItJ "J!~~~'" ~~~tl~rl~tl~ntJn11"'~'(l'tl~'tltJ1 (Molnar LL~:; 

rlCW:; 2007 LL~:; Nakamura LL'(l:;rlCW:;2002) n111~ftJm'(l~1"l1lTtJ fenofibrate n~tJij~~li1't'IX 
.., J' ~, ..... ,., ., .. ~ 

enzyme activity tl~~~"lItJ 'tl1~LutJLYi11:;'l1m fenofibrate L'tl~n~~'(l[;ltl[;ltJLL'(l:; ~[;I~~LutJ~1L~~ 

li1't'IXrh eRE LL~:; SGPT L~~~~~tJn~1mi~~1~ftJm~111"l1lTtJ~~ (Hottelart LL'(l:;rlCW:;2002, 
". " 

-J eI ..: J' ,.... ~., .. eI 
Ansquer LL'(l:;rlCW:;200B) 'Ci'ltJ~~"lI'tl~ ALP "'LYi~~~"lItJ~1n tJ1~:;Ln(;l~1n ALP LutJL'tltJ~"J!~"'YitJ .. , , 
'ttJL;jtlL~'tl~'(l1tlLL~~'ttJ11~n1tl L'lltJ ~tJ, n1:;(;ln, ~11~L~n, 1[;1, m LL'(l:;LijC;)L~'tl~'Il1'l n11Yl ALP 

" 
~~~~tJn~1tln~LL~~~~1'tl1~~i~~1~1n'tl1'm:;~tJ1L'lltJ ~11~L~n L~tl~~1nijntl~1tJ~1 n11 

tJ1'Lnrlm~111"l1lTtJ~~ij~'(lli1't'IXLn~n11~11~ ALP ~~11~L~nL~~~~~tJ (~fi1~YitJ ~"J!t1!1Yi\!~tJ 
, .. 

2544) 'tlth~hn[;l1~ Lijtl1~ftJ GSE .,;~ 2 rl'l1~Lolf~olftJYitJ~1m~1CW BUN, eRE, SGOT, SGPT 

, .. 
Yi1nij L[;I'tlf~~ mh'l~~ 'W'tn~ L~tl~ ntJn~~YlUlftJm~11YltJ~1tJ li1 't 'lXYitl~:;~ 1tl1~~1 n1 1li1~1tJ . .. . 

, .. 
'Il'tl~ ~tJLL~:; 1[;1Yl'(l (;l'(l~ 1tlutJLn C;)~1 n ~ '(l"lJ'tl~ n1 1tJ1'Ln rlm~111 'IllTtJ~'1 LUtJL'l '(l1tJ1tJ ~1 n n~1 LUtJ 

'IJ 

.. .. 
11'1n'ltl ~'(ln11~nh1rlf'li1 Yi'tl~:;MtlUl~1 GSE hJij~'(ltlnu't)'1~tJ~1nm~111'IllTtJ~N . " 

" .., .., c:J, cI .... , _ ~ 
5.4 eJ'il'lJ'el~'el1~1~ ~'lJ~U1f~ LL'il::1f1~1fn (;lr,nm~'il C;)'el~U'Vl~ [;I'el1J~~1tu NO MDA "lu '" . 

1f~'el~ LL'il::"l ULi'el (;l'lJ'el~'VIU U~'Vl 
'" 

.. 
markers fii'tl malondialdehyde (MDA) LL'(l:; nitric oxide (NO) ";'1'ttJL~'tl~ LL'(l:;'ttJ~~'tl'l ~1n~'(l 

, , 
.4 ".... .Q _ 

"J!'1~'t)(;lrl'(l'tl'lntJn11"'~'(ltl'l'Il'tl~ Abdul LL'(l:;rlcw::2004 LL'(l:; Yao LL'(l:;rlCW:;2008 LL'(l:;~~~LYi~ 

m~1CW NO 'ttJ~~'tl'l L'lltJntJ ~'(l~1~~'tlC;)rl~'t)'1ntJ'tlth'liji1tl~1 rit1!"'1'1~ n~ L~'flLmtltJLYltltJntJ 
, .. 

n~~Yll~ftJ'tl1~'wYltJ~1tJ 't tJ'Il CW:;L~tl'l ntJm~1CW NO 't tJL~'t) c;)'(l (;l'(l'l'tlth'liji1tl~1 rit1!"'1'1~ti~ 

L~'tl LmtltJ LYltltJntJn~~~1~ftJ'tl1~11~tJfi1tJ~ n ~'ltJ n11~m~t1~ ~1tJ~1YitJ~1 n11~1:;~tJ . .. 
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I ...... ... °ll.l- .,,, 
'fJfl1::lJ~~LWUt.l'lU1 ~Ln~ endothelial cell injury (Godard LL~::fOlru::2009) L~ 

mlJ1ru~~~~LL~::mlJ1ru NO It.!L~'fJ~L~lJ~t.!1~'fJth-ln,rtJ~1~C\iVl1~~Ci~L~'flLllimJL~tJtJntJ 
n~lJ~1~ftJ'fJ1~111'11,rt.!~~L~tJ~'fJth~L~t.I'l L~tJ~~~'II'fJ-l GSE fOl')1lJL.;)lJ.;)t.! 0.5% n~'Vltl),j 

LL[;Imh~ntJniilJ GSE 1.0% LLfl::niilJ~1~ftJ'fJ1~111'11,rt.!~~1,)lJntJtJ1fl~1'11,rt.! fenofibrate . . ~ 

1ii11 n m1~mi1~~1t.!lJ1~1t.!')t.!lJ1 mL~ ~~l-X Li~t.!~1 GSE n~'Vlt ~ht.!'fl'i~fl~~ 1:: ~~,rt.!m1~ 
~ I r 

mlJ1ru MDA lUL~'fl(;1~~~::lt.!~lJ'fl-l1,)lJl1~mlJ1ru NO It.!~lJ'fJ~~~~fl~ t.i11ii1::LthmfllJ11ii11n~'Vlfi 

~1t.!'fJ'i~~~~1::'II'fJ~ GSE It.!Vi1t.!'fl-lL~tJ')nt.! NO ~L~lJ~t.!lt.!L~'fl~ ntJ'VltJ1'Vl~1~C\iVi1L-X 
.J... AI 0 ., 1,I,q.J' 0 J.; dI., ~ .... 

