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TUVF =Koz HlT 505 ThHb L SN TWh,
F 720 BUEOBEEMIIEER R & 57772 2 8t
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20104 20304 (>§§530>

(x1000) | (x1000)
] 43,157 62,553 970
1Yk 50,768 87,036 1813
LY FRYT 6,964 11,980 251
EEN 7,089 6,879 11
<L—37 1,846 3245 70
Z4YE Y 3,398 6,164 138
Bl 816 1232 21
N 1,647 3415 88
F—ZAFIYT 1,086 1503 21
752 4,164 5201 52
KA 7494 8014 2
o7 9,625 10,330 35
Z A 2,939 3,866 46
USA 26,814 35,958 457

Shaw, J.E., Sicree, R.A., Zimmet, P.Z. 2010. Diabetes
Research and Clinical Practice, 87, 4-14. & ) — B35 #

RO¥INEFRL/-7—%THhb (Shaw et al., 2010),
FLEFETL, I—HI TV, HEIVITELYTVDOA
WL TT7 V7 OIS CHIRRAZH L TWnW b0
BEFHROZHELFE AT —(LIZI S oM TIE T
ANV TE TV RWhLEEZOND, TYTT
bE VIV TIEIIAEGRRAED R 72720, 7/
LABINSDOEFISHIRLTWAE EEZBNL, Th
LOERE R DBETIIVWOhd b ETFHINTHY
BN =AY A) v TH B, FRATIEA Y R
VIEERDVPHARAAND 3BENPL5EH LT EAMENT
Wa (Mo, 2000, 20, REAFRELTE
7o NA EBHEROLTERLTE - ABIZTr /201
NNVTHLEWDEHLEN) ZEThHbL, RTIVT%
BH LU TILRRBEICRRE L2 ShARED ) bE<
ATAT UV OMKROERTEZ L2 L9127% 5T
M ORERIROBEDNE L o TWwD  (EE S, 2008)0
VMRS, Bkiedn, % v o8y Bt oM E G %
K/RL72bDTH5 (Ben Greenstein and Diana Wood,
2011)

BB LI ERNCRRICT 7 ) h K% 7R
YL AFHURORC A & 72 8 2 S, IHEE
WS ARVE VIV ATY, TRLFY Vv (=
A7 V), ZvaavFaf K RERTRESL
CHAET 25 MPEEA KT &2 FIVE V34 VR
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Adrenalin IFN
Glucocorticoids v @
Growth hormone Energy Expenditure

1. I8 BeARity. ¥ v o7 g oftiEt s #oMREs 1
Wk, Ben Greenstein and Diana Wood, 2011 X ) 2Z%,

)y L e, MBHEIZIE & A E ORI RIR T, K
VIREETH o 7205 TIE RV EA 9 D%

ZZTEZODGTIER Lze —2 IR
PO SN, BUR T ER S IRAZ @) 2 | AEWHL. =
ANF—HEEIMERZRTLTF o Thb, LT
FrRERENSEARTE LTI EE Fra
IVFaf N, £ YA) », TNFa (F&LT~x7 1
T 7= NOEASNDKRESEY A M A V). I
(interleukin-l. #IEEY A4 b A A T 7 7 —
I, Bl S o amEhg), = a—uTF
FYZR EXRHMON 5, WA SELHFE L TIE A
£ EERDL EORR, FT V) VUK T
I—NVT7 3V, cAMPLR EDDH 5,

L 7F Vidob (obese) BInTIZ& o> THEFALE
NTBY, COBEMRTREIEHLZIIZEZ T, £
7ov VI F U HEREL T OB EAR (dbidb : BKSCg-
+Lepr”/+Lepr”/Jcl) 13 2 BIBEIRIRE TN CTH D, Zh
AR 20 2 ~ 3R ET 5720, BARI<
ZDOFGEOKRE (50 -60g) (272D, FIKHHEEIAL
Wb 282X D ZO2RIBERIFA DWW 5 A TEE
MEIRIZ X BHRIE T, RMABERBOIZE A LR HD
5o LT F VIZFIFIC T AV F —HE 2 EET 525
ZOVEHO—RIIHAT AR, PuUESER DS 5 1 ~
y—7zuary (IFN-y) EATHRZEHIESZ L
W2k %o WIS, S % P9 B dill A TRl o a5 %
BH5E4" % (De Rosa etal., 2007) o

