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~ $rep mm ~ l1TfB31'1~ij~e~ ~ ~, ~ ~, Fcklfrl'1 3iR ~ mm ~ ~ ~ ~ I
~ 'PT WR m -rMR ~~~IRm ~ ~ WT, ~, ~Hffl4l WT, ~ WT, \JP1 et ~ ~ et ~11~R4l

1fR ~ Cfl4T 3iR ~ CfiT ~ 3iR ~ ~ -q ~ ~ I ~ ~ CflT ~ m 3lfTI ~
~ I ElT\ifR -q ~ -q 1lriT \JfR -crrR ~ mm ~ ~ ~ ~ ~ CflT cfc;r, ~-3 cBT TJ1c.fr
3lR N -q cfc;r ~ ~ ~ ~ t I RI FchCfl4l, 41t:lOIfC)~, 31ltmfC)~ mer, 'il1c wR 3iR ~1Irlq'<h1

~ c;wr cfi fWl ~ m cBT X1c'fffi~ t I ~ mtR CflT ~ -m:ill ~ 1fRT \iTIill ~ 3iR ~ -q
-mm-~ cfi ~ cm C'0 m cfi fWl ~ m fctm IJlT ~ ~ I ~'CPf(;j<l'icBT ~ crl ~\J11ffi 11i
~ ~ ~ TT 1lriTumf t. ~ u=n ~~cfi cm ~ 1fRT \iTIill ~ I ~ ~ WTI cBT RlFchf<i I

*~ ~ ~~, 'mw CflT ~ ~ ~ ~I ~ ~ ~ -q ~ WiuT ~ ~ TIT* ~ \i1lllfl41dl ~ -q ~ "f)l1 ~ ~ ~ I
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~ ~ -q ~ ~gCil~ol \i11'i4lIR4'i cf; ~ t4~4llIUI ~ cf; LfR ~ 3tR ~ tft II <ffi 3lmT
xmrr t fcp 3l~4lfftd 3tR ~4llxW~ (>1~ -q ~ cM ~ cf; q)RUl ~ ~ cf; ~ -q <ffi

~ ~ 3RlWf ~ ~ ~ ftfc& mrrr I
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~ WPR * mt, ~ 3iR tncIT err <fup CflR * full ~ 3T~ RlFcPctll ~ ~Pl<fIfu1t1 ~

%1<r6 ~ c#r ~ mm %. ~ -wIT * ~ * full m -4 ~ ~ t ~ ~ 3m\p~CbI~
~ C!iT ~'<I~Cffi <:rRI Rl FcPctll ~ %T \JffiIT t 1 RlFcPctll ~ m WPR c#r ~ ~
~, ~ RlFcPctll (Chemotherapy), ~ RlFcPctll (Biotherapy). ~ RlFcPctll (Hormone

therapy), ~ RlFcPctll (Gene therapy), WPm &rn RlFcPctll (Light therapy), ~ RlFcPf{il

(Physiotherapy), 1fTI RlFcPctll (Psychotherapy) m 1XW-T tt, ~ m RlFcPf{il QOII~~I ~ ~

~ WPR *~ ~, ~, ~1~RlFcPctll, ~ ~, ~ &rn, 3TT5R~ ~ ~Hl~$1IPlCb
M mxT c#r ~ ~ 1 -wIT err t'l CbiCb,<01 &rn xTCflT \Jff x:rcmrr t 1 ~ ~ -wIT xt ~ cBT
~~~IM-

~
(MCj)I~Cj)~

~~~

~~

mcr~~~"4
~ m "('fq) m cm ~ 00 "4

m -ft -wn~ t'fefUT cm ~ ~ "('fq)

WT ctt ~ cm CflIl ~ "4

~ &ffi*

* ~ ~: Gl WIlR -ft ID'{f ctt ~ ~ - ~
~ -qci ~fllllPlCf) ~ &ffi I

\j1ffi!ff ~

I3qi1I~lfI1Cj)~

iificR-~ ~ xt >IT1{f~ err ~1I~lLf)I~T~CbC"<i %T \JffiIT t 1

WIT ~ ~ -gg ~ ~ ~ ~ ~ err ~lfijf?;CbC"<i 3T~ ~ RlFcPctll %T \JffiIT

~ • it ~ 3iR ~ TIT xt ~ ~ ~ 1 ~lfijf?;CbC"<i * 3tcrfo fcklf?l1, ~, ~

~, 3l15R ~ ~, ~ 3TffiR, 3ljqi~l~ <fix lR fc)Cbfflt1 ~, 3llg4RCb ~, ~ ~
~ 3lffi ~ 1~ -4~ ~ TIT err ~ tfRrill * XW-T-XW-T f4~, TlR 3iR ~~,<qlffl~\i
~ ~ fcll<rr1T<ITt 1~ -4 ~ ~ ~ ~ ~ ~ TIT err ~ 1f<ITt 1~ -mill
~ 3lj'<iR, ~ crf ~ tt ~ \ifRT \Jff '¥T %. 'dGI!5,<OlfCIXil4, ffi4\I~c'<i ~ %T 2IT fcp "~ tt
~ GCITm "I egg "ff11<l~ Clcf) ~ err m ~, WRl ~ ~ ~ (CbI6l1gl~~c, CfffT,
m-eR, VWf, fctcJPR 3iR ~) xt ~ 11RT \JffiIT 2IT lR ~ egg "ff11<l-4 ~ -4 ~
~ :rIT c#r ~ cBT ~ t 3iR c;ITrIT -4 ~ >@r \i1ll1XilCbt1I ~ xtt t 11

N ~ ~ ~ ~ m-eR, CfffT (~ ~ ~), fc)clf?l1 3iR ~ (XIa+l ~~) CflT

~~ ~ t 1<rg \ifg m-eR CflT-wffi "fRffi -mer t ~ ~ m * full ~ ~ ~
~ lfRT \iITffi t 1 <rg ~-3 qrf CflTql~\9~~b;~ ~ (PUFA) , ~: eicosapentaenoic

<11..... ....-:'lI!':'l

~ PUFAs "~ EPA + DHA w-6 w-6 "~ PUFAs .,~ EPA'+.i)';A w-6 w-6 .,~ PUFAs ,,\~
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~, (EPA) 3ffi docosahexaenoic ~ (DHA) 3ffi CffiT -B 1J)C1'i~~C1 FclClf?l'i err ~ 3Rml1
-mer t \J1ll{Rq-~ cmm ~ -B ~ ~gCtl~u\ ~ 3Kf CRill t I ~ ~ et ~
~ \Jfg mtFr et ~ et -wr -B iffi1 et ~ lR ~ cm ~ ~ qmf ~ I
tfR-tfR ~ ~ ~ cWIT err ~ ~ ~ cr'T 3ITx~ X6Tt \J1l~ 3ffi \1W1 ~
CITC'IT mtFr err -mer t cmlfcp wfr 1f WPR et ~ 3PiI'iT ~ ~ m fi~~~ d -;:ffiT CIlX

"ffCIldT, ~/~ ~ -B ~ ~ I 41dl\J1C1 3ffi ~, m WPR et \J1C1'Cllct'iet Rh'iRh~1 3tR
~'IC1Rh~1 -B l{Rq m et % 3ffi fctcprn et full ~ ~ ~ ~ en<) \Jffif ~ I ~ ~

~ -B 6X ~ lR ~ ~ lIT5IT -B 3llClNCfldl ~ t I ~ ~ ~ (fCp ~ ~ ~

~ ffl~ ~ '{jf.1~ild m t 3ffi ~ xrrrcr'T ~ ~ ~ q)1f ~ t I



2. ~CIiT~ TT
N#~~ ~:rIT cm ~ ~ \iWlT \ifT ~ ~I ~ ~ ffi~ m WPR et ~
®ITCIiTwWT xTrT-~ ~ ~ ~ fclxrr \JfTill ~ (~ ~ ~, 1995) I ~ xt ~ ~

Cfc'CI \Jj'hN"JIIOF1~ et fu<) ~g(ilcru\ t 3tR ~ eRR d"2lT~~ m. Cil"I~IR<11et ~ ~
m# C1'T'<1T '\iffill ~ (trn, 1996) I ~ (1996) et ~, \SllIRh~1 ~ ~ xt '\Tfl(f '<1,(~I<1f.1Cf)

• ~ (Squalus acanthias Linnaeus 1758) 1990 et ~ ctr ~ ~ ~g(ilcro\ ~ ~ \i1l
~, 1{i'1rn 3ffi ~3ti cm ~ ttm1r ~ I <T5 ffir<R ~ WCf>T ~ -gR ~ ~ cm ~ ~
'ffalll % JKf: ~ ~ ~ ~ et fu<) '41 m ~c;n<:IT \ifT 'ffCf>C1T ~ I ~ (1984) 3tR Lesueur
1824 ~ ~ Eptatretus stoutii (Lockington 1878), 3tR Dasyatis Sabina w+rn: ~ xl<T,
'lio ~ ~ et fu<) ~ t I ~ ~tp~41 ~ ~ ~, ~, "fWR ~ 3tR ~ ~ -c;1"-3

qlffi~~~b; ~ ctr ffi~ q5 q)RUf ~ "I1ACr ~{?;l[ ~ ~ ~ 3tR ~ ~
TT % I Adeodato, 1997 q5 ~ <T5 ~ xl<T cm ~ ~ ~ 'Cf)"('('fT~ I 3lC('1i~Cf) aT?! q5
tIl>R~ (Salmo salar Linnaeus 1758) 3tR m~ (Oncorhynchus mykiss [Walbaun
1792]) qi- ~ ~ ffi%l mq q5 q)RUf ~·et ~ ~ ~ ~ ~ I <T5 d"2ZT~ '41 wnfi1rcf
mm % fcp «1'iql~"1 ~ et mtR ~ '41 ~ et ~ ~ ~ ~ ~ ~ (8alte et aI., 1996) I
e~'I\S1c'ICRi"I'i(TTX) LfRr ~ ~WI~ft('1 (guanidinium derivative) ~ \illq f}h<1I~ft('1 ~ mq ~
\ill 'Q'CIiX f{Im &RT '\Tfl(f men- ~ I ~ ~ ctr "Cf>lftrCf>T3ti ~ -gR ~ ~ cm ~ ctr procaine
~ "fIl1R a1lffiT ~ (~ 1997) I 3ll'R ~ tffi;rr \JfPl en <T5 ~ m Cf)'<~cllc113tR ~ ~
3Rf(llf ~ CIiT CWl ttm1r ~ (m 1991) I

f.mf?m ~ ~ ~ cm '(~fP1~d ~ 3tR -c;1"-3 ~ (PUFA) COT ~ ~ "CR ~ ~

3tR 3Rl WPR et ~ xl<T ~ ~ q5 ~ cm ~ ~ ~ ~g(ilcro\ ~ ~ (Sidhu, 2003;
Gezondheidsrad, 2004; Krish-Etherton, 2002) I -c;1"-3 ~ q5 W~ cpp:f t- anti-
arrhythmic, anti-thrombotic, anti-inflammatory 3tR anti-atherogenic I -c;1"-3 ~ COT
~ ffill1lCf)('114\ 3iR -mix et m~ ~ ~~ et ~-~ <T5 \3"Vq ~ ~

