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PL-2 Docosahexaenoic Acid: Neural Functions and
Mechanisms of Action

Norman Salem, Jr., Ph.D., Chief, Laboratory of Membrane Biochemistry &
Biophysics, National Institutes on Alcohol Abuse & Alcoholism, National
Institutes of Health, Bethesda, MD 20892-9410

Docosahexaenoic acid (DHA) is highly concentrated in the nervous system and
is one of the principal molecular constituents of the brain and retina. The
nervous system obtains its DHA primarily from preformed dietary DHA rather
than from alpha-linolenic acid (LNA) metabolism and the DHA concentration is
higher when DHA is added to the diet than with LNA alone. Experiments in
several laboratories, including Professor Okuyama’s have established now that
DHA is an essential nutrient for optimal nervous system function. This is based
on experimental models of n-3 fatty acid deficiency where behavioral or
physiological functions are disrupted by dietary treatments that lead to a lower
level of brain/retinal DHA. This work will be reviewed and some of our recent
behavioral studies will be presented. Other studies involve DHA
supplementation above a basal LNA intake and recent such behavioral studies
will also be shown. Underlying these alterations in function are changes at the
anatomical, biochemical and cell biological levels. DHA may also alter the cell
body area of neurons, neurite outgrowth, and apoptosis. Phosphatidylserine is
both an important reservoir of DHA and a key functional molecule mediating
some of these effects. DHA-phospholipids are critical modulators of the
membrane biophysical milieu and regulate G-Protein coupled receptors such as
rhodopsin. It has been demonstrated that DPAn-6 phospholipids cannot
optimally activate these receptors.
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PL-3 Lipid Nutrition: Lipids and Dementia

Martha Clare Morris
Internal Medicine and Rush Institute for Healthy Aging, Rush University Medical
Center, Chicago, IL, USA

A growing body of evidence from animal and human studies links dietary
fat composition, blood lipids, and cholesterol to the development of dementia.
Cholesterol is central to the process of Alzheimer’s disease. The primary
genetic risk factor for late onset Alzheimer’s disease is the apolipoprotein E
(APOE)-¢4 allele. Apolipoprotein E is involved in cholesterol transport. The
composition of dietary fats affects levels of blood cholesterol and other
circulating lipids. Of the different types of dietary fats, saturated and trans fats
increase blood LDL-cholesterol. Blood cholesterol level and a
hypercholesterolemic diet have been associated with cognitive decline,
Alzheimer’s disease and brain neuropathology. Recent studies in animal
models and in humans suggest that the deleterious effects of these
hypercholesterolemic diets on the brain may be far worse in the presence of
dietary copper. The n-3 class of polyunsaturated fat (PUFA) obtained from
marine and plant sources has been associated with slower rate of cognitive
decline and lower risk of developing Alzheimer’s disease. The n-3 PUFA,
docosahexaenoic acid (DHA) has been targeted as particularly important for
brain function, and is the primary lipid in the most metabolically active areas
of the brain. Several randomized clinical trials are currently underway to test
the effects of n-3 fatty acid supplementation on cognitive decline and the

development of Alzheimer’s disease.
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1) Hossain S., et ., Neurosci. Lett. 1998; J. Neurochem. 1999
2) Gamoh S., et al.,, Neuroscience 1999; Clin. Exp. Pharmacol.

Physiol., 2001
3) Hashimoto M., et al., J. Neurochem. 2002; J. Nutr. 2005
4) Hashimoto M., et al., BBA-Mol. Cell Biol. Lipids, 2005
5) Kawakita E., et al., Neuroscience 2006
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(2) Hirokane et al. J. Biol. Chem. 279, 45685-45692 (2004)
(3) Nakahara et al. J. Biol. Chem. 280, 42283-42289 (2005)
(4) Kanayama et al. J. Biol. Chem. 282, 10290-10298 (2007)
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Ye&H5HL, SPC IZX5 Fyn & ROK OB &N IME X, MEFE#EfHD SPC 12X
BREIFEDSIEIEN T3, S M LAEFIGEITIEERZ T 7eh -
7o UL EXY, M REUHE (DL v MRS HETR) D4y FREES L T, Fyn,
ST MR EETHIENAO)ER T, ZOMEIL, &L 27— L ILfE
LMEREDOEEMZHRIATED1 DD, FHEE THD RTREM I RIBI LT,
R#%IC, EERMERBICMLADINLL D LBRERCH LS ML BIFEIC
IXEEE T LU AREH RO M| T 5 ME R H LD TH
&5,
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BERBICEE L FH &L LTX, ANMRBIZEEND AF KR, b
SURBER EORERH D, —RICELITADMEIRIA I N AIEMS H
L, ECHHRICHCHE CTRIRATEZ2b0THE Z &b, Ao
IV HLEEMAERLEZEXFBRMLETH D,

B ORI TIX, B, MG oSmZIZBH % #18 (& HE,
MREEAR), HILRINERE 2 -BIE - KANEE L AKRZEDORH
1R, FIRNSE LFRFERENRBERBIND, BEMEIIOVTIX, BE
e BRECEINRELBE L, ARMELZEMDONNT A EE XTI
X, F2, HEFICBROZRFEREIER I N2 WVGEIX. BEMICE
BLFMEIN T THRLENRZNZ &G, HEF T HEERE
BIZEBLMLETH D,

ZEME AT 27 DIEHTE M FENRD SN D, HEIX
FIMERBR E WD FEZ AV, RS OENBELZEE L 2B 6%
2t - GO Z 1T > TV 5, /MMERBRIEIIREEER R <. Hifa
DERR, BHER, I6ICe FREICHBEATE, REERIEL TV
EEZONG, thE, BIZBEEMIEELZYV X aIa=Fr—v
gL D—ODFEE LT, MBERLOZEN - AOMEER) O A
(http://hfnet.nih.go.jp/) ZHBEL. BEZMRMIZE S ZaK -
AEFRORAL, 2 5 NBFRIEZIT > TV 5, FRITH LA Bk
WL, fERFEMAEDLL AR DL BB LB AOFRE L TRt L T
Wo, ZetEiBRE e NTRETT A2 LI L<, BEEE FFINE b
BT REMDODEERERERD, TZTHELLYA FTIEIED X
IMBEERETEDRTIWELTT —F_X—2{L L, FRkDO=DHDOE
Be LTERB T L 2RBTWE,
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S3-2 HOR DB DEFMEDFEL & RO S
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[EISLEER - SKREHAFATRER S 70T 5 A
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BEORIIAEASTH S, JNIEF - REBEFOFBFTHRKTH S, TOD
FTHRIZ. AEHZZOEBOEFEOH THRES LVIINTATAHI LT
HONDEEMROMENERIIRITTEE (XX RATERE) 3ETE9E
THDEEZLNS, I T, OFFMEORE. OBFFEMRRERINRAFEOR
B, QEFFMEREOBRIR., EWVD 3 DDBANS HOPDBIT I DEFF D
BAHAHERBNFICDNWTHEIZE EDD I LI,

O ZEFMFEORE
MRFIEOEITKEL., HEREIIMI THS., BE2OMFTHIEOGIINND
LDBERIIBEIHBMN Lia<sd, BENPKENWIETIZ RS, X1 T R
MBI ETHAD. Tz, FFEARISHEMIER. 2F— MAFEE WO/
WL DNDOREASHRGIEICHRINLGN, TNTIWNb o TWBHERE
BB TOHENDH D,

Q@ HFEMEMERINRGIEORE
Hil %z Zffrd 2R 2 RATIZ 2520, BAaWHD mWNEZ/RE L 720t
ROFT, BNBWRXE (BRERTIZ) BRREZTHS, ZNERHN
Lt 2 — (systematic review) EMER, KESHF TRHEML Ea—%17/2D
BICREDITENWZ &R R FEAEDEBRDPAVOEDDEREIZ
fEREIREE) I EBTHIENN, SDORBEREFEELTNEZEVWSIEETH
5, DFED, FALTWABERNOED T, MOBRIIEFEEL/ZWA, FE
LTHHRRBICEEZEZRIIIZVWEDBMRTY A 2o T Tidk
5720,

@ HFEMIERRDRIR
Ho EHMRIIEEDIR., ERENTF (LA XmELRIL 2570 )VBE)
WML TEEFEETLERNORIZBITLFEELTWSER (&2 n-3 %
fElhEEBIE) ODHMAEBEME THAH., X, AL TNLIERNHER
WTFEFERBEEEZRL TS ELTH, TOHMMEEENMENESITIZ.
THEOHIZRIZEID) EIZEWLDEWIEREHIMIITRETH S, Tz, BFH
ERITEDEL TR OBMRECZE AN, TOBERERTZHELGD
HE2ORIGORBEREHEZEEITRETH 5,

LA EDBRRIZDWT, Filz sl THRNTT %,
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—EREES/NE— U LRABBERE~DIR -
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S3-3

[ B ]RAEREFORITEN DMK, RENADFIELDHR, oL £
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WIT LA ETHD, @AD DIFREITHERIFOE AL A v MfE DRIE DN
ELTET,

[ 58] x5 BEERSE 76 51 (B4 28 45, &tk 48 5], ) 4E#H 71.9+8.8 B,
XTRIIRIEROERRTE. iLBE 12 £, AAED  SFEEEREAE (4
AR, FEFRE, MERE. M., 75 BAMKAR, RaoEnE
(MMSE) , XE/T ADOFE  AB6EL L, BETRLY — HRRBRHFEELLE
72 BT HOBERSIE, KyE+ 512885 5 IBAZAITENBEZELL ., H5F (o
CTTAT U R) B AEAL LT,

[HR]OARITEBORKM : AFEE T B (BIF/NA) | FEIEE BEUE RIAE
Rz prLX—BEUEE) ., FEERAZHGEESBD TEW) ., ICHETE
Tro M INX—BEBRIZE O ALY —IREL T, AL RV MELR £
HBAIIIET -7 —h- Kk IBEBRURBE 05 AIIIBITME OmAsER
OEBEBUARIHFENR DT, BBREEFIIRENE LU TRYSHE2 AR (A,
e Ete) ZHER<ERL W/, OQXBNMADFIELDR  REBIRO
Mizix, BEE 2 OEECHF 2O L EERICRM TS 4 B R AERN
HTIZR T DR DIEIZIIA D ThHol-, QLR e LB E A EHE I
BOWTIHERE, BEALEFBEOHRFICBWUIEELRERLRY. b
NICARLFRZOAHZEALTEHLEXRE., (KEBIIRDERENRDHD, T,
NEHEORRR, T4 P —E— R B — e 20FBIC L 2RECE
W, RENAFTEODRE LBMLE LR r—2b b5,
[(ZBE]ZBANEERFOFIIZAARANCRITERENLEE (healthy diet)”H>
SEBIHIZANDRMERINEL, ZOXHRBE KU THEREN ANITA H7eFEK
MPIET2 D, REN ANCH-oT- UL, BR T E D088 T, HERE Y
—  DOFTIIHLIEREDEANEFEZHFRL., REIM AR T 70 M3
ETHD,
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S3-4 g FEFEDRAMEE. IS OWNELEERE

BRRBRIKRFEMRFER LT, Ly MAZEIT, HETa, BEXF
BRRFEFMRFELEY HAES. FAER
ERENCFR MEHERRER =]

[BM] &FE. TAYNA~—RmIImMEFRFICLIVREL., B4&FL D
DELTAFREEAZRBEL, AEL TP Z LTk, HBRETHR
BENAIRETHAZ ENEREIN->ob 5, —FH. BEEOM D DIk
NEEHEOEFDE L VWO BEADLLLEETHIMN., MO 2KiBIzHoW
THIEEREZLOBECHREL I TV,

Z I T, HBEREEFEE 2 XRICEMEEE. MO RBLIFERE.
RERABE AT DBIEIZ SOV ThNbhOBEZERENLHET 5,
[R5 & L] A EORNRITBRIB O 3 HI T, 2004 F55 2006 FI
i & 55k, IBIEE AT ICEET 2098 ) RBITISESM L7z 60 mELL
EOHIRTEREEFE 286 4 & Lic, REERRIIWNET RS S ag 2
47— L (HDSR) . 11 9 IRFBDOFREEIT Zung H CEHERIN 5 RBRE A
FBR(SDS) . BREXERATIBELAEEEELEME DHQ) 2 TENATH
BIE LTz, AMPREMICHEN D, MHREICFEREEICOWVWTHAT S &
HiZ, XBICTMIERDORIEZ T,

[#F] HrRE TixX. HDSR THLIEE @ 5 HLETROIEE & Rl EREARH,
B& EPA, DHA/AA, EPA/AA & IXAE O IEFEE (p<0.005). AN LIZEE DA
B8 (p<0.001) 2/~ L7z, HDSR @ 1 FHOE(LEZKER (26 A > M
29 4 (72. 2 8%) . RERE(L RA > RN 4T 4 (72.5 5%) . BEALEE (2-6
RA L P19 & (T2. TR D 3 B ITRELIZE 2 A, BBIIBEO I
BT, SHEITHEEZELZRD o722, WIEE. 1 F£%0 DHQ O Lk
TiX., BBE. n-3 RAEMEE. AR, FARMOEBIZBWNT, XEHD
1E ) MBI R TERENABEICRETH - 72 (p<0. 05),

HEIZRB W T, #95 DIRABZ: LBETIZ. EPA. EPA/ AA L3R5 EEH
IORBHYVBELIVLRE T, Tz, M5 KRB LETH, +
ZEMI> ORBHVBHICHL TRMTROBRELAEILS -, B
TH3IHB TWTINLAEREZEEZRDORI -,

[(#6538] HEEEEF ICB O TIX, RBEEEE. M5 SRBLIBEXE
CIIEEICEEL TWAZ ERRBENT,
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S4-1 RBIR. FER, MNEBEILOESBEEXRRE