2Tl V7 F 2B/ REET DL R Rdbidb~
7 ZDIpEE () %500 mg/dL (FER~< ™ 20
MUFEAEIZ90 — 140 mg/dL) (ZFHEL TH S EHD R
EVxA— M2 1 HBX1210 mg/02 ml/mouse T+ ¥
Y1) =X DRROES Lo RE2 RS, L7
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HWEIX ANV F (Spirulina pacifica), I FIT7H /Y
(Ulva meridionalis). 7 @ X (Ecklonia kurome) DEERMA
BLONE, RIREER FEXREE) THb, K
2\3dbidb~ 77 Z\HEFIREY = A — a5 L CI0H
B OIMPEETH % (Dwiranti ef al, 2012), DT
B 2 mmol/LT/R L Tdh 5% 100 mg/dLiZB
BLE56 mmol/LTH A, 71T AFURKRD ARIZRFADS
HY . MO 7 T AL RIIZRIRD N T LA
RENTWS (Dwiranti, ef al., 2012)o = 2T, Fflfk
EH3D L) %7 a XOANEROYHK ) THI,
faFARIEREEBUR 2n) THAH. —MITHIPE. AEET
I FICRAEL R RIRE L LTEZH T &8
HoENLEDT, BRI ZHH3T 502355 2
el = G v e 115 R A B9
W, BRI 2 T3 HCE7TBL/6 % HibE IRk B b
LT SIS T ARUBRDSRI RS 6 00 &) 0%
Mt L7zo ). 84D ¢ OC57BL/6~ ™7 AIZ 8 H
M1329% D el & 274%D jr KAt % & T-CLEA Japan®
HFDR2Z\A ST, HRIRERRE L Lz, 20wk
[EWHO®DImpaired Glucose Tolerance (it HitkRERzE)
I2& % (WHO, 2006), RIH. 180RF[H)#E £ 1% o M i
23<70 mmol/L (126 mg/dL) T, 2> DRI ThE & fif ik
BRiZBW TV a—2 (2g/ke) % RO¥%5-% 2 K
@ I AEfiE A>78 and <111 mmol/L (140 mg/dL and

40 0 40 =
I35 — 335 *
S 30 3 30
E2 Eas
<20 5 20
315 315
S10 S10
O 5 O 5
o L . . . 0 L Lo L
Q 6‘00‘ (,Q'} v\& 6{(\"’0 Q 20 05” v\q
O & e *y & €
< <«
2. OV T V2R IAdbAb= 7 A O MUHEE
DR

E. kurome G: 7 1 A LR (HEVERCAR & & MEVERCA AR % &
tr). E.kurome S: 7 0 AJdFAR, Ulva sp2: 3+ 3I 74/
V. Fil. Alga: 5RIRVERESEE, S. pacifica : Spirulina pacifica,
IR Y bu o TREML, 80° CLHEIL - ox Fr U
51 —7T (10 mg/0.2 ml/mouse). 1 H 3B E 1210 R#%
C% 5 U7z BB 5 13db/db< ™7 2 O MBI AS00 mg/
dL (28 mmol/L) 27> T2 5 (F15:84) 105
L7

il L7z~ Z1&db/db : BKS.Cg-+Lepr™/+Lepr”/Jcl T
CLEA Japan?*5 6 M4 D X 2% WA LT, #15H 45 5
LR EY = A — M52 Rb L7z,

%: One way ANOVA, P<0.05. X #k. Dwiranti et al.,
2012 & ) — &Rk,

200 mg/dL) T»H %o

Z DO FTHHE R B REIZ L 72C57BL/6~ ™7 A2 4 A
70 AREARE RS L CHRIRITRED S ﬂ&‘?ﬁ‘o 770
Wiz, 3 MR (48%M8 i 7 & t»CLEA Japan,
CE2) &7 u XAk G L7z & 2 AR
BB CRIRAGRD STz Z 2 THIERIRE RS 2
HEFF TR, BRI AEHFD321C B L C 3 38 o Ik
fizlE L7z00X 4 Thsb (Dwiranti ef al,, 2012)
7 a X EAKLIAMNZ 7 1 X RaFK, Porphyra sp. (4
7= /JYVD1FE), FFFTEXY (Cladosiphon
okamuranus) % ¥%5- U72H% MUBEE 2T 87201
7 ARURRDHRTH - 720

