AMCOR

Asahikawa Medical College Repository http://amcor.asahikawa-med.ac.jp/

BEERIAR (1998.08) 16%15:22~29.

BEASYE 18t lE AR E I e R oD T L 2R

KEME KEFEERE, SahaSK, EEEN



22 BHERMRER —16%% 15 19984

e &

Fhpe L A e — e R R R LR D T I 22 1L

KB )i

KEFERER ™

Saha S. K. BEEEIN

JENERRFESEE A —aEE, JL¥RERE RS s ER ™
T078-8510 HE)I[THPG#E 4 #2555 3 —11

BE IS 5 ARELEMM T B 2B ENEEEOMEET

HERFIC, B IR O R BMES KT 2 msh
TV D, Bl 4 3R ICE 4 OEIEEA o I hTO 5 n-3 Z4RMFNENNRE - Fat~F 4= 8 (DHA)
EB L, TSIk, WEA ML AAR, WITHERT v
MEIG LT DHA L AL 2% R L 7. —75, DHA EROHE S5 3B aISHARO DHA LA LvE ER
o, T7F FyBMLUANVOETICED2EE L TOFR@MEILEL LD -7z, 1BEISIHHEEED in vitro BARE 4 fE
(I DHA 5 T2t 4, RSB ZHEICERT 2 S ICiFlx ni. DEoERy 5, Balgmasm) v IgY
DHA VANV ®D LRI, 2R EMAEHEREICT 7% F VB L)L ORI Z #:5 M ofnsiit c 26, 186
REMFHLE R L REDIRME % & 72 & I A fEMATRIE & futz.

Kﬁwfﬁﬁﬂbt&ué,:nmm@EE&QEﬂ&

F—7— N BEIEWAR, RIEHEE, Fadadyoog

(B &R & B EiEREE]

BRI IR ICRE I NS &, KRBT %
<;o&£%TfB¢m%%ﬁbI SICHEFTE
£ SEICEDEMARE RGP 5. 0%
PR FER I 12 S BB & BGEA TLEATH 0,
BIZT v b Rw 9 An E0/NEIOMIA#HPE b T

SEELEENSEETCHAESNENTNS. 2O
BN DYDY & BAEE R TTHE I 1, T BRAG AR AT
< EBbhoaTng,

HFLEN Y DARRGHLEL AR 2 £ & L 245 &48
@wchv, AtIUICBEIEIEEO 2 I E
aNnb. MEBENOBRE ANV —2FITM)T
YN ta—-LOETHRL, BEISLTED
IANF-JEEMOHEMANEHET 5. FOHTISKE D
BABGR DING I, BRI DO UHE 12 & A R IR
DIET DigE s & EHRICE T @ 3 sk Lk o 158
BERICLMAMITENSEETH S.

—7, AR RERICIE, BREORITEL

AAMERPDORIFFICNEE L, €2OZFNVF—0DK
S EIc B 2METH S [35Z2BFEE] MEC
B, L LEEHRERIC & 5 EROHEE - fin
T & 2 KA OWTEEIL T o E AR & U T#KL
ﬁ%éﬁméﬁé ZOf%, kVHBORENIES

BICBELTIE, 35ICFROR [FES 2 A BME
iJL;oTEmén,ﬂ@&ﬁé%k@E%én
HHEL L. BEIEHAMEC O [FES 5 2 BEL |
DFEBHERRLE UTHI SN, HE S Y & 20 iE
EHL, TANT-HEE L CEEICIERHEZ A
AHHHEEOEWESTH 5. T BEIEWARE,
L DGR FEROBELTHEDM, BRFICEIE L
RIANF—IIHT HEEEBELTC, AT —
EHORE I LB EESHCUBRETH L EERX
s TuLEY,

[FE5 % A BB & IR 2 /N H]

wEfElTHE T OFE L WBES 3, BEiERM




FER{EIS —16% 15 19984 23

D3 bay P TABICRBES 5% v /80 ]
(UCP) »EE{tmyY) vEbxz B aHEIC &
DELCA. 19978, kD UCP (UCP 1) &
SEBIOMHMFRENE LR L2200 7547
WAZXIDHEELT  MRATHHROTREES N
tz. [REESHMTHIR T 5 UCP 212t L, UCP 3
(AR R S Y < FRIC BRI T OFRAIE L Y,
F A IDBENENHEMTIZ3 DD UCP ¥ 4 7H5%
RLTWLEY,

#% UCP OFRENHEIZ ST FE 2B & Tk is s,
UCP 1 BIEFD /v 7 T bv v ATkt &
£ 3 2 25MF I EE AN (EWZEE) &3, 18
A D UCP 2 mRNA LX)V O#EINAFES &
h58Y) BEFHEZ OFEIC LV BEIEHS
RESRNRELL PSS Y AV 229 7T AT
ML I ERESEMT 2F o ErRES AT
Y. izt Robo7z UCP 474 4 7H544kIC
BNT RIS REGIERICHAKEL, SEOWHRD
RN,