~ CIiT~ tlCR ~ '41 ~ ~I

~ ~ xt <T5 ~ s31T ~ fcp ~tp~<11 COT ~ ctr 3tR ~ ~ ~ ~ ctr ~ 3tR
CHD ~ et ~ cm Cf)l1 'Cf)"('('fT~ I fcrfi1;:;:r WPR ~tp~<1\ COT g('1'1I\~Cf) ~ <T5 ~ ~ fcp
~ ~ (~IW11'1, m, ~I~~~) COT ~ ~ m ~ cm Cf)l1 'Cf)"('('fTt ~ ~~
~ (~ ~, $cRh~I, ~) ctr WRT ~l ~ COT ~ ~-xl<T m Cill~IRl11 cm Cf)l1
ClimT % ("ffRllfi-1) ~ -c;1"-3 ~ ~-xl<T ~ ~~IRl1\ q5 ~ cm Cf)l1 ~ ~ ~

% I ~ WR ~ "CR ~ ~ q5 ~ tT '(~Cf)I'<ICilCf)wwr ~ ~ WTdT ~ I -c;1"-3 ~
~ ~ ~ ~ et f{mq ~ ~ -gR WTdT ~ 3tR ~ 3idCfiTtjepl4 \JlR ~1'1id'<01 ~ ~

firffift % I ~-~ "CR, ~ <:IT~ q5 ~ q5 ~ xt 3R{lT-3R{lT lIEn 3tR 'fl11<l "CR ~

PUFAs ~I' EPA+ DHA w-6 w-6 ,\1' PUFAs ,\1' EPA+ DHA w-6 w-6 ,\1' PUFAs ,\1'
0(o xI's \)V \)V <.1''0 \)" \)~'

w-3 ~~I' w-6 w-3 ~\) ~~I' 0( w-3 ~~I' 0( w-6 w-3 ~\)' ~~I' 0( w-3 ~~I' 0( w-6



wwr~~ t (m-1) I

~-1: m-~ LR ~ <IT~ et cfc;ret m et wwr

m xT1T -q \3't1'i\J1"IRk11
m xT1T -q ~
~~

3l1~~fl145 3TTtffif (Ischemic
stroke)

~ ~ ClTc1Tm xT1T
~ ~ cnc;tt ~.ont.
(myocardinal infarction)

~wwr-~~~
~ (250 rtm./ dEPA+DHA)
~~~m\JffifTtLR~
3lfucp~ m LR ~ 3lfucp
C'Wf mcrr t I

~ coTgi 3Wl<R ~ Wc; ~
-rRrafUT ~

~~3lfucp~~mxf
~ C'Wf (2 m. ~ 1f1-3
~)

Progression of
atherosc1eros

3lPi~ilC1 ~ ~~...,J;>,. ~

(E .' 1) CflIl2C 3Wl<R ~I,( 31R. '<11. Cl. ~.
quivoca et ~ ~

'flll1R:r C'Wf
Posangioplasty restenosis

Recurrent ventricular
tatherosc1erosis

~ ' ~ ~ "q CflItt>~lcpl£l'1
(Atrial fibrillation)

XCfC1'~ \JfI1lCTxf m-lffif

2coTgi~-q~~
~ 31R.~.it. -q C'Wf

30 ~ ~ ~ 2 ~ coTgi 3:rtIl1R ~ C'Wf
----

~: Mozaffarian, D. 3iR Rimm, E.B., 2006

'6 ,\1' PUFAs ,\1' EPA + DHA w-6 w-6 \,1' PUFAs "I'- EPA + DHA w-6. w-6 "I'- PUF
. 0' 0' \'1'''' 0' 0\' \'1'-'" 0'
.•.:" w-3 sI'"w-6 w-3 ~\) ~I'" w-3 ~I'"w-6 w-3 ~\) ~I'-" w-3 ~

~, ~,~ ~ ~



Clinical Effect Time Course To
Alter Clinical Events

~ Antiarrhythmia Weeks

lYPlCAL DIETARY
DOSES

lYPICAL SUPPLEMENTAL
OOSES

Triglyceride - Lowering Months to Years_---~~~::::JHeart Rate - Lowering Months"::-:::==~~~_-...,BP- Lowering Months to Years

Antithrombosis Weeks

o 500 1000 1500 2000 2500
EPA+ DHA Intake, mg/d

m: Mozaffarian,D. 3TR Rimm, E.B. 2006

~ lJAT\ifRITt ftp tr ~ ~ eT> f.1<Wm m qft ~ fctq;m 1) ~ ~5~,!oi~ t I tF[ 1960

~~~ m ~ ~ ftp tr.~.~. ~ (A (~) 3tR 3TiW qft ~ eT> ~ ~ ~ ~
~ "ffi'iT t 3tR ~ fctq;m 1) ~ 3rJUfi ~ t I 310: llACf m 1) tr. ~. ~. eT> ~ ~

~m w-:rr 3KlRf ~ t I

n-3 ~ ~ ~ t~.~.3tR tr.~.~. eT> ~ eT> ~ ~ ~ Cf)lJ mm t \iil m eT> q\jA qft
~ <ffiITt I (Micallef et. aI., 2009) I

~ ~~ m~~ ~ ~cl~'1 tr eT> Cf>RUT ~ CJ>T fctq;m mm t cmTfcp ~
~ cm ~ mq ~ mm t 310: ~ ~ 1) ~ Wr (Ricket) 3tR ~ 1) ~ eT> ~

~ qft ~ (osteoporosis and osteomalacia) q;) ~ \iIT ~ t I a$lIPlq; ~ eT> ~,

~ 'IT~ CJ>T "ffi;r ~ n-3 ~ ~ mm t, ~ 3tR ~ (rheumatoid arthritis)
Wr qft Wnq.:rr q;) Cf)lJ qmf t (Sidhu, 2003) I

~ ~ ~, ~ \fflCf>T 1) ~ 3J1lj3lTqft ~ tR 31jtitfR Cf>11f m~ I \Rf.

~, ;s1.lftb~1w6 (Squalus acanthias) cf> CificR ~ squalamine -wrq; ~ ~4'l1'1:R~\lctq;) 3lWT

1Jm ~ (Moore et.al, 1993) I ftlR lfl~ utg ~ 1) ~0ijfi3l)I\;I~Rttl(ngiogenesi) 3tR
~ cm ~ 1) ~ ~ lJm (Sills et.al, 1998; Cho and Sharks, 2002) I



~ cftm~ Cfllft cfi qJRUT ~ t ~ Marasmus ~ c=r~ mtR ~ Cfllft cfi qJRUT mw t I
Kwashiorkor cfi ~ C'faTUlT -q ~, fi!\5fi!\5141 3iR ~ t I mtR ~ ~ ~-~
mR -q q)Tf -gR c>rTCfr t ~-~ Wfr cfi fctcpm -q ~, .,iflq~I~'iq)f a-T<Tmr, mR -q ~
(edema) 3iR mR ~ m--~ a:r=rc=rr-q Cfllft -gR c>rTCfr t I ~ ~ ~ ~ Wfr q)f 1Tc~
(protuberant belly) m \iWlT t I ~ %R Marasmus m- -q mR ~ ~ ~ ~ t 3iR mtx
cfi ~ -q ftR ~ ~ ~ t I ccrqr cfi ~ ~ rk (ubcutaneous fat) ~ .,iflq~ll:ll
(emaciation) q)f a-T<T-gR C¥rcTI t 3iR mR q)f ~ <fu;rr m \iWlT t I WR Marasmus ~
(fcfl \Jfffi ~ err mR q)f fctcpm m cfi ~ ~ \iWlT t (~-2) I C[(Rq) cWIT -q ~ ~ ctt
~ Cfllft cfi qJRUT peM m- m ~ t I

(~) Marasmus ~ 1.ffif ~ (If) Kwashiorkor ~ 1.ffif

>'r PUFAs ,,,i' EPA+DHAw-6 w-6 ,,,i' PUFAs >'i' EPA+DHAw-6 w-6 >'i' PUF
" \)" \), \ i'''' \)' \)\' i'''' \)\'

" w-3 \,i' "w-6 w-3 \'\) oi' " w-3 oi' "w-6 w-3 \'\)" oi' " w-3 0v.; \:-\ \:-\ .\:-\ \:-\



M-2 : Kwashiorkor om- ~ cj) C'falUT

~ Kwashiorkor Marasmus
m~fctcm:f Q)T ~ 5RT ~~bTm%1 ~~bTm%

311Iap:[ ~~bTm%1
~~ bTm t, ~ fcpm
"lTlTI % 1

Oedema ~~ (CIJlft-CIJlft cp11) 1 ~ -qrm \ilT\lT %
"i!Till ~ -gRq8 ~ ~. -qrm \ilT\lT % 1 ~ cp11 bTm %
~ LJitcrcR ~ ~ -qrm \ilT\lT %1 ~ -qrm \ilT\lT %
Dermatitis, lffiR"R "fIT ~. -qrm \ilT\lT %1 bTm-g[~%1

~WAT cp11 -qrm \ilT\lT %1 m~wmt%

~CfC161'1(11 (anaemia) <Pm ~ (cgt9 ~ ll)
~~ bTm % LR cp11

~%
~ ~ ~ q[(Yff eR- irfr -ij cp11 ~ ~ % LR ~~ ~ -qrm \ilT\lT %
(subcutaneous fat) bTm %1
~ Oedematous ID ~ %1 wcfiW1R~%

'lS ~ \'l1lft~ ~ ffi%l imT ~ ~ -qrm \ilT\lT %

Wr: Latham, 1997

PCM ~ ~ cj) fu<) ~ ~ ~: ~ ~ >RH fcpm \JfRT ~ cmlfcp ~ cj)
f.rGR ~ ~ mtR ~ ~ ~ ~ ~ I ~ ~ ~ mtR qJT ~ fffilT -me, 11AT \JlTclT
~ 3TR<ffi miR c#r Cfi1lr c#r tfcf cj) fu<) ~ ~ -me, ~ I litp ~ ~'j~ mtR c#r l1RT 15 ~ 20%
(ICfj\RCfi ~ ~ c#r ~ ~ ffi%l imT ~ I ~ ~ ~ ~ ~ ~ "llT<lT\JlTclT

~ \illllRCf 3lTffi cj) fu<) ~ ~ CffiYfTmtR >RH CffifT ~ I ~ qJT ~ ~ 3fc11T-3fc11T
IDm ~ 3l(f:~ Clff$ ~ ~ ~ CR mtR c#r Cfi1lr c#r tfcf ~ ~ I Kwashiorkor om-
Marasmus ~ c#r Cfi1lr ~ ~ &m ~ mtR ~ m ~ m ~ ~I m ~ tm
~ \iI6T ~ ~ ~ ~ t mcrc;r cfi ~ ~ qJT ~, mtR c#r Cfi1lr ~ ~ m cfi fu<)
~m~~~1

Albino W tR ~ mtR cj) hypocholutrolerhic ~ qJT ~ fcpm <mT ~ I ~ cfi mtR
WelUT -n IT(11 -:qc;rr ftp acyl-CoA:cholestyol acyltransferao.e cj) Rblll1Cfie'1141 cj) ~ ~ ~ ~
Cf)\I~~IC'1 cj) ~ ~ Cfi1lr ~ ~ (Ammu et al,. 1989( Bergeron om- Jacques, 1989; St. John
3tR EoU, 1991; Zhang om- Beylan, 1993; Devadasan om- Gopakumar, 1997; Hege et al.
2004) I



4. ~ -q ~ crm ~ cffi
qlfc;j~~~~'5 tttr ~, tttr ~ (PUFAs) ~-3 (W.3) tttr ~ EPA ~ DHA Cf)f I0fi