WIS, TANVF—R#Z2HEH T AIFNyO @ (=T
J w77 k< A (C57BL/6]-fng" “IFN-yKO~ ™
) % FCTIFNy O MU E R~ O Rh R % [ U R
WhfE %P5 U TGt L7ze @H & CTIRIFNyKOWI 7 v
O — 2355 1 R CIEPAERI= 7 212 L CTE L
P2 R L7ze S AUIMBE O I K aAsdH 5 2 &
ERBLTWS, & ZA) BIRNAEHFD32% #5-
L7236 ofRR O Em R TIx. BRI OB A MR
R 12 O MAEE A5 mmol/LZ i 2 TWAH DX LT,
IFN-yKO 1312 mmol/dL Tl £ % %5 L Tz
B ORREANTABR L [F U2 7R L7ze L2 LR
3R AT 2 BRI TRP LT n s
Dm0tz TOT L BIFENyDHE - TRERH OB
HLTWwWAZEERLTWS, Tz, 71 X3
THILZ A &5 LT F VKRR H B 2 L D5, B

n : male gametophytes

n : female Fertilization

gametophytes__» O
/
2n Juvenile form of
sporophytes
M3. 7uXDEFR
Sporophytes: MF1&, Gametophytes: BiARA, MBS

HIZER G E R VR 22 ) RN &
YIEDL %o

2n : Sporophytes
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12 * *
50110. * * * *
Esf
gal
3
QZ'H
0,,.,,.,,.,,.,,.,,.,,.,o,.,ca,
Ny ,3?0 2 ‘(\eo‘, ‘,A%Q & 4 X o«
& & &
v ¢ < <
C57BL/6J IFN-y KO

B 4. T bE bR B B o B A FIC57BL/6) < 7 A B L Y
IFN-YKO~ 7 212 B % BHIC X 2 MBHHELK T 1E
Ho
FBE &, HFDTRIM RGBS & L 72C57BL/6~ 7 A
ANOHEFAREY = A — MEOFEG DR H. ND : Normal
Diet, HFD: High Fat Diet, E. kurome G: 7 1 X Bk
(HEVERCM AR & MEVERC A %2 &), E. kurome S: 7 10 X
o ¥ 1K, Porphyra sp.: =7~/ 1) ® 1% C.okas :
Cladosiphon okamuranus (& ¥ F 7€ X 7)., EHEKG -
X2 &R Lo
%: One way ANOVA, P<0.05. 3k, Dwiranti et al., 2012
& —EBHH

C57BL/6J: Stage 1

——ND
—0— HFD

IFN-y KO: Stage 1

N
o

NN
S &
N
=]

—— ND
g/%§<§;£

0 1 2 3
Hours after glucose administration

o
S &

Glucose (mmol/L)
>

Glucose (mmol/L)

o o
o

0
0 1 2
Hours after glucose administration

5. BAERM< Y X LIFN-yKO~Y 7 A TOFEI 7 IV a2 —
Z PERA AR - @ & (Normal Diet: ND) & &
WaWifs (High Fat Diet: HFD) D3i2%,

IFN-yKO ¢ ~ 7 A : C57BL/6]-Ifng™'". /LM <

A @ C57BL/6]. BILI8MsfIfMifats, s va—A (2g/

kg body weight) %85 L 74O MBEEZ R

*  ANOVA, Tukey-Krammer’s post hoc test.P <0.05.

Hk, Dwiranti e al., 2012 X ) —EB3k#e

HMw 2T, IFNYKOR 7 A THHAD bz, &
g7 a ARFARTHBIZ I, IFNyKOY 7 A Tl
MAEAEA FEH 2372 W ol HIBEPE T SR L7 2
L5, IMUBEEZ R S5 WHE L3R 0sFh3 7 1
ANAET B Z L FRHEEN S,

