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E1E W

TE, HRIZEWT O BOHKILRL T4 7 2 2 4 D2 i X b ARG, BERRIA.
EIMTEAE 72 & OB EIEREE 2SN —@&Zillo T3, /2, HEkkle L <
BHET PR ERML72, WbWw3Y 7 FFY) v oBRESEML-C L
T XD OB LAS D A B 2RI THRAE T 3 IE T v a — A MR A TERTR

(NAFLD) # 21 ffdicBwT, b o & b — AR RICRZY22H %, *
DM, 10~20% 23T v 3 — VHERERATERF 2 (NASH) % F8ET 5 & vwbi T
w5, HARIZEH TS5 NAFLD O %KX 9~30%TH . NASH O FfHK T
BT 3~5%TH BT b, HRATIZ 100 FAL bW EHEINT WD D,
fEl 3 R %k, 2R co NAFLD O#ERFE L. 2000~2005 F D 20.3%2>
5 2011~2015 £ Tl 26.8%~ L HIM L T3 Z & %6, NAFLD o1 & i 7
L CNASH OFRELHML CO A H[REELSEVWEEXLNE L TH D 2,
NASH ZHEZ 2 b AICETT T 2B TH D, HRTHELOEWHER
TH B, REENEZIN TV ARVORBIRTH 3, NASH OFIEHF IC o
WO IR, A, BERIR. EIIEE 7 & o AR TSR IR I X 0 IR i R 23
BLCHEIITFE 229 (firsthit). & SICRIEHEH A4 P A4 v oL 2 b L 2

(second hit) 1€ X Y NASH iC72 % &\ 9 two-hit theory® 28—t CH %5, &
blICHaLTld. BNMEH O SLaL-CE L IR & i 2 1 3 L RO KT
DEIC K 57 L, X M7 multiple parallel hits &t ¢ HIRIEI N T3,

vayv (8B&. ¥4 Curcumalongal, %iE#% Turmeric) X, ¥ a v ARy
IVIBOHRMET VT IREDLFEHTH 5, fLTCHI» O BEE S 1, 4 v FIERIES
DT =Ny = —ZLFERL Pl £ LOHE pofbhTns 9, HA
THEE I TwE v avick, kvay &, vav., ¥4 Curcuma longa
L), Bvayv (FHE, ¥avtv, ¥4% CurcumaaromaticaS). v av (K
it. AV 2w, %4 Curcuma zedoariaR) 235 %, T avieInTns
DIy av<Ths, KvavigK) 7z /) —NEDOILVY I 4 FE 1~5%,
Z DM IAEMLT %K 5% B AT WS, 77 I VF, Eehrhtitiz BEL T
WLZERLERDZVIZEOYERIE LTHHAVWLR TS, HATIE, L
—DANAL R, Hi 4 5ORBLL L CGREREOEGEL LTlibhT w3,
I T LV ITIIIUBLIER O, FIREEER 7. L7 vy A = —1EH 9, HilEs
FH 9 &% oMmERH Y IR TIERE LTI EHuLAT WS,
—Ji. EFEVavIiciE sy I VvEANTERR D E L TR —An vy e oo
VIREDEXRAFTAR) A VEBPBELEENTHE L HIHL, PRI
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F 100 JHA- 2R EERH W R G I N T b, v XAF T A 4 FED 1
DTHDHEH 7 m vt 1989 FICHER 12 I N HEWHT L WE T, 2 D%,
Toa—AEFEEC HB WIS T 28R mE S Tns 139, LarL, KB
WS DBEIMEDH R IZ D 7w,

v a v AEFERIEE - T VT HE T RO EERD 80%1F4 v FTH B,
HARENTIZ, 20l A AT INCTw 2, £ x4 v F, HE,
ZOfEE T VT HEE I OIAINT WS, 2L 0D 3% E
E (LDCs) T®H Y. AiGKEIIEIIRICH 2, LDCs D AEjGKER Fo—F
BelLT. b cEmBEoyavagEEL, AL LT s L cHHEDE
BICORT B HEREZONS, 20010, BWECEMMicEEIN S v a
VEIENTIVNERD DL, vaAaVORBIT I I VvEERREE Lo TED,
HEZ A7 IVERBDOERIIHARICEAIN T LITDOILT W50, AEH
THROOMBTCENITERE DY 2 v 28 L <l 32 2 L 23ahEL 72 5,
7o, v VIFEMIC X o TRECEIETIEN R 5 2 L BAWEICEE Y KT
LCEW  AERBRILICHEENEL S LDFRRNER>TWwE, BERHI D
IWE L7y a v olnmtiz EECERET 2 Lick b, I L 72 1E
CREETEEHL I TENE, XV EREO Y AV DEENRTELHDLE
25,