~WGtl
~ 'i:ilc'f -q 3l~C'i'i~~C'i x~ ~-31UJ ~ \JIT 3TT'iff.1cpfilC'i~'"t -q ~C'i'i~~C'i t I ~ t $
WflR t ~ Cfi'T'4,$R 31UJ ~ WR ~ ~ -q ~ Cf)f m ffirr t I m -q ~ Gl
WflR t ~ 'iJfTcf ~ - ~ ~ 3tR ~ ~I ~ ~ mt fu<J: ~tR Cf)f ~

~m t ~ ~~ ~31Tt ~ 3PIT, ~~ Cf)f~ ~

~ I ~ ~: 3 WflR t Ncl t :-1. Phospholopids 2. Glycolopid 3. Cholesterole I
Phospholopids ~ ~ Cf)f ~ m t, Glycolopid ~31T cnT qg=ql'i~ ~ ~

t 3tR Cholesterole crm t ~ -q ~ ~ ~ m t 3tR ~ -q ~ ~ Cf)f ~

Cl f?;~h~fi t 1fT c;ralUli cnT ~ ~ I

~ BI~41 (Biomembranes)

~ ~ >ITiR 3tR ~ ~ ~ ~ 3tR lffil t XfllR 1mfr mcfr t I If)1~:qlfc;j rq 'S
~ Cf)f ~ 3trT t I Phospholipids -q ~ tttr ~ ~ -q 'fi11 ~ t ~ 31UJ

~ (m<l:16 3tR 18 ~ tttr~) I ~ ~ t f1~~~'5 tttr ~ Cf)f ~ -q ~

~o<mT'CR1ffiXT~ ffirr t I ~ ~ -q, hydrophilic (polar head) 3tR hydrophobi
(hydrocarbon tail) en cm t crf ~ 'iJfTcf t I ~ -q <l ~ bimolecular sheet -q

bilayer -q ~ Ncl t ~ hydrophilic ~ ~ ctT CRl:Il ffirr t 3tR hydrophobic
~ ctT CRl:Il ffirr ~ I (~-3) >ITiR bilayer t 3RflWT -q ~ Ncl ~ \JIT ~ 3tR >ITiR
hydrophobic 'fiW t ~ 5R crrR hydrophobic 3icr:fWm ~ ~ Ncl ~ I cgt9 >ITiR
t futt ~ CRl:Il ~ ~ ctT 3lR ~ ~; ~ >ITiR ~ CRl:Il ~ ~ ctT 3lR ~ ~;

6 '\\' I'UFAs '\\' EPA + DHA w-6. w-6 "\\' PUFAs .,\' EPA + DHA w-6 w-6 .,\' PUFAs
\), \)' :;: \'''' \), \)" :;: \'''' \)"

" ..•" w-3 o\' '< w-6 w-3 ~'0 o\' '< w-3 o\' '< w-6 w-3 ~'0 o\' '< w-3 o\"\:.' \:.... \:.... \:.... \:.\



~ q)1 ~ 31figfc;ji,1 ID \JlTdT ~ I ~ -q ~ fum 3ffi mtR ~ ~ >ih11~4l cfi x:r1R ~

~ ~ ~ qRqd'i~~C1 men ~ I ~ -q ~~ ~ cpr CJ)RUf ~ tTCCl?T cfi ~ ~~ -;:fR-cm-
~ ~ ~ I (~-4) I ~ ~31T cfi ~ ~ *l1I$4l ~ cm- ~ ~ Singer 3ffi

Nicholson (1972) ~ ~ ~ I

Individual units are
cylindrical (cross section)
of head equals that of side chain

.-3~~
(Wo : ~ 31'R~ 2004)

o 00 .•..,-----
- - -

~-4 ~ c#r ~31T cfi ~ cpr S11\l11~4l~

(mc=r # http://www.nature.com)



~311 et ~ lR ~ ~311 ~ ~ (organic solutes) 3TR 3Nfq 311<R (inorganic
ion) cm ~ "# ~ \ilTill t I ~ ~311 ~ ~311 et ~ cm ~ CWcfr t 31'R

~311 "# ~ ~ cm ~ CWcfr t I ~-~ 3ffil1TR1 cM ~311 cm ~ XWT "#
~ tl ~311 et ~ ~ q)1~1q)1~ cM ~311 cm ~ CWcfr t ~ fum 3TR cgt9
mtR CflT+i~c>ltiOI3TR mitochondria ~ chloroplasts "# \mlt CflTqlxwlioll ~ "# Cfll1 x1 Cf)l1

60 ~ ~ cM sphingolipid, q)l~lcMl1 ~ "# ~ ~ cM ~ t I ~ x1 ~
x1 neurons ~ ~ et ~ 3PT t 3TR cgt9 ~ -wT x1 ~311 et ~ lR ~
~ t I q)15ilt5I~~C;fi et ~ (moieties), ~ et ~ et -gq cM ~ m t 3TR ~ WllR

~ cM ~ CflT~ m t ~ ftp cWTI "# ~ -wT x1 ~ (blood transfusion)
fc)Rn- \JlT "fiCfiClTt I ~311fil~~fi (Ganglioside) q)1~1q)1~ ~ ~ lR "fiiftc=r ircfr t \JffiT ~

~311 et ~ ~311 et ffi"4 31~ 3ffil1TR1 cM mrcnr311 et ~ et ffi"4, '1Rld1311 et ~

~~ CWcfr t I ~ ~ "#, ~31'lfil~~fi et ~ 3TR ~ ~ i'T x1 ~ fclq)m
et ctRR qRCl~C1 -gffi t I Sterol "# "iIR ~ -=mP (fused ring) t 3TR ~ t51~~1Cf{f)C'l~ t I
q)lc>lx:C'lxlC'l,\Jll \JfRCffi "# >ItlR ~ t ~~ et ~ CflTtlCcP t 3TR :R'<'I~~fi cM ~
~ CflT~ t (Lehninger, 1982; Lehninger et al., 2005) I

~ ~ cm. 3TR ~ ~ ~ ~"# 00 TT<lTt ~ 31T'ClN\R# ~ ~

cM "fffim t I ~ ~ ~ "# .wIT ~ ~ ~ (MUFA) 3TR qlftl~~~~;s ~ ~

(PUFA) t (~-5) I ~"# 3lTWfcl) ~ ~ t ~ linolenic ~ (18:3,~-3; ~. ~. ,!.)
3TR linoleic ~ (~-6 ~ ~), \JllllRCf ~ et ffi"4 6IWf 1it5("C1crolt I ~ ~ ~.

'\5 ~ ~ ~ eicosapentaenoic ~ (20:5'! n-3; EPA) 3TR docosahexaenoic acid
(22:6, n-3; DHA) cM ~ ~ et ~ ~ ~ ~ t I ~-3 3TR ~-6 ~ ~
et cgt9 >ItlR me, ~ 3TR ~ ~ t (tfRUfr-3) I



HO

\S'IClllfilgCffiI$11$ctl ~ (tr.~.~.)
fmr- 5 ~ ~ cm xlfilllf.'1ctl ~

~/~~
Mackrel

Chinook salmon
Herring

Anchovy
Sardine

Coho salmon
Trout

Spiny lobster
Halibut
Shrimp
Catfish

Sole
Cod

~ ~.~.~./tr.~.~.(fq.ID/100 ID.)
2300
1900
1700
1400
1400
1200
600
500
400
300
300
200
200

~ : Logan, 2004

m if ~ ~ ~ m >rCPN ~ cpnf m~I ~ ~ ~ if w-3 3TR w-6 cf; 11Ur
CfiT ~ ~ ~ cf; cpnf cm wnfcrn qmrr ~ I ~ ~ cpy<if ~ ~ fcpm If<IT ~ -

1. Classic eicosanoid (Clll~lctll3IT cf; ~ ~ 3Rl cpy<if cm wnfcrn m CIlC'IT)

2. endocannabinoids (~. ~ 3TR ~ cm wnfcrn m CIlC'IT)

3. w-3 ~ IDt{f Lipoxins 3TR w-6 EFA ~ IDt{f Resolvin (Get f.1crRcp Aspirin
~ ~ if) isofurans, neurofuran, isoprostanes, hepoxilins, epoxyeico-
satrienoic ~ (EETs.) 3TR Neuroprotectin D

4. '4 ~ xrqc ~ ~ (Clll~Ic6111 fWRc;r cm wnfcrn m CIlC'IT)

5. '4 DNA l:R cpnf m ~(fil>1l1~C'1 if>RCPT ~ NFcB ~ m ~ m
cytokine ~ ~ ~)



10-3 ~~

~ cfi ~ $11P1q)'j cfi 8NT fuRl 1]<) ~ ~ <Tb1Till 'tR'IT t fcp lftfCfr -q ~ +w.:rr -q CffiT 3tR

q)'lchexlC'I ~ -qx ~ <Tbm cfi fW) ~ t ~ !ll'i81o;s cfi ~ cWTI -q m-WT ~
-gT CJ'i11 -qn:rr T[<:[T t (Dyarberg et al., 1975; Bang 3lR Dyarberg, 1980; Sidhu. 1993), !l"I'i81o:s

cfi ~ ~ WT ~ ~ ~ ~ ~ ~ (700 fii.m. q)lc>1«xIC'I) cpl ~ ~ ~ \R

~ ~ -q frr:;:r ~ CJ'i11 tr'iCCf ~ lipoproteins (LDL) 3lR ~ CJ'i11 tr'iCCf ~ lipoprotein
(VLDL) lWl1]<) \ill fcp &f ~ cp'T 'WAl' -q ~ CJ'i11 ~ \ill trft-crfr ~ ~ ~ ~
~ (Dyarberg et al.. 1975; Bang 3lR Dyarberg, 1980; Sidhu, 1993), EPA 3lR DHA CfiT

m-wn cfi ~ cpl CJ'i11 ~ ~ CJ)'RCI) cfi WT -q ~ \JlTd1 ~, -it b# ~ 3lR ~ ~ ~

t 3lR ~ ~-~ -it ~ cfi fctcprn ~ ~ q)l' fctcprn ~ ~ (Kim ~ Mendis 2006;

Sidhu, 2003) , -it 3lm1'{~Gi'<lfflfl, eRR, CffilWT,l"Jfu<:rr, fllR~lfflfl (~ WT),3lC'lIJj"ISit\ Siiflq~I<1\

q)l'1ff<l (AMD) m cfi ~ -q Sil5(C1g:0r~, ~ <Tb~ t fcp lftfCfr 3lR 10-3 ~ ~

cfi ~ m ~SiI'ifflCfl ~ ~ ~ CJ'i11 ID vncT t ,~.~.~.cfi frr:;:r ~ q)l' ~ m
<Tb~ t fcp fI~~lflql~'iC'l ~-5 l51~)'?lCff1"I'i~lGi~ft)Cfl ~ (5-~.~.~.~.) q)l' frr:;:r ~
mm- \ill ~ 3lR 3lIC'l"ll5\~1 ~ ~ t (Logan, 2004; Ree et al. .2005)'

10-3 ~ ~ q)l' ~ cfi fW) Sil5(C1g:0r~ cfi 6lR -q cWTI -q \)1Il1~Cfldl ~ t ~ 10-3

~ ~ ~ ~ ~ cp'T -msm ~ ~ t, cgt9 ~ -q 10-3 ~ ~ cp'T ~ cfi fu<l
~ ~ cfi ~ \ffi# lftfCfr q)l' cfc;r f11C'In:rr \JlTd1 ~, ~ ~ m'd' ~ ~ ~, ~ m ~
10-3 ~ ~ cp'T ~ cfi fW) ~ 10-3 ~ ~ ~ ~ ~ ~ ~,

ir.~.~.(DHA)

~.~.~. ~ 10-3 ~ t, (~-6) ~ ti~c>1tlOI m -q ~ ~ +w.:rr -q men t, 11J"'iCf mR
-q ~.~.~. cpl eicosapentaenoic 3lR docosapentaenoic ~ cfi 8NT m'd' fcnm \JlT ~ t,
~ ~ -q ~.~.~. cpl ~.~.~. -q qRClmd ~ cfi fW) ~ ~c16l1GiCfl afl1dT ~ mcfi t,
3l(f: b 3lR ~ -q;w.m ~ m'd' ~ cfi fW) ~.~.~. ~ ~ q)l' m CfR"'iT.'