(FFA % A BAIE &£ DO ITTHE & 1B & ARG E]

Ty bl EFEREORGICRE TS LEIS A
BAPEA I3RS D 2 ~ 3{SICTTE L, FD60%
Pl E#gtafsliamsEsHamohTtna, A4
BoOBEEREICE IV H Ty 2BREALE Y B E
DOHEHDOW TR TS 245, ZZREMERAK D
GHENE VT FLFY) v RLEFELLDT
Hhb,

B eI OB EAE OB, ST
PICRESN BT FLFH ) vy ZEEXREANLTIT
bhad, EHRARBICEL CEEERMRE VT F
L) v OfFGHlEIc K ORBERIRC L&A S
N, B in vitro 5 T O MK D BGE S 1L FEGR B
L& V{ETT Y. UL, B:SAEIZMOD S
FHEED &S s HERERD ) v ELERA 27T,
U VRIS & B IR ERSIE SR C 018 a 0. £,
B ZBF LI OEHEED T TH 5 cAMP D fiH
BT a7 % invitro RIZINA TS, Z OBE
BguagsE s hant,

—7, 7 v MIERAMAMTHBMEA LR
zREMICAR (BH 3 RESETARIRICEE % 4
W) 34 &, Bl A & MEE 4 et
ANE T 0 i EEPE R S h, FESIE E DR DIED
NBIS R TRT A, novitro BREAREEML TW
BHized, FEBEE L S ICRE A2EAEH X
et

FEEI b 38 S L O B A BE O A (L2 194G
BETh5UCP loEME I b2y FYUTLAANT
DIFRARMEZ & fz 53 4%, R v bTRSN
% in vivo & in vitro D EAFEERE O TEEER 2 D &
SEFSITHRHASIATOEL, 20FEIXE ML
BE 6 <MLL AL THIT B  OINHIR O S5
1%, BREBEERISEZGHIET 2EICHELTH A
e

(Y > N B R AR HE R ]

TS (ZERE) 25 2EITED D
EALEDHIREICEE N, FRICERBEDY) VIBHICE
V. REZFIENEE I 7 O&ERIC & - TR Ok
TWREEICREE = & 1 5 908, PR ST
fEMEED LD E @MV RTY, EEMNICHNTHE
el & g S ez cFEA Hh 5. RIEE
DA FEFOME T 8 3 FRBYIE 15 & DR D P PRIN T % 15
BICRD, HOBRERBRBEEEE S v/ v HOK
EALIC B W T EBE LT H S Frkk 4 o THR
HaNTWa, ESELT v b T3E IR
DR)T VT kT — )R v ISE O LR
MHEETHENSBENH VY, FEAMORFESEIC
ISNVIFVEERY) = VEESERIF S h A, )
v HRE % MRk 3 2 RENF RS AL Sl s e s % 5 %
THISHEREZ LS 2EARB I TV 12,

CNODEEERE X T, 1987FELIRYUHE I,
B £ O FEIR BB O 18 s LG B A R D
ZILEREY) v IREARI R L OBREFENT 2 2.
F DB ST SR I ER I h T
WS, 1B EAEREHLAR A EERE TUHE & 2 3 2R EIL
PR R L ZAARY, HESBb2VWS v i
BOTAHRMRED ) >~ IEE NG ER LK O R S



24 FEERMRE—16% 15 10984

WEHZRELTW S,

Fiz, MIZBAEEMENSRORORSICLY, 18
el HEREOE ) Y IEE I DA E WY, ARk
EELx g2 Esmon®, SRS OB
NEHZNATVS., ChsDELY, ) IEHEEE
T B ALK & 48 Ca R R AR S RE & OO Rt BB s B R A
HAHAESHER Z NS, BF 6 HREIMEOEEL K
Ml wE+ bz T EBFAHN 5.

[(IRERIIC & 2 1B EIERHERERE ) = I H RS IR 2
FHEOZEAL]

AaFnRER BRI, —HESOMEICEY, n3 -
n6 * n9FRBEILHTTHN, n-3FE nbRidhb
FNEMAEE S LT o b, F iz, n-3 RAGHRE 260 4
OEB L EBBIEERS, FICFatAdH v
(DHA ) i E MDA BIEZICUWHAZIZTTA
<, [EBRBHOENEHNEME, (OFa & oREEE
CEbaESEHIATHEYY, Gk LHE
OPHETIEZ O DHA 2#5HRE TE 2 o 723,