3. PULIF—-EEZBREOEAICT / L
PR TETWEWNWT EICL B,
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UL, ZEFRREE D T 4 WV & — I ZAspergillus fumigatus
BEDHAENEHHLTT LVF—2BI T LN
bNb, B MBI ) — N EFEBETT AR
HHBECTEREBEICEST IR T, Ak
OB HAL (niche: =y FF/2id=—T2) &I
MOLZAHTHEET L2 TWD, MELT L
VWE—m#I§daF v ayk ¥ = (Dermatophagoides
farinae) HBALRAHITEH L T\ 5o Eimein e 5
TIX 1 BOAAHNCI0HIEN S & wbivs, MRl 7
LVF =% § 5 =08f, ohiiEtY) »7a
TT7 =¥ EOWLEETHY, Fy=0E RIS
CEENTVL, LEF->TTLAVF =% 71
X =AEETVELEEI RV, 2 o7 L
W F — %l 2 HUEIIAERRER TV RIS AR
FTHERZTF—=M) T —=EELETARAKIIELSETN
LRV AFNVATG 7 yaF—EThHb, TNHiEH
ERoRfiCch b~ a7 7 — IRy v
V—AHNOEE N T 7 THILER, 82530
T I B O R HRTF N o THER RO F
SRR S /AT ARG T (MHCH T, & Tl
human leukocyte antigen: HLA & ’-EI %) DFEIZA
0. HLAEPURNRTF FERGT B TY ¥ 735k Z %R
PNCHGE X &5, Z LT, TOTY Y 8EkH A v 7 —
T £ ¥4 (Interleukin 4 IL4) % A7 535 12B
) U NERDSEIREIL 7 LV — DR K & 72 H1gE% A
T2 Xk - T B TV ¥ /8ERHDIFNy &
HLSE, R OYURTH BIgGAEE SN b 720
TULVF—=3R XV, IgEIXFERZHET LD
FHTHEOT, FERPFELLZWESEZ/EY L
22 LT EERZOMOPURE THEE SR T 7o
TWbEEZObND, Tz, ZRPICKEREZ EDY)
FEHE (lipopolysaccharide: LPS) 2SfEfE$ % & TV &~
INERDSTENy Z AT DT, 7LV F—5E X 12
Vo BUE, T LVF BB TR L W old
2RI KGR 7% E0) RERED DT L 5—HT
HBHLEZLNT VD,

BIRIRNZ LN 79 T L9 h COPUREANES
%MD 2K 2 tolHike receptor (TLR) &9 ¥ 3
7Y a N IZOFHALINT-SpitzleDZ 45k & LT
SN7z (Lemaitre, 2004) & OTLRZGTIEIBIAE, WHFL
QLT Y (R QA

4. EHEORT7LILE—5R
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HHOTLREA D T 2o Twa Z P En
5o ¥RZ, I ABEUROTY T N7 T TELTD
MONLERIE, AV F (Spirulina pacifica) 132
NEFFoTWH I ENFHEINL, LI KIBH
D) REPEIIENyREAE % TY ¥ 7S ERICHES 5 DT,
ZENW) FHRAMOG TR TWb EEZ BbNb,
FEE, KB ) RZHEIZTLRAZ 56 < BUS L TNF-#B
AR FET LD LT, AWV FHEAS R
TLR4 & TLR2IZ[H] UAREE, KL~V TRt L CNF+B
FEAEZFET LI LD hoTze TOM TV Y
BB, 7a4 5y, RyFv, H575F 7% ENTLRY
WZBUS U CNF«BREA ZFFE L7z, 72720, /"N
(Petalonia binghamiae) % ¥R D & HYTLR4 & TLR21Z
F U X)L o % 7" L7z (Tominaga et al.,
2010) o
WAL 7 LV F—~OFR - 7L VF—3BxTX <
I ENAHBALB/cx 7 A% INHT VT I ¥ THE 7
VWIZaT AP VEHHAT 7 F 02T VanNry b
LCHRIEL., IgEEAZAHEL, k4 BHBRICINE
TNT IV EHORNOEFT % 2 & CRIKER 7 L v
F—pOo e Lz, k. 18R B X2 3 mEHE
1K (100 ug/mouse) % MEHEIES L 720 7V F » BEHS-
HECIIGEREAIZIT E A LHHI SN Do 7205 7w
J VSRR AV FEREREGRTIZEREN,
/3, 1/6I2Z DIt L XV A5 LTz, LA L.
HIRI S Cdh 5 BT & A LI S e d o
720 T OEBIFAIR 7 L IVF— bR 2312134
T OPURIFRINIGEAAE ST I TTh ), [gEREAE
PSRN 7 LV — BOSHIHNCIZ 23 L AR T
TV EZRL TS, T, SO
DEPEARIIHIZ S % 3 HEREDH B 2 & IR L
TWh,
BERT7TLLVF -~ R L sy L
(246-trinitorochlorobenzene) 1Z%f3 % BRI 7 L )L
F— (delayed-type hypersensitivity: DTH) Bt ~N®
WIS OMEERE L2 2 A, ALY FHEES
XN 7 SV Nl I AV NVAVAWE 2 2 iN7))
WL B ZODTHRIS 2 ¥ L7203 N ) %
WAk CTH o720 F v LY SEERETICERA S (150
ug/mouse) L723Ed. HELTH2S 2HEBED
Fx L rYETIHBEIZ1 mg/mousefF 15 L7z
Yt b RIS H O 2 K92 P2l L7z, R W
X, ZoWElEEAER< Yy 2, C3H/HeNT D &
RO SN, TLRAZ AT 5 ¥ 7 F VAN ED &