~-6 ~.~."C:(. Cf>T~

•

~ -q ~. ~. ~. ~ (docosahexaenoic acid) cp'T ~ - ~.~.~. ~ ~ 10-3



ql~~iJ~~\5~ ~ t I ~ tt.-c;q.-c; ~ -q <r6 ~ 1l<lT t ~ ~ -q ~ et WPm
<liT ~ 3fR ~ m ~ tt.-c;q.-c; "[RT ~ t I ~ -q fcpD; lPl -c;cP ~afUT (Randomised
controlled trial) -q <r6 1:ll1lT 1l<lT t ~ clwx ~ ~ tt.-c;q.-c;. et ~ ~ 3lR.~.W. tt.-c;q.-c;.
qi-xm C!iT\Ffcl ~ t 3lR ~ xPr m ~3TI cpl q)11 ~ t I (p=O.024) ~ 3 crf ~ q)11

~ -qi-~ ~ ~ tt.-c;q.-C; ~ ~ ~ m ~\RCPT gC1'1lf1iCfl ow:r<R \R ~ et ~ ~
1f<TI lifT "ir.~.-c; ~ ~ ~ ~ m ~I ~ <r6 1:ll1lT 1l<lT t ~ ~ et 31WR" -q tt.-c;q.-c;. cp'T
• ~ '<j~flild ~ ~ I

~ ~ "ir.~.-c; q)f m - ~ 3lR ~ ~ crm ~ -q Eicosapantaenoic ~ (EPA)
3tR tt.~.-c.;.2 ~ 12 crf CfCf)cp'T \nf -q m<l: q)11 ~ Nw t I ~ ~"[RT -c;1-3 ~ ~

~ ~ WIT ~ \ilTd1 t I

~ -qi-f&it ~ "f(ffi~ ~ ~ t furWf ~ l1r5IT -q CffiT 3lR ~ ~ ~ TI I
{jT.[{R~ I3fim ~ ~ ~ 1R ~ ~ "f(ffi~ 1R >rWT ~ t 3lR ~clcijl fc;j\J1~ cpl ~
~ ~~<F~If%CflI~ ffittT xTrrr cpl ~ t I <r6 Wc;xlffi ~ cpl ~ CffifT t 3lR ~ ~
NC!iTm~tl

~ 3iR ~ ~ -q tt.-c;q.-c;. ~ Nw t 1R ~ ~ et ~ -q ~ ~ cp'T ~
m-ctl % I ~IICfllgIR41 et ~ -q ~ qlc11A~~~\5 ~ ~, fc;j1\1~~CfI ~ ~ (LA) t - -c;cP

~-6 ~ ~ t I ~ fc;j1\1~~CfI ~ (ALA) "\J1T-c;cP "\f'1-3 ~ ~ t ~IICfllgl{) ~

~ • ;ffiT "41<IT \ilTd1 t I (5) ~ -q -c;c1.-C;.3lR -C;.-c;c1.-C;.CflT ~ 3f:fITcT 3:1 CflT 5RT ~ 1R

QI«1fclCfldl-q ~: ~ -q <r6 3f:fITcT 10:1 <:IT 15:1 q)f Nw t I ~ 1:fM{~ -q ~-6 CffiT

~, 1:.;1"-3 ~ ~ et ~ cpl ~ t ~ WPR -c;c1.-C;.cp'T ~ ~ ~.qr.-c;. 3lR tt.-c;q.-c;. CflT

~.~.-c.;.~~~tl

(http://www.pediatriconcall.com)

fta-7 ~. <TT. ~. Cf)[ ~



Eicosapantaenoic ~ (EPA)

Eicosapantaenoic ~ (EPA) ~ ~-3 ~ ~ % (~-7) I EPA 3iR

~ ~cl~lC'll~c C!JT arachidonic ~ cfi ~ qlHqRCfl ~tT ~ % I ~ (Cod liver,
herring, mackerel, salmon, menhaden 3fR sardine) 3fR ~ c1c;r-q prostaglandin-3,
thromboxane-3 3fR leukotriene-5 ~ ~ % I 11FfCf m -q alpha-linolenic ~
(ALA) 'PT EPA -q qRClR1d "CflTcfT % I ~ 3fR 3Rl ~ ~ 1ff(f "C'1TrIT -q ALA 'PT EPA .
qRClR1d ~ cpI ~ t:[C ~ % I

EPA cgt9 lil'1fflCfl fcl:cpffi~, schizophrenia cfi fu<1 ~ % (Peet et. a!. 2001; Song an~
Zhao, 2007) I EPA C!JT~ 3TfWp ~ cfi 'CflRUT lil'iffiCfl ~ 3fR ~-~ 3l1C'li5,£1I ~
fcl-crR 31ffi t I 3l1C'li5,{11 cpI ~ ~ ~ 100 "C'1TrIT C!JT3iUl<R (Huan et.al. 2004) fuRrr lfm ~
<Tb ~ lfm fcp ~ xm -q Eicosapantaenoic ~ cpI +n?lT 3TfWp ~ I

~-3~~

~-3 ~ ~ cfi WfR ~-6 ~ ~ m cfi fc)cpm -q ~ -gNr % I ~-6 ~ ~ ~

~, ~ ~ -q li5(,(".llluj ~ % I Tissue arachidonic acid C!JTn-6 prostaglandin 3iR

n-6 leukotriene ~ -q qRClR1d ~ ~ ~ fc)cpm 3fR 3Rl ~lliIR{1i ~ atherosclerosis,
~, ~, ~ ffl, ~IR5I)lffifi, ~ ~ ~ 'PT ~ % I leukotriene ffl ~ % ~ ~
'PT ~ "CflTcfT % I

cgt9 ~ cfi ~, ~-6 ~ ~ cfi 3TfWp ~ ~ ~ 3fR lil'1ffiCfl ~ '41 ~ % I
~ ~ cfi ~ -q ~-6 ~ ~ 3fR ~-3 ~ ~ C!JT~ 10:1 3fR ~-~ 30:1

C!JT~ % '4X ~ ~ 4:1 'PT ~ ~I ~-6 ~ ~ 3TfWp ~ ~ ~-3 ~ ~
cfi ~ wrrq 'PT qJlf CR ~ % I

~ cfi c1c;r3fR ~ C!JT11FfCf ~ cfi fu<1 Fch:1Pi CflC'l q Ix'{"tlRCf) ~

1. ~-3 ~ ~ m-ffl (Coronary Heart disease) cpI ~ qJlf "CflTcfT % I ~ ~
~, ~ 3fR ~ cfi c1c;rcfi ~ C!JT~ ~ ~ ~ ~-GX -q Cfi1fr 3fR m- Wr
cpI tlC113iT (myocardinal infarction) -q Cfi1fr 3lffiT % I ~ ~ ~ ~ ~ atr -q crm
~ ~ C'WT Clfilgcm ~ (~-3 ~ ~ cpI 3TfWp +n?lT) C!JT~ m t I ~ ~ ~

~ ClTc'Il -q ~.~.~. CPl~~lC'l 3TfWp 3fR ~lcf1,{"lI~\5fi (XCffi -q 1:fTm \ifR Cffi>ITClfilgcm ~) Cfill

~ % 3Kf: ~ m-xrrr qJlf ~ % I ~ cfi c1c;r~ Pit'(f)lffid ~ t~.~.'PT ~ ~ ~-~
m (carotid) ~ ~ llltT ID ~ t, xPfT-q XCffi-wrrg 3lfWp ID \iffiif % 3fR XCffi -q Jijcpl6t

C!JT~ ~ \iffiif % I '4X ~.~.~. C!JTm Cf)x~ql~ "C'1TrIT -q m-xrrr ~ ~ ~ qJlf ~ % 3iR

~ m-~ ~ C!JTcpT<f ~ ~ % I ~ ~ t~.~.m-xPIT cpI ~ tlC113iT 'PT ~
et; fu<1 ~ W:lR ~ %, Fcl~ltlCf)'<, qJlf ~dx'ilCf) m-xPIT et; ~ I ~ IDi ~fllffi~~I'i (~.

~ '\\' PUFAs '\\' EPA + DHA w-6 w-6 '\\' PUFAs '\\' EPA + DHA w-6 w-6 '\\' I'UFAs\), o- ~\'S \)' \), \''' o-
." w-3 -ot- "w-6 w-3 ~\) o\' " w-3 o\' "w-6 w-3 ~\)\ o\' " w-3 o\'''v> \.' '(..\ '(..\ \-,\



~.-c;.)cfi ~ f.1~~I4l1 cfi ~,~ 'B q)l1 ~ q)l1 2 ~ ~ ~ ~ (R1~1~4l'< q'{:lI~cm

~) (Kris-Etherton et al., 2002) I 'l1'ACf ~ ctT ~ cm- ~-8 'B ~ <mT t I

Right
ventricle

\ l

.•••. ':~"' •. " "'.F,•... l~,[' _

." .. ~.Jt~, " -., if
'~)~.... ).'~

'.\ ..•.~ '. 1"-
1.•.- "~"~

I

Pulmonary
rrunk

Superior
vene cav-:\

tt'et
atrium

Pulmonary
vents

l.eft
ventricle

Inferior

~: www.wikipedia.org)

2. 3lTWfcI) ~ ~ ctT 'CP4I cf) ~ ~ 'B rlfC!bR ctT ww:rr ~ mcfr t ~ ~ ;gct)f11 c

5It4'{qfckFc1t1 ~~ (Attention-Deficit Hyperactivity Disorder) ~ ~ I IJl1 ~ ~

~ mer t ~q)l1 tIfR ~ ~, ~ 3fR 31[flfi[Wll ~ ~ 3fR ~ ~ (comorbidity) CfJT

~ qmf t ~ ClW;I'<IJ1f.14l ~~, ftR:rr, ~, SiI'iffl4l ~~ 3fR 3lfiISiIfG14l ~.