endothelial 'Vl ~U~~~'fl ~ Lfl'fl ~'Vl1~1t.! L~ (;1'!1t.! 'Vl1L ~~fl'fl ~ Lfl'fl ~ LU Lfl tJ~ ~lJ'fl-l'ntJ 1tJ [;I') 

(vasodilatation) i1m11~flL~tJt.!L~'fl~ (cerebral blood flow) luL~tJ~~lJ'fl~l~~~t.!1 il'fl~nt.!m1 
.- . c:. 4 II A 

Ln~ platelet aggregation LL~::~YilJ~'Vlfi'll'fl-l~11[;11t.!'fl'i~fl'fJfl1:: (Toda LLfl::fOlru::2009) '"l1nm1 

'Vl~~'fJ~'II'fJ~ Wei LL~::fOlru::1999 YitJ~1~~-lliil1mii~111,)::~lJ'fl~'111(;1L~'fl~ L'flt.!l'li~ eNOS LL~:: 

nNOS ~~,r~~~'fJ~L~'fl~LLfl::~L'lifl;U1::~1'Vl~-l~tJ'VltJ1'Vl~1~C\iLt.!m1~~1~ NO ~~Vi1WW1~ 
.cI .J cJ4J' ~~ ",.J 

fOl')tJ"llJ m1Vi1~1t.!"1I'fl~~fl'fl~ Lfl'fl ~ LLfl::n'uVi1~1t.!"1I'fl~~lJ'fl~ L(;1[J'Vl NO 'Vl Ln (;1'nt.!t.!t.!~~t.!1'Vl 

~~'fJ~L~'fJ~L~[J~~lJ'fl~"1Im[J~') LL~::~L~'fJ(;11UL~[J~~lJ'fJ~1~~~t.! ~')t.! NO ~~~1~~t.!'"l1m'flt.!1'li~ 

nNOS LL~::Lii~IiiI1nm1L~titJ'),j1"11'fl-l iNOS Lti'fJ-lliil1n111')::1'n,rt.!Lt.!L~'fl(;1~~ (Yucel LLfl::fOlru:: 
" 

2005) It.!n1tll~i1 NO Lt.!mlJ1ru~lJ1miit.!luLt.!~lJ'fl-lliil::Vi1L-XLn(;1 peroxynitrite ~~LthJ~~LLfl:: 

Ltlt.!~1L~~Vi1l-XLii~m1[;11tJL'lifl;u1::~1'Vll~lJ1nn~1 

~ ... .,... ... 0., '" .... '" ...: J' 
111,):: L'IIlJt.! ~t.!Lfl'fl~~~lJ ~fl'Vl1 ~~ Ln(;1m1M1~ oxidized-LDLLYilJlJ1n'nt.! (Hamdheydari 

LLfl::fOlru::2003) oxidized-LDL ~~flVi1L-X membrane fluidity ~~lJ'fl~fl(;1~N LL(;]l),jn~flv'hl-X 
~ 

endothelial cell [;I1tJ t.!'flnliil1ni1fi~YitJ~1 oxidized-LDL ~1lJ11(ln1::~t.!L-Xnm1~~1~ NO 1ii11n • 

L'li~ifL~'fJ1J~~'fJ~L~'fJ~~luL~[J~~lJ'fl~ (brain endothelial cell) L~lJlJ1n;t.!~t.!Lti'fl~lJ1'"l1nm1 
.... ...J ... .r.: I II .,'" I a q'1 '" 
'fJm~tJ'II'fJ~~lJ'fJ~ NO 'VlLn~"1It.!t.!~1lJ11mLYi1n1::'"l1m'n1~lJ'fl~ L(;1'fltJ1~1,) (;1 L1,) LLfl::lJ ~fl LUn1::[;It.! • 

o 1 "'.. '" .J ~ J' ., 11 ... 
m1'Vl1~1t.!'II'fl~ nNOS ~lJm1~11-l NO 'Vl~lJ'fJ~LYilJlJ1n"1lt.! (Calapai LLfl::fOlru::2000) m1L(;11tJ 
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... 
\ltl n'"l1 nil 111'l :='t'JIlj\lL \I L~tl (;I ~~ yh L ~il n 11~:=~ lJ, ~~ cholesterol \\1 platelet, 

" ... " ... polymorphonuclear cells, leukocyte LL~:: endothelial cells Ln(;ln11~11~~'t~~~~1::LL~:= 

Ln(;l1.1Biihnlipid peroxidation ~~il end product ~~ MDA LL~:: 4-hydroxynonenal (4-HNE) 

~~ilU"'U1"'~1fYC\l~1 L~~~ 1"l1.11::n~u~ LU\I L1.11~\I~ C\l L~tJ n11~1~1\1 (Yazadanparast LL~::flru:: 
2008) 

't1.1 L~tJ~~lJ~~,jtltJ~~ metabolic activity L\I~lJ~~~(;I~~ LL~::L~titJ'lU1~1 L~Ln (;In11~h~ 
, J' ' , , 

glutamate L~lJlJ1n'\I L(;ItJYI glutamate LU\I excitatory neurotransmitter Y1Wi~"'I1n 

presynaptic neurons LL~::L"h4'uriu N-methyl-D-aspatate (NMDA) receptors UrL'lru 

postsynaptic neurons Lrl~Ln(;ln1m1::~\I NMDA receptors lJ1mn\l't1.1~~c.J~~1L~Ln(;ln11't~~ 

,~~ Ca2
+ dh~111tJL\lL'1I~; LL~::m::~\ln11~1~1\1~~~ neuronal nitric oxide synthase (nNOS) " . 

Ln(;ln11~11~ NO L\I~lJ~~lJ1mn\lfl,)1lJ~1 LU\I NO ~illJ1mn\l't1.1":h L ~ Ln (;IfI')1lJ LUkI~~~tl 
... 

L'1I~; (apoptotic) L(;ItJ't1.1ilc.J~m::~kln1n;1~1k1'll~~ p53 ~1L~Ln(;l DNA damage kI~n"'l1nil 

NO ~Ln(;l~kI~ilLklmlJ1rulJ1mnkl't1.1 ~1lJ1Hl~11.1BmtJ1riu hydroxyl radicals (OH-) 1~LUkI 

peroxynitrite (ONOO") ~~LUkltl't~~~M::~LUkI~kI~11tJ~~L'1I~;1.11::~1'" (Yucel LL~::flru:: 

2005) L(;ItJ't1.1~1~1tJLflN~11~, c.Jt!~L'1I~;, L1.11~kI LL~:: DNA ~~~L'1I~;1.11::~1'" "'I1nfl')'mi~~1 

~lJtl~ilfi1 ~L~~nLL~:: 1 '112TklLUkI~~ 1"l1.11::n~u~~ n (Gulati LL~::flru::2008) ~~":h L ~~lJ~~il fI,)1lJ 1') • 

(antioxidant) riUn11Ln(;l~\llJ~~~1:: (free radicals) 1t.l~lJ~~ "'I1nn11~n~1'~~ Christian LL~:: . " 
I'lru::2005YlU~1n1ru1Ln flm~11't ,2TkI~~ LUklL,)~1k11k1~11 ~ Ln (;I fI,)1lJhl~lJ (;I~'~~ antioxidant " . 
riu oxidant o1il~'t~~~M:=L"lIkI 1k1~rn~~n1'11~ Ln(;llk1mlJ1ruu~tJ"'I::ilu",u1"'LUkI second 

messenger Lkln11Ln(;l signal transduction pathway LL[;]01il free radicals Ln(;l;klLklmlJ1ru 

lJ1mn\l't1.1~11~Ln(;l oxidative damage Jl1tJlk1L'1I~~1~ (Yazadanparast LL~::flru::2008) "'I1n 

n11~ n~1'~~ Ming LL~:=fI ru::2009 "lI,) tJ~klfi\l1~~1 n11UrLI1 r1'~1~111 "lJ 2TkI~~il c.J~~11 ~ 

antioxidant enzyme activity (SOD, -CAT, GSH-Px LL~:: glutathione reductase (GR))LL~:: 
... ... , 

non-enzymatic antioxidant (Vitamin-C, Vitamin-E LL~::GSH) ~(;I~~~~lk1L~'fl(;lLL~::LklL;j~Lu~ 
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(tissue homogenate) 'IIt'l-.l~U. If;l. tJt'll'l. ~'l't'"l LLfi::~lJt'l-.l ~n~'ltJ (Motilla LLfi::filru::2008. 