72 WTLRAZHR A BARCTH HC3H/He] ¥ 7 A TIIA®
bNdrolze SOOI L3N ) ERHRIC X B IRAE
7 LV EF—IHIEHIZTLRAZ S LTI b Z &
ZRLTWS, ZORFKRE LTIE N2 ) ZHR%E
JePe 5 U723 B SIEME A D A A4V TH AILATHEAE
OWHFIAHEE T W22 e EZ HNL, FHE, CH/
HeN~ 7 A % gtk PULAT Pufhz B 5 L 7= 5
£ DTHRUGEAY 3 EIHpH] S v, PUFNydufkx $55-
L 7235560 328 O ORI S 7z TLRAZEARD
C3H/He] = ™7 A Tld & ol miHifk & b #3dE o3
flEzRL7ze L7z3> T TLRAZAL72vN 2 V%
FEARODTHIIHIRN F 1 TLRAZ A L CIL-17% ¥ 3 %
e EEZ S b, L L, RO
G L72GERZoIIEbTrThHo 722 805, Fi
DIRHDE 2 bz, TGk E TRl hTwz
DIIHFERER D RIED Y. H~NOBETH o720 734
7 VT OWHIDA ST, TIF VT DA
DINTHo2Z 00, WHEEROIHEDLG~ORH)
DOPIFIAININ 7 ) ZFEAR X 2 DTHRISINH] 0 3 72 5
KTHbE#E 2z b7z (Tominaga etal., 2011)

5. FESHEEOHEZWR

EHADRITIVE VR, NN VEHER T34y
Yy AW FHEALHHROFUEERIF & A A
JEMHI1343 %\ & 7)) 4 — < g RRSV-M % v T

A L7 MR %Z, BB IS5X10MH %2 Eh
. RN E IR T ICBAL L 72 SRR
JES SRR LA B 21220 ugZe v L100 ug% IEIPEICH%
5. U720 F 78S MR % $2 5240 B2\ 2 i b o 3
A4 b HA v BRICILATEIFENy 2 E L7z 15 O
JE k12, C3H/HeN<~ 7 A T b TLRAZEIRZE HAKC3H/
He] T& [a] UsEE TG L 720 BB HEHAOMHI34D
GBI U CIETLRAUC B L CTHIBRIR W FE & R 72
L7 BlH, 7V F U ERIZC3H/HeNT $ C3H/He] T
D AR CES OWHl 2 RT OIS L T, 7345
Yy NN Y SREK, A Y V) F AL RERIZCIH/
HeNCHES; OHa5HE 2 $f L. C3H/He] ~ 7 A Cl3EH;
O % 7R & 722> 72 (Tominaga et al., 2010)