A ARZFEFE/NEF
ORI M sk, LT, MABKR, HAXE, SHELEZ, BXE

[BR9] HE#m, WR OB ENT-ARZ 1AM, 1 »AORBIZBNTED
EOITREEDEN L TIT< 22 8E 75 L. de novo lipogenesis D REDS
BOTEETHDHIENbNd, 62, lELE/DRIZEITSH de novo
lipogenesis 213, AEBIBIC L W HEIND, T b ORI HAEK LR
BHREEE2D, [FiE] YR NICU ICTEEIN-FAEIR L IBERS, F
BRI 2AEEBROIEF DN FIZE T HHRET, 38 L OXEAIBEN S
A EATESERORAEICE T OIBEREFHIRN 21T O, [BR] ERXK
I, 2L 2T a— L EABRIC SV TRHATERR, IetE. = L CTIRIZBER
DEFEBBO TEE TH 5 DIL BFICHRRDOIAR L T OBWRERZEDT-DHT
b, LinL, ZOERRHI DO IZDREN D& pREA L. FRABDIFERRK DEA
D2EBOR—RIZETD L WVWIHIFEEIUA LS TRV, ZFLTH L,
IRHAERBERIZE TS ZORBNICHENREL S &, Barker (RELD A H =X
LDZHEETLEEZON BECASIRY v 7V Fu—LREDO MY A
—DFREMENTRBRIND, —FH, AEWHAIEE D & BUHBOREIX, —
SUTREERBIZHEIND L 512725, BF2RRER *h OREIABE 34T D1
EOMENL O ZOFEENERIND, ZLTEHIZEE L TFEHICKEIT
HERBEEDZR)NT, ARV vy 7 Fua—b223T5/0RIB VT,
TTITA R Y ARGUE L BIAREE(LIREMED small dense LDL OFALIZD
WTHIBIBIFEE 24 . de novo lipogenesis NEELREIZE LTV D
ZEM, moniz, £z, HCNBEOBRICET MO MEL LT, E
EZORRIEEA L LTHH O THR DHA 23, (REHIOREEREL LT
FEE N, [BELER] BERBICLIVOVONZILTADORE EREND
EHENDENEBELE BROHERKREOERS/NEHNL DA LR
Vo7 v Ra—AbHBIC ANTBEREFOI LR ESRLETH
Do
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PURT DL BEILPESE
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RHA e RFORBEIZOWTRIT 5,

(5] 2000%4EXY 200 2FIIHTTERE2 3RAEFED 1 0 0&FM
EEEANB L L TCHREREZITORATICEE L3024 %238E L,
IDI>HLEBMI vy F IR ZMEEHFE 6 64, HFEMNBEO6 641280V
TTTARIA L BE, MBIRE, 717 I, CRP. E-selectin., HbAl
c ZRIE L7z, MBIZBWTENETNDOLEZITV, DWTTTARIA
YEMDRT A—F OFEBEBHRIZ OV TR,

(BR] ZHEEFEFICBWTIRTTARRIFUOBRHFRIZEL (20.3 vs
10.8 pg/ml, p<0.01)), VL7 FUBEEIEN» 72 (4.7 vs 8.2 ng/ml,
p<0. 01) o DWTT T A RDA > LfhD /T 2 —Z OFEBEIRFKRIZ OV TR
Tro BMEEFEETIITTAKREXZF 03 HbAl ¢ (r=-0,303) , Log CRP
(r=-0.281), E-selectin (r=-0. 330), HDL-c (r=0.289) & HED/EZ L
7c (p<0.05), HEMNBEHETIIT T A KR F 21X HDL-¢ (r=0.383) & D
HEBOHEBZR LT,

(EEEHE CIIEENBBEICHBE L TT TA KRR FUNAERICE N>
77 F-AABBRNG. BFBICBWTIT T A RR7 F I RRA.
MRIE., MENREELIERR & B AN R I N, TTARR I F i
INRIDRABRF MR THW SN DA L R VRERSEHERODIEET T A RIA
YELTHONTWS, TTARRI FUIANCEFIZFHFE LTV S ARE
M3 B, Lypodistrophy REZIED —FE T 5 progeria TIIARAHARE D
EHEPEZVEFETHEETLHIENREEINTWS, —FHAFZRY v I iE
FEEICREBZINDIEHTIIA L RY) VEEEAETEIESTNF —a 2 &
NBRWSNTHERBEE 25 Z LBIREECHERBIZO NIRRT WNEFT S
ERD D, FEHHEBIIFEMIRALILOREELE X ZAREENRD Y, 5%
BHEHFZICBWTIEIEKO LB OMENEBEETH D LB X LT,
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— Z M EAFNEAER /NS VO RDBED (T —
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Z Y v ME DR 24TV, BIRT R L X — L8 - [RENAHHOPEEZRAE L1, %
FENAILAD BEF 64 ] (71.0+9.25%) ZITV, KERBOFKFEIIIS L TRITH
DRELAZE6ELLEEBRTLZ L, FHX - RYOLEBEBERENMRI-ND
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[#R] AD BEORITHOFBIIRE < /MR - BB T2 H o 72034 20%118E
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BUBRE T, BRBRERIZVEA A Y VIED 41 41 (32%) LEERIRL VAR
W@ o Tz, L UIKRIEE(BMD) 25 # 82 DB X7, BREMNRLEAEE
0ol KENAIL L TRRAMELX EELI WD Z LITWNEZ 723, K
g (o0t U GESFRIFEAIT 30 » A TIIFBMBEEL MR L, A 1 FEHOD
IRIMERAEAE E 53 47 Tk DHA. EPA O¥EMAER®D HAL7=h3, miFE ¥ I > B6, B12
DEMOHI2HTHREV AT A UED ER LTz,

[(ZL) A0 BEORITHRFE O I /@2 b oid/e < | sRABREEMEFRCIT
BRECNIREEZREL, ETRAREREL L ABLEY I L2 RA0BRTHZ &
DEHETHY, A - AT UVARAILKBRTLHIEBVLETH-, MKT —4
DOEBNIRFEEOLEL L IMLT L HHEET 2 b O TR0 o7,

(#aw)7 v A =45 (AD) DRIEBET HIEEICAE L T RICEEN D n-3
% PUFA IIFAHRA T THE - OBRARITL S 20D, HOBRIZL > THT L
b fAFNAERAEE, n—6 R PUFA BFEICIXEN ST, BEREAR THH - ORH OB
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SURSHL TEBEHISESIEEERESR)
S4-4 3. BYREROAEKELIEEFESHE

WERR SRl EERE

INFETHREINTWVWABIMELOGREFD S bTYH, FEIRFA
EOEITREMME LA R FORBEICKRLEEREFELINTWDHD
2@ LDL 2L 25 u—/VIERED ETHREREETHD Z LI,
%< ODEFHORESCKREBBEBRABROBREN RTLEZATHD, BE
BAE{LFES LW RER I N7 12007 EREBIE(LEERBFHETA K5
A2 Th, BLDL 2L 25—/ )VMEITFIBIRKEEDOBERERE
FTHY,  LDLa L AT a— UED LH & L HICEBIREBDORIER
NELRBZEEHDTHRAL TIN5, EROBEOFBREBIZ L
BT RIIRKEEE & AN TERD TELS ., FORBTHIZIREFTH D
EENTE, L LXEERBEREFAES L OVEAFBEBRS
KEBEMAEICLD L, XKEROKR 2L 2T o — L EHEIRENIT
ETLTWADIZH LT, OAEOFNITHEE L 2000 FiiTE KL
HICKE L IZIERZEOMEZ T E TIZB > TS, BEIIAROEFESE

kwféﬁumﬁgm%r IZHEIMER RSN HBHR EHbE D &
7&i?ﬁmﬁ$®$ BISEEEBROEEMN I LIZHET I &
ISFEETH 5,

HE, bRETHHEOEWEFRAESCKRR BRI ARBRNRITD,
FORERNOHBELNI-IET U ZADOEREICL > T, BARAANAITDOIEEE
BOBEMEXTA R4 & LTHEBIIREIND L DICRoT, $7258
HTEEMHDOBWEIEMERREODHERIZL Y . RESNT-BEEDE
BIZLENZERTER IR > T3, DIEA XV NORALREZE D &
FRPTFHREZUETHEVIBEEHORKBEIZAD D IZDIZRIZ
VEBRZ LT BRELTEMZECEREMOBR T LB SRS
DEFE L, 15 L CEDITRANERIZHEODIT 6TV BN E D D ORER
Thd,

AL URI LADHEETIE, EBIREBOAEZHETINE TIZ“A
FEIANDOLFELE” W ONDORBIBEREHITREL, BERREHR L
DREZEm L72V,
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SHEXR, PIRIFFR* BIFEAx, ATEEEx EESE& JREE 'HE =
Bz, ARz, HEE SERZNEGE. BAE BRRE. RN,

PRERF. ARE. BAES» BRRFERFMMEREBREAR. FEFER
R A IS | [LEERERROHEIR

(Bx] BERFIEL T, RO TIRAYRY v VEBRROHERD S EEARE(L
FEICRE DT 5N HENHERY, FORTHHEROEIRE(L DS TER
INTVWDE, KL TIIFFEMIPTCARE IZBIT 2. LIBAT—T IS TR S
BRENIEEZEIC DWW TR 21T 7=,

(BAY] BHEIT3000~50008BLLD AN/ > ZEIRNICERGERIUDBIT—T )V %
2. ZOAN) CORERFICRITZELZFAL, SBRERBE TORE
R#OE(LERETT 2,

(x5 - Hik] Et T 2362 DHFEAPTCARE IZIEFEDZOIZPTCAZIT O BRIZ
BEOFREZGHZIOA T (TR « DA TRTEE. DA T7R8ICmE
EE (aLVZAFo—)b, :#EEN. HDLILV A5 O0—)b. LDL-JL AT O—))),
M4EBNP. MiENT-proBNP. -0Mf N OR= 2T, CK, I¥8, fFHHE. BHEEEZREL
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(#ER] 7—2132T (AT (EER) \ DATKRTERE. L7288 O
I CTELER9 5. BNP (48.9, 32.3, 66.9pg/ml), NT-proBNP (244.6, 169.3, 371.6pg/ml),
LM B OR= 2T (0.026, 0021, 0.204ng/ml), CK (66.0, 59.0, 130.6IU), GOT (22.3,
21.6, 49.01U), GPT (12.6, 13.9, 11.11U), LDH (182.4, 249.3, 167.8IU), 7 GTP (46.2,
39.8, 49.01U), Tcho (182.5, 149.5, 180.9mg/dl), TG (96.7, 35.0, 101.9mg/dl), HDL-cho
(40.3, 35.7, 40.mg/dl), LDL-cho (118.0, 105.8, 117.6mg/dl), BS (93.0, 95.9, 101.5mg/dl),
4R THBY w326 /10T H o 2. —TTEEBERBEDE AT E2 T VD
INORZTOPTCARFICHERICER L TWE, /=, 1 HEW, oL 27O
— AR B EEOLOA TR TEOMETAEZICETL TWE (p<0.001).
HDL-chold 3 BERICHE B EIZFED AN - 7=,

(#53E] FIEEBIPTCAICE B R NEEDLHBEEEZIIMENREL TNEH I &N
D NORZTO ERNSHERIE N, 20 AN D EEZOME TP
NEFIZETL, BHICAEL TSI ENSURTOT1 U NN—FEDAY
NEBEMDOERVNOATHOTREBEHORMEREL TS EHHTS, &
HHEEOHREDOLSHNCEEELOBEZASNITE I ENGELETH
3RS,
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ORI e —2 (P300) £ TORFM L RIEZ B Lz, Z ORGSR
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MR OEE L 7= BIERIZERD 6T ey,
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TUAUREH bz, ChoDRBE THEMRI/IBILIH#HFEIND)E
WSEEBRIIAE WL, I, ZFDBEMETT ZLDIAMRLHD,
FO5XRUBOWANRLETSXRUBARY—FOREIZERT SEE
)—ILEIIHATHY. ChEHED ARA hWoEoh 245 BEHME D
RN, ZORAMDOELEBRTHD, WICHITSH ARA L DHA DEE
HIZDOWTIXELEHONTLNS, ECAD ARABHARY—FDO RIS
BOE. 7ULX—REMEE(MRAEIX. BEESEXBEESE /O
— VR TE—HER-RR-TEBRE) . IRBIEHEREDEN. 5D
R-ARELE . BAOOHLZDEEDRAIZHE>TNSI LN, &
BA . EBERMICBHOMNZINTEz, ARA WA —FZMALENZLD
EEBICEHLI TS,

ARA/DHA (n-6/n-3) DM 1 THNIERLLEDHN? n-6 RéEn-3 &
DRBIIKEAENTHI-H. BRIDERMBELELEBICNASVANBEE LY
B,/ —IEBLa-)/LoBOEMNZETIINLHA(E en L TF). EDL
NMITHNITREBEDRISUFTES, LHL ARA (KRN TEXH
[ICCOAIRTILERY HEMIZYVIEBICRYAEFNS, EBCHIED D
LBD ARA NEELBREEEZRLTULSESLON A H VAN,
— A .DHA [TRHMIZIEIRILAFIY—LEBREL. ARA hRY—FIC
¥t 3 HDHA DMMFEN R IIEH T, ARA/DHA LN 1 THNIEELR LT
HHEEZDHBBITR LB BLELY,

A7 —LEFa U REREREE BREORREICEITS ARA BF
EROB(LR)Z . HTVEREICBERIEIVENHI(LEMREE
KDD) EREFRE (L. TARA hR—FEMZ5MBEZHLDOXEE ARA
YIT)NREBTHIICEOREEBEZTOHLELH D,