~ . 

Yazdanparast Ufi::filru::2008. Xu Ufi::filru::2009) 'Ut'lnr,;l1nil~lJt'l-.lU-.lLthJ'tlrrtJ'l::Vi~'tl-.ln'11 

"'Ur-.l-.l1'U~-.l ~-.lvi1 't ~~lJt'l-.lil fil'l1lJ ~t'l-.l n'11 L-Dt'lt'ln; L'"I'UL ~t'l tJ ~ f;l Lu'U.,..i-.l-.l1'U't ~nu L'JI fi;tJ1::fl1Vl 

~-.l ~t'l-.lt'l1 ~tJ'IIU'l'Un'11~1tJ't'"l LLUUL;'t'lt'ln; L'"I'U (aerobic respiration) ~-.l~'UL~'tl Ln ~111'l::fllJ'tl-.l 

'1111'1L~t'll'l'"l::vi1 't ~fllJ'tl-.l'll11'1t'l'tln; L'"I'UUfi::'1111'1.,..i-.l-.l1'U't ~nu L'JIfi; LU'U~1 L ~ f;lvi1 't ~ L'JIfi;tJ1::fl1Vl • 

~ , 
~1111'l::fil'l1lJ Lfil'1tJ 1'1 L1t'l1-.liltJfi j;)'tlL'JIfl;tJ1::fl1Vl vi1 't ~ L~lJmlJ1 ru M DA 't 'UfllJ'tl-.l LLfl::i:i tJflvi1 't ~ 

" 
pro-antioxidant LLfi:: antioxidant 't'Ufl lJt'l-.l 'II 1 l'lfil'l1lJfllJ ~fi 'U'tln'"l1 n\lU-.l""U~1n11u1'L11 fil 

t'l1~111 'II~'U~-.li:i tJfi j;)t'l fil'l1lJ41 LLfl::n'11L1tJ'Uil 'U~\1LL1Vl (Wu LLfl::fil ru::2004) L~tJ n1::~'Un'11Ln 1'1 
, ~ 

oxidative stress en-.li:iuVlu1VlltJuUU-.ln'11vi1-.l1'U'IIt'l-.l BDNF (Brain-derived neurotropic 
, , 

factor) Vii:iWU1Vifil'lU~lJn'11vi1-.l1'U'II'tl-.l Synapsin I LLfl:: CREB (cyclic AMP-response 
, , ~ 

element-binding protein) ViLnmi'tl-.lnUfil'l1lJ41LLfl::n'11L1tJ'Ui '"I1nn'11~m~nl1-.l~lJ~ri'tl'U~,J1 
" , 

\lUfl I'I-.l 't ~L~'U~1 n'1 ru1'L11 filt'l1~11L 'II~'Ufl-.l LU'UL'lfi1'U1'U i:i nflLnlJ1 nlJ1tJVii:i tJflvi1 't ~ Ln ~ L1filVl1-.l 
" 
.. .:Jo .... .- .- ..J_J'.ci 

fllJ'tl-.l (neurodegenerative disease) 'JI-.lfl1 L~ ~Vlfl1fil'1i Ln ~'"I1 n'tl'42Jfl'tlfl1::Vl Ln ~"IJ'Ul.Jml.J1ru 

lJ1n Ln'Un~1~fl11~1'U'tl'Ul.Jfl~M::'"I::ih{ ~ L~ . " 
.... "a. 4_1 _'1 "_I 

5.5 rJ~Yl1~'~"'!I1 fl1Y1!11't1'a~'ll1'i'll n A"t1 n LlJ~ UI'a1U LL~:: qYl flu n1J'a~ L'lf~ ~u'i::'ll1Y1 ~ n 

,j1~1t1"t1nn1nJmA'a1"'1'il'tl,rU'll~ 
" 

cerebral cortex, cerebellum LLfl:: hippocampus '1J'tl-.l~'ULL1VlVlnn~lJ L~tJn~lJ~1~1U'il1~11 
" ill 41 ill 

~ 

1'1J~'Ufl-.l.,..u41'U'l'UL'JIfi;tJ1::fl1VlClnvi1fi1tJ (dark neurons) 't'UfllJ'tl-.ll1-.l 3 ~'l'Udj'U41'U'l'UlJ1n 
" " 

~ 

'il1~11Yl'U~1'\J ~'l'U~n 3 n~lJfl'tl HF+fenofibrate, HF+GSE 0.5% LLfl:: 1.0% ""U41'U'l'UL'JIfl; .... . 
, ", 

tJ1::fl1VlViClnvi1fl1tJ (dark neurons) 't'UfllJt'l-.ll1-.l 3 ~'l'U,J'tltJn~1n~l.JVil~1u'tl1~111'1J~'Ufl-.l'tlth-.l 
" ." 

" i:iUtJ~1~ClJVl1-.lflii~ 'tlth-.lhnf;l1lJn'11Lnl'l dark neurons 't'UfllJ'tl-.ll1-.l 3 ~'l'U i:i41'U'l'UhJLLf;ln~h-.l 

n'U ~t'lL~lJ'1J'U1(;1'11t'l-.l GSE fil'l1lJLilJi'U 0.5%LtJd:Ju1.0% 41'U'l'UL'JIfl;tJ1::fl1Vl~Clnvi1fl1tJ~1'tl 
" ~ 

n'11f;l1tJ'1J'tl-.lL'JIfl;tJ1::fl1Vl't'UfllJ'tl-.ll1-.l 3 ~'l'Ufll'lfi-.lL~ ~'l'Un'11~m~n~'ltJ~fi cresyl violet stain 
~ , 

't'U~'ULL1Vll1-.l 5 n~l.J Ltl'U%n'11~mfiLYl'tl''ltJ~'UtJ'UtJfl'1J'tl-.l H&E stain LLfi::U-.l1::U()-.l1::~Ufil'l1lJ " . . 