('C[ • ~ I ~ ~ ctT 3lIjSiIf.14l ~ ~ 4 ~ ~ 15 ~ CfcP t ~ ~I,<uldlll
~ ctt ~a1T~ ;gct)f11c i51~q,<qFckR1~ fu:T~ (1:[.tr.~.tr) ~ ~ ~ trr4 \Jfffi

\1' PUFAs ~~ EPA + DHA w·6 w·6 .~~ PUFAs .~~ EPA + DHA w-6 w-6 .,~ PUFAs :--\~o ~~'" \)~. \)" ~~'" 0 \)P o
w·3 <Sl''' w-6 w-3 ~\) \:-~~" w-3 \:-~~"w-6 w-3 ~\) \:-~~" w-3 \:-~~" w-



~ I ~ cfi ~, ~.~.~.~ xf ~ ~ cfi Xcffi" "4 3l1~\5\If.1(j? (~.~.), 3l1~(j?lf1lqOf:I~.ncp

(~.1fr.~.)3ffi ~Cf)'lf1lgCffiI~"M(j? (~.~.~.) "CflT~ ~ C!»l 5trr ~ I ~ ~ ~ "4 ~

~ ~ cBT ~ cfi ~~, fffi-fffi ~ N1T, ~ ~ 3ffi wsfr ~ cfi C'fe1UT~ ~

~ 3ffi ~ ~--m bR cBT ~ ~ mctt ~ (Stevensons et al. 1995) I ~ "4 ~.~.~.
~. xf ~ ~ Wl«1l~ mctt ~ 3ffi \TIl cfi "flT~ ~ C'fa:ruIT"4 ~ 5trr ~ I (Kooij et al. 2005) I
~.~.~.~. cBT (j?14~~C'ldl 3lIj~~lcp"l 3ffi 4;qTClu~;q m cfi ~ ~ mctt ~ I ~ LR '4T "W.flm

"\5TC'111l<TI t ~ x:m w:rrur cfi ~ fcp ~.~.~.~, ~ cfi frrkf ~ xf 3ffi ~~ (erythro-
cyte) cBT \R-3 ~ cBT ~ ~ xf (~.tlt. \R-3~) ¥.T"§;3iT m ~ ~I ~. W. \R-3
~ ~ tlfr.~. 3ffi ~.~.~. ~ t ~1'1~f.1(j? ~ xf, 3lCf"\Jlf.m ~ 3ffi ~ ~
mxr 4 RClRh'1 ~ \JlT ~ ~ d <l rrru<:r 11T?IT"4 tt 4 RClRfd ~ \JlT ~ ~ I ~.tlt. ~"ffRfcfi
~ 3ffi ~-~ ~ cfi fctcprn "4 (j?14~ftC'l ~ I ~.~.~. ~ 3ffi tfr.:rr "4 ~ ~

~ ~ ~.tlt. \R-6 3l1~\51f.1(j? ~ ~.~.~. cfi ~ ~ ~ ~ "4 "C[Cfl~ ~

~ 3TGT <Rill ~ I ~ o+Wf \TIl cfi fu<l ~l'iffl(j? ~()I~IR'4'i "4 \R-3 ~ cBT ~ ~
xfr ~ I <rg {ffif ~ m ~ ~ fcp ~.~.~. ~ cfi ~ cfi fctcprn"4 (j?14~ftC'l 5trr ~ 3ffi ~
C'l'$(j?4'i "4 ~ ~ ~ fsb;ql~;q'i cfi 6fR "4 ~ m ~ ~ I ~ ~ "4 <rg 1WIT TT<IT

~ fcp ~.~.~.~. ~ ~ cfi Xcffi" "4 \R-3 "CflT~ frrkf ~ 3ffi <rg ~ ~ cBT WRT "4 Cfil1

~ I 3Wl<R cfi ~, ~ "4 ~. tlt. \R.-3 ~ cBT 732111.m./ft.:r 3ffi ~'i'I~f.1(j? ~ cBT 60
111.m./ft.:r (18:3\R-6) f.W:r cfi ~ xf 24 xf 30 ~ (fCP 1\'idl~ m LR ~.~.~.~. cfi C'faruif

"4 cfc& m ~ ~ I 3l(f: ~.tlt. \R-3 ~ cBT, ~.~.~.~ cfi C'fa:ruIT"4, ~ 3ffi ~.tlt. \R-3 ~

xf ~ ~ cBT C!»l11T?lT"4 ~ cfi CflRUT, ~.~.~.~. ~ ~ cm3lfuCfl" ~.tlt. \R-3 ~ ~

cfi fu<l \3 ct11f% d fcpm \JffifT ~ ~ ~ I'i ffl (j? ~ cfi CfrT cfi fu<l Cfc'CT ~ ~ (Ng et al. 2009) I

3. \ill ~ "dT\ilT 3ffi ~ ~ "CflT~ m~~ ~ -m cfi fc1(j?ffld bR "CflT~ f.ifurc; "fitT ~

C!»l5trr ~ I~ mTi ~ fcp \R- 3 CffiT~, tlfr.~. 3ffi ~.~.~, fc1~1~ (j?\! tlfr.~. ~--m cfi fctcprn cm
~ ~ 3ffi ~ cfurc;r cm C!»l m ~13Wl<R <rg ~ ~ fcp C\ltf(j?lC'l (fCP ~ cfi ~ cBT1\'idl~

~--m cBTcfurc;r cm tTCT~ ~ I ~ "4 ~.~.~. "CflTw:rR Wo ~ 3ffi ~ "CflT~ ~ I (Hodge
et al. 1996( Broughton et al. 1997) I

4. C!»l ~ ~ 3ffi ~ "4 \R-3 ~ ~ "CflT\ill1TCf bR xf ~-Wf[, ~ "4 ~
3ffi 3lfuCfl" \TIl "4 +lm ~ cfi a1<l bR cBT ~ ~ \JfTcfr ~ I ~ \TIl cfi <WIT "4 3ffil1~ bR ~
w:rR cwuIT "4 xf <l '4T "C[Cfl~ I ~.~.~. "C[Cfl~ -m ~ \ill \TIl xf ~ ~ 3ffi tfR-tfR ~ 3lR
~ ~ cm ~ <Rill ~ (ft0f-g) I ti cm ~ 00 cfi fu<l d"~ ~ cfi ~ rwiT ~
fu<lll~ ~ 3ffi ~ ~ ~ cfi fu<l ~ ~ ~ ~ I ~.~.~. ~ tfr.:rr cfi ~
"4 ~ 5trr ~ (tfr.:rr ~ cfi ~ ~ "4 ~ ~ "CflT"C[CflXi~ CRj ~) ~ Xi~ ~
cm ~ \JffifT ~ I LR ~.~.~. xf ~ ~ cfi G:Cf "CflT~ ~ 5trr ~ I ~ ~ "4 ~.~.~. cp't
wffi1 ~ tfr+fr mctt ~ fcp cWr 3l1fiT ~ "4 ~ C!»l tt ~ ~ lffil ~ I ~ ~ "4 xTrT



cfumT ~ ~ t 3iR ~ " cpI -mAl ~ \JfT ~ t I ~.o/l.tr. ~ ~ -q ffirr t :- wsrr 3iR
1f'rc;rr I <ftc;rr ~.o/l.tr C'f6I ffirr t ~ ~ et ~ 3iR ~ et ~ ~ ~ ClIf%CflIti w~ .m ~I <) ~ ~ ClIf%Cfllti ~ "Wl (~c~ClIc'l)l) Ncfr t 3iR ~ -qm: ~ 3iR m "CfIT"IDCf ffirr
~ ~I"lffi m 3iR ~ ~"CfIl3llR ~ ~ ~"et ~ cpI ~ 'R \JCllCl tl ~
cfumT ~ ~ -gTcr ~ I ~ ~.o/l.tr. "CfIl\FKf ~.o/l.tr ~ cpgr \JfT(ITt I ~ ~ ~.o/l.tr cpI mb

31CR~ -;ffiT mc\T t I ~ ~.o/l.tr "CfIT~ m#'1CfI Cfa1UT<rg t ~~ ~ tir-~ ~ ~
~ I ~ ~.o/l.tr. C'f6Imw t ~ ~~ -q -mAl cpI Xla+llJ® Cf)\I~ICfllti trR-trR "if§ "CfIl~
CRm~ -q ~ c;mfr ~ I ~- ~ ~ ~.o/l.tr. -q fct"CfITx31rcf \JfTCf~ ~-~ cWTI "CfIl

~ ~ et ~ -q ~ ~ ~ ~ ~ wrc=rr t I x:r1<l ~ 'R ~ cpI CflI4~~C'ldl "Cf)11
Ncfr \illC1r t 3tR wnfcm ~ -q trR-trR ~ ~ "CfITm=r ffirr \JfT(ITt I wsrr ~.o/l.tr "CfIT3lfcf

twIRl c;reTUT~ -q ~ t I ~ ~ "CfIl4g-q I<1~ -q ~ Ncfr t 3iR ~ et fu<l cmr ~

C!ill1Tet fWt ~ -mAl cpI ~ ~ t I wsrr ~.o/l.tr. ~ ~ ~ n ~ Ncfr t I

~1(CIl3frul~-mAI ~m~ t ~ ~ ~~~~ tl60 Cf1f~ ~

\m et ~ -q 1f&::~<1dl "CfITwrR "Cf)RUT~.o/l.tr. t I <rg ~ ~ t ~ ~-3 cttr ~ Fcl~\I~Cflx

tt.~.~. rM~I~1 (~-m=r) 3iR ~.~.tr.cpI wM "CfIl~ t (~ 3iR ~ 2006)I ~ -q
tt.~.~."CfIT~ Wcf ~ 3iR ~ "CfITiJc;r t I

fcf.:!-g \ffi" ~ ~ ifmc;r-ffi"Uf

PUFAs "I' EPA + DHA w-6. w-6 "I' PUFAs "I' EPA + DHA w-6 w-6 "I' PUFAs "I'\)" :xl''' \)" \)" 1''' \)" \)"
w-3 ,?I' '< w-6 w-3 ,,?\) <>1''< w-3 <>1' '< w-6 w-3 ,,?\){( <>1''< w-3 <>1' '< w-6

~ ~\ ~\ 9 ~\---

Fovea
centralis

Normal
retina Macula

Optic
disc

"Wet" macular
degeneration

"Dry" macular
degeneration



5. cRm 9000 ~ fBrm lR fcp4 .m 3lUT<f1 ~ <:f6 "Ql<lTTPTI ~ ftp ~ -B ~ ~ ~ ~
~ fBrm et Cflll Cf\JR ~ ~ ~ ~ Cf)f3.6 ~ ~ Cflll "S3lT,\R fBrm cBT gc;RT -B \ill
~ ;fflT "ffiCfr ~ I

6. 3lWn-3 ~ ~ -B, ~ cBT ~3lT cBT ~~~l C!JT ~ cBT ~ ~ I ~ filRhctic61~
ft1~CfI~OI et ~, ~-3 CffiT ~, 3lliUl~d ~ C!JT t1B -B ~ flg~g:O\ ~ ~ CR(j]
~ I ~-3 ~ ~ Cf)f<:f6 CW1 ~ ftp ~ ~ e.ffircBT~, -&5f-4)1~ICflI3lTcBT cfc& &m qmf ~I

~ et ~ C'lC'lIf2:CflI4)l~e:Cffi-B ~-3 ~ ~ C!JT ~ ~ -B, '5\14fll~'1R;fCfl~ ~ CIiT

Cflll ~ crrc;rrl1RT \i1TdT~ I ~: ffi\il~PI£l1 -B f.1<lftq 3tR 1\'!l4)lIHl~CI c;ralUlTC!JT Cflll ~ ~

~ -mt ~ I '514Ifll~'1 (1\'!l~fl41c~) ~ -B t[Cfq -qj.~.~. C!JT Cflll CflXdT~ 3tR ~ cBT
~ et .s14Ifll~'1R;fCfl~ -B ~ Cfl14Cf1C'l14Cf)f~ Cf){ "flCfJdTt \JlT ftp -qj.~.~. m~
~ &m ~ tcf ~ ~ fcp4 \i'!Tcf ~, ~ ~ ffl\J1'il~PI£l1 et 41~f2:CI c;rafUTm t
ffl\J1'il~PI£l1 ~ fll'1fflCfl ~ ~ I ~ ffl\J1'il~PI£l1 Cf)f '514Ifll~'1 ~~ <n uTv~~

~ ~ "CfI6T\i1TdT~ I <:f6 ~ <:f6 ~ Cf){ ~ ~ ftp cmT ~-3 cBT 1\'1dlcffi', ffl\J1'i\I~PI~1
41\11"If2:CI,f.1<lftq 3tR 1\'!l4)lIIPlf2:CI c;ralUlTC!JT fcl:q-fuf ~ m~(~,2007) I

7. ~ flglflIR~\i Cf)f ~$1IP1Cf13lUT<f1 ~ lR ~ "S3lT~ ftp ~ ~ Cf)f3tR fll'1fflCfl 3lWQm

(~ ~ ~ cBT fll'1fflCfl ~ -B ~ m.n, ~ XiJl1~ 4RCflftqd ~), Cf)Tql'n:qRCfl ..