COFEZ, TaAAL Ty, N ) ZRHEK AE
W) FEE SRR TLRAZ /0§ 5 o 77 F )V ClERE O
BGl 2 W5 5 DR L. 7V F Y BRISTLRAUCARAF
LBRWA A = AN T OEEOMIEZIH L Tnw5b &
Zz2 oMb, $7o0 AENY) FEESHEERITINEL
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TH 57 F —<HINARSV-MO 5 2~ MH134 & [F U
{. C3H/HeNTH#il L. C3H/He] TIZHIHI L 72>
72 (Kawanishi et al., 2013)o KIEHE DV RZHEL R T
BT o7 F —<HlaORhE 2 3 225, 20
VRZHEL 2 EHICFERE A B L 728 SREELRS
mdrolze L L, AY W) FHEESRHRERS L2
FECTIZF UBESS I L TR R L2 &0 h, AE
W) FRESHRIIESFRTY) 8Bk A FEL T
WhHEEZON, TR LT, KR REHE
3 F 27V F 7 —Hfa %S LT NPl R
EREMLTWAEEZON, 720 ANV FHE
SAEARDIEZE N DM HE 2 305 2 ol LT ok
Wt D) RE P XM E T ETWER 2 R 7220\ 2 &S
L7720 2O XHIZFH U TLRAZ A9 5 Flli Cli
ORI T 255 Th, JIO X 5 = X L HAHHE
52 EDHIH L7 (Kawanishi et al, 2013), DA
YOV ) FHEEROPUES AR, ST %
522 L1k 5 EEZ BNz ILATANME BT A
ERZFEOZ L B LU, KIGE ) RERENIL1THEA:
IR S, SN O A FTAE 2 ¥ L 2o & xR
HCHb. KIGWY REFEIMETEEZZDOFFICL
TFF 2T NVF T —ZJEENICE D AMMEE % 454
BHOIZR LTy AE W) FHEASRERIIIERE N O
PP L BERA ORI & iy S, CD4
FatETY 738k, CDSREIETY v 733k, 27 a7 7 —
Vi EEBEIE U RSO 2 IH L Tnwb L E 2
5N b, HICTLRAZ AT % ¥ 77 F )V Tl OBl %
T LA THLIDEINITAI=ZALDNE) DTH
BH TOEIETHIBREOPBBRETIIAHTH
Bo L2l KIGH ) REHEHSTLRAUZIER 1208 < L
JB LTLR2ICIXIZEAERIB LWL T, AE
W) FEEERRIZTLRAE TLR2IZE U & 9 1255
IEPEZ RS SRR IR 2 ST 5 A N = A LD
WBRLTWA EEZ TWnh,

TaAL Ty, N ) EREK, AE V) FRESHE
R ASMH134D H4% % C3H/HeN~ ™7 A T 5 354
FWTFNBILA7OIMH LUV MEANC B - 720 F
7oy TVF VRIZC3H/HeN~ 7 A C HC3H/He] ¥ ™7
2 THMHIAORG % W3 2 bIFTH DA, =0
BRIV TNOWE S MG OILAT7HES; % Bl L <
AP 280 G- L7 IR ISl L TR o 720 6
2. ZUF =< &ML T4 HRBRICPUFNyIUAD %
WG # 5 LT b BRI IIHNI LR H e dr o
725, PULATHRZ $5-9 5 & 7)) F — < OBGH T
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Sz,

6. &

O LN, EEELRIIYUEE R B b A
ZALTHRIBLTWS ZEDVRENT, NHHITEES
Ih, FHE LT YOI Lize BEHL
F NV =RT) TOEAEEN LT B L —HiR
LR & LTniev, Sh skl itk
V2 & BB ASE D AGE S & I B0, I
LRI R, BRI, NG, BREI L &%
FIEEI LTS (K6), LlChAzXHITT LV
F—HAREOZL L BRI L TWb, ARIHT
RULZ XD ICHEEICII T LV E—, PobERE. PulE
BIRZEFREO D ODL KT HDT, TS EHR)
WCEAEIGOWHIEPE L EEZ NS, Hik L7z X
I, BIRELZ BT T TR EEORIE b Wifs
TE %\, BHEZUEL, HEIEEZI) AT,
WO THEHORENLY LTS ELILITEH F
THRV,

7 4 ) ¥ OEEREXIZA00E L H BN D
D) HEMEREEL TV B DI\, HEfa & 58
L CHRERZFAlc 3 A AR iS5 2 &
A EHIIZIE. BRONAZBASELNLTH
5o T THE LEREANORIRE LY b D T
BT LN, HEEPEX T O ORI
MEFE L. REPREX OMER L QI BB R
HE~O—B %25 2 L 2 WL TARRZBH L72v,