" ~'ULLN n'11f;l1tJ'1J'tl-.l L 'JIfi ;tJ1::fl1Vll~u'U (Salford LLfi::fil ru::2003) 't ~ tJfl n'11Vl ~fl'tl-.lLtJ't 'ULL'U'JVl1-.l 
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L~tJ'lritJtJ~ H&E stain t~u~~LL1'Vln~~~1~1tJm~''l11''Dl11J~-3 iim1~1U"D'tl-3L"D~~tJ1~~1'Vl (dark 

neurons) ~1nn~1n~~~1~1tJ'tl1~11~1Jl11J'tlti1-3ij,rU~1~C\I'Vl1-3~!i~ LL~~-3't~L~1J~1~11~ri~ 
"'l1nL~~~'tl~1J~1~11t'ltJnil'tl-3L"D~~tJ1~~1'Vl"'l1nmn11~1U"D'tl-3'tl~~~~~1~1~ tJ~n11'Vl~~'tl-3 

~'tl~fOl~'tl-3ritJm1~m~n"D'tl-3 Baran LL~~fOlru~2005 YltJ~1m1tJ1tnfOl'tl1~111"Dl11J~-3Ltl1JL,)~11J11J 
" ., 

1,)~ ritJm1ij fil,)1~ Lfil'1U ~ L1'tl1-3 ij tJ~vi1 't ~ fOl,)1~U1,)LL~~LL "D1J-3"D'tl-3 dendrites "D'tl-3 L"D~ ~tJ1~~1'Vl 
., 

~,)1J CA3 hippocampus ~~i1J~-31~ LL~~"'l1nm1~mn~1J~1J~')u~fim1u'tl~1'!ll11J~')m'VlfOlUfOl 

Oil Red 0 stain YltJ~1 n~~~1~1tJ'tl1~111"lll11J~-31')~ritJ GSE 't1J"ll1J1~ 0.5%LL~~1.0% 

~1~11t'lil'tl-3ri1Jm1Ln~m1L~'tl~"ll'tl-3L"D~~"'l1nm1~~~~"D'tl-31"lll11J (lipid degeneration) 't1JL"D~~ 
tJ1~~1Y11~ 

., 
"'l1ntJ~m1'Vl~~'tl-3~-3n~1,) ~'tl~fOl~'tl-3ritJm1~n~ri'tl1J~,J1ut~u Devi LL~~fOlru~2006 

~1 GSE ~1~11t'l~~fOl,)1~t1JLLN"D'tl-3m1vi1~1UL"D~~tJ1~~1'Vl"'l1nm1L~titJ'l~1~,)U'tl1~111"Dl11J 

~-3 LL~~ grape seed proanthocyanidin extract ii~'VltLtl1J antioxidant 't1J~~'tl-3~,)1J cerebral 

cortex, cerebellum LL~~ hippocampus t",uijc.J~L~~m~1ru SOD, catalase ~"'m~1ru MDA 

11J~~'tl-3LL~~L~~L'tl1Jl"Dlf~L~u,)''tl-3ritJfil,)1~~1LL~~m1L1U1J!L'll1J choline acetyl transferase 
., ., 

(ChAT) 't1J~~'tl-3 1J'tln"'l1nU GSE ~1~11t'l~tJ~-3m1vi1~1U DNA 't1J~~'tl-3~,)1J hippocampus 

~~-3"'11n~~LL1'VlLn~1l1,)~~~'tl-3"ll1"'L~'tlc;\1~ (Hwang LL~~filru~2004) 

., r 

m1~m~t1 ri'tl1J~,J1ULL~ "'-3 't ~ L ~1J~1 ~11~ ri "''''l1 n L~ ~ C;\'tl~1Jii n~ In n11'tl'tl n ~Y1fi LU1J 

neuroprotective ~1n~1m'll1J ij~'VltLtl1J antioxidant t~U~1~11t'l~c;\m1Ln",tJnmU1 lipid 
, ~ ., 

peroxidation ;-3ij~'Vlfil~~n~1 vitamin C LL~~ vitamin E, ~1~11t'l~tJ~-3 DNA oxidative 

damage L~'tlvi1't~~~L"'l'tlU~ (gerbil) Lnc;\m1"ll1"'L~'tl"'~~~'tl-3~,)1J~,J1 (Hwang LL~~fOlru~ 
0-

2004), il'tl-3ri1Jm1~1U"D'tl-3L"D~~1h~~1'Vlt"'U~tJ~-3 signal transduction "ll'tl-3 pro-apoptotic 

factors L'll1J JNK-1 LL~~ c-JUN (Feng LL~~filru~2005,LL~~ Sato LL~~fOlru~2001), 'tl'tln~Y1tLU1J 

anti-inflammation t",u~~m1~~1-3 pro-inflammatory cytokines (Hou LL~~filru~2007) LL~~~'" 
, , 

" " CII GI 0" "'.1 
n11tJ,)~"1I'tl-3~-3 L'Vl1~~LL1'Vl'Vl ~n L~1JtJ'l1J1 "''JtI carragenan LL~::~ c;\m1mtl"1l'tl-3 L 'l! ~~u1::~1Y1"'11 n 

1l1,)::~~'tl-3"ll1C;\L~'tl~~~~-3 t",u~"'m1~C\lL~t1 cellular ATP, il'tl-3ri1Jm1~i-3 glutamate "'I1n 

presynaptic neurons Lii'tlL~titJ'lin 1 ~~~LL1Y1 Ln "'1l1'J::~~'tl-3"ll1 '" L~'tl '" ~'JtI~fi~ LLJ;ln ~1-3 ri1J ~-3ij 
c.J~vi11~m~1ru MDA 't1J~~'tl-3L~~~-3;1JL'll1JL~tJ'lri1J n111~1tJ~11~ ri"''''l1nL~~ "''tl~1J1,)~ ~')uij " . ., 
c.J~vi11~m~1ru MDA 't1J~~'tl-3~"'~-31~ (Feng LL~~filru::2005) 1J'tln"'l1nU c.J~m1'Vl"'~'tl-311J 



85 

tl~(;l~'V1"'~tltJntJ~'lUtJ1::ntltJ~'1~'1I~i:itl~LU GSE L"llU flavonoid, polyphenols LL~:: 
., ., , 

proanthocyanidins ~'11'l n ~'li:i ~ru~l-J~ d:lu antioxidants ~~~UL"'m~~'1::tlth~u~ 

~'11th::ntltJ polyphenolic compound ~~tJLu1'l,rLL"'~ (red wine) ~'1l-J'11Cl'i:l'tl~nUL1fl~Ln'" 

'"I'1n oxidative stress L"llU L1fl"r'lL'"I, L1fl~~tl"'L~tl"'LL"'~~tJLL;~ LL~::tJntl'tl~~l-J'tl~'"I'1nn'11Ln'" 

cerebral ischemic injury 1~ (Motilla LL~::flru::2005, Feng LL~::flru::2005 LL~:: Hwang LL~:: 

I")ru::2004) 

'"I'1nn'11~m~n'1l'tl~ Godard LL~::flru::2009 LL~:: Hur LL~::l")ru::2005 ~1~ntJ~'1uH~'1 

n'11i:itl1l-J'1 ru 1 '1I~U L UL~'tl "'~~ LUUU'"I4'tJ L~tJ~~U~tJ ~u1 L Un'11Ln '" L11")~ ~'tl '" L~'tl '" LL"'~ ~tJ LL ;~'"I'1 n 
. '" '" '" 

1 '1I~U~ ::~l-J (atherosclerosis) ;~ tJ~ n '11'V1 "'~tl~~~~l-J "''"I '1 n n'11~ m~t'1 flf~ i'l "ll 'l tJ ~utJ ~~u 

ntJ~'1u~~n~'1'l~'1 n'1 1tJl'Ln fl'tl'1~'111 '1I~U~~ ~ '" ~tl n\.lLUUL'l~'1U'1U ij fl'l'1l-J L~tJ~ L Un'11Ln '" L11") 
" 

I I I '" 

(atherosclerosis) ;~ 1'll-J ~~fl'1'l ::~l-J'tl'l'1l'1 '" L~'tl ",Vi Ln "''"1'1 n~~'tl '" L~'tl ",VihJ L~tJ'l~ l-J'tl'l ~tJ ~u 

, 
o " .ca. Q<Q 

cerebral cortex, cerebellum LL~::h i ppocampus '"I'1nn'11'V1'1~'1tJ"'')tJtlUl-J~'tlM::YlLn''''"I'1nn'11 . " , ., 
tJl'Ln fl'tl'1~'111 '1I~U~~ L U~\.lLL1Yl :n~ MtJ tJ ~ n'11'V1 "'~'tl'l1~ ~~;'j 

"" . 