~ ~ I C;"I~CflI~CfIflHfflCfl ~ <l~ ~ 3tR ~ ~, ~ flHfflCfl ~~
l1RT \i1TdT~ I ~ ~ ~ ~ ~ ~ ~ ftp 3lClfll~~'«1 C£lFck1~\i-B ~-3 ~ ~

~ ~ ~ ~ ~ ~ ~ 3lUT<f1 <:f6 ~ ~ ftp 3lWn-3 cBT 1\'1dIWf ~ xTrT-~
CW1 mm ~ I ~ WPN ~-3 ~ ~ Cf)f~ wr m et xTrT -B ~, ~ ~
~ ~ C!JT ~ CflXdT~ I flHfflCfl ~ et ~ 3lWn-3 #T ~ cBT ~ C!JT

~ et XiJl1-B ~ fcr<n TPTI ~ 3tR fuRffi ~ -wnfcm fcfflR "Tffi ~ Cf)f lWf ~ "S3lTt
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cWr Fckl[rj1 '~' <:IT~ cm- ~ ~ "# 3Ta-TB 6tf ~ I Xerophthalmia bH ~ ~ cprc;f
"# cWr «tMt Cf)T ~ 6tf t I

~'-tt'

~ '-tt3' <:ITCf)l&\Cf)C'lRicBx'lC'l(fu?I-11) ~1,!UltFll ~ "# ~gl>,?lCf)l&\~'IC'l ~ Lfi'IC:'I~[rjCf)C'lcm
l'l[f1FcP"11mxr 6ACfT ~ \JlT wl cm WAT ~ q'!l~lHl ~ mxr % \ifRff ~ I ~, <16~ ~

c1TcR ~ ~ "# LfT"1T\ifRff ~ I Rlcl[rj1 '-tt3' ~ ~ ~ ~ Cf)1<h~C'l~ t ~ <16 ~1\J1IPi ~
mxr c1TcR 3tR ~ "# qRClFch.1fctJ<IT \ifRff t 1025 ~gl>,?lCf)MCf)C'lRicB'!lC'l~ ~ "#, \JlT ~
3tR ~ "# $~I"1~ ~ ~ cm- 3tR 3ITtf "# $G-~I"1~ ~ lW1T cm- ~~ CffifT ~ I Rlcl[rj1 '-tt'

Cf)T ~ ~ ~ Rlcl[rj1 '-ttt (~,!lrlCf)lC'lfficB'!lC'l) ~ I ~: Rlcl[rj1 '-tt' cm- ~ mxr W(f

~ fctJ<IT \ifRff ~ I ~ ~ wl ctT WAT ~ tr lW1T fctJ<IT \ifRff ~ I CR wl ctT WAT ~ 3r1fq

"# ~ ~ "# 31Cml fifPifc;jtj ~ ~ I ~, ~ cWIT cm- ~ ~ "# ~ "# wl cm
WAT W(f ~ ~ ~ CR -q ~ ~ mxr ~ Rlcl[rj1 '-tt' Cf)T lW1T CJ)X cm ~ (&\gPill'!, 1982) I

11m-11 fcIcrflR tt3 cm ~

~ Rlclffi1 qft ~ rf> cmur $~I"1Ji 3tR Q;1'&11'!fi ~ 4cIQ'Ifc;j\fSi qft -fuml 3l"ffTlRf m \ifRfr ~
~ ~ "# ~ ~ ffl -ID \ifTffi ~ (fu?l12 ~) ~ ~ ctr ~ ~ m \ifRfr ~

,\1'- PUFAs ,\1'- EPA+ DHA w-6 w-6 .,1'- PUFAs .,1'- EPA+ DHA w-6 w-6 ~\I'- PUFAs
\)' \), ~ 1'-" \)\' \)" 1'-" \),

" w-3 ,?I'- "w-6 w-3 ,?'V 01'-" w-3 01'-" w-6 w-3 ,?'Vv, 01'-" w-3 01'-"~ ~\ ~\ ~\~,



3tR qiq wP \rIlCl ~ (fu?r 12 ~) 3fR ~ ~ r$T ~ m ~ ~ I ~ -q, ~ -q, ~ -q
3tR ~ r$T ~ -q fucfc1 ~ ~ ~ I ~ -q 3llfR<l\I~~f11 (Osteomalacil Fclclf?l'i '~' r$T
~ Cf)T xT<T ~ I 1fltcrcfr ~, ~ Cflll ~ flt>Rrr ~, eT Fclc If?l'i '~' r$T ~ Cf)T ~ mcfr ~ I

~-12 (Ell)

f4Cf)I'{l~~C1~ -q 3fR ~ \iRill -q, it Fclclf?l'i 3fR ~ r$T ~ ~ me, t ~ ~ ~
3tR 3Wl -q ~ 3fR ~ ~ ~ ~6&lg:ol xlc;r ~ m ~(xwr ~ 31C1" 2007) I ~\JiB~1 Fclclf?l'i
'\[' 3tR '~' Cf)T "fl1fc& Wo ~ I mtT ~ ~\JiB~1 ~ mTcR, ~, ~ 3fR ~ tfT'ClRUT f8IT
CIiT ~ 'WT ~ ~ ~ I ~ ~ ~ ~, ~\JiB<ll ~ cgt9 >rcPR ~ 1ffi;rr (~Rkfllfi/?}';P/)\SY'1

~ (~ 13~), \S1'!c61'11(~ \SN<fICPtt) (fu?r 13~), Dhela (31RiT~ W3lT w3Ttj (fu?r
13~) 3iR ~ (Corica sobom) -q Fclclf?l'1 '~', 3R-lFT ~a+T ~ mer 3fR ~ mcIT r$T ~
N8r ~ (~ ~ 3Wf 1997, xwr ~ 3Wf 2002) I m Pttql~d fClclf?l'1 '~' cf> ~ Cf)T t(R

q;rqft ~ WIT lJ<rr ~ I ~: ~eHl~~'{l (Fclclf?l'1 '~1'), ~61~~1 ~~Hl~\S'{l (fClclf?l'1 '~2'), "'{llffd" ~

~ 3iR 13-~ (iacis) ~ -q it H 3fR ~ (viscera) -q 3TfWp1Wl \rIlCl ~ (~
~ 31(>f1984; ~ ~ ~, 1984) I ~-~ r$T '4T ~ llT-5lT ~ mcfr ~ I ~ Sl\JlIRl<ll
~ ~ ~-1 3fR Fclclf?l'1 ~-2 Cf)T ~ 3fc1'lT-3fc1'lT mm ~ I \3~I$,!OIlI!f, 'tRT -q (Parambasis-
bacull) fcRrfiR ~-1, ~ Fclclf?l'1 Cf)T 90% mm ~ I fGM' ~ CJ>14CJ>clI4cf> ~ lfRT \iffiIT

~ (RAE) 3fR 20% \SI'!c61'1I -q mm ~ (Esomus danricus) (~-5) I 3lUTlI'1 ~ "El"dTIl~ fcp
FcrcrtlR '~' Cf)T ~ qcllfGtCJ>~1~#l\I~ll'{l -q ~ WIT "\J1Tffi ~ I

llTwm -q ~ fClclf?l'1 1Wl \rIlCl ~ I Pila sp. ~ tR -q Bellamya sp., Lammellidens sp. 3fR
Parreysia sp. ~ ~\JiB4\j -q fClclf?l'i '~', '~', 3fR '~' 3TfWpWIT \iffiIT ~ ~ 3fR xm, 2009) I
~ 3l1~q11fl4j ~ 41'!AOJRCJ>~ cf> 'WT -q 3Aq; ~ cf> ~ -q ~ ~ \iffiIT ~ I



m-13 (~):~ \5/1?lCj)+I



RIc If?l'i .~. ctT 11l?IT (3lR.~. tm:mUf ;wr ~$lIPlCf> ;wr
~./100 lJT. qrn.rr ~ 1WT)

~ >1,500 +ffi;rr Amblypharyngodon mola

~ Parambassis baculis

500 - 1,500 ~ Osteobrama cotio cotio

\S1\(~'i1 Esomus danricus

~ Parambassis ranga, Chanda
nama

~ Anabas testudineus

100 - 500 trm Mystus vittatus

CTctT Channa punctatus

~ Chela cachius

~ Corica soborna

~/~ Macrognathus aculeatus, Masta
cembelus pancalus, M amatus

~
Puntius sophote, P chola, P ticto

~ Lepidocephalus guntea

~ Gudusia chapra

~ Colisa fasciatus

< 100 Wfi Heteropneustes fossilis

lfrlX Clarias batrachus

~ Colisa lalia

fclC'1lftl~1 Oreochromis niloticus

~ Cirrhinus cirrhosus

~ Labeo rohita

ftrc;qx CIJT1f Hypophtalmichthys molitrix

M Tenualosa ilisha

aIR:~.l..~ Cf>14Cf>clIQ~ m1Wf



CP. cgt9 ~\J1lfu~l cfi ~ -q ~ 3tR ~ ~\J1lfu~l cfi ~ et! ~fu~fu~'i Cf)T Rl~c'l~ol fcnm TJ<:rr I
~. ~ et! ~ ~ cfi ~ >1tpFc1~let! ~\J1lfu~l et! ~ ~ ~ I

'T. Dhela cfi ~ ~ CfiTllRCf ~ fcrwT et! ~ ~ 3tR ~ Rl~CjRltllC'1l1,~ &m 1993
-q Rl~c'l~ol fcnm TJ<:rr I lR ~ ~ cfi G'RR Dhela Cf)T ~ <flfIT ~ ~ 2lT I

t1". M Cf)T ~$1If.1Cfl~ 'M~' t (Roos et. al. 2002) I

•

,
" ,\t'- PUFAs "t'- EPA + DHA w-6 w-6 ,\t'- PUFAs "t'- EPA + DHA w-6 w-6 ,\t'- PUFAs,'< -» 'Cl" ~t'-s 'Cl' 'Cl" ~t'-" 'Cl'

'." w-3 <st'- '< w-6 w-3 ~0 ot'- '< w-3 ot'- '< w-6 w-3 ~0 ot'- '< w-3 ot'-
, v . «." «." «." «."