R BREOARBB T ARAEREBZ2BICT 2589 TUAUMIE
HOHTRERERTHD,
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O0-1 BEIIARO—FUIZEDZTILIYNAR—EBHEDFH

RIEKBT - R1. RAEKPz - B2, BRKX - E3
OWTEEL, RREH2, H)IEREL, BAEB3. LBE3. THEIT2.
=2EBX1

[((FUSIC] SEHHEDRCHD. EAERIEORIZBNENUHSE
BREERDTND. EAMRIEDD EDTHDT7ILY ) \A X —EERANE
(CED>TIF. BEDFBHRISEERTLVRN, EDIEH. TILWYIIN\AY—
BIERAVEDF IS LIGBCEDH (IR LIAD TLD. &<(C. BmARDD
HEEMZEN UTSERAVEDER TR (C DV TIHENSASAFNFE
S5NTLD,

E DT IVYIINAY—BRERIAMEEDRT(E, EZILT—FILEIU > EEE
THBRITZARO—T VREDRHIMNHSNTND, UL L. T5XY
O—4"> ORHIFHRCX 3 2EEMFREE<SHBEPBINTLVRN, T
KAFRT(E. FHEEBRTHROEMN > LBETSXAIO—SH7ILY/\
AR —ETILEMDITENCE R DFEZBESMNC LI D EUT,

(A& - BR] 7ILWY)\AX—BRIEDRRDVDEDTHD 7701 R
BE S Y MREAANFGEN (SEAZITDIVIVWI\ARX—FEFTILSY hEAE
HUlz. COEFTILSY MRV, BEITSAYO-T>0RO185 &%
BN R ZE T D 1o, BEMAR IS AYO—4 > DROKSEETIL

Sy hDOEMRIEEZBR(CHREITDCEZASHICLUIE. DEFC. L
SEREBRDOZERRIIEZEDERE(CH T DBETSAIO—T > DIFAIEE
BASMNCT BIEHC. TSXO—-45>E7=04 RZEAVVEIN vitrok
TOREBRZITOIE. 701 RBITHEET B CETHRESHEERL. MR
HIRZEIRICES ULHBZENMDMND> TS, REBOFER, X304
> ELIESFATZVUEEZO-ILEEOUIC ROPAFY I B (DHA)

ZBIIZITSANYO-TDFREICRNT7 =0 RBEEINHIH LEE
MDEIERN S B ENBESHNNCIRED . £, CNECHTISXXO—
TURFRECKHERNINEETHD. JUtO—-I/LEBD2MIICDHAZEY
3 EFHDTULEOY S EETIIRENS SREMDBRIERBRIEN DI,
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0-2 MERE") B R plasmalogen M') 27 SR IR

OESDEER Y, ERH 42, A B2, IR O RE T AEER R Y
IERBER. ALK AR, ¥ (BR) ADEKA, “H R KE

[ B#9] plasmalogen 1XEMFIIALKFETDIVIEEDY T /72T, 7')t®nH
— LD =V T—T )V EERFFOZE THEBMLAER B T A2 RN T
WBDS, E DR - ABERIIIAAR AN EL<H D, ZILETIZ, FEUER
T LML plasmalogen 258 3V IEEE 7Y MIRE L., plasmalogen
BV RFZRIIRENDZEZAGHNIL T2, AAFFETIL. plasmalogen %<5
e DEEBEM G RIS IO ) — VLTIV BRIV IR E 2R, TvhE
¥’ 5L, ®277AD plasmalogen Vo SRINEFA T2, Fi=, PR HEERRE
3 AZL T, plasmalogen DRI E E RGBT ENHEKINEREFTLT-,

[(FiE] +—HBBeMEIC lBERS AL \BRERAL T —T LV EEEL
72 Wistar-ST &7 v M12 4% . glucose-saline #i5# 5 T T—MEIEIH,
FEEEZZENEN 10%T~/NTab DT 1.0 ml BRBEHRE L2, JEEOMMIL.
a2 Y BEH (plasmalogen 59% & H). =7 /— V7 IRV fEHE
(plasmalogen 54% & A ) 100%DHDE . FNEN% 3EEBOKITHEREESLZD
DERELZ, & ERtED 4 FFfH, BREICHEY NREEERRLUT,
plasmalogen TV 7 MENBYAEE 2%, I—REBION LC/MS EIZELD
EBDATIZ, EDOMDIEHEITVL REETIRF Y MZEBm It L7,
[ER-BL] Vo ~DfE 7T AD plasmalogen L EIX. FNEFNDERE%.
FAEIZ EFLT-, UL, a2V A plasmalogen G D BFD L HENSH >
77 TS ELIE A% E L5 A . plasmalogen DV Y —203BFY 4
FERIE TORINEIZVAEEREY) 1009 L~ @<z o7z, Ll RFFEE)
25 100%#% 5 T 4 B B LSS it A3 & PRSI 2720 £FDRITER
ITRIBEIZ2BEEZONT-, — . 7T AD plasmalogen DY 7 ~DIKIY
FITE b LD STz, ELFZVIREDIZEA LD, B ERAEEAN TR
HIEEREINTZZEDBRERDO—2>ThHEB 2 b, ®ERIEV NHEHE
® plasmalogen DAERHEEFEE 72 LC/MS {EIZLDEEDITOMELY,
plasmalogen DAEIHEE NSNS T-BRICE DB BT IA TN DD FER FRIT
LTHRETD,
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Peroxisome [CTHB#EINIBREE/FRAFIEHER
0-3 EHENE MY plasmalogen DEE)

OBBEFRACT U, I 2, TR 4 9, ARBT 2 FiM 0, fiRA Y
DAEKBE - . ? (B5) ADEKA, bRk -RIRLHF, 9 R K-E

[E&] plasmalogen (XA TIIMCLEIZZL<HFHT DI IRE DY
TITAD—DT, FVEr—nAD 1 fLiIZt =V T—FT LERERD, i
BLHEE B THZENMONTEY, BAEMAERE AZR) 7T v Ra—2
DREBRERNBHRGTES, M4 IXITNE T, 2D plasmalogen DENE
REARES I RLR I EHRKRL TE7=, 5 A, plasmalogen & RN
LD peroxisome IZ/REL. EFDE RO D EK % bl I 28R
(dihydroxyacetone phosphate acyltransferase, DHAPAT) Dif 4%
BmMSE5LVOREDHLIBREET / RBQFEMHBRDOT L L B E %<
B REMABIIE, &£ plasmalogen & BE~DEEX»RIFTLT-,
[515] Wistar/ST REEHET Y (6 @#R) % AIN-93G (ZHEC - A IS
T 5 BRI THEABTLER, BAFERE, RKEMO—Hr— Lo BER
DEVNATAL B (49% TV VB ICBEM X - 2% AN
TINEE, 4% RREMANEE, 6% RKEHMAINBED 4 B3, 10 BFED
REBEETRICHBIZ2TV., BB KEIRM ., AT, LBE2HEIRL,
plasmalogen *& & fEAEE &% X7, plasmalogen IZREEMHEE.
B tEI— R AV HPLCEETa Lz, TOMOIEZIZEL T, M
BIXTROX M AVEERIE T, TS DI EE % . A 7hoxx
¥ CRIEL,
[#FR-EZ£8] MED plasmalogen it ~NAT/ P BEEMERE
BEFRIC ER L, 4% 1T 6%REM A INBE TIIEAFBIRE IR
BT, 0L 7= plasmalogen F DIV =& )— )L 7ILRID
HAZZ T o7, FRICMEFVEE B /L U EBRBEERTHEML
720 F7=. LD plasmalogen BEHT /L U EEERUZIVEEML 7=, Lol
FFiE T plasmalogen BT RSN o7, 7228, =AU BEE
BUCL BRI E. DBEFIIRRO o207,

LLEXY, =3 BT peroxisome (233175 plasmalogen & &R GE
L. plasmalogen A& A M T DT ENREINTZ,
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0-4  n3REBBRIVHRODAEZTHICONT

BRBREBRASH NIVRT PRI
O RE B8F, 0 ©

(B89] n-3¥iﬂ'§ﬂﬁﬁ§?3§%F:l*)‘/\fF*D‘I‘JE*E(DHA)lEI 1R R AA R IC
ZIDMLUTHRD, BICHKEEICHLU TEBRRIZRIZLTID.

CNETHERIE, n3REBIHEBERZAMZANTEEEE KA DHA
BECOBICEDHEOHDCEZHRSELUTER. SO, MSRIERED
PDBEEBTHICEBE L, HFHFTREICKDBEINGIFHER(NSF, Novelty
Suppressed Feeding paradigm)ZfA U\ T, n-3RBIHEERZAAREIZIX
BN TS - FEULIEVIRDAZUNILOERZIC DN TESTUE.

(733E] M, n-3RASIHBER'ZEIR(Def) T2 IS HEEIR(Adg) TRIE -
FIBUICHEDEXDE28N ICR RHEMEVYDR10-1500% 183 L C,
5L EDTIV—TEZRBRINEE &33BT o I2EIC NSF Z=E[E
Uiz, 5ERIE, FREIEZANIZ50X50X20cm D20 )ILEEDPRIC
PENZzEELCEEBZANEZ. SENBLDBEUEVORZERED
ABICEE, AERIBN SEINZRIICHRET DX TORBOERIDIET
DisfE, BRTEZEFRAFZAELEZ. SREEIE, RR10DEEL,
R T1&, NCMIRZIRANL CREInERHERZRIE LIZ.

(#ER - TR] REMIEHSEENERYICTRHS T DT TOIRMICIISEFE
ICEZFHESNIZN OZ. NSF D—BSRAIEIFE THD 5 DETD
ENZERUCEAEDEISIZE, Adg DT IL—TEERN 92% Th >1ZDIC
iU, BRIEIBERFIE 46%, Def DT)L—TEIERFIL 33%, {ERIEIERFIS
0% EBRICEEEZTRLE. F2, AERHEEZ 10 DEMF TLERLU TEHRE
9BE, Adq DIERIEIBERHI77%, Def D)L —TJTEIERHI67%F CTLR
LT Adg DT )L—TEIBRFDBISEDUVZHY, Def DERIEIBRFHIEED
FEThHoE. INHSDIBREKD, n-3RIEMBEERZSEMDARZ LNV
&<, BRIAEEICK > TARZRFEISS[CIEREINDC ENTRESNTE.
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BADBAMEHEERLESFO | BHERA S
05 c5x2m:8
U BREIKFEMALR, Y RBRPEZE. ¥ KE)I X FRPEEE
Y B AP EFHIEE

£ Y SRAFEFEELY
- N F s 2, PR sE Y
CEBERY. Ry

(ITLHIZ)] HERBHEBOERICEVWTEEOHESICIIZELH Y.
Ffz. E M1 REBRBRECHT HEZZICOVTOFHELTHATH S,
FrlE, 1HERBOREICEAOLAIREAFO—DELTEILNTLL
AHHAERIZOBARRIEOD T, BEBOBIEN L TEBFRZBITTSE
BERAICEE L.V 2BRBTETILEYMTH % non obese diabetic (NOD)
NOABEICEL S 2BBOWERBHEILLEROEFERSE. HERIE
[CIEERT AW ZAREIABELERNMFD 1| BUERRRIEICRIFTELEICDONT
LAY L 1=,

(Hix] wBERWRBLEEOS VX EEEE (n-6/n-3=14.5) L{ELVA
ABBEE (n-6/n-3=3.0) Z{ERL L T. WEIRATDHERFERFEA D NOD <
DRICERSE., REBLz, HEBS I UHIAKICREZEE LT, 5t
SHNERML/TL.ND THRDKECHTEIESA IRTF—2IC
ERT 20 EEHBIEEROFELX THLNEBEEZTLVMREI LI, 1. B3
BIWFOMBTEH L VMBRIBEHEELEEDRITE, 2. BEOHRE L VE
EROFEERY & ETEORNT, 3. BUERFAREEORE, 4. MF
FA R UEBHE (1AL DRIE,

(R - =] 1. BIDOEHEIL. BELIFERHROEHELLERS
~ L. (FOMBKIEAEFEELLEL BEDOLER L ERMZRBRL TEIL
Ltz 2. £ 6B LUV 12BWICHIT2EEXRIZ. BB'RE - IL4RHAIC
MABBEEZE5Z-HTEFEIA. BEREBEHTIINFIEINE Z &
NrRBEINTz, 3. BEAMHERBEOREREIL. HEREBRZECTHRXER
BEFERLE-#TEE L. BLEIIERIZET Lz, £, 854 7R
T—oDHETH, BEMICIERT AW EEHERLEERENK YR RAEIZF
BEBHIENTEEINT=, 4. IMIE. BRESIUFHER - ZLIRHAICER
KEBEAERLE-HT. £2BHICEEICHIBLE, LKLY, i
OREEFN L TERT 20EEMBLEENEVE L. £RBHORERF
RET—Hh—OHBEI/AHI SN, BEXRS LK VIAMFERBRREI/ IF S
N, SVEIMEEIhEMr o1,

(#5:34) RBREEOBEZEN L TEIRT 2 EIBHESLEERMN, 1 BERFED
REICRET HAREMATE SN,
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0-6 |EPA LB FPMRb—>ABEBEDORR

LR RFZEZEER
OFJIE—. EftmF, PHEE

[BM] =4 a PR F T UBE(EPAIC L D7 R b — 3 ZDFEEHEIC
DUVTRET L 7=,

[5iE] #BRIE 2 » MFEEER T > #f8 (RBL2H3 #fR) LI b=
RUTIWZU VIEEE Fu~ bt REEETAHINE I LEF A4 ~1
F % & —+ (PHGPx) Z & 3835 L 7= RBL2H3 #Mfa (M15 #RfE) % Au 7=,
7R F—3 ZIXDNA DR/ {b, FBRAFEIL LDH DEHTRIE L7, & e
~AFFY REIRCE Fae—43I 0, CYEEIXIT7 LA e 3 OEAR
EEPAW, ZhFhoxEA2AIE LI,