Z ZTCARMETIE, OV a vHORFHES B A X RY) v 7y v Fr—LDK
TS 2 HENEDR. Q@FEiE D v 2 v ORI & A < ERGEIC T )
oD Ns I v OffGEREOMIE. FEARENE LTEREZTH, LT X
S AR ER T,



E2E L7 IVORIUIKIFTERINIEDOR

TAVDERDTDODUEDTH LI N7 IV OHEMEICOWTIZIES L D
BH B, 77 I VITHEILE CORINERIEFITE N LW REABH 5 14,
N LV IEROBES 3 LN GICEL, KEoZEFERICHE T 3, —ERiR
JFlig< 77 7 v v AERCTRBIAHRICRE TN 2 23, REMED 7102 3
VR AR BIIVEVWEEbNT WS, 7 2 CARE T, INTHEA (B
BERTE) I X > TRINCROWENRTE 2 0% ET L 72,

E1E EBRAE

SD %7 v M, 8l (HAZ Az vy —HRALth) @iy a v % 3
VTR L 7238 (AT Y 2 v) ., QBB FREIC X > TN L 728K
B (LITF87 £—) ZKICEE L, 30 mgkg * AEOHKGETROKS L, %5
2. 4. 6 U 8 Wit ic BEHIRERIM L <Ifirh 7 v 2 3 v i % LC-MS/MS Gl
E L7,

E2H HR

M7 2 I VREORRZ{L % Fig.1 IR T,

ez vz ‘/?)%)# 5% 2 KfficksnwT, Ry a v Ry X—L g
eI REICGEL, gy a v By X=X ) b EfEZR L 72, £ DROHER
IZIEFERTH o 72,

~
~
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Fig.1 Blood concentration of curcumin in rat plasma.



E3E IE

B PE I X A MTEM iz 27 I volll 2 E® 3 2 L I3 TE &
Dol vavho Iy I VORINEED D LB T AT TR, 2D
RT3 A4 X3 F A4 T, 22 3 VIi3KICEFIC L, 22 2 vELERS
B BELTHTIA XDBERLTE 20 VR =L LTz 19, [
W IEPE COR T A X ZNI D DREI A X THo72C b T 7, W
B IR X VR P OBESRE 22 LI X VIEAH L, @ o iz
CHRT I I VIREME T L2 2 & T, BE CoWIA LIt oo
PoT-D T LRI N,



BI3E LY F—ROBWURIFT T I OEHED DR

AR, HARCTIREAEEOZIC X 0 iFmaEbKk, 2+ y 78T, L PV PR
BT AR NS Vv, I b i, KIRTOHRE 2 S <L 2D Bl ic #
EENLrvERaAY VX HAE, BYATDT VTV EBESRE LTI
-2t L, EHICZDO—HETNT b —RICEMEAL L 72807 o b
N BEMFEESIL SR ENTwE, 717 b=, IR CR#Eh 7T F Y
OB R ICH D AT NS -0 EBEIRMEHEY EFAwvwE 3hTE 22, AR
ICHBEUS % & AP Cl e 0 I B & RS %2 A L CHBRGIc B s X e, REID X
e ICciTE SN2 720, BHEDOAXZRY v 7o Y PR —LDY AT 77
JR—=D—DLioTWn5 O, DD, 7N7 b =D ZEIHF % Ko
DREEVBED LN T VB, WEREED DB XA Ay - VELF
A Z DREPREIN TR L2 T ERV, £ TRIFETIE, ¥
3 VORI 03 7 v 7 b — AT KIF T RZEIC O W CTRRET L 72,

£ 185 REBEAHE
£1E ZERVK
(1) 50% =% /7 —)Vilijgy, ~F 3 v 5o
AEtoy a3 vigd v VEKY a vk stttz aey —~1 27
R) BEEHL7Z, 73K 100g 1 50% % ) —A 5L iz, EET
48 WiEHEHEIH L 72, B A @ 50% = % 7 — Al 300 mL % 23
o— B L, FAED n-~F I 22 E#RLHEE. THEO50%T %/
— VBB 72, ZDEEE 20 VEL, 50%T % ) — L8 IXERE,
n-~F % VIEITHKFREEF P U v A CHK L 7215, F LE LR T
L. 50%=x %/ —vifigy(EF), ~% % V5 (HF) & L7z,