1. n'1~1~ftJ'tl'1~'111'11~U~'lLU\.lL,)~'1\.l'1U 8 ~tJ"''1lf ~'1 L ~~~LL1'V1'tl~L'-Ifl'1')::1 '1I~UL UL~'tl'" 
~~ 1~ n'111~ftJ'tl'1~'111 '1I~U~~1,)l-J ntJ~'11~n "''"I'1ml-J~ "''tl~Ufl,)'1l-J L .;rl-J.;ru O . 5%LL~:: 1 .0% 
" " . , ., , 
~'1L~ml-J'1ru1'11~UL~'tl"'~"'~'l1~n~\~mntJn~l-JVi1~ftJ'tl'1~'11Ylu~'1UL"'tJVi GSE hJil . ~ , ., 
tJ~ ~'tl n'1 1LtJ~tJULLtJ ~'l'1l'tl'l~'1~un ~') LL~:: 'Wil tJ~ ~'tl n'1n1'1~'1U'1I'tl~ ~tJ LL~:: 1(;1 

2. fl'1')::1 '1IlTu1 UL~'tl ",~~il tJ~~'11 ~ Ln "'n'11~~'1~tl~lJ~~~1::L ~l-J~~~U~'l1 UL~'tl '" LL~::1 U 

~l-J'tl~ L"'tJ~tJ~'1~\.l~1~ftJ'tl'1~'111 '1I~\.l~'liltEl-J'1ru M DA L \.lL~tl '" LL~:: L U~l-J'tl'l L ~l-J~~~U 
"" " 

,ml-J'1ru NO 1\.l~l-J'tl~L~l-J~~~U LL~ml-J'1ru NO 1UL~'tl"'~"'~~ tJ~Yl'1'lYltJ'1fi~'V1tJ'1 
" 

~'tl"'fl~'tl~ntJtJ~~1~ ~'tlilr,hu,)Un'11(;1'1t1'11'tl'lL'li~~tJ1::~'1'V1 (dark neurons) LU~l-J'tl~ 
'x 

~')u cerebral cortex, cerebellum LL~:: hippocampus L~l-J'1I\.l 
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3. ~~'!ltl~~'11~n"'~'1m~~"''fl~'W (GSE) rl'J'1~L;r~i'W 0.5% LL~~1 .0% 1'J~nutl'1"''111''11lJ'W • 
~~ ij~~vht~\Jhl1~'1ru MDA t'WL~'fl"'LL~~t'W~~'fl~~"'~~, NO t'W~~'fl~~"'~~LL~~L~~ 

., 
m~'1ru NO t'WL~tl"'L~ 'W'fln~'1nil~~YiurJ'1~'1'W'J'W dark neuron ~~~~L"'tJij1~~U 

, ., 
(score) rl'J'1~t'WLLNn'11(;J'1tJ'!J'fl~ L'l!~~1.h~~'1Yl ~'1 nrJ'1L 'W~~'fl~i~ 3 ~'J'W (cerebral 

cortex, cerebellum LL~~ hippocampus) 

, ., 
tl1~~'1Yl~~m;'1~'1tJL'W~~'fl~i~ 3 ~'J'W (cerebral cortex, cerebellum, hippocampus) 

l~LL(;Jn(;h~n'W 

5. ~'1n~~m1Yl"'~tl~~Ylt'!l'fl~ GSE rl'J'1~L;r~;r'W 0.5% YiUrJ'1ij~~~"'m1Ln"''fl~lJ~~M~L'W 
., , 

L~'fl"'LL~~L'W~~'fl~ 1'J~~~~~ t'Wm1tlni:l'fl~m1(;J'1tJ'!ltl~ L'l!~~tl1~~'1YlL 'W~~'fl~i~ 3 ~'J'WY1 

Ln"'~'1ntl'1"''111'!llJ'W~~1~hJi:irl'J'1~LL(;Jn(;h~n'Wnu~Ylt'!ltl~ GSE rl'J'1~ L;r~;r'W 1.0% LL~~ 

l~~~Ln~L~tJ~nu fenofibrate 



r ., , 

YI,n;~fl~ '"ljjru1flJ'h'"lt!LL~:; ~Lon~ i).Je.J'Vl1~Q~. ~1J'1fl1Y1'1~Ylmfi~'Vlm.1-14.Vi).J~r1¥~~ 1. 

r1ru:;LLYI'Vl~M1~(;lf '"l~1~~flJ'nr).J'\!I1~'Vlmtru,2541. , 

, 
"tr tr trQ/ c:v.c:a. IV 0 Q/ 

L'Vlfl"ll LLtl'W~ L'"l'elj'W~ YltJ~Lr1on'W '"l1fl~,2544. 