[#R] EPA XX by RUTHBT R b—3 RFERET (AIF) & K
L. TRF—=IZRZFEE LT, EPA OZLREIZXI Y., MIBAEKNRI ba v
RUTAHD Ca*BENT R M= AFICE LS LR L, HWVWTI b=
YRUTHOE Ko~ 3% RL_bREmLEz, T ka7~
D C*MABEFRITT AN F—T A, b Fa~FF ¥ ROARITHH S
N7z, T har FUTHO PHGPx Z®mFEI L7- M15 MBAZ TIX Ca®* D I k
IR TA~DORANTIEE L 2o B Ra~bAd 3 FOAR,
TR b= 20358 < 2T,

[Z2] EPA WL D7 R F—2ZROFHEIIII bar RUTO 5Dk
IS E LTARRIRTH S, I ha v RUTIZHA L Ca¥ixt
Fao~vdx RE4ARL, AIF 2 har KU T7Ho6HEEL, 7R
—VAEFBETHHDEEEZ LN, PHGPx 2BEHTHZ Lk 7T
RR—V 2K SND Z b, B Ra~bd¥ 2 R PHGPx DEHE
THHY VIEEE FaXLAXT RThY., TOAERB TR h— 2%
FlgREZTHLDEEZ NI,

[#53/]) EPAIZI ba v RUTHOD Ca?iBE% LR XE, VUiEEr ko
NN FXT REERL, TR M=V R E2FHET S,
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A4S AR IEEABEBEHEAREROBHES

O-7 smi-miF+aBoms
JEXEZE XKFEFE/NEF

Hp#HFF SEF SNEE EFNE AR REKREE ERA—
BREA FKEH
(=

DOBBETHAIRT4TITYD (SM) ISEHERB{EEEREZAL. BE9
ICHLBEICEFNTVWS . MA LR R HOXBNRORZICEELGEZES
RIFFTENHMONTLVD, F-BELEERKE (VLBW) BIZEWLT. SM DA
ERARORMETRZICEDLIL/FZRELTLSINIFTHATHS,
(B#]

£ HBHD SMBIEELDOMELIZEY . VLBW BRORBHABEI R ENED L4
HEEZRITANERINTHIEEBNIZERAREITo1-,

[(HiX]

18 A VLBW B (FH7ERRA % 30.3 8. FHH4AKE 1107g % SM3E{EEL
MELBE oL, BB IHICHIT. EEER. £1&2, 4, 6, 8BIZMRIEE
HIUFRMERIEEHEB AR ST EIT ol T-HFFMELTEBE I LU 6
4 BIZFagan RER (REBRIE) AR FREL (VEP)BREZHEITL. &5I12
Bayley & ERE (FRMRE. EEBFRZE. THEERZE)ZBIE 6 ¥ BTITo1=
HEL IR FZEBEL. FED%E SMIE{EFEL (31 BEE o SM20%) 1= [Tt R
7L (SM13%) THFEL 1=,
€1

MBI TEHEOE R, AEEME, BEAMRILE. SLUFaYAFYTIY
B (DHA) . 75X FU B (AA) O FRKRIZRERM B AT O KB RICIIFEREE
ZOIEM o=, fth5 SMREELETIE. £& 4 BL 6 BOMIE SMRED . %
REICLHELAREIZ(p<0.01) BEZETRLI=, £1-EIE 6 # A D Bayley REIZK
AITEMEREEE S KU Fagan SRERICHULVT SM AL B THRBEICLHLEAER
1Z(p<0.05) RmEZRLT=, I VEP BETIE. SM SE{LELBF DA TEIE 6
BIZEWWT 3 7 BAICEELEAE (p<0.05) L ERFDEREZRNT-,

(&%)

SM BEADTZEE L. SM BED ERICK A AIREENL. VLBW 1R
DFAEBHEZORLICEAELTWWS A AR I, BICTEMEREE
DRESEDEEREIBFLOMERISEELGRRLEEZAOCK. BLHSE
Horn—7yv BB ELE b=,
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0-8 MmEHAKERICIT 2R MRV BEAER O RHZEL

MR B K F B FH/ N R
Ozl A, FR, ANE F)ME, BPRF ERA— HAEHR
TR FLERMAERI AT AT R BT TR BEH &N

[ B #9]n-3 R % ~EaFnASASEL (PUFA) Téh 5 K 2 ~F = L F (DHA) .
n-6 % PUFA THAHT 7% FUEE (AA) X HRME %2 & oA EIC
RAIR 72857 TH Y | F71Z DHA BEUIR B ZICREEZ RIETZ L b
FHED LR IR ~DOBITHAR ﬁ“ﬁi%mfm%migﬁﬁ%wo—ﬁ\
TEANKBREEERIE (IUGR) R TITMRDRM, 1T8), REEE
LHEIENRENI B LN, HAERIEOREIRE & @Eﬁ@ﬁz:&a é:n
TW5b, £Z T, IUGR %9 BKHAKER (HAKE 15008 Kim)
DRSS % 34T L. TUGR % b 7222 & LhBskRET L 7=,

[5iE] Yo THA LEBEHAREIRD 5 5 TUGR 2 10 Il (EHTE
AR B %k 30. 2 ., HAEKE 907. 6g) . FE TUGR 2 12 il (CEITERGIEEK 29. 4
B, HAMKE 1223.8g), 2R E L, HAERL VA% S8BT T 21BM
L OFRMEREASHIBRMRE R 7 u~ 7 74 —IRICEVRIEL
726

[#ER] £% 8D AAE %/Wt) X, MEEE LITHARCHRFEIC
ETFTLTWER WTNRORS Y MIBWTHMEMICEEREZ2R DR
23572, DHA fEIX. E IUGR BEIC B W THAR L A% S BOMICEEE
RO TN, TUGR BETIZA% 8 WD DHA EA HAERE L LLNFE

WK<, # IUGR B &L DRIICH A EZEZEZAB D, n-3/n-6 LIZOWVTH
A% 8 BIZBW T, IUGR BETHARL LA EIZKETH Y FE TUGR BE
EDORICEEZA2RDT-, AA/DHA Hix., MWL HLICRBTHEELREL
RO oI,

[#538] IUGR % £ > BEHAERE IR TIIEDRWVEEIZ L~ AR, n-3
% PUFA, %F\Z DHA @{EWME%& BB, TORMABKLBETHD L
Zz 57, TUGR JRIZEITH DHA L XL DIE TR ZF D% DORERERE
%@—@f&éﬂ%&mmwénto
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o9 MBEEHSEOREMRKRL
EEEREOREH

EFEBERBEHAR KER
O#IER, MEE, KBEF. AREET, LR

[BM] &4, mikEN T EEOBIRIE(CICBIE L 720 M & 5K B A
MEE o TWE, MRBETEZOREFERIEIESHIRELZEL
EIFRLX—BRBEETHY ., ZAIEERIRIZEL D RAKES.,
JEENLDTRXAT —DREEENRKDLND, LLEHICESLE
BOBREBRIIBRE(CERBOBREFTHY FDOEENE D
BEL2TnER oy, 4E., BITBEZOREERIRR E £ D
EBNEZIRE L., BREDRBRIENA NI A4 2 (UTHA

K74 ) $AARANOREREEIYE 2005 & (LT JD2005)
CEE LR EEIVE R IZ OV TRET Lz,

[x%]2 BEOBEZHEOH NGO N /- Yieskm ik B BE
1254 (BH76 4. LtE494),

(HFiE] AFRFELHERVFAEN OGS RERENE, EUHEEHA
aEBHLEDOEHELE AV,

[#ER] A R4 NCESL X DIRREBERZREICHT ERE
LT RN X —89.6%. IEH 104.0%. RAK{LY 80.4%, —F/L
X —Re o b RIT IR AR 58.3%. AEHE 25.2%. AERABEMEAKIZEATN
fERAEE (S) : —lAfaffshsEE (M) : MM AfaffEnEE (P) 1
1.5:1 Th#RTLEKEBRE S (RAEY 55%. IBHE 25%.
S:M:P1:15:1) IZIFIFEL TV, JD2005 & AERHBLE R UE
L DB TIXEATASIEER X ' n - 6 RASHSEE (% R/ ¥ —Lb)
1£6.2% (4.5%LLE 7.0%K0). 4.7% (10%KiH) & BEE LR
NTH-o7=Mn -3 RIEVELIT 19g (BEE29g. &tE25g 0 L)
THEEETRZH-ETWAdros/z, £7-n -6/n -31%5.0.

BIEEEICX T 5K BEUEE LR IIE3NMYE 35.6%. HEWHE 55.8%.
At 88% TH -7,

[#538)] REZR D SITFERVRIEERNEN O 5D & B,
FEYE (FRZHAETH) IBERIS L S mMBRE\LIEA %2 b o/ |
¥Dn - 3RIEEBRNRDZ2V, n -3 ZOEEZABEEFER (60

~70g) &n-6%R%EELHEHMOBEER (20~24g).
HEOBEAMEZR ST-BIZARTEHTANLT—2KKIEHTL -
DYVRERT AL OBETHINERD T,
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0 ERBOMNBEICRIFIDHASEI—II FER
O-10 pgp@. BURBEAKR—LIZETS 6 5 AORBREE

ZFRERF . REBEWFEI®. BRE. FIEkk. %) 2 —°
OgAYE!, Rz, AEIEE', ARt LHHEFS. FIFE-
Ng BE°. |t &°

[BE®]  FEEIZ5 AIC 1 AN 65 U EOEBRESTH Y, Z OFEMIX
WEETT D ENTFRIEN TS, TOAADOEBILIZHEV, HEIERE
PMET L@ GREERE) BNAE L2205 5, EE 613, mmE T,
DHA 2 EF T HAMEN 3g. 6 ¥y AMBERTSZ L T, RABEENHEE?
WET DL EHELTVWD (World Rev. Nutr. Diet., 2001, 88, 68-71),
Fi-. KFEESE 15 FEKRE (2006 ) ICBWT, AR VEAMESE ST
BxOMIAERE 6y AREIRT A Z LI2X Y., &E OMASENLEF
Azt eE2HREL TS BEREFE. 15% 25, 160 H), £Z
T AETAMZRAWVWTCDHA 25 L7233 — 7V 2 EBRLEZ & XD
FEOMPIBEBICRITTREELMND DA EEZITo T,

[HiE]  miEE RS, FFRIE#EEAF—L L L THEBIHEANERES
MR 28 E L ARRIIZMTo2mBELFE L% REELE.
HEEBESTRRBLE-, AMBMCE2DHAEFI—7 L FEROULT
DHA I— 7V M) EEDFEIZIZ. 1 HYH Y 100g @ DHA = — /L k (DHA # 0. 6¢g
SR 6 r A5 ZT-, £7-. 7o EREOEIZIZ. ABORDYIZH
7IU—MEEDI— IV NERRICLTCEX . 2RI =7 M
(BR) / —~ULcTHbE L, BEREICHR SNz, HBREICBWVL T, &
AT, 3 » Ak, 6 » ARICUETER)IX 5 ek 2 7 — %2 v
REZITH LRBICEM LMmIE2E7-, 2B, AR _EERIEICLY

FEhe L7,

[BR] LERoESHETmRyr—L2RAW-RAETIE. 6 » ABEICE
W, BEENZEENDHA S — 27V REEIX 18 £ 9 A DF TREDEM L
7R, 77 REET 18 2F 4 ZHDHENEM L, £/, DHA I—7 v K
HTIEs 4. 778FRBETIIILI ADORENREA L, 612, REOE
BERELIZEZA, 6 7 ABIIIRAEBREETO0.88+£0.82, 77 AR T—
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Sustained overexpression of COX isoforms in cultured
P-10 preadipogenic cells blocks the program for adipogenesis
independently of the formation of prostanoids
Xioqing Chu, Li Xu, Kohji Nishimura, Mitsuo Jisaka, Tsutomu Nagaya,
Kazushige Yokota
(Department of Life Science and Biotechnology, Shimane University)

[Purpose] Prostaglandins (PGs) have been shown to play diverse roles in adipogenesis
in adipocytes. Moreover, different types of PGs are synthesized at varying life stages of
adipocytes through the arachidonate cyclooxygenase (COX) pathway. This pathway involved
the distinct actions of two types of COX isoforms, the constitutive COX-1 and inducible
COX-2, as the rate-limiting step. The specific roles of COX isoforms in the formation of
endogenous PGs has not been well defined in adipocytes. To gain a unique insight into the
roles of the COX isoforms during the life cycle of adipocytes, we attempt to overexpress
stably either COX isoforms in cultured preadipocytes.

[Methods] Cultured mouse preadipogenic 3T3-L1 cells at the growth phase were
transfected with the mammalian expression vector, pcDNA3.1 (+), with the insert of either
mouse COX-1 or COX-2. The resulting stable transfectants in the presence of G418 were
subjected to the isolation of cloned cells, which were screened for the enhanced expression of
COX-1 or COX-2. The mRNA and protein levels were determined by reverse-transcriptase
polymerase reaction and Western blot analysis, respectively. The synthesis of PGE; by
preadipocytes stimulated with 10 uM A23187were evaluated by enzyme immunoassay. To
monitor the progression of adipogenesis, the preadipocytes were grown to the confluence,
differentiated, and matured to terminal differentiation according to the standard procedures.
[Results] Transfectants with COX-1 or COX-2 exhibited higher expression levels of
their mRNA and proteins than the parent cells and the transfectants with the vector only. In
agreement, the immunological assay revealed the significantly greater production of
endogenous PGE, by preadipocytes. On the other hand, the accumulation of triacylglycerols
was significantly reduced during the maturation phase. The cultures with aspirin at different
phases of life cylcle of adipocytes were less effective to reverse the reduced storage of fats.
[Discussion] The failure of aspirin to recover the storage of fats suggest that the
sustained overexpression of COX-1 or COX-1 in preadipocytes hamper the program of
adipgenesis during the differentiation and maturation phases through the mechanism that
would not involve the synthesis of PGs.