I 6. lft9cfr-~ mcIT et ~ C/?T"C[CP~ Wcl

~ Xia+r ~ mcIT C/?T"C[CP~ men t ~ ~ ctr ~ ~ 3tR ~ Cf)14~11C11

et ~ 3tlq~<:lCf)dl t I \YlCflT ~ (bulk) mcIT et ~ # 3tR ~ mcIT et ~ #, 3tlq~<:lCf)dljfil'i!

cP~CflxOI M ~ ~ t ("f1RUfr - 6) I ~ mcIT # $C1~I<:lli, ~ll~~I<:lli, '{il~<:lli, 4\1~~I<:lli,

q)lfllilxfi, ~ 3tR ~ mfl1c;r t I llACf ~ et fWl ~ ~ mcIT # ~, cWrr,
~ ~, ~~, JOllC'11~;g'1li, ffl~~<:lli 3tR fu'cp mfl1c;r ~ I ~ ~ ~ ~'1\i1I~li

et CPl~CfCx et ~ # ~ et ~ # crm m ~("f1RUfr-7) I

$~I<:lli, w- 3tR ~ ctr ~ et fWl ~ C/?T "C[CPlj&l t:R:CP t 3tR ~ Ca
2
+ fil~'R.1C1

~3tT cpl ~ m C/?TCW1 CJ)XdT t I $~I<:lli Lfllftfllxfi et ~ ~ 3t~C1'1~~C1 fm'R'C'1"I<:l

~, $1~)'?lCffllqcl~c (hydroxyapatite) C/?T f.11:rfur CJ)XdT t I $~I<:lli llACf m et ~ et fWl
~ li$Cf.!tto1dCf.! t I ~ 3tlq~<:lCf)dl mrcr 3tR C1'$Cf)4'1, m et fctcprn, ~ 3tR ~ m
CfT"R fmJ3tT# Ncft t I Lfllftfll'i!fi, ~ et ~ # ~, ~CflC'11Cf) ~ ~~ ~ ~
atR "C1.tr:rfr.-~.~.-qr.# m\ilf ~ 1'1 1"f1x 01 >fUTl(;fr C/?T"C[CP~ t:R:CP t I

4. \ ~~ (~ ) g \ \ ~ \' ~ ~" ~~ ~" V";g ~ . ~ RIC'lIQ 41'< H I"q?l-14 ,JOlll&11 '1, lil<:l!l&11 '1, fil elWllift ~I,( fil elwlli 3t1CR11 fi q?1 fi~ d
m et fu<l ~ ~ ctr 3tlq~<:lCf)dl Ncft t I ~ m-eR cpl XCffi # ~1'=JI"f1xOI et fWl ~ \1fT<:IT~

~ atR ~3tT # l#rtR et ~ # (m-eR ~ ~ 3t1~)'?lCfflI~\S 3tR ~ ~) ~ M
"GlrnT t I <tcR, ~ 3tR • lfWIT #, l#rtR ~ lff-IT # men t I "C1'ffi~ cpl m 3ITlR et
~ ~. fRm ~ t (Fez) I "C1'ffi~ ctr Cf>4T ~ XCffi # ~ ctr Cf>4T m \iffift t I ~ ~
atR fBrm # ~ ~ ctr Cf>4T m<l: qr<fr \iffift t I

•



~ cpI ~ \3q~Wh11 cB- fW) 3iR fll~C'lw'l~ 3l1Cff1')I;§fl, ~ ~ 3iR ~ ~ mer t cpl- m.
fur ~ cB- fW) ~ cpI ~ # 3lfcf 3lICl~4Cf)dl t I ~ crrf%cpr3lT cpl- ~ ~ CRj3lT cB- fctcpru

cB- fW) ~ ~ cpI 3l1Cl~l1Cfldl t I

~ ~ ~ # ~ ~ ~!5Cil~O\ 'lWT t I ~ 3lC'l4>1!5C'l r:s!5I~~'iRn1fl Cfllmf.iCfl ~

~ tr.~.~. 3iR ~.~.~. 41C'n~'<I'<1fl 3iR CfllmCff1VltCl~;§fl wfit>r t I ~ ~ ~, ~
~3lT 3iR H # 3lfWp 1W:rT \JfI\IT t I ~ cpI ~ cB- CffiUT~, '<Crt1~1dl ~ ~ et
~ ~ xTrr mer t 3iR {[g g'ifi~I'< ~ cpl- ~ Cfl'<'~ t I

~ mer ~ cpI ~\i1lffi~l # (~.~.~.) (~-15) ~ lfT?IT # ~ ~, ~~111~, ~ 3th
~ 1ITti iJfffi t I \ifrm Esomus cpI Gl ~\i1lffi~l (E.darkina 3iR E.longimanu) # ~ 00

~ ~ # 1W:rT \JfI\IT t (Thilsted, 2010) I cgt9 ~ mer ~t§f(;,~l cpl- ~ ~ 1fT fr ~
\JfI\IT t I ~ ~ ~~111~ qiT ~ tllfc& -mc=r IDcfr t I \ifrm Esomus cpI Gl ~\i1lffi~'i. ~

cpI E.darkina 3iR Cfl~lr:sl1l ctT trey changwa plieg # 3lfWp lfT?IT # ~ CfCil"men t I ~ 1
~ CfCil"~ ~ cB- ~ # ~ men tl {[g ~ ~ ~ CflI~JlCffi ~;fR ~ 3Wffi
3iR ~ ~ qiT 3lTUTfctq; ~ t mcnr 3ljQffi S1t§~ ~'j cpI ~\i11ffi ~, # 11A-11A men t
Roos ~ 3fC'1"2007 cB-irRT fcl'>4ll<l ~ cB-31jflR {[g 3ljS1lf.id fcl;m 1l<IT ftp ~ mer
qiT <WrGR cgc;r ~fdlFcld ~ # ~ Fclclf?i1 '~' 40 ~ 3iR ~~111S1 31 ~ ~ men ~

~-6 ~ cB- ~ cB- fW) ~ CfCil"

~ CfCil" '<1JI f.i 11~

~

llRCf cB- fW) ~ CfCil"~ \Jfg3lT irRT ID1{f fcpm \JfI\IT t I

~ Ri f(;,Cfll1

~ m
f.1cfic;r Cl'i 1 r:s 11S1

~CfCil" ~CfCil"

~C'l~111S1 CfiTqx

~ Lfl<i(M~1

~ll f.i~111~ ~
v ,

~LfllftIl1'<fl

q'1~~111~ ~

'~ , ');§fll 11~ lilc11 1S1



Carbonic anhydrase
Alcohol dehydrogenase
Carboxypeptidases A&B

Zn2 + DNA polymerase--------------------------- ---------------~

Cytochrome oxidase

Cytochrome oxidase
Catalase, peroxidase

K+ Pyruvate kinase

Hexokinase
Glucose 6-phosphate
Pyruvate kinase

Arginase
Ribonucleotidase reductase

Mo
Dinitrogenase
Nitrate reductase

Urease

Glutathione peroxidase
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7. R1FchC'flct1~ :rIT ~ ~ litp~~1

:q.:;rr@4c f/

:q.:;rr@4cf/ (~ 3iR ~ cfi WlR ffR ~) -c;cP 4lfllgl~, "!5CfT -q "fl"ffi ~·"jq1c11~ ~ ~
~ ~ t \JIl ~ cfi \3 BJI Cf)Fe~tfr<l 3iR \)q \3 BJI Fe~ ~ ~ -q 'IT<lt \iffifr t I <:ffi -c;cP ~

~ ~ t \JIl 3llR ~ :rIT cfi Cf)NUT ~ \iffifr t 3iR ~ ~ crl WIT cfi ~ -q
FcP<rr\iffifT t I ~ ~ lig I fl P I ~ ~ -q mtR cfi -c;cP ~ mer cfi XiiLf -q ~ \iffifT t 3iR ~
cfi ~ mer ~ cfi "Cf)l11cfi ~ Cf~ ~ ~ fcl~l~d~1 fflJlR~'i ~ st >mIT3ITcfi ~ ~
-q fum \iffifT t (Sabto, 1998) I ~3Ff 3lltlTfuf ~ wf WIT ~, (CTiITWT (Psoriasi). ~
3iR ffl\i1-~ -q ~ t (Mat Jais et al. 1997) tft @4cf/ mcIT CfiTitq) m -q ~
CRill t I ~ %T \iffifT t fcp <:ffi TT ~ ~ arachidonic ~, lC1I~f1"I'i,3iR qlc1"If)ij~~\5
tttr ~ ~ ~ llT?IT cfi ffi cfi Cf)NUTt (Baie and Sheikh, 2004) I tft f5!l4cf/ "?t"W'{f

~ ~ ~-~ 3iR ~-~ ~ t (Somchit et. al, 2000; Zakaria et al. 2004) I ~Idl~~'j
~ ~ ~ ~ 3iR ~ cp11m cfi ~ ~ tneIT CfiTitq) m cfi ~ FcP<rr\iffifT W" t
(Zuriani et al. 2006) I

~ ftq)i t fcp tft @4cf/ -q "fll1ffi ~ ~ 3iR ~ ~ qn) vmf t \JIl tneIT CfiTitq)

m cfi ~ ~ ~; fcl~l~<f),<l<'1I~f11'i cfi ~ (Mat Jais et al., 1994( Mat Jais et al.,
1998) I 3flft'il ~ 3tR ~ ~ -q tneIT CfiTcfrcp m cfi ~ ~ ~ ~ I

l-Saffar et a1. 2011 oi tlt. @4cf/ 11iam WT tR ~ ~Fchct11~ wrrq CfiT ~ ~ ~ I
lff3<rr WT CfiT~ ~ ~ CfiT ~ ~ ~ t. \nr ~ ~ CfiT ~ 00 tl ~ ~-q
~-~ ~ -q ~ 1R \iffifT ~I ~-~ ~ ~ t. wnfcm ~ ~ vmf ~ I ~ ~
3lT \ilffiT ~ 3tR EISCf ~ 00 ~ I me ~, ~ ~ t ~ -q, ~ 3tR ~ 3TT \ilffiT ~
~ Heberden's nodes ~ ~ I ~ ~ -q tR ~ ~ -q ffi tR ~ ~ 3TT \iffifr ~ 3tR ~
~mvmf~~~vmf~1

lff3<rr <IT ~ WIT CfiT ~ <PRUT \nr CfiT ~ ~ I 75 CJlf ~ 3l1WP \nr t 80 ~ cWr ~ ~
mer ~ I ~ 11iam ~ 1l ~ ~ wnfcm ~ ~ (m-16) I ~ EITG ~ 3tR ~ ~
mer ~ I ~ CNA ~ mrIT ~ ~ tR ~ wrrq ~ \ifT ~ ~ I ~ 1ffcrqr 11iam ~
~ ~ ~ <PRUT ~ (Phillips, 2010) I



Al-Saffar et al. 2011 ~ ~ (fcR-17) ~3TA" ~
31ct cpl- "TSf x1 m m 1:R -rrt:a<ln11f -4 cp4T 1:l1<Tr ~ ~ I
<l6 31ct Cf)l~JH ~ tm cpl- ~ CR ~ ~ 3tR ~
cpl- q)11 CR ~ ~ (Chithra et al. 1998) I

~ 31ct ctT ~ ~ <l6 ~ fcl> ~ lC'1I~Cf)lf1I~'i'jlC'11.