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0' ., ., 
U'1~un'tl,:j~~tl,:j/UU . (;},l 

n~~"'~fitl,:j ND HF • HF+fenofibrate HF+GSEO.5% HF+GSE1.0% 

n=1 5.9 7.2 6.2 5.8 6.0 

n=2 5.8 7.1 5.7 5.8 6.0 

n=3 5.8 7.4 5.9 5.9 5.9 

n=4 5.8 7.2 5.7 5.4 5.8 

n=5 5.3 7.4 6.3 6.1 6.2 

n=6 6.2 7.1 6.4 5.6 6.2 

n=7 5.9 7.4 6.8 5.9 5.7 

n=8 6.1 9.3 6.9 - 5.9 

Average 5.85 7.51 6.23 5.78 5.96 

SD 0.26 0.73 0.73 0.23 0.18 



~::;~1J Total cholesteral (mg/dl) 

HF+ 
I 

NO HF Fenofibrate mUJ • 
~::;U:;L,)~1 baseline 4 weeks 8 weeks baseline 4 weeks 8 weeks baseline 4 weeks 8 weeks 

n=1 104.20 98.89 90.02 92.23 218.18 468.29 85.58 224.39 223.96 

n=2 90.02 103.32 93.56 93.56 214.63 466.07 81.15 221.28 222.17 

n=3 86.03 87.80 94.01 87.80 222.17 442.57 87 .80 221.72 222.17 

n=4 86.03 91 .35 95.34 86.91 225.75 486.03 88.69 224.83 220.39 

n=5 78.93 87.80 87.36 84.25 226.16 512.63 85.58 218.18 220.17 

n=6 84.70 85.14 86.03 94.45 227.93 506.87 89.13 224.39 218.62 

n=7 88.69 89.57 93.56 96.67 221.72 494.90 83.81 224.39 222.61 

n=8 90.02 87.80 90.46 82.48 223.50 485.58 87.36 225.27 217.29 

Average 88.57 91.45 91.29 89.79 222.50 482.86 86.13 223.05 220.92 

SD 7.26 6.32 3.37 5.15 4.40 23.12 2.69 2.45 2.22 

~ ~ ~ ~ I 

~111.:s'VI 12 LLM1'l'1l'el~~~::;"'1J Total cholesteral (mg/dl)'1I'el'l~"'LL~YlYl'l 5 n~~ 

HF+GSE 

0.5% 

baseline 4 weeks 8 weeks 

87.80 201.33 227.49 

89.13 204.43 228.39 

90.02 207.98 238.58 

87.80 202.21 231.04 

86.47 204.43 229.26 

88.69 204.43 239.02 

86.03 210.19 231.92 

- - -

87.52 205.37 232.25 

1.42 3.11 4.73 

baseline 

85.14 

84.25 

84.25 

86.03 

88.24 

89.57 

94.01 

80.70 

86.52 

4.05 

HF+GSE 

1.0% 

4 weeks 

188.47 

190.68 

186.25 

189.35 

189.35 

185.88 

188.02 

186.25 

188.03 

1.76 

co co 

8 weeks 

190.24 

191.57 

191.13 
, 

195.12 

192.90 

194.67 

191.57 

190.68 

192.23 

1.82 
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~:;~1J Triglyceride (mg/dl) 

HF+ 

n~lJ ND • HF Fenofibrate 

~:;tI:; L 'J ~ '1 baseline 4 weeks 8 weeks baseline 4 weeks 8 weeks baseline 4 weeks 

n=1 112.73 132.39 122.34 121.93 241.85 542.05 121.52 232.99 

n=2 118.30 138.42 119.11 124.34 241.44 531.58 124.74 228.87 

n=3 131 .18 129.97 123.13 125.70 241 .04 554.92 125.95 239.43 

n=4 106.23 133.19 125.95 127.16 239.83 520.72 124.34 232.59 

n=5 142.45 125.95 129.57 125.15 233.40 529.97 125.97 230.58 

n=6 123.54 116.29 125.15 122.73 243.46 567.80 126.76 240.64 

n=7 124.74 119.11 129.97 119.51 240.24 549.69 127.16 243.46 

n=8 120.72 121 .93 126.76 118.71 226.96 574.64 125.95 245.87 

Average 122.48 127.15 125.24 123.15 23852 546.42 125.29 236.80 

SD 11.09 7.65 3.67 2.99 5.54 18.92 1.79 6.35 
- ------_. - L~ __ 

.:.& 11 cv. . ~ I 

(;11'i1.:J'VI 13 LL~cn~"1l'fl~~~:;cn1J Tnglycende (mg/dl)"1l'fl~~~LL~YlYl~ 5 n~lJ 

HF+GSE 

0.5% 

8 weeks baseline 4 weeks 8 weeks 

201.20 126.76 221.73 230.18 

201.60 127.16 218.10 232.59 

202.41 127.56 216.09 235.41 

208.85 128.37 224.14 236.21 

203.62 124.74 228.97 234.01 

205.63 123.94 235.41 229.77 

205.63 120.72 224.94 233.80 

201.60 - - -

203.81 125.61 224.20 233.28 

2.69 2.66 6.56 2.45 

baseline 

124.74 

123.94 

121.52 

119.91 

126.76 

127.16 

127.96 

124.74 

124.59 

2.79 

HF+GSE 

1.0% 

4 weeks 

204.42 

178.67 

168.72 

192.75 

197.76 

208.45 

206.03 

164.58 

190.17 

17.32 

~ 

o o 

8 weeks 

203.62 

206.84 

205.63 

202.81 

201.60 

205.63 , 

208.45 

205.63 

205.02 

2.23 
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j:;~U HOL - Cholesteral (mg/dl) 

I 

n~~Yl(;lfl'il~ 

NO HF HF+Fenofibrate HF+GSEO.5% HF+GSE1.0% 
I I I I I ... ... 

L(;l'ilUYl2 L~'iluYi2 
... .... 

L(;lt)UYl2 
... .... 

L(;l'ilUYl2 
... .... 

L(;l'ilUYl2 

n=1 43.86 123.60 105.66 70.00 74.65 

n=2 45.18 122.50 102.56 75.32 75.31 

n=3 46.29 118.06 102.78 72.65 79.30 

n=4 48.06 118.73 107.87 74.87 76.87 

n=5 44.08 121.39 104.11 73.43 74.45 

n=6 43.86 121.17 101 .89 74.65 76.22 

n=7 44.96 123.38 105.22 74.22 74.34 

n=8 45.41 119.17 102.78 - 76.20 

Average 45.21 121 104.1 73.59 75.92 

SO 1.43 2.14 2.02 1.82 1.65 

~ '" .... ::. I 

j;l1'i1~'V1 14 LL~(;l~"lJ'il~flj:;(;lU HOL - Cholesteral (mg/dl) "!I'il~~t:LLjYlYl~ 5 n~)J 
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1~~'lJ LOL - Cholesteral (mg/dl) 

, 
NO HF H F+Fenofibrate HF+GSEO.5% HF+GSE1.0% m'll-J'Vl""rl'el~ • 

, , , , , ... .... ... .... 
L~'el\!Vi2 

... .... ... .... 