[Conclusion] Sustained overexpression of either COX-1 or COX-2 resulted in the

interference of adipogenesis program through a PG-independent mechanism.
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l5-Deoxy-A12’“-prostaglandin J2, a pro-adipopogenic factor,
P—11 attenuates the biosynthesis of anti-adipogenic prostaglandins E;
and F,, in cultured preadipocytes

OAbu Asad Chowdhury, Pinky Karim Syeda, Mizuho Watanabe, Kohji
Nishimura, Mitsuo Jisaka, Tsutomu Nagaya, Kazushige Yokota
(Department of Life Science and Biotechnology, Shimane University)

[Purpose]  Adipocytes and the precursor cells are able to produce distinct
types of prostaglandins (PGs) as local hormones, and respond differently to a
variety of PGs. Some of PGJ, series formed by the dehydration of PGD, have
been shown to be potent agonists of peroxisome proliferator-activated receptor y
(PPARY), a mater regulator of adipocyte differentiation. However, is remains
elusive how the biosynthesis of different types of prostanoids is regulated in
adipocytes and the related cell at different life stages of adipocytes. Here, to
know the specific interaction between the arachidonate cyclooxygenase pathway
in those cells, we explored the regulated synthesis of PGE, and PGF,, in
preadipcytes pretreated with the PGJ; series.

[Methods]  Cultured mouse preadipogenic 3T3-L1 cells were used for the
regulation of arachidonate cyclooxygenase pathway at different life stages of
adipogenesis. The production of PGE,, PGF,,, and 15-deoxy-A'>"*-PGJ, (15d-
PGJ;) were determined by the enzyme-linked immunosorbent assay with
specific specific antibodies for each prostanoid species.

[Results] Here, we found the increased capability of synthesizing endogenous
15d-PG]J; in adipocytes during the maturation phase. In contrast, preadipoytes at
the growth phase showed the higher activity to form PGE, and PGF,, when
stimulated for 24 h with a mixture of an active phorbol diester and calcium
ionophore. The effect of these stimuli to form both PGE; and PGF,, was
suppressed in the presence of 15d-PGJ, but not with the related A'2-PGJ,,
another dehydration product of PGD,.

[Discussion] The results suggest that endogenous 15d-PGJ, with a pro-
adipogenic effect produced in mature adipocytes can suppress the production of
both PGE,, and PGF,,, known as anti-adipogenic factors, in preadipocytes by
the way of a paracrine control in adipose tissues. The effect would contribute to
the stimulated adipogenesis during the process of the differentiation and
maturation of adipoctyes in addition to the pro-adipogenic effect of 15d-PGJ; as
an activator of PPARy.

[Conclusion] Preadipocytes exhibited the stimulated production of anti-
adipogenic PGs including PGE, and PGF,, in response to mitogenic stimuli,
which can be attenuated by 15d-PGJ; but not by A'2-PGJ,.
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P-12 EPA-DHA EHYVRRICLHREEY 1H12D
R FIARE

BERFRFR KEFFHARMR
FRBEF-OMNNKEE-TTHX

(BX]) A, RELKEALALGETTERRELOBRAZEEINTNS. £
DHBRAFTHOIREMYALHSAL (TNF-a-ILs BE)DBFELEIZBS
REEEOTULX—%IILYH, BHOERBEOBRLRBEIATINS.
EPA, DHA (2B TR BEDHRIZOVTIE,. ChETIZLOIDEE,NH
5. TTEAMRTIEBR R, EXRLGENDGRAERFICAN, EPA, DHAZ
B UIEEMETORRBEMRIZOVNTEEILS:.

(EEAHA] EFEREHERMEQMBRMARE THP-1 IZPMA Z#EBE 50 nM FM
L. 24 B5RER T HLTOOO77—CHRICHEFELT-. RNT, e
[CBIBEAPERBE25~100 nM FMFEML 24 B5REIEEL T o=, RAES
BAELTIPSEZREBE 1 pe/mLFEML, 5124 F5ME TEBELITo1-
RIEMH MDAV EERIF EUSAKIZKYRIRT 5EEH1C, REMERE
F%#E 8 RT-PCREICKYMRITLT-.

[$58R] TNF-a* IL-6, IL-18 LWLV - REBERIGFORBRE(L EPA F
f-=1% DHA & & Phosphatidylcholine(PC)JA B TEEICHI#Ehi=. FhizxiL,
Phosphatidylserine, Phosphatidylglycerol TIXMFHZRIZZBHS N M of=.
B, MEMRDERBHONT- EPA-PC, DHA-PC IZHE L TiEthhZEE SH
B5YAbhA4E(TNF-a, IL-18) ZFBIEL =LA, i D EPA 45 DHA &V
LBEETHof-. =, TLAVEBEHR PC MEBIZXDBREHBITo=H, Y Ah
1M RITBHSNE M o=

(5] O|RBUVIEEARBIZLIZRXERERGTFORBELMRFTLIE
B LY, YUBEEISZADDTHIEIZ PC EIZELMAREERNHEIIEN
wgEIhiz. Ff-, QPCOPTEHn-3 2B EFBNIEMEES E PCICEHEL
MRIEMRENRHEHENRASHELST-.
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O #¥. & R | BB XA FAFE

(B &) MASOELRAIEIZIE a7 = o —/1 (Toc) BEICFERAINT
WA T2 RRBEALBE LRI & L TR Y 7 = ) — VEREB & TV
e AETIIET 7 ) HEDNLARRT 4 —HHEH (RTE) IZEF
RV 7 x ) —=MEEMIZOWTHER L, £ OBE{LES ILEE% 37 L 7=,
(B X)) D) BBLBhIEpR D DBEHE L [RE : RTE F OBLES LRy & 5
T ADENC L VB L, TLC., FT'IR. NMRIZXVYRELZ, 8.
RTE IZ8FENbRY 7= /) —/MELEWMITT7 = 7 — A RAEEZ AW THE
FEL, T°habhsxo L — M EGCG) BMEELLTEHLA,
o, IN6DTTUhNEFEEIT DPPH % AV CEHM L 7=,

2) BENERMLRRR - EE L LTV ) —LEEAFLZ AV, FEKZRRRITIE
BREFICHEZHE L, JMERRBRITIEL DB F TEBLAZLES, Zh
ZH 30°CREFT T TITo 72, 728, BB{LIREAI & L TIEKFR TIT AIBN,
A% TiZ AAPD, AIBN %V /-, $7=. HEHEL LTHRAT 7 F
DN )—nL7I(PE), TRaALEVESNLIT—FAP)B I
7 = B (CA) % AV, RTE (Zxt9 5 BE{LBL LR N F % 374 L 7=,
3) MEEE{LEAER  RE L L TREREMERAV., T~y M EER
VT 120-180°CiZhnZh L, RTE DOEL{LBHLEBEDMHEWE 2 28 L 7=,
F7=.EE % 180°C. 24 BEfMNE L, RTE OBE{LEHIEZN R 2 RRET L 7=,
[BREBLE] D BLBHIERDOBEMHELERIE : R 7= /) — /L& 90%
¥ TEHE L= RTE FOBRLBH L BIINTF o et F Lo THH I L
NHER STz, Toc DTV HNHEEREE 1.00 & LTHETDH L, KU
7 x /) —)VEBY Y DOHERIIRTE:2.01. RTE BE#®:1.87 TH Y . Toc
B L TE VBB IERER R T2 & ASHIBA LT,

2) BENWERLERER : NV 7 =/ —/L & 500ppm FHY EIZHBWT RTE &
RTE BHEH OB EDRITTEELL . BIOKBIIRAETE T VN
IWORRIZEN TH -7, 2. KR TILAP 2, HfLRTIXPE 2
RTE (2%t L TR OENT-FEREDREEZ R LT,

3) MEAEELAER : RIBEIZB T H2MBREBROFERN S, RTE ITEIRIC
BT HBELESLEREDIE T 28 Toc £V b7, THBEMENBRE I,
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BRRRISEET THLZ L, BERARISHFIATE S Z AT
H5BH, V—BOREMEIZ OV T, MAKDERRISIZN LTI E TIZ
bMEINTWAHDN, TINVEEBREISIIRN LTI ARBRLRRRE N, K
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R ofafnfigisee L C18:1, C18:2, C18:3 O AEAFAGAHEEZ RV =, F 7=,
BERIZIIR LI R LR EERD 1280 V) —¥ % Az,
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P-15 AADREAERBHDOERENMETAERFR

I BR - T - &fr, () /—~u*
SHEE, PHERE, YIS, *BFE

FEEF C. b M B2 OMKE L AV T ISE LB EL AR % FERRIE
FIZRIETE A Z ¢ 2HE L TE e (BEXREER. £bFR). 4E., ¥
L ABZHEERNA DT TED L AT LR L. ABREICEN B
FEAFfspiBE D EEBN # QIETE - Z L 2 RET 5,

[5i%] FTIR %@ (TravellR ; SensIR #t., 7 A U h) (2457 ATR 7
72 —FWYMT, OBERE 2 mmBEREOFEIBORISZAZ ML % in
vivo THEICAIETE AL RATLAEHBICHEL -, 600mgDHA

(Docosahexaenoic acid) bV 27 UtV Fagfba—2s 1 b (100g) ZBE
L—TErRM%ZIZ. DEXRBILYVMHMHLAZBEE %2, TLC. FTIR. GCMS

(GC-Matell, JEOL) 72 ¥ TEIEIZ L W IBE B L OIBHBR o 21T - 7=,

[FEFR & B8] &¥). 50 XD BT DHA 28BE%, &L RMREIE
T DHA RABREIZENTL 200%, ABRADOKNART ML ERIE
L 28— EFEA B ¥ T DHA IZHEAY72 3014cm ! A1 D FRARIN % £ =
Y —35Z L TEBHR L, ZOFER, BEU. 5 Feff2E T DHA AN EXRE
WA, ZOBBRIINEIN TV Z &2 RH L7, Control DEETIXZD
LOREIMIR OGN T2, o, ABEEL OEBHEMKTIL 9 RMEE
PDEEOE THLEBEERA~D DHA OHBIIRIE TE 7, AERE
MNOIRERDEMELToT Lz A . U7 Ut FESSIZ DHA H3
RLTWDZ 2R LT, 20 KET¥ (22~24) OB FFAE 124, 40~
60 1% (41~63) D FEM 14 4 & x%IZ, DHA #{k3—2 /L b & Control
ELTREMMRLI -V P E2BRLTLLW ABREORNSZ~Z b
LOREIELZRIE Lz & 25,20 R Ti 2 FFHEIFEE T DHA 2EHNIT
ARKRMICHETL 208, 40~50 X Tit4 ~5 BERIREH S ENER TX,
FEHRFFRICFERZENHDLZEDNHBALE, 6D Z XD, AT
B E R LTRGBS DG (BRI SHBE~DOE Y AEE R L) 2 IERE
BICRIE TE 5 Z L AR ENT,

—181—



FEE## E163%, 525 (2007)

BEMHETZ B LI DNA~A 7T LA

P-16 gems x5 noms
OmBREZ, IMBAF, BEFIA, 77 A~7 00T 4 THAEH,

BETH, EAFE= REBREFRFREEFERS ) LAIER¥HF
JNRSA=, RIGHF, hXESTV—NV K T72—Ta

[E®] DNA<=A27u7 LA (DNA-MA) TMRENIZS FLRAORRERL G LTI NDM,
FOT—EDCEMEBFAMDAERVBEETH D, Fxid, BERMTCBENEZKY | IR
#7 DNA-MA T7— DO BZICEMEBLHZHBND VAT A (T—2XR—ZARVPYT7 bU =z
7). bioSpace Explorer #B% Liz, ¥/ LU A KoFFRy bU—2 L LTHEE (XY x A
PW) B TAEMRBOLEBEICERERD LHICARV AT LERF LI, TOVRT LADEN%
RREE L7z,

(&) 3TS-L1 MARIC /LB E 2TV, BER 4 HE»Sa ) /LB (e—LA) (1002 M)
XiZPPARy 7 2= hTHD bas Y ZY 2 (Tro) (10pM) FFETFT, S5HIZ7 AL,
tFERI, —2H8%P1, 14 HB% P2, 21 HB% P3, o LA{f{E 21 H B % P4, Tro 77/t 21
BEEZP5 & LT, 20580 aD DMA-MA(Affymetrix, Mouse Genome 430 2.0 Array)7 —
2% & Y. bioSpace Explorer THEHT L7,

[R)3T3L1 OMLIE S TEPWHEBRSFRPWEATELE-T—EFAICKBEH LI

(1), 1 SR A I —DELESLRBEE _
IR )xTA P2(148)/P1(-28) |P3(218)/P2(148) |P5(Tro, 21 H)/P2(14H)

A2 TFIL
Wnt2 7 F )L

e
=

PPARY L9 FIL
I 1 [ EBAE | 1 [ %580 |

RAGARRR L R IA(PINLATIAP2) & FRE AR K & < RigoT, Tro(P5)LARAGABAQ S {LIRKE L (@)
KIEF TR BEMELEDPW A PW B TRIETLES ¥/, o« LAPAILPW BOEH L5 &
EZ Tz Lidheno72n3, PPARBP, RXRy. UCP-2, adrenergic receptor B3, DORIRHMNA
REUREAIABRR DRI BEIRE D M &R LTz,