~ 3tR g41Ci\X'IPiCl)(glycosaminoglyacans and hya-
luronic) ~ ~ ~ cpl- ~ ctT aflfcTI Ncfi ~ (Baie
and Sheikh] 2000) I Tffum -4 ~ 6R ~ Cf)RUT ~

~ 3l1~Cf1<?1x Cl)1~~\Ji ~ -gT \JlRlT ~ I

~ ctT 3RlRT >l\Ji1ffI41 ~ ~ ~ ~ ~ ~:-

(fi&lR4f1 ~ (llTT) ~S;)qPt4f1 ~ (ffft1T) 3tR
~ 2~~Pt4f1 (~) (fcR-18) I <:) ~t9~41 4xAjxIlld

~ x1 ~ cpl- cftcp m~~,~ tRR ~ ~, ~ ~ ~ W'rm cpl- ~ ~ m
~ ~ Cf2lT tllClT 3tR -=cITcT cpl- cftcp m ~~ ~ ~ ~I ~ ~ ~t9~~1 ~ fi1Fchcti 4J"14
~ cpl- 3tR ~ mT 1:R >fl1TCIT cpl- ~ -wrnR ~ ~ 3l'lft ~ ~ ~ ctT ~ ~ I
~ >l\Jilffl~l ~ ~ ~ ~ -4 cgt9 3lj~IPid m cpl- xmufr 8 -4, ~ ~ ctT CZIT'{fdT cpl-
xmufr 9 -4 3tR ~C'1'i~~C'1 Fckl~'i cpl- xmufr 10 -4 G$rr 1f<lT ~ I----





-wt ~ q)f "ffi;r

~ ~~~ ~ ~ crm ~ Cffi>ft -wt ~ ~ cfrcR ~~"ffi;r q)f~ ~xf w.
",3lR ~ C1Tl1 ~ ~ m~ ~I ~ >nWT mer cm ilCfl ~, ~ m-, vcrm ~ 3lTffi 'Wft

~ ~ 3tR fTrc;Rt ~ ~ fcIl<TI \JfTill ~ I -wt ~ ~"ffi;r ~ alkylglycerols ~ men ~ \J1l

f1ll"1I~d: lffilT3lT ~ ~ 3tR ~ l1WIT ~ l1I<IT \JfTill ~ I ~ "ffi;r ~ pristane, squalene, Fcklf?l<'1

~ 3tR tr, ~-3 ~ ~, triglycerides, glycerol ethers 3tR ~ 3l('lCfllg('l l1I<IT \JfTill ~ I

1:R 3f4T 0Cfi -wt ~ ~ "ffi;r ~ ~ ~ ~ ctT ~ '161 ~ ~ ftp Cl1«1 RlClld 1 ~ cmT ~

"ffi;rxf~~cm~ <lT~ ~~~~~~fcIl<TI\JIT~~ <IT'16I1 ~~

ftqlt ~ <:ffi CI%T 1T<n ~ ftp ~ "ffi;r xf ~ ~ q)f g 1f.1Cll1xCll ~ '<fr 'S3lT t ~ ~f?lil ('11<'11,

3l'lTil ~ 'SlqRql 311ft I ~ ~ (Akutsu et al. 2006) 3lUPR ~ 3lTlR, -wt ~ ~ "ffi;r
~ qp) \ilR ~ 'ffi'CT, Polychlorinated biphenyls (PCBs) 3tR Polybrominated deiphenyl
ethres (PCDEs) 'llACf ~ ~ ~ glPiClllxCll ~ 3tR ~ m q)f ~ 6f'1T ~ ~ I ~

~ xf ~ ~ ~ ~ ~ '<fr ~ wrr xf ~ ~ ~ ~I

~ ~ q)f "ffi;r

~ ~ ~ "ffi;r 1) ~ ~ ~ cm ~ fWc:r ~ \JfRT \JfTill ~ I ~ ~-3 ~ ~,

~ lfr ~ (eicosapentaenoic acid) 3tR tr 1fCl ~ (docosahexaenoic acid) cr.m Rlclf?l<'1 ~ 3tR tr
~ llf-1T ~ ~ men ~ I ~ WR llfu<n m- 3tR ~ ~ wm m- ~ ~ et> ~ fcIl<TI

\JfTill ~I ~ wrr ~ xf - mm-, w m-,'ErJCft cm ilCfl~, cr.m ~ ~ ~ m ~
~ Nff ~ I ~ fr <:ffi ~ et> 'fIlI'r fmJ3lT ~ ~ Cffi>ft ~- I 'Slq6lt'l\Ji et> ~ cm Cfi1=fCfR'ffi' ~ I
~ ~ m Cffi>ft lffilT3lT et> ~ ~ ~ ~ ctT llf-1T ~ \iflCfr ~ \J1l fmJ et> iil<'1fft Cf) fctcpm
et> ~ ~ ~ ~ I ~ WPR Rlclf?l<'1 ~ ctT ~ xf ~ q)f ~ Cfi1=fmen ~ I ~
~ 68,000 ~ ~ fcp4 lf4 ~ xf tffiT 'tIC'fT ftp ~ ~ et> "ffi;r et> ~ WR xf m q)f

~ Cfi1=f'S3lT ~ I

1:R m~ et>"ffi;r ~ Rlclf?l<'1 ~ ctT ~ xf Hypervitaminosis A ~ ~ ~ ~ 11flfcrcfr
~cm~ctT~1Rfr~WR~~1

J F· • ,

I ~~ PUFAs ~~ ErA + DHA w-6 w-6 ,'~ PUFAs "~ EPA + DHA w-6 w-6 "~ PUFAso o x~" \)" \)" x~" \)" - o,.>( w-3 o~ >( w-6 w-3 -x0 o~ >( w-3 o~ >( w-6 w-3 -x0 o~ >( w-3 o~ ><'. ~\' ~\ ~\ ~\ ~\



8. ~ ~ - ~ xPr f.1GR # ~ ~ wifu
~~ (Ichthyotherapy) (tfqf xPr cm wcfr '[RT cfrq)m ctT ~ ~ ~ I ~ ~

# ~t9~111 >rnfcm ('Cf'EITcm C[fR CR ~ \ffi' \JflIT ~ ~ cm ~ ~ t I ~ ~ #
'TffiT ~' ~ wcfr cpf m fcn<:rr \JfTill t ~ 'Doctor Fish', ' Nibble Fish' <TT 'Kangal
Fish' ~ %T \JfTill ~ I ~ ~ 1A~ cctf et ~ 7pf xm1 # ~ fcn<:rr <rm 2:fT I ~ ('Cf'EITxPr,
~ 3iR 3RI ~ Cill~IR'4'j cpf ~ fcn<:rr <rm I ~ ~ \JfTlTR, wlfi~ll1l, 'tfR, ~~11~,

·n~,<~O\5,~~, ~,~,~, '«'1'1ClIFchl1I, ~, ~, ~o'Sl~~ll1l, ~c'l~1111,

fChC1'>lfCl'i,gjllCf)jll, 1Cf)1~'R, ~1~1P!111, ~1-R(11'i1, m 3iR wm # ~ ~ cpf ~ m '(1llT I ~
et ~gl'ill~'j # ~ ~ ~ filFchctil ID x6T ~ I

ftrn ~ et c;rr:r
~ ~ ('Cf'EITet ~ cpf ~ ~ ('Cf'EIT~ 3iR =q~Cf)~1'< ID \1IIcfr ~ I

~ "<m ~ cpf '{jP! '41\J1'i ID11

~ ~ 'Ef1CIl et ~ cpf ~ ID11

~ ~ xPr ~ ~ cpf f.1GR

~ ~1'ifftCf) ~ ~ (ATCf # ~

tR~ # ~ ~ ~ ~ \iffx6T ~ fcp cgt9 Cf>RUlT~ ~ ~~; ~ ~ ~ ~ ~
mer et Cj)RUf ~ cpf ~ mm ~ I ~ cgt9 tm # ~ l:R x)q> '(1llT eft 1ft ~ I ~ fffi'f ~
~ fcp ~ C2lfffi et ~ m et ~ \jfc;:[ ~ wcfr 3iR ~ ~ ctT \JftqICj~ltfr ~ ~ ~

tR ~ mm ~ ~ ~ ~ ~ ctT wan cm ~ <WIT # ~ ~ ~I

•

~ PUFAs "~ EPA + DHA w-6. w-6 "~ PUFAs "~ EPA + DHA w-6 w-6 ,\~ PUFAs ,\~
~" ~~." ~,.~" ~s~'~'w-3 ~~ >( w-6 w-3 ~\) o~ >( w-3 o~ >( w-6 w-3 ~\)« o~ >( w-3 o~ >( w

~ \',\ \'" \'" \'"



9. ql~qRCf) Rlfcpctil ~ ~ qJT ~

~ ~ m ql~qRCf) RI fcpcti I ~ ~ ~ qJT wWT fcp<:rr \Jffcff W t I 'WII~O'5 et Ao
3llRocmil G+rr -qct ~11~RCf) Cf)JiIJ11~ qJT ~ fu ~ ~ ~. ampbipnous cuchia &m m ~I
~ ~ tT cgt9 JitpR:t111 ~ ~ eft ~ ~ fWrcpr ql~qRCf) ~ ~ ~ fcp<:rr \Jffcff t-

~ ------

~ ~ ~ft ~m af?T ~ Wc;r f1rn ~\J11R1111 qJT -m ~ ~ ~
~qJT'Wl ~~ ~~

G+rr. ~. ~ qJT q:cf Bellamya sp. ~ ~ -CflT\3iillC'1Cf)~~ ~ -CflT
WtT -CflT~ \Jffcff t I

~~-CflT~~~CR
Bellamya bengaenslis ~ X1ll{) IJf'C'1' ~ XTCl '+R ffiT \Jffcff

tl f1R~IJf'C'1'~~-CflTH~

~ \Jffcff t I
~ ~ et N -CflT \3iillC'1Cf)~
~ ~ -CflT~ -CflT~ \Jffcff

tl

Monopterus cuchia (Hamilton, 1822)
Monopterus a/bus (Zuiew, 1793)
Schizothorax richardsonii (Gray, 1832)
Torputitora (Hamilton, 1822)
Channa punctatus (Bloch, 1793)
Labeo gonius (Hamilton, 1822) carp fish
Labeo rohita (Hamilton, 1822)
Eusphyra blochii (Cuvier, 1816.:..) ~

Pila sp.

Lamellidens sp

Parreysia sp.

'tfcfCR 3lT'lT -qct m~IJf'C'1'~ Lamellidens sp.
cn4T

Cuchia eel
Eel
Snow trout
Mahseer
Spotted snakehead
Kuria labeo
Rohu
Hammer head shark

Lamellidens sp. -CflT \3iillC'1Cf)~
~ ~ -CflTWtT -CflT~ \Jffcff

tl
Parreysia sp. -CflT \3iillC'1Cf)~ ~
~ -CflTWtT -CflT~ \Jffcff t I

Lamellidens sp. et ~ et ~
-CflT~ ~ ~ WtT -CflT~ \Jffcff

tl

., .\~ PUFAs ,\~ EPA + DHA w-6. w-6 ,\~ PUFAs ,\~ EPA + DHA w-6 w-6 ,\~ I'UFAs
\)\' \), ~~'" \)' \), ~,,\)'

..:'" w-3 ~~ '< w-6 w-3 ~\j ~~ '< w-3 ~~ '< w-6 w-3 ~'0« ~~'< w-3 ~~ '<\'.: \'.:. \'.: \'.: «,



Larnellidens sp.
Larnellidens sp. cf; ~ cf; ~
cm ~ -sf ~ xT<fi cm ~ \iffiIT

tl
~ ~ cpI ~ (curry) xT<fi cm
ctt \JfffiT t I

~ ~IJ1IRl'4l" CflT ~ 3tR ~
(curry) cm xT<fi cm ctt \JfffiT t I

Bellarnya sp. ,oa Pila
sp.

Macrobrachiurn sp. ~
paratelphusa sp.

~ : WWJR q ~, 2009
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