(2) ©¥ 7o vy o

Aoy aviz (1) LRFEORBZFHLZ, va vk 400gic 5 fF
BOMKZN 2T 66 RFREHEIEHE L. Wil A L <S5 7zt R % 77
LT, HFEDOZ7vur VL2 MATHMHL, Z7evafrLAfEzBIlL 7%,
D7 v n kL LJE LR E L, EiEE T & 7 =/ K(L 0 10) THEfRL
TERODHEER, FEZEBZE L ey 2o vy (BIS) & L7,



(3) EEiitkr v~ 277 71C X 500

EF [#j7) % & O HF @7 icowC, m#EiRiks v~ + 277 7 (HPLC) % H
WCEWGEIT o720 2027 34 PRSI, 2027 I v (EL7A4
NLFIFEHE), AT IV 2T AR IOATI IV)BI SIS IV
3(CR-FA XL I IV ERFA Y R)ZH W, HPLC IZ, &
v 7 LC-10AD (Bt 8UERT), 4 — M ¥ v 77 — & SIL-20A (B EESLE
FE). 717 LEEME © CTO-10A (B fERT), AL AI#iRiE# - SPD-
10A (& ESERT). T — &2/ Y 7 + : Chromato-Pro(Z v 2 4 L4 v XY
AR P)CRER XN, WE 240 nm O L 7z. SrBfEiciE. Inertsil
ODS-3 (¢ 4.6 X250 mm, GL Siences) % >, 71 7 LHE : 40°C, %)
K/ 72 b=+ VU A(40/60), HE : 0.75mL/min & L7z,

(4) ~X Vvl OA—Tvh 7 LI X 5570H

HoAB <7774 =175 (¢20X300 mm) IZ, n-~F % T
BHXE~EAT7L7u~r 77740 —HY VAT (C-200, ELHEEY
ANLHEMFETEE) % 15ecm L THRIELZ, HF % 1g % n-~F ¥ v
20mL I L. n-~F ¥~ : 200 mL—n-~FH v : ffEzF L (9:
1) : 200 mL— n-~F % v iz F1r (1:1) :200mL > n-~F ¥ v
£ 7= (99:1) : 200 mL —» n-~F ¥ v:xx/— (1:1) : 200 mL — T
27— 200mL — Z7wvwudsrs 200mL — X%/ —v 200 mL DJIET
JEFA L 72, 43 L 72 ¥ R & 980T T iR#E L. HPLC TEMWHT L 72,

(5) LC-MS/MS ic X % 457
n-~¥ % v FERET 50 (99 ¢ DEsric 2w, LC-MS/MS Zf\wT+®

AFX TN A PO EIToTee R AF T AR 4 FOBERER T,
Bisacrone, ar-Turmerone, «a-Turmerone, Turmeronol A, Turmeronol B
(REY AT 2R)%EHV, LC-MS/MS it, &7 : LC-20AD (& #ilfE
Fi)s A— b3y 77— : SIL-20A(BHBERT), 7 7 L 1HIRE : CTO-
20A (EEESIMERT). B R OMTaT LCMS-8040 (B3 8UERT), 7 — X LBy 7
} : Lab Solution (B#E#UERT) CHEK & v, Zr@fficid, TSKgel ODS-100V
3um(¢2.0x150 mm, HY —)% v, # 7 LR 1 40°C, BEIH : 0.1%
FEEEHET 2 =t VL K(60/40), FiE®E : 0.2 mL/min & L7z,

72 5. Nebulizing gas #it& : 3 L/min, Drining gas Jit& : 15 L/min,
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Desolvation line {5 : 250°C, Heat block #/% : 400°C & L 7=,

F2E BYER

KERICIZ SD A7 v MfEE, 24 8w, (HAZ 2z A > —)2Hwiz, 7
HEOBILERE R, SHOTEHAREMZITHFEL RS X513 (n=h)
2o 7=,

KEME1F0.5% A F Lo — ZKIBRZNBREL L, HF Eyo) %
10mg/kg * (RE ¥ 721X 100 mg/kg - FEOKZGETROKSEG L., 2D 3057
&I 40% 7 v 27 b — 2K IR G L7z, &G H. 707 b — 25
90 N BICREEIRERIML . IMiEh 7 v 2 b — 2 % EnzyChrom Fructose
Assay Kit (7F 2 v) ZHWTHIEL 72,