[£5%2 - #53] bioSpace Explorer {2k 9. aLA S Tro DEMERD S FOEREASIZIBEH
kD LMol E6IZ, OIEMHRS{LIERR T PPARy BIRA EH L) TiE, BB &R
RRBEITTER ', MORFALER T &, @Tro iX PPARy ORBRTHET T2 < PPARa DF
RITEBITIZ LR LI, & 61 ORI EEMICIERRERENFTEINDIZ L1 b,
Z ORI EAICRBRTIET S5 GPCR REFEF% DNA-MA 7—# L0 i L, FEERSERLE
FEFFEHL LI,
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P-17 FELE—NDORAEIVREBFICEENHIEEE

EFRIERINEL 7 — 5FREENREL 7" EAIEETHREE
RiFEE 5= (B)rEBREE™. iitk"%‘%%%**“

OFNIFE., /MNEEF. KEF &' @FEHR". BEmE" &R#HE

[BEX] BFRATHEREDONTWAIFRT T IRED S IR
Hippophae rhamnoides L.(a> 74 : AENE —/~ FEL W) 1T, TDOFE
EI2%EREDIEERYE e, INFTICHE 1T, BRELABLL COABERA
FRBLOEFIEBIZOWVTRETZITV, £DE 15 BIKRETHELE Y,

KA ETIE, REOHMICEIARSTHIEREZACHIZT A0, BE
75:5%)32 RAEEFE IR TR B E DT LT, 72, REDOKE

DRRHIIIMIENDIENS, RENOREH RGICBITHLIIBEH R’
BB T AIREKT DV TORETHITS72OT, - THRET 5,

[Fi:] HIT EECREEL-as 7R % (H. rhamnoides ssp. mongolica) ¥ &
Wa—n /%%t (H. rhamnoides ssp. rbamnofdes)@%i%i?%}%ﬁcﬁib v
HrET-80C CHRABERIFLIZ, OHThF, IREERLI-REORE - RALETIC
/E:':'JL/\ BIEELT=%. %ﬂ%ﬂOD*ﬁHEHﬁ’i’%(ﬁ 1z T, ﬂ‘a‘ﬁﬁ@ﬁ‘ﬂﬁk%ﬂ'ﬁn‘g@@

SRR BI V=T HMERTREAY ) — M EDATF V2T L35 E B2 Rl
ML T BX T —GC {EIZTHHTLIZ,

[(BRBIVGERE] RELELEIRELIZISHERMERO ST TiE, o 7%
FEITI— oy RRFEICRH L T/SAIN A B (C16:1n-7) DEIENEL., —
. 3—ay/RE T 17rv4/@(c18 1n-9) DFEIENENZEE|EL TV
5 U, BREZBABNC/HT A EIORET T, RE - RAICE TN 8
X, u/7’+ﬁf i/\/v:?‘/@k/\ﬂ/‘ MNAVENRKEDE LD, LA
BOFEIMEVDIZRL, 3—ay R TIE VLI AU BRD S 0MEL
LA BOEIENEm) T, BFIX, MRRLITAT LA V) — VB,
o=V /LU BN EBRERIEIEETHY, »LIRL AL BROEIAITIEV,

P EIY, ZEBTEVRROONTWAREDSIERHERIT. RE- R
RENCE SN DAEAERICEK T A EMNA LN E -1, B, BRHICE TN
BAANG (1~2%) ORI RIT. RE - RARMLERKETHHT,

SIASIR 1. &JIFaE 132 IBEEES, 15 (2), p178 (2006)

AL, iRt a2iE B L - BWKEMEHELEE (HI6~18 F£E-
BAKEER) O/NRBE T SHREEFT R ) — D EMY L ER O/ EFTI T &
DA | LLTEBLIZLOTHS,
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p_1g REORENRBBOMEP n-3 RIEMHEAR
ITRIZTHE

1) BEXZEMERFEE. 2) BHEIHERKEEEIR.

3) BRXFEEFHRBERS

ORBEF". ZNFE?. REEK?. BEXEE®

(BM)]—Aer 72 EESREE D ERD BERAER MR IX R h DHIBE DB ZE R (T
TV ELAMONT NSO MNP OMBERAINESRDIEHEEARKIZR
FTHEIZEL THEIHBEIATVS, —A. BMBLELTH NS
BINTLWAREBIX.EETIIEXSME L TORMAMNEGENY ., BIOE
OMIGZMHEINATULAN . EEBOEEORBICHE L TIXTBARL R
NEW, FCT.AMETIRABMBEICLI2RBBOMEDD n-3 RS
BERICRITIERBICOVTRET LT,

(F£] BEE (143 B %. 0%X (TREAHOHA). 3R (HikEE
TR 3%FM LU 5%X (HlRfAHICAB 5%FM O33R (&
X 20 ) 1291+, A EKkEBHRERIE. FHLL., EHMICEERL
-REPDOIEHEERZIR 07 METOHMLEAHPOIT A aUR
VAT U (EPA) & FaUAXHIT U (DHA) BEIEZZENAEh 56mg/g
& 139mg/g THHo1=o

(#FR] HABRAHESMAmLE. 7855 16 BOMEDDOBHEEROR
BEEERAELI=E ZAH.3%K E 5%FX 0D DHA Y 0% K & tLEREMT S8
RMNESH oz, HIZTSF RO AA) X, fURZEHRE LT 2 RAHIC
0%RXICHRTHED L=, 5652 s BRICE WL TIE., 3%RX & 5%RERD
AA (X 0% & EERBEIZ (p<0.01) JFA L (EPA & DHA 1X 0% R ITH . 3%
X & 5%XTHEIZ (p<0.01) ML 7=, n—6/n-3 LEIX 0% XA 14.0, 3%
XM 5.1, 5%XEXMN3.9&4G->-, DHAESE (£BF1gH=Y) 1 0%X
M3.5mg THO-DIZH L. 3%XH 12.3mg. 5%RXH 14.Tmg THY . A
MOBEICEYH 4 EI28MLT-, 5%XOME—HE (FH# 11g) Hi-
YD EPA & DHA BIZFNFh., £ 20mg & 160mg ThHo1=. £1-. FHEHE
DRHRIESBBINICIXAHRIEIBH O NGEA o1,

(BB L UHER] RUBGSAMEE. 1 BN S 28R TERE S DHA DOF
EHEML . AA IZFEAD L=AS EPA ISD W TIXEBABMAERD Shighm
o1z LA L. 2 4 BRICIZEPA [X DHA L ERRICHEHS S X THLO AZE
mitzZ e o AMICEENLIEMHERNNEDOIBHEEARICRITT
BIERBOBRLLSHBICKYREZIDEEDNS,
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P-19 XKAZABEDD KoY 21T UEk

CERBRIEEE (P RKHD - BAERGEHRKAY)

(B#] ZA1XEERBRT7IT7) BEORKAT., BERELEEN,
BOBKROBREIHASERNTELHFENATNS, AIOHYDRKIEE L
TELEN, RETERBAUICEBELEINATWLS, FOEAMASIZDOWLT
X, BENLGHRENDHDITBELGLN EMD., RS TIE, #eettlEYy
A THLAEEREMASHE (PUFA) ITEFB L. HEMICREELT-,

[Fi&] BHNEOMIITHRELL-XRA7ALLEEHAKTS v AMGAE
L-FWE7 DT, FolchDAEIZKYIEEZHMEL, BHIS A
BB ZART-, T BV S RADEMEEIEZ A FI)ILT X T )LEX DMOX
FEMAEIEL. GCHOGCMS ZAWVWTRE L=,

(#FRLER] BESEF BE7ATIILEEBEMNENEE 2-5%) %
TLELDD, XAT7IL 1%R1EZREVIETHY . FEKEOHEEZ T

LTW=o EBISATHD. FUTINLT VA= ILORR D 7ZF
WIR/—=ILTFIo, IRRID7FVINaY Ui EDEMERMER TR
LT A, BEE7IATIE, 14:0. 16:0. 18:0. 16:1n-7. 18:1n-9 (F LA >

Bt . 18:1n-7. 18:2n-6 (') / —ILEE) . 20:5n-3 (A AU RUA T UE .

EPA). 22:6n-3 (FaYAXH I UE . DHA) N ERBELF o1, $FIC
BEED)/—ILENAREEINT-, ChiF, SBELTEA-BEEHAHN
RREATHDIEMESNT-, — A, KRAT7ATIX, EEEGICALA VB
v/ —)LE., DHA B 7E< . 183n3 MBS EFN TV -, ZDR

RIFEEDOFEEREICHDIEHESINT-, -, BHBEICHYED 22:
5n-3 (FaYRUA2 TV DPA) REFENTULV =, LUEDFER. XA
- BETHLOALGHEENRE SN, BEHEBEENRES E LT, HAHEE
ERYSBTENAOMELST-, -, XRATIAICHEMNICREESA
-B 88 DPA DRAX., 71#EEPD DHA £ ERGEMEIELN=H & H#E
FEaht=, RKRIZBEWLTEH. DHA DERBITIBE TIIHN I EANTES
iz, —f&IZ. AEIZIDPA ZXELEAERT-LVSH., XATLIIRRY
IEEEERTHDIZENRALMNELE ST,

€-E)!

NEE7IZALSVE. )/ —ILEBEIABWLWVSETREEIN,
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—185—



REEX®E F16%, F25(2007)

P-20 DHA &R U VEEEOH M/MREE(LE T (PAR)EA
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MEEMmNRE T E /-,
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EENRRIC L BB ADE TR L TR Y., #ERit0d 2R D DEE
WX BB AR T AMENER SN TWD, =7 7Y (Laticauda
Semifasciata) IIFARNHEIL A 730 L, EOMICITEERIMEN 6 5 Z L 23585R
FNZEI DN TS, Fio, RIRIOFERT, F2ldEE~ U AR THEEIHREY
DBFKEFATEINGIRN D = & BHE L T\D, AIFFETIE. BT FRA
THETDOFEHEM OBRDT-8, HEAEROBE S Z i~ 7 A OWRXFFAINRIE
TREL RS LD T, TOREREHRET S,

CHiE] 6% 7 — R, 6%RIME 721 6%tttz ade 3 FROEIZ AR L, 53
BEOHEME Crlj:CD-1 ICR) ~ 7 AZEHENDOERENE 16 BE 52 77, HKERR
1L, BRERTROWE TIES TITV, ~ U RDEENIAED 2%ITFLTH 8L 0 &
L. 23°C. K% 25cm DOKIEFTIT 77, 16 B8E DRIKODIEKESRE, ~
D AEERET 3 ARERBE L ThD. 1%DEH Y 2L T 5 HfhEk S 7=
%, SRHEBERECRERL Lz, TOHRECOIIERFIRE » ik, FHEROKREE
AR LT, MFFDsva— 2, e UABEE Y. BEHTO
7)) a—r U ROSBREREY, T LU TUHBEFTD ) a—F L SBEAIE LTz,
[FER] A& TREOUHEHBEOBEKIFEIT 7 — FEEL W RUVMEMZ R L, AMEEL
WEBIZED -, BRERNTHA, K TRROBHKEFREIL T — RERORIBEETIET
TAEMMB R SN0, HBEIHRE SN AR BRI, HEEHRED
MF R OERHTOIHBREEITT — REORMEEL W ABIE» - T, — ., 1
REVHEEDMEE /L 2 — AR ORHET D7) a—F L SRITAMBE L VAEILS
MoOTEM, T— REELITHERENRO bR -7,

[(BL£] BIEHOBERDER~ 7 2ADFFA N DOUEIZ DR TH S Z LA
BN STz, T OWENRITER~ 7 ZADOWEKF DM F R OERHFIZIIT S
FBEROET LERL TS X I2Bbnb, LL2ds, RUXHIZ n3
S EAFIIERAEA % & A TV DRI A BN S W7z~ U R I TIXFHKIFREDO I INAFR
DONIRNST, TDOZ &G, HHERPIZAFENICE E TS n-3 A8
RERABELISN DRKG DS, i~ 7 ADWFKFFANI DBEIZF G L WD EEZ b
Do

(fsa] ARFFRIC L v MEEMOBEIIE U ME T 5~ RADBA D 2%
ETDHIEBALIN 2T,
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AEZRY v 7 vy Fe—AFTNVTI v b
P-22 (SHR.Cg-Lepr”/NDmcer) O KBEE - R HEMRBRD =
LAFar— L L_LICHTABRERORE

OfEZfIE ', EWEEFETS HAEE' Ko’ BAKE' BAES’
'REZFKR - PBIRKRT - [E - RIEAR, CAAERKRF

[ B #J] SHR.Cg-Lepr®/NDmcr (SHR-cp)iX. ABVH. ml/E. &AEMEE & &
AVAY VMR BGERHICHETEAIRY v 7o Ra—LET LE)
ML TH LLBAREINETZ v b THBD, 5EIFK ~ X, SHR—cp DRIKEE
BLOWBBIZE TR MEOER S 2 L A7 0 — L LI 5
E& (T2ulrBIOEXFY =) OREERFT L,

[5i£] SHR-cp Z a2 b — L8, T2 U & 58 (8 mg/ke/day)
BLOEXF Y=V %ERE (4 mg/kg/day) @ 3 BEIIHT, £EYE 9 &
M1A1ERAKRS L%, KIMEE - BHEOoMRMaELEBEL, |
EMAIRNEESE 2L 27 0 — L BEZAIE Lz, £7-. ERBALERTHE D
%7y hOMERIOMFEREME FEaL 27 a0 —LBIOHHEDR) %
RIE LT,

[BRLEE] 728V rBLOEXF V=00 9 BRERABEIZFN
TOFEHMEEZB EICET I, £2, MEMZRESICIVmE= L 2
Tue—/UEIFERICEML T\, 60, RKIMEERSIOEEOR RS
MR REERSBE 2L 2T 0 — VEICBWTHREBEERSICIVEE
W L7,