L""'el\!'Vl2 L""'el\!'Vl2 L""'el\!'Vl2 L""'el\!'Vl2 

n=1 21.69 236.29 73.51 111.45 74.99 

n=2 24.56 237.25 75.18 106.55 74.86 

n=3 23.10 213.53 74.96 118.85 70.71 

n=4 22.09 263.16 68.44 108.93 77.67 

n=5 17.37 391.24 72.03 109.03 78.13 

n=6 17.14 272.14 72.01 118.42 77.32 

n=7 22.61 261.58 72.87 110.94 75.54 

n=8 19.70 251.48 71 .05 - 73.35 

Average 21 .03 265.83 72.50 112.02 75.32 

SO 2.70 5.41 2.18 4.78 2.47 

, " 
(;11~1~cVi 15 LL~",,~-if'el~rl1~~'lJ LOL - Cholesteral (mg/dl)"lJ'el-.l~~LL:i''Vl;1-.l 5 n~~ 
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1~~1J BUN (mg/dl) 

I 

nq~'Vl(MI'tl~ 

NO HF HF+Fenofibrate HF+GSEO.5% HF+GSE1.0% 

n=1 21 14 56 28 44 

n=2 22 18 81 27 41 

n=3 24 11 45 45 28 

n=4 21 20 50 39 35 

n=5 17 19 25 53 41 

n=6 20 22 32 39 34 

n=7 25 16 38 31 39 

n=8 31 38 48 - 41 

Average 22.63 19.9 46.9 32.8 37.9 

SO 4.17 8.20 17.07 9.52 5.20 
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1::~U Creatinine (mg/dl) 

I 

n~~Y1"'~tl.:J 

NO HF HF+Fenofibrate HF+GSEO.5% HF+GSE1 .0% 

n=1 0.9 0.9 3.2 1.8 2.7 

n=2 0.8 0.8 4.5 1.0 2.4 

n=3 0.9 0.9 2.4 2.0 1.8 

n=4 0.8 0.9 2.5 1.7 1.7 

n=5 0.9 1.1 1.5 3.1 1.7 

n=6 0.8 0.8 2.1 1.7 1.6 

n=7 0.8 1.0 2.1 2.1 1.6 

n=8 1.0 1.9 1.8 - 1.6 

Average 0.8 1.04 2.52 1.7 1.9 

SO 0.07 0.36 0.95 0.63 0.42 
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1~~1.J SGOT (lUlL) 

I 

n~~Y1C;)fi'fl~ 

NO HF HF+Fenofibrate HF+GSEO.5% HF+GSE1.0% 

n=1 108 120 369 261 201 

n=2 69 123 303 115 230 

n=3 60 76 152 4 155 

n=4 66 80 165 257 134 

n=5 63 97 184 - 136 

n=6 66 107 154 298 129 

n=7 73 449 297 150 212 

n=8 81 274 415 - 178 

Average 73.30 166.00 254.90 180.80 171 .90 

SO 15.45 130.60 104.60 111.8 39.10 
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1::~1J SGPT (lUlL) 

milJVl~fl'€J~ • 
NO HF HF+Fenofibrate HF+GSEO.5% HF+GSE1.0% 

n=1 21 65 77 53 63 

n=2 20 67 64 24 85 

n=3 14 23 18 234 41 

n=4 15 33 42 146 41 

n=5 14 40 147 154 94 

n=6 21 40 88 151 51 

n=7 27 263 160 49 58 

n=8 25 105 220 - 72 

Average 19.60 79.50 102.00 95.10 79.20 

SO 4.90 78.5 92.40 75.70 19.50 
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~::~1J ALP (lUlL) 

I 

n~~"'~~fN 

NO HF HF+Fenofibrate HF+GSEO.5% HF+GSE1.0% 

n=1 47 148 127 - 245 

n=2 68 176 - - -

n=3 50 132 785 205 224 

n=4 51 96 497 131 172 

n=5 56 74 554 - 341 

n=6 75 104 511 181 227 

n=7 86 134 528 468 860 

n=8 101 243 615 - 457 

Average 66.75 138.30 596.10 246.30 261 .20 

SO 19.40 53.00 354.80 151 .00 239.60 
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1:;~tJ NO ttJ~~tl-.3 (umol/mg protein) 

I 

n~~Yl(;l~tl-.3 • 
ND HF HF+Fenofibrate HF+GSEO.5% HF+GSE1 .0% 

n=1 289.50 662.60 127.40 158.40 113.30 

n=2 312.40 334.50 195.50 144.40 98.00 

n=3 183.90 275.80 151 .80 245.60 159.50 

n=4 232.70 647.80 139.10 116.60 89.20 

n=5 144.80 350.10 212.70 167.80 113.30 

n=6 173.80 250.70 258.30 106.50 125.40 

n=7 270.20 300.50 177.40 61.60 118.00 

n=8 165.40 207.50 83.90 - 126.00 

Average 221 .60 378.68 168.30 142.98 117.83 

SD 63.40 176.50 54.30 57.78 21 .09 
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1~~U NO tt.lL~'fl~ (umollml) 

milJl'l~~'fl~ • 
NO HF HF+Fenofibrate HF+GSEO.5% HF+GSE1.0% 

n=1 35.80 26.80 37.80 24.80 34.30 

n=2 43.30 21.30 36.80 23.80 32.30 

n=3 38.80 25.80 37.30 24.30 34.80 

n=4 30.30 19.30 23.80 23.30 28.80 

n=5 24.80 18.30 24.80 28.30 34.80 

n=6 27.30 18.80 29.80 32.80 29.80 

n=7 42.30 23.30 29.80 31.30 32.30 

n=8 41.80 18.30 42.80 - 28.30 

Average 35.55 21.48 32.86 26.94 31.92 

SO 7.23 3.43 6.80 3.86 2.67 
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1~~tJ MOA 1'\J~~'tl'l (umol/mg protein) 

nfl~"''''~'tl'l • 
NO HF HF+Fenofibrate HF+GSEO.5% HF+GSE1.0% 

n=1 109.40 146.10 44.50 81.80 60.50 

n=2 84.00 134.30 68.20 53.20 69.40 

n=3 79.40 126.20 31 .90 51.10 35.40 

n=4 25.10 117.40 29.40 13.70 55.70 

n=5 25.70 46.60 -2.90 -0.82 4.90 

n=6 5.20 85.90 1.40 5.02 8.90 

n=7 38.20 54.10 25.90 36.80 15.60 

n=8 32.40 77.20 13.10 - 16.10 

Average 49.90 98.50 26.43 34.40 33.30 

SO 36.28 37.70 23.20 30.00 25.52 
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1::~1J MOA tt.lL~~r;, (umol/ml) 

I 

nq~YlMl'fl~ 

NO HF HF+Fenofibrate HF+GSEO.5% HF+GSE1.0% 

n=1 4.96 11.90 8.27 4.26 8.57 

n=2 7.48 11.30 7.28 9.16 5.80 

n=3 6.89 11.29 7.13 7.28 9.32 

n=4 6.10 12.08 8.23 9.06 9.46 

n=5 9.46 12.63 9.26 19.41 7.58 

n=6 9.42 13.87 9.70 7.93 11.02 

n=7 6.39 13.37 9.76 8.82 9.96 

n=8 5.90 10.05 10.40 - 9.78 

Average 7.07 12.06 8.75 9.41 8.93 

SO 1.63 1.23 1.21 4.72 1.61 
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~1lJ'llJ Dark neurons 1lJ~l.J!l~~'llJ Cerebral cortex 

(LlJ!fl~) tJ!ll.J~'ltJ H&E stain 

n~l.JY1~fl!l~ • 
NO HF HF+Fenofibrate HF+GSEO.5% HF+GSE1.0% 

n=1 5.10 12.30 10.20 7.10 1.90 

n=2 4.20 6.30 8.70 15.20 8.30 

n=3 5.70 12.80 5.80 6.10 6.80 

n=4 4.20 10.80 10.00 9.20 7.70 

n=5 9.50 7.90 10.40 8.10 7.60 

n=6 3.60 28.80 10.90 10.00 6.10 

n=7 5.90 14.80 2.80 5.80 6.60 

n=8 - 14.80 12.50 - 4.60 

Average 5.45 13.56 8.91 8.78 6.20 

SO 1.97 6.86 3.13 3.22 2.08 

..,j ". 'I.J "''' " j;)1'n.:l'VI 25 LL~~.:J''ll~fl''1lJ'llJ Dark neurons ~tJ~l.J!l.:J'(l'ltJ Cerebral cortex (L'lIflfl). tJ'lll.J~'ltJ 

" 
H&E stain "1I!l.:J~lJLL~Y1~.:J 5 n~l.J " . 