‘ Socio-Economic Development ‘

- L

‘ Market Economy ‘

‘ Urbanization ‘

Genome ‘ ‘Culture ‘ ‘Less Exercise‘

|Algae as a functional diet + Exercise |
< L T 2

Cancer

Cerebrovascular Disease
Cardiovascular Disease
Obesity

Diabetes
Arteriosclerosis

Allergy |

X 6. MmEAEEEELE LTHHTAZETESFICH
35 3L & AEEEEICHE T 5 AEEHERO KT
PR EELIENNETH D,

Lifestyle related
Disease




Bk B CPREPHERL - THIET 5L

HE

AKFNZ20124F12H 2 He 3 HTirb 7255 6 [0l
HuEREEEY YRV 2 0T L F Y —L Y
FY¥—%2F DD THbE, TOVVERET2T A
% {> W ¥ 71 72Bicol University, Plutomeo M. Nieves
#¥%. Head of Tabaco Campus. Ninfa R. PeleaZ#%.
Antonio Mendoza Jr #d%. Fay Lea Patria M. Lauraya
FRAEH U 9 Spirulina pacifica 137 4 B3 J,
Cyanotech Cooperation, Dr. Gerald Cysewskil#+:3 &
O W R AL ARt HRIMEZ IR, Petalonia
binghamiae\ 3 {5 ANRFEDR R KW FE T O B H 41 X
SHALE.- &7z, Spirulina pacifical & DEEZ RO
TV EEERAR A DI E - > 7 — OfR IR A2
£ %o F 720 C5TBL/6J-Hfng" “IFN-yKO~ 7 A 1 K [H
Jackson Laboratory. Leonard D. Shultzl# -+ & 1) fit 5.
STz BHHOYMERIFHEH OBGES O—EIIAR T BIE
I, Febriza Dwirantili -1 X 25 % 572, KK
BRFO/NEF AR, A E A, BRI E ©
IO RIEHEIZ B3 TR0 DIERE L 72 > T
WET, TTIWEHLE T,

2% Xk

Ben Greenstein and Diana Wood. 2011. The Endocrine
System at a Glance, 3rd ed.,, pp. 94, Oxford, Wiley-
Blackwell.

De Rosa V., Procaccini, C, Cali, G, Pirozzi, G, Fontana,
S., Zappacosta, S, La Cava, A., Matarese, S. 2007.
Immunity, 26, 241-255.

Dwiranti, F., Hiraoka, M., Taguchi, T., Konishi, Y.,
Tominaga, M., Tominaga, A. 2012. Effects of
gametophytes of Ecklonia kurome on the levels
of glucose and triacylglycerol in db/db, prediabetic
C57BL/6] and IFN-yKO mice. International Journal
of Biomedical Science, 8, 64-75.

Ml 2. 2004, BERIHIHEED W / WIlE
(The frontiers in medical sciences) .

Kawanishi, Y., Tominaga, A., Okuyama, H., Fukuoka,
S, Taguchi, T, Kusumoto, Y, Yawata, T, Fujimoto,
Y., Ono, S, Shimizu, K. 2013. Regulatory effects of
Spirulina complex polysaccharides on growth of
murine RSV-M glioma cells through toll-like receptor
4. Microbiol Immunol, 57, 63-73.

HEI M RERRA. 2008 BT A MEREESE & #
YR v -y Fa—20%E LR B T8
661-665.

Lemaitre, B. 2004. The road to toll. Nature Reviews of
Immunology, 4, 521-527.

Shaw, J.E., Sicree, R.A., Zimmet, P.Z. 2010. Global
estimates of the prevalence of diabetes for 2010 and
2030. Diabetes Research and Clinical Practice, 87,
414

YT - TV b 2006, BB o H IR
(Cindy Engel, 2002, Wild Health: How animals keep
themselves well and what we can learn from them.
The Marsh Agency/ Paterson Marsh Ltd, London).
TR 30, AlPHREE)E, pp. 316-327.

Tominaga, A., Okuyama, H., Fukuoka, S., Taguchi,
T., Kusumoto, Y., Shimizu, K., Ono, S. 2010.
Effects of edible algae polysaccharides on allergic,
mflammatory, and anti-tumor responses through toll-
like receptor 4. Anti-Inflammatory & anti-Allergy
agents in Medicinal Chemistry, 9, 238-250.