TNAINA—IRBEDRERNEADO—>2>THDH7 IuA KBEBDMK
EFERNEFEAICLVBFRIN-LEHEFEMBEREE 7 v FTIX, KIEEERB LW
BB 2RO S EIE RN EERE B 2 L 2T o — )L BN
WMTasZ ENRHINTNEY, UEDZ &35, SHR—<p 7 v MIEW
T, BEA (T2ulbrBl0EXFYy=0) ORPBREIMANaL X
To— W RBCEEL RIZL., CRFEREICHEET D RENSTEBIN
776
1) Hashimoto M. et al., (2005) BBA-Mol & Cell Biol. Lipids 1738: 91-98
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HEYATO-LEZESTCOT7IUILTYEO-LEEIL
O—XAE5IZHEITETy FIRIERREICDOINT

FHESEAEER - FHFH
OHAILImHEE

P-23

[B] #EMAT o -, 2L RAT7a— /L CHORDLY IZAEHEEI T
BYiAEihn, ¥ CH #ETs®5, £z, BRY#EH#EI+1E5 BT 505
BiomsfREREL, CH IR EN D EEBEX LN TWS, 4, & CH
BHRERFZ, vn—20OFENMEREREROREEERINER: KICE
BrREFTMPRETTHZEE2BRE LT,

[5EE] 4388 SD RfEZ v b % 1 BETFHEFAE L. AIN-93 fARICHE L -5
BN, MBI AT o — L2 BT T2 ) vu—L 10%% VT
HiEE L L, T/, HiER L RROEFELHZ 05%CH & 0.25% 2 —/LEEF |k
VoLEEML, CHEXZRR L, YERTELn—RE (—N), & (+
N) ¢&CHAETELn—2%E (-HC), A (+HC) Dt 4 BROESRE
FRRL, 2BMKRSE L, EREEHREE TR, KEENE, FAHERE.
FFig, % AEREAGRS, EEE L MBERERE. Mo CH <~V 7 V&V K
EDORIFEEIT 7=,

[5R] HEBMNE, BREE T, FEMICBIT &I eh o7, HIREER
I, o —20FEICERZR<. B CH BTHEIZIBR LTV, %iFEE
fERG. REDEHEERL. & CH A TEHER L W IKEEZ R HEMICH - 7,
#ERIZ, +HC>+N>—HC>—-NOJEIZEELZ R L, MiERL CH I,
B CH &R EAR LY BfE%2 R L7, HDL-CH it. & CH &% &R LYK
ARl MBERYZ7UEY R, VUIBREEDICEHBICBITIAFEEZIR
7einol-, g+ CH., RU 27UtV Rz, ¥B& LV E CH BTEEILS
[ERZZN Byt

[2%] tAo—2OFEIIMEaL 2T 00—/ VETHRIIRD S 7e)
Sty ZHUL, BAn—2OBEHENEHE THo-Z EBNEREE 2D,
F7-. %AEEERRNS. SABEDEEREN,. & CH A THES LV EMEZRT
fEMchH oDz, PTIATVva—LOEEMz AR EEL T — R
OEBEMIELDHDOLHEEIND,

R HEMRTo-—LE2EHC TN ) Eu—Ekln - 20EHHKRE
T, MBRERECETIIRD bNiehotz, iz, %IEEERRRS. ZEHA
WEEE,, B CH BRE5ETHEBERRE L VIETHERERLIZZ L0 0,
AR & Lo — 2ZOMBEDELEFIND,
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ABKY IS FO—LETFILS Y RT3
P-24 AU — LSO

) BRKEEEREY, 2 BIRXFEEE, ISHR AR S, ¢ BIRMRAEAR
OIL EFEH, T € 1, Sultana Raziaz, + 8 &3, EE FEH,
A FhH4 &F Mo K BK2 LB St

(BEX) EF, SA 7R EZANLDOELIZEY, 22Ky oo ka—L
DBRFHMNMEMLTILNS, BFSE, v- AU/ —ILEXRRITHEMT S
L. BALRTAO—)LMEDEZFNDAMFILRATAO—)LLANILZET
SEDEEHRELI-, SE, BAZILIFUOSBTREERZESRE -
EMEBRKEES v bD SHR/NDmcer-cp/cp (SHR/cp)IZ Y-+ V¥ / —
LWESEZTOEBRERI LT,

(Fix) SEEDHMSHR/cpZ 1B E L URBS v k& LTWKY/Izm
(WKYNBEZER Vi, MRFEL2BICIRY 21T, IBRIEERB
HIEE, EBEL0 %y AV / —ILEMEEHERELL, K
HkEBBERKSE:, REHMIZI2AME LT, BIEEBIXHKRE,
mE, {EE8, MKkE REFIURIOLEAEEE Lz, £z, E
BRI LUEERI12BBICENZTL, FREBOEERTHS LY
JUEYFR, £aLRATO0—-)LELUMBEELZRE Lz, RBRTH
ML, FERBOEERANEZT 1=,

(BREEZR] KEIL SHR/cp DXIBBREMN 591.2+11.9g, vr-FUH/ —
JUBEAS 577.0410.0g, WKY DtBREEAS 446.846.90, 1-F ) H/ —LEA
44744529 THo1=. v-AVH/ —)LERE(X SHR/cp TIXEY
311mg/kg, WKY & 238mg/kg T & 21z, SHR/cp IExtHB S v b D WKY
ELEELTELWEEZR LI, MEIIERFEE D IC, SHEBREE Y-+
H/ —LBICIIENBHONGEIL >, E-FRE, LT UEY K, 3
LRATE—)L, MEIZOVTHIMFHREBOONG,N STz, UELY,
L7FUZBAREREZET S SHR/cp IZEEDERICHELMF /NS A —
ADBEMNEOHON, REMLBALZR) IO FO—LDETILER
YS5BZEMNRENTz, LALSEOERTIE Y- )5/ —)LIEERIZEK
HREEINH, MRBERERE, ALATO—ILEOREERBORETE
Honighotz, §&, v-FIVHF/ —)LIERBOKEEMICES g4
ELEHELLIBRIANPDETHD,
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Hh/—SHZERLEZREDZRESHEBRARE
Z v ~OE R COX-2 #IR
MEBEARRERL Sy —RBTRTER | AAR . SWERAEEFR’

P-25

OMBEET | SFMT > XBHET . KEEH | BLAES

[BEA] 2k Thivbnid, M5 RIEBRRIESMET ~ b (SHRSP)
WCHE—DREIIR & LT /) — T MEBIREE S L, BlEICEET KA
DEITRES, DR L OBRORIE M EHEEE L2 > T, £FBHK
NEHETH I EEREL VWD, £ TAERTIIBRIZEB L, 10w/w%
B —Z % 8 BREER & 72 SHRSP DBEOE L& & SICRFT Lz, [F
{£] SHRSP % 2 BEZHT. ZTNEN 10w/w%h /) — 7 MELIIREHESR
MRFAR 2 BREE7, BEE 8 BICBHEERE L, BEWIMKT %M
RENCEREZIT o2, TEBROMABEFZORE CIX, &R E2~~ 1
XV F VAL TEIET S L RIFFIZ, COX-2 U THREMAMKILT
EICL R EITTo, [FBR] BHERS I OMKRAECFEICIIMEM TE
EROSNLEhoTz, —FH., BEHMKR THOMBFLHORETIZ, MEET
B LN IBERIER L OMBINRO FiER LUOSNRIEEIX, 7/ — 7 hEt
TIYVE LTV, BB FEREIEICIY . nacula densa flTD
COX-2 ZBEBUIMBETIRD SN HE L=/ +.C0X-2 ¥ macula densa
ABRE 2 RO R IRIERBOBIAIT, H/ — T HBETH 52 % . KEMEET
125 % Thotz, [#w] 1ow/w%hh /) —Z7 % 8 BHIFEEL L7 SHRSP @
B TIE. ARSI SO L = AW ICEE LTS macula
densa MR TD COX-2 TOHORIEMAEM L TEY . BEOMIEREFEEIE
IEL TWARIEMN R ENTZ, ZDZ&iX, ZhEThhbhREL
oo B —ZMEFE L SHRSP OFMEREELBEELTWA B X 6
Do
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RUAB I LB H RO MM ERMFIHTE7T4R
P-26 KOFUDEE

LFRERT | BRARE I
OfnEZ ' RN AEEF SHAFL'

[ B I EFEOHEIENCIITHAETEEEOBRKILOEITICHEN, 2 BIFERR
BERBIOZOTFHEOHEMAFIEELR-> TS, I~ ITHERIF TRHICHAMH
NFELETHEEZ  ARBRUCL MK T OBEBRETEZ1T2-> T3, UL
Al A X~ ROMEMEITABEY 8 BREIUEEBRLATLIEIZES-T. Z
—REBRLEGE IV EEREEL TR TILERELIZ(BEXES. 13
%2 5,105 B), -, ARMOBIUI MRS L RV BEICR L TREET,
M7 T ARRIF L BEEEMSEDZENG (BEXEF. 15 % 2 5. 156
B) . TTARRIF U BMER TIZHELE RIEL TWARIREENRE 2 6T,
%’Tﬂiﬂ%fi mﬁiiﬁﬁﬂﬁw IRT BT TARIKIF L OEBEERD
L EREBHMICBIAMIEAL RV BXOT T AR F U BEEORA
’Z?E{I:%&pibto
[FiE]6%T —FBILO 6vfalz T ZnEfkts 4 » AR OENS
Crlji:CD-1(ICR)=VRIZ B 2 7=, fAE#HZ 4 BB . S BEBLV 12 BB &L,
ZNTNORBHMKTHIC 24 FFRFEARSIE THRTIL ., MRBSIOMFiEE
BIL7-, Son-mEBIOMFEEL BT, MEE, M1 RV miE
TTFARKITF L BEEZRIELL,
[FR]Z7—FE2EERL7z~Y 20O MEEITFRE B 2R 50> THEMLE
2, AMEEBRL -~V A0 MBEEIIHEVEL LI~ 70, RMEBED MFEE
:,t7 bﬂi IZHA_RTTRTOMEIZBWTEVMERAZTRL ., FrcHEHRA 8
BI57—FBIVDABBEOMEMEIZTFNFN197.3+24.0mg/dl BX
U“ 95.3i6.0mg/d1 T, 12 B BIZBWTIZENZ I 234.3£36.2mg/dl BLW
133.7+11.8mg/dl T, MO MEEEILT — NI THEILE ST,
MAFA LRV AREITENENOFRF HEICB W THEEREIIR DN -
oo LML, M8ET T AR RIF U IRE ia‘«f@ﬁ? B#MICBWTT—REE
IVHLAMBICBWTEVERAHY, 12 BEOT—FHEBLIORMEICE
TABREIZENZEN8.8+1.3 ug/ml BELW14.9ug/ml THEEERRLT,
[Z22AaHERICLA~YRAMBHED FEMENIIZ T T AR 22FL HEE
L TCWAATREER S D IS B b,
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=0T BARESYFOIRSBMERIET a-) /L
LB DEE

BEFAIVF T IL—THW hRBRA
OBt #E.#H SR.FWL BHA MR dhF

P-27

[(B#) a-'J/L B ALA) OERIE., EMIBVLWTEmMEREIRIZEE
BSEBDHIENHONTVD . A RTIE. RESENDALAZELC BAME
SMEBREESYMNIIREL. MEICHTIALADNREZEHEE T HEED
IZ.BFAD ALA EELIMHAMEDBRICOVLTRE L=,

[(Hix] RBREBWICX.7 B0SEBREAES Y (SHR/Izm) DF X
ZRAW =, SYMIRERAE 1mL(0.92¢) EHEOIR S L. 4B5MEICIER M
=M E & (MK-2000, EETHERMEE) ZAVT. SYrOEM TR ML £
ZREL = RBRIIABICEAL A BEICTER(ALA 02%)FALN, Y
SAH(ALA 88%). TS M(ALA 19.8%). 75y Xl (ALA 49.3%)%
BEL-EEDOIBHMEE B ELELTI=(n=8),

(BR8] YSFhBEONBHENTIX. HBELBRLTHERGE XL, o1
A AELMER B ELLE L T 95%) THo1z, FAE MEF O URFEHAM [ (& >
RIYBEIZEMNO-(F 88%) , 7T7vHIRBBEOIBHMEL. dRLY
BEIZEBMNS=(RE 93%) .