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41U')U Dark neurons tU~2J'tl~~,)U Cerebellum 

(L'1Ifl~) !l'tl2J~')tJ H&E stain 

n~2JY1{;1fltl~ 

ND HF HF+Fenofibrate HF+GSEO.5% HF+GSE1.0% 

n=1 10.10 - - 9.30 9.60 

n=2 12.50 12.10 13.30 8.70 8.60 

n=3 7.90 15.70 10.40 9.10 6.80 

n=4 8.70 10.80 10.20 9.80 7.60 

n=5 8.90 10.90 11.00 9.40 8.60 

n=6 9.70 10.30 11.30 8.20 8.00 

n=7 9.50 11.60 8.80 - 8.90 

n=8 - 12.30 10.80 - 9.80 

Average 9.61 11 .95 10.82 9.08 8.48 

SO 1.46 1.8 1.35 0.56 1.00 

j;)1i1~;126 LL~{;I~''tl2Jfl41U,)U Dark neurons tU~2J'tl~~hw Cerebellum (L'1Ifl~) tl'tl2J~')tJ .. ., 
H&E stain "1l'tl~~ULLTY1~~ 5 n~2J .. . 



114 

~'1U'lU Dark neurons tU~l-J'tl-.3~'lU Hippocampus 

(L'1IfI~) Utll-J~'ltJ H&E stain 

mil-JYI"'fI'tl-.3 • 
NO HF HF+Fenofibrate HF+GSEO.5% HF+GSE1.0% 

n=1 5.50 - - 11 .80 5.40 

n=2 5.60 18.60 - 3.20 5.90 

n=3 4.20 14.40 3.10 8.10 9.20 

n=4 9.20 21.50 5.60 - 8.20 

n=5 6.10 11.00 10.50 - 9.00 

n=6 6.70 20.20 13.00 - 10.80 

n=7 - 22.10 4.40 - -

n=8 - 20.80 9.80 - -

Average 6.21 18.37 7.73 7.70 8.08 

SO 1.68 4.15 3.92 4.31 2.07 

., 
H&E stain 'Dtl-.3~ULL1Y1"';-.3 5 mil-J " . 



11 5 

~')tJ'ltJ Dark neurons 'ltJtUJfl\l~'ltJ Cerebral cortex 

(L'~~) ~fll-J~'ltJ Cresyl violet stain 

I 

n~l-J\'1{;1flfl\l • 
NO HF HF+Fenofibrate HF+GSEO.5% HF+GSE1.0% 

n=1 5.20 12.50 7.60 2.90 5.10 

n=2 5.40 13.30 6.60 6.30 6.50 

n=3 7.10 13.10 4.70 9.30 4.60 

n=4 4.60 12.30 5.60 6.20 4.00 

n=5 7.70 26.00 6.70 4.50 4.60 

n=6 5.50 4.20 5.00 5.10 4.70 

n=7 2.60 10.50 3.30 7.90 6.50 

n=8 - 17.80 - - 1.90 

Average 5.44 13.71 5.64 6.02 4.73 

SO 1.67 6.24 1.45 2.13 1.46 

., 
~'ltJ Cresyl violet stain '!Jfl\l"'~LL~\'1~\I 5 n~l-J 
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r.ht.l'Jt.I Dark neurons tt.l~~'fl~~'Jt.I Cerebellum 

(L'1!£Il~) U'fl~~'JtJ Cresyl violet stain 

mi~Yl~£Il'fl~ • 
NO HF HF+Fenofibrate HF+GSEO.5% HF+GSE1 .0% 

n=1 8.10 9.50 7.20 8.30 5.90 

n=2 9.10 15.50 8.10 7.80 5.50 

n=3 10.80 13.90 6.30 8.50 8.50 

n=4 7.90 11 .70 10.70 9.00 4.50 

n=5 10.10 14.80 7.90 9.20 8.30 

n=6 7.70 15.80 7.70 8.90 6.90 

n=7 7.50 8.30 8.90 3.40 11 .50 

n=8 - - - - -

Average 8.74 12.78 8.11 7.87 7.30 

SO 1.28 2.99 1.39 2.03 2.35 

0-

Cresyl violet stain "1I'fl~'\n.lLL~Yll1~ 5 n~~ 
'IJ • 
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~1t.!'Jt.! Dark neurons tt.!~~'il-l~'Jt.! Hippocampus 

(L'lI~~) U'il~~'JtJ Cresyl violet stain 

I 

n~~Yl(;l~'il-l • 
NO HF HF+Fenofibrate HF+GSEO.5% HF+GSE1.0% 

n=1 7.00 14.80 3.90 15.80 7.80 

n=2 6.90 19.80 2.80 4.10 6.50 

n=3 11 .10 13.00 2.10 7.10 3.80 

n=4 14.90 31.20 5.00 - 10.20 

n=5 4.20 16.50 6.00 - 6.40 

n=6 6.00 24.50 - - 2.80 

n=7 - 11 .20 - - 6.90 

n=8 - - - - -

Average 8.35 18.71 3.96 9.00 6.34 

SO 3.92 7.06 1.58 6.07 2.46 

., 
Cresyl violet stain "IJ'il..:J~t.!LL~Yll1..:J 5 n'Ci~ 

'IJ • 
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, , 
t.I'1'l~'11) ~~'1 -nm.J'1~ Ln~L5j'tl1't.I~ 11 

n'11~ n~'1 m'1J '1J'1 1n1L YI r1ilr1 n '11LL Vi YI U "'1 n 2.J ~ '1 ~ YI tJ '1 ~ tJ.xl) L~tJ I) L~ ~ 2.J Vi 1:: Ln tJ 1~ L~'tlU 

n'11~n~ 2544 LL~::L ;r'1~n~'1 ~'tll t.I1::~Um'lJ '1J'1 L YI~~ n~ m~YltJ'1 fi\'1~lnf2.J~'1,rru.n In ~~ 

~'1''1Lf1i'll~Ylm ,rru.nIn~Ylm~tJ "~'1~'lmnr2.J~'1~Ylm~tJ ~'tltln'11~n~ 2549 • 
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