Tominaga, A., Fujii, T., Okuyama, H., Taguchi, T.,
Kusumoto, Y., Ono, S. 2011. Effects of edible algae on
immune response: Algae polysaccharides regulate
delayed-type hypersensitivity and tumor growth.
Kuroshio Science, 5, 59-65.

World Health Oraganization: Summary of technical
report and recommendations: In: Definition and
diagnosis of diabetes mellitus and intermediate
hyperglycemia. 2006. pp. 3, Geneva, WHO Document
Production Services.

Anti-allergic, anti-diabetic, anti-tumor effects of algae
with a sustainable society in view

Akira Tominaga*, Masanori Hiraoka?,
and Takahiro Taguchi?

D*Kuroshio Science Unit, Multidisciplinary
Science Cluster, Kochi University,
Okoh-cho, Kohasu, Nankoku, Kochi 783-8505, Japan
2Usa Marine Biological Institute, Kochi University,
194 Inoshiri, Usa, Tosa, Kochi 781-1164 Japan

172



BHEOPLT LIVF — PUHERIE, PUBESIER @ — it s HigL T -

Abstract

Due to the lifestyle changes caused by mechaniza-
tion and urbanization, high nutrient availability and an
energy dense diet along with decreasing physical activity
levels have predisposed people to obesity and type 2
diabetes. This drastic change of a life style in Asia also
related to the increased the onset of allergic diseases,
and changed the type of tumors. For example the world
prevalence of diabetes has been reported on and it is esti-
mated that more than 400 million adults will suffer from
diabetes by 2030. It has also been reported that the prev-
alence of type 2 diabetes has reached epidemic levels
in Asia and that this epidemic threatens to overwhelm
health-care systems in the region. It has been suggested
that certain changes in lifestyle can be effective in the
prevention of type 2 diabetes, especially for those with
impaired glucose tolerance. This is also true for allergy
and tumor.

In Asian countries, algae have traditionally been
considered as a food good for health. In Japan, for
example, Ecklonia species have been believed to improve
the properties of blood. The precise function of these
algae, however, has not been well analyzed. Here, we
have focused on the following three topics. 1) The regu-
latory effect of algae on the development of type 2 dia-
betes. At first, we examined the effects of various algae
on the blood glucose level in leptin receptor deficient
db/db mice and found that gametophytes of Ecklonia
kurome (E. kurome) down-regulate blood levels of glu-
cose and triacylglycerol. Sporophytes of E. kurome did
not have any effects on these levels. We also examined
the effect of gametophytes of E. kurome in wild type
mice. We established prediabetic status in C57BL/6J
by administrating a high fat diet containing mainly
monounsaturated or saturated fatty acids. We found
that gametophytes of E. kurome down-regulate blood
glucose in prediabetic C57BL/6J wild type mice whose
condition was induced by administrating a high fat diet
(HFD). However, the serum level of triacylglycerol was
not down-regulated as in db/db mice. We found that a
cytokine, interferon-y involved in the thermogenesis is
also engaged in the regulation of blood levels of glucose
and triacylglycerol. 2) We also focused on the toll-like
receptor (TLR) responsive materials from algae extracts.
Because it is reported that microbial infections, in which
TLR4 binding molecule lipopolysaccharides stimu-
late the host immune response, could prevent allergic
responses by inducing the secretion of the type I cytok-
ines, interleukin 12 (IL-12) and interferon-y. We found
that brown algae, Petalonia binghamiae polysaccharides
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fractions suppressed the delayed-type hypersensitivity
and growth of hepatoma in C3H/HeN but not in TLR-4
mutant, C3H/HeJ mice. In contrast, alginic acid, the
polysaccharide from brown algae suppressed the tumor
growth in both C3H/HeN and C3H/HeJ mice without
inducing interferon-y. 3) We found that Spirulina com-
plex polysaccharides suppressed the growth of glioma by
reducing the angiogenesis within the tumor. We specu-
lated that both Petalonia binghamiae polysaccharides
fraction and Spirulina complex polysaccharides attenu-
ated the delayed-type hypersensitivity and tumor growth
by reducing the production of an inflammatory cytokine,
IL-17 through TLR4 signaling. We propose the potential
usefulness of edible algae as the fine tuning reagents of
the immune response. We summarize the recent advance-
ment in the area of regulation of immune response by
edible algae in view of a sustainable society.
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