(BER)] XHAROBERMNS.ALAZEETHRAAOKRE(E, INRHAMLE
R TS EMNBASMELEoFz, BRERAMPD ALA LAJLEAFEEADIE D
TIDEFRERDE ALALANILD 20%IBEE T, IR EAE LI
MEEhTULV =, LAL, TALUL ALA 28T 7599 RBEBRELTH. &
SIZUNFEEA M E AR S S Z&F Motz > T, ALA DEIEH 20%
UEDEE ALA FIRBHMEIZHLT. KUDRERETEEEZON
=

(58] SOMEBRRESYMRABBAZESLEABMRIS, 20%L £
ALAZECBRBOHBRE X, SMEERETEHIENTESNT-,
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P28 NIL=FLOEHBISERENE & BEERRENE

RIMENRETERT. kT ) 2T — 2
OmPE—., BEAREMTF. B k. K 15

[BE®) L-b=F> (LUF. hr=FL) iF. I har RUTTOEH
AERIEED B BALIZVADAEME THY TR LI —RECEEEFZ R
LTW5, IHE, h=F N3 O SHERABRES2E T2 &0
oI 205, AR TIE. I =Fr OFEkmE ORI ENE
RS- RBRABME L L CORREEEZRD 2D, Z{URE~Y 2B I
MR BAR A Z AN THNL=F L DB FEE~OYRLEM A L X
(233 B R AR LR S AT DUV THRRE L 72,

[£E8k] Z{LREET L~ 2 P8 % (SAMP8) % 2 BfiZsit. EREIX
200mg/kg (KED T ¥ FN-L-H/v=F> (ALCAR) ZEEK»P G 3+ H
W& %7, BEAIIKEKEE X -, ZERIRMEET X NRETHDHE
U ZRIKRKBERBRE AV =F L ORREERE~ODRELHE L, T
> MBIE (B18) & v AR L 7= AR AR MR 2 BT 14 B RIZ, K
Bt (95%N25%C02) + [E7 L a—2|Z 2 BERIRE L=, @E DLz
TEBRFAETE 52 24 BFRIESE L2k, A% WSTS assay
B L Ol TR AT,

[#55% L £22] ALCAR 2#% 5 L7- SAMPS8 TIIXFREEIZHE A, AKEERR
BO7a—7T A RNMIBWTTT v h— 20D & - 7= 5835 T O ek R 53
fthOFEIR LY ARICER L, ERBEBSENGEIND Z 0NN E A
-7,

FRRRARIL A REER - (K7 L a— 2 RBIZERET 5 LHIRATFERERIEA L
=23, EEHZ ALCAR ZiN< 5 Z &2 X 0+ D AT R B E K
FRNZEEMN LT-, £7-H MAP2 HURIZ K A IR0 R, (KEEER - (K
LI —RATIEZ U THRIZ A, fRMfasEs sm< F5E . ALCAR I
ORI 2 R EARIFRNZING] 35 Z L3R STz, T b DFER)
B, AN =F UTEIC L B FEERIERE FOSECMEEZED MR MM
BREBIZ X R MRSt N AR R IRE AT H I ENAL ST,
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p_pg MRMEKABMETNS Y FOMREMEICSSS -3
F B A BAIEHRBROE

BN KRB ERREF —BEERE V. WM KXPRERERE .
BRBBEBANRYT 7 —HRRERFR?
OFXRF—M". BEZHE ", HEXE". IHEHB?, 7O & °
[B89] BEIRERICIRBEAFILKRRBICLVEBELEEFS Y b
DF - CIER LIRS RIS (ABR) Z DS R BN AEIC 1T 5 n-3
FREMARMAEREIBEROZELZRHSNICT S,

[(FiElWistar > v b 3 BEE Y n-3 RARMER R UVRZ EF¥
5 Z. 10 B®MICEEBETREL. n-3 RIRMEAMKRURZ
REOHAD 2B EENSOEDFR2AENS 19BEETI18E
AFJLIkER (MeHg) 1 mg/kg/day ZR O EFHIIRS L&D 2 B D5t
48 (n=13) TRRZTo7/, BEREENFFY LD T~12
BT 8 HRIMEHRERAER. 10~ 15 B T1ERMIERGHER. ABR A
E. 16~17TETKERABREREL. n-3 REBBEARLRIAGAHELE
WO EBERFTLE,

[(#R) EERRICHERE L 4 BB THEELSEREIRSW G, o /-
M. n-3 RESMEABHMBEMHBERZEARTEHAE L., FIRAAIC MeHg
BETEEN/-FSy MBI IBICHBELTHEEIC. 8 AR
METEBRRHER TIE, EERBOBL. BIS5—HOEMMRDHS
n. KEBREBRTIE. BAEBOBINZUEXE#ROERNSER
Iz, ABRBIETIZ I ~VIEDEBEOERNRD SN/, n-3
R A ERFAERABEARMENH TEHB L MeHg BREBETHEEN/BIT
FEEDBEIERDREDRMROH SN,

[BZERVEEH] MeHg (XRR R DOERKBREICEELZ RIZL. n-3
REZMARBMAERABEESRRIESMZ T TS AIRESRE I N,
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o) Effects of Hilsa ilisa fish oil on the atherogenic lipid profile and
—30 glycaemic status of streptozotocin-treated type 1 diabetic rats

Ishtiag Mahmud®, Shahdat Hossain®, Abdul Hannan®, Liakot Alif, Michio
Hashimoto”

"Department of Biochemistry and Molecular Biology, University of Dhaka,
Bangladesh,

Environmental Physiology, Shimane University School of Medicine, Izumo
693-8501, Japan

‘Department of Pharmacology, Research Division, BIRDEM, Dhaka-1000,
Bangladesh

Purpose: The prevalence of diabetes is increasing world widely including in
Bangladesh. Fish oil is reported to provide a host of health benefits in various
diseases including diabetes. Hilsa (Hilsa ilisa) is the most popular fatty fish in
our country. Thus the effects of oral administration of Hilsa ilisa fish oil on the
lipid profile, platelet aggregation, oxidative status and glycaemic control of
streptozotocin-induced diabetic model rats were evaluated in this investigation.

Methods: Extracted fish oil at a dose of 1 g oil’kg bodyweight per day was
administered to the control, non-diabetic as well as diabetic rats. After 3 weeks of
fish oil feeding, rats were killed and plasma samples were prepared for
biochemical analyses.

Results: Plasma total cholesterol decreased in both the non-diabetic and diabetic
rats by 35 and approximately 10%, respectively, and triglyceride fell by 69 and
20%, respectively, compared with control rats. Fish oil feeding decreased
non-esterified fatty acids (NEFA) by 29% in diabetic rats but the NEFA level in
non-diabetic rats was unaffected. In non-diabetic and diabetic rats, platelet
aggregation decreased by 49 and 37%, respectively, and total anti-oxidant status
increased by 18 and 17%, respectively, after fish oil feeding. Insulin levels
increased by 27% in the fish oil-fed non-diabetic rats, whereas insulin levels were
markedly decreased in diabetic rats. Glucose levels were not altered at all and
fructosamine levels decreased by 29% only in fish oil-fed diabetic rats.

Conclusion: The results of the present study suggest that Hilsa ilisa fish oil may
ameliorate the atherogenic lipid profile, platelet hyperaggregation and the
anti-oxidative defence of STZ-diabetic rats and the amelioration is thought to be
independent of the effects of Hilsa on glycaemic control.
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o) Pleurotus ostreatus mushroom ameliorates atherogenic lipid in
31 hypercholesterolaemic rats

Nuhu Alam', Sheikh Md. Ruhul Amin,? Shahdat Hossain,’ Shahjalal Hussain®
and Ishtiaq Mahmud*

'Department of Botany, Jahangirnagar University, Savar, Dhaka-1342,
Bangladesh; “Project Director, National Mushroom Development and Extension
Centre, Savar, Dhaka, Bangladesh. 'Department of Botany and 2Department of
Biochemistry and Molecular Biology, Faculty of Biological Sciences,
Jahangirnagar University, Savar, Dhaka-1342, Bangladesh.

*Department of Biochemistry and Molecular Biology, Faculty of Biological
Sciences, University of Dhaka, Dhaka-1000, Bangladesh.

Purpose: Since long mushroom is known to retain many medicinal values and
being recognized as one of the important food supplements. However, its
consumption is extremely limited in Bangladesh. One reason probably being that
the health benefits derived from edible mushrooms are largely unknown. Thus,
one of the objectives of the present study was to generate awareness of the
beneficial effects of edible mushroom Pleurotus ostreatus on
hypercholesterolemia.

Methods: Forty young female Long Evans rats (9711 g) were fed a basal diet
containing: (i) no mushrooms (normocholesterolemic control rats; NC); (ii) 5%
powder of P. ostreatus mushroom (normocholesterolemic + mushroom rats;
NC+MS); (ii1) 1% cholesterol (high cholesterol; hypercholesterolaemic (HC)
rats); or (iv) 1% cholesterol plus 5% mushroom powder (HC+MS rats).

Results: The feeding of 5% powder of the fruiting bodies of Pleurotus ostreatus
mushrooms to HC+MS rats reduced their plasma total cholesterol by
approximately 28%, LDL-—cholesterol by approximately 55%, triglyceride by
approximately 34%, non-esterified fatty acid by approximately 30% and total
liver cholesterol levels by > 34%, with a concurrent increase in plasma
HDL-cholesterol concentration of >21%. However, these effects were not
observed in NC+MS rats. Mushroom feeding significantly increased plasma fatty
acid unsaturation in both normo- and HC rats. Plasma total anti-oxidant status, as
estimated by the oxidation of
2,2'-azino-bis-[3-ethylbenz-thiazoline-6-sulphonic-acid], = was  significantly
decreased in mushroom-fed HC rats, concomitant with a decrease in plasma total
cholesterol.

Conclusion: The present study suggests that Pleurotus ostreatus mushroom
supplementation provides health benefits, at least partially, by acting on the
atherogenic lipid profile in the HC condition.
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Synaptic plasma membrane-bound acetylcholinesterase activity is
P—-32 not affected by docosahexaenoic acid-induced decrease in
membrane order

Shahdat Hossain, Michio Hashimoto, Toshio Shimada® and Osamu Shido

Department of Environmental Physiology, and *Division of Cardiovascular
Medicine, Department of Internal Medicine, Shimane University School of
Medicine, Izumo, Shimane 693-8501, Japan

Purpose: Brain neuronal membrane-bound acetyl cholinesterase (AchE) is a
targeted enzyme for the efficacious treatment approach of Alzheimer’s disease
(AD), neurodegenerative disease where beneficial effects with docosahexaenoic
acid (DHA, C22:6,n3) is suggested. We thus studied the effect of administration of
DHA on the synaptic plasma membrane (SPM) fluidity, if any, and subsequent
influence of fluidity on the cortical SPM-bound AchE activity in male Wistar rats.

Methods: DHA was orally administered at a dose of 300 mg/Kg BW/day to rats
for 12 wks against gum Arabic solution as a vehicle fed with controls. After 12
wks of administration the rats were then killed, brain cortexes were separated and
SPMs were prepared for the measurements of membrane fluidity, reactive oxygen
species, lipid peroxide, phospholipids, and cholesterol and fatty acid compositions.

Results: DHA levels in the SPM increased significantly by 16% over levels in
control rats concomitant with an increase in the molar ratio of DHA to arachidonic
acid. SPM order, assessed by 1,6-diphenyl-1,3,5-hexatriene, which measures order
of the bulk internal hydrophobic lipid core, decreased significantly in the DHA-fed
rats. Lateral mobility of both global and annular lipids measured by pyrene also
increased. AchE activity of the SPM was unaffected, and SPM phospholipid
contents increased in the DHA-fed rats, with a concomitant decrease in the
cholesterol/phospholipid molar ratio. Lipid peroxide and reactive oxygen species,
indicators of tissue oxidative stress, decreased in both the cerebral cortex
synaptosome and homogenate of the DHA-fed rats. Arrhenius plot showed a break
point in AchE activity at 22 °C and 24 °C in plasma membranes from DHA-fed
and control rats, respectively.

Conclusion: The present experiment indicates that chronic administration of DHA

does not affect synaptic AchE activity and evoke oxidative stress, although it
increases the fluidity of the global and annular lipids of rat SPM.
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Comparative effects of oyster mushrooms on plasma lipid profile
P—-33 and liver and kidney functions-related parameters of
hypercholesterolaemic rats

Sheikh Md. Ruhul Amin,] Nuhu Alamz, Asaduzzaman Khan® and Shahdat
Hossain®

1Project Director, National Mushroom Development and Extension Centre, Savar,
Dhaka, Bangladesh; *Department of Botany and *Department of Biochemistry
and Molecular Biology, Jahangirnagar University, Savar, Dhaka-1342,
Bangladesh

Purpose: Mushroom is recently being recognized as one of the important food
items in developing country. Thus the assessments of mushroom’s benefits on
health and disease, its cultivation, development and endeavor for extension are
under way. As preliminarily steps, we estimated the relative effects of three
oyster mushrooms namely, Pleurotus ostreatus, Pleurotus sajor-caju and
Pleurotus florida on the plasma lipid profile and liver and kidney
functions-related parameters.

Methods: Thirty five Long Evans rats were divided into five groups namely, (1)
normal basal-chow diet-fed normocholesterolemic control rats, NC; (ii) a basal
chow diet with 1% cholesterol (high cholesterol, HC)-fed hypercholesterolemic
rats, HC; (ii1) 1% HC diet with 5% powder of Pleurotus ostreatus-fed rats,
PO+HC; (iv) 1% HC diet with 5% powder of Pleurotus. sajor-caju-fed rats,
PS+HC; and (v) 1% HC diet with 5% powder of Pleurotus florida-fed rats,
PF+HC. NC rats acted as the control of the HC rats. After 5 weeks of feeding, the
rats were killed and plasma was prepared for biochemical analyses.

Results: The plasma cholesterol levels of the HC rats increased by 50% as
compared to those of the NC rats, indicating that dietary cholesterol induced the
rats hypercholesterolemic. The feeding of mushrooms to these HC rats reduced
the plasma total cholesterol level by 26, 36 and 17%, respectively, in the PS+HC,
PS+HC and PF+HC rats. Triglyceride levels decreased significantly only in the
former two mushroom-fed groups. Plasma high density lipoprotein-cholesterol
(HDL-C) levels invariably changed, while the plasma low density
lipoprotein-cholesterol (LDL-C) levels significantly decreased in all the
mushroom-fed groups with a concurrent increase of the [HDL-C]/[LDL-C] ratio,
when compared to those of the HC rats. Serum bilirubin, creatinine, total body
urea nitrogen levels were not affected by the mushroom feeding.

Conclusion: At least from the health hazardous perspectives, it can be concluded
that oyster mushrooms do not have detrimental effects on the liver and kidneys,
rather may provide health benefits for the cardiovascular-related complications
by decreasing the atherogenic lipid profiles.
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