BiIEFYESV—ASAICEkBTAIux b 75
74A—=2{THOBETHEEHEMKEOREY) YIEED
DHA #i i vJEE s - 12, # 2T, DHA OZ{tic
HEH U2 oA BT 5 ) VAREIEEEHER D ZE
LEZDRENDVWTHRE L. UFohErTo
FERDT I b 74 v EBAS,

i) s FOIEREFE (Fig 1) @ ZEREIHL
B (47C, 480) TiiEEiEHHEEOE) v IEE
NElnfARk @ 2 & AN EE (SA) & Z AR fffE
o (PU ) AN, BAffiEmEE (MU ) &
BWITHERU . BB L T dhiz 00T _EHEE
¥Td a2 M (U1) @3 Z{bU g,
FICERBEOEELEEA 5N TS PU/ SA i
MU, —75, fIRAWHE T Eekoi
fifb#R3 UL & PU/SA psdticsspnL -, /7
B L) Rl D i vitro FHEERE 3514 2 & 2 f5 1
ELEBREHESOMEEEOR(LEFIEL, T
HEIfE TR LINSRET TN L 12D, Hi4 2h5
il L~ DZE(LD 5 5 DHA DA TdH - 1212,
i) E%3E (Fig 2) | HEbB LO4BBOH

O Control

mol%

20 -|

* [l Cold Acclimation

1.5+
[@ Immobillization

1.0

0.5+

mol%

Saturated Monounsaturated Polyunsaturated

* *

&° A p° &
Bp AD
o qgs“ q#‘& e

Fig. 1.

Unsaturation Index PU/SA  Arachidonate Index

FATTY ACIDS

O Control

Il Cold Acclimation

[ Immobilization

C14

Fatty

tively immobilized rats.
of individual fatty acids (b).

5

Ci6 C16:1 C18 Ci8:1 Ci8:2 C18:3 C20:1 C20:2 C20:3 C20:4 C22 C225 C22:6 C24
& s o ° ° :e ‘p’g\,“ B i a8 3
OFE Tt ﬁsyﬁg§¢f fﬁ@?ﬁdyéf
# T

e

acids of phospholipid in brown adipose tissue from cold acclimated, and repeti-

The state of saturation of phospholipid (a) and the composition
Values are means & SE. ™p < 0.05 vs. control.

®
2 ol



[EER{FRIE—16%: 15 19984 25

mol %

mol %

"

B 4days
20 u 14 days
# O 12weeks
1.54 it
#*

I

onate Index

Unsaturation Index PU/SA  Arachid

H 4days
14 days
O 12 weeks

e I [
] e | (-

P&

Ci4a cC16 C16:1 C18 C18:1 C18:2 C1|8:3 C2;J:1 C2I0:2 C20:3 C20:4 C22 C22:5 C22:6 C24

@ ® @ ® @ . \d @
SN R A BT SR R S S
Y Qé‘é\ap o A & 0&‘3@ de‘bbﬁ @i\(;‘;;' é&b" & oﬁ’,@“" Q \ﬁf

&

#

Fig. 2. Fatty acids of phospholipid in brown adipose tissue from neonatal and adult rats. P
< 0.05vs. 12 weeks. *p < 0.05vs. 14 days. Legend as in Fig. 1.
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Fig. 3. Fatty acids of phospholipid in brown adipose tissue from rats fed purified DHA for 4
weeks, * p < 0.05 vs. control. Legend as in Fig. 1.
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Fig. 4. Fatty acids of phospholipid in brown adipose tissue from rats fed purified DHA for 16
weeks. * p < 0.05 vs. control. Legend as in Fig. 1.
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Abstract

Adaptive Changes in Fatty Acids Profiles of Thermogenic Tissue Brown Fat.

Hiroshi Ohinata, Tomie Ohno * , Saha Shyamal Kumar, and Akihiro Kuroshima
Department of Physiology I, Asahikawa Medical College
* Laboratory of Domestic Science, Asahikawa Campus, Hokkaido University of Education

Asahikawa 078-8510, Japan,

Brown adipose tissue (BAT) is a major site of nonshivering thermogenesis during cold acclimation, repetitive immobi-
lization stress, and the neonatal period. Increased unsaturation of fatty acids of phospholipid in BAT has been shown to be
closely associated with an enhanced function of BAT. Cold acclimation and immobilozation improve the cold tolerance of
rats through an enhanced in vivo BAT thermogenesis mediated by sympathetic noradrenaline with a simultaneous increase
in unsaturation of phospholipid fatty acids. However, in vitro BAT thermogenic responses were rather suppressed during
cold acclimation but increased during immobilization. We found that n- 3 polyunsaturated fatty-acid, docosahexaenoic acid
(DHA) in BAT phospholipid increased in the immobilization, but decreased in cold acclimation. During ontogeny, the DHA
levels decreased concomitantly with a decrease in BAT thermogenic activity. Prolonged oral administration of DHA in-
creased the DHA level but decreased arachidonic acid, resulting in no changes in unsaturation of fatty acids. In vilro ther-
mogenic response of such BAT remained unchanged or decreased. These findings suggest that DHA in the BAT mem-
brane environment is associated with the regulation of BAT thermogenic function when it is accompanied by increased un-

saturation of fatty acids as a whole, especially an increase in arachidonic acid.

Key Words : Brown Adipose Tissue, Fatty Acid Compsition, Docosahexaenoic Acid
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