B2 HR
(1) 50% =%/ —)ViliisrE X O~ %5 Vilii5 O s

50% X% /) — VB X UI~NFHVHSGDORSTD7u~ b7 T L% Fig2
RS, 50% T &/ — L5y Tlid, 9.98 37727 v 11.34 377 v 7 2
V2, 1287372 IV 3D 3MHEDOI LT I 4 FEY—7BEZRI N
T2o —H. ~FHVHEFICEIILZ I A PO — 27 3R ST T, 53.42 %
¢ 8931 it KEARv—rs Nz, 2D 200 —r %k AT L u~
NS T 4 —=THEL, nn~F YV FFgEIF Y (99 1) THEH L, LC-
MS/MS i X 2 M DFEER, 53.42 43D v — 7 % ar-Turmerone (MW=215).
89.31 43D ¥’ — 7 |Z B-Turmerone (MW=218) & [Fl%E & 17-,
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Fig.2. Chromatogram of 50% ethanol fraction and hexane fraction.



(2) waviiEso 7027 b — 2RI I3 2 B

~NFHF VGO TN T b — AT 5 B ORI % Fig.3 ISR,

Z OFER . AR KT, A Frerm —2KIERE ~FF Viliyid, %
55 90 S DI 7 0 7 b — Z VIR IR SR X D b @O ER R Lz,

EIE IE

ShloEETIZ, vavolfllss e LTl L %z, ar-Turmerone & -
Turmerone % F/{5r & 35 ~F ¥ VHIFITIZ T2 b — RO %2R 3
RITFED LN o7z,
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Fig.3. Concentration of fructose in rat serum.
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BAE JaVHEHEYONASHETILS v MINT 238

TE, HRIZEWT O BOHKILRL T4 7 2 2 4 D2 i X b ARG, BERRIA.
EESE 72 & O BB EREFE MO —& %30 | G LIS o 4555 1EH K 2
JRACHRIEST 2 IET v a — VR ERE R (NAFLD) 239 o & b —fAV 7 i
PRI DD %, Z DA, 10~20%0FE 7 v o — MR H:IF AR (NASH)
ZFRIET DL VbNTE Y, NASH 1ZHBEZE D O3 AICHEITT 2B TH 5

D3, WBEEBEZLIN TRV OREIRTH 5,

Z ZTCNASH =EFAEICR LT, va vy 50%T X /) — sy, ~F %
Woslteyruvlinz®ksg L, 2o OfFEEICRKITITZIE%E 2 O
NASH 517 v F #HWTHEEL 72,

FB1E TIVOEHRY OBEFEMY NASH €7 /LF v + (SHRSP5/Dmcer)
X9 2R
7 a2y D 50%T &/ — ) AliESy, 50% T X — VB XY 7 v v
D% BEHMFEE NASH €747 v b & LTl LT\ % SHRSP5/Dmer!?
MBI L2 ) VRZ-ENEN w7 s P —REARCEE L, HEES
K ONEEREH I I T8I D W TR L 72,

£1E EBRAE
(1) ko
RAHFEYE NASH B 2 (B3 % 72 0 O BEEFK % Table 1 1287,
AIN76 fARH A ICHE U €, JhE ICEEH L2 2 ) v RZ-=HENT - =5h
(HFF-CD) filk}%F%L 7=, HFF-CD fiikhH. AIN76 filkl Sk = Y
VERRE, WAV ET I VBREAICEL, TAVT =A% 25%, 7—F
X lE 30%E 5 X I AR (T3 VllEX Y EE) HHWT
JHLL 7, HFF-CD ikl # ~—2ic LT, €% 2o VEnFMmE® %3
CITRE 1 Kg Y720 10 mg/kg KE A7 L € BIS filkl & L7z, 50% = %
J = VG E~F Y VT, ZREEE 1 Kg Y4729 100mg 2@ L
T, 50% = %/ —Eigai (EF) Rl ~F 3 v (HF) gl
L7z, T2, vavERIE 3% L % X 5 HFF-CD fkHc 7sin L 7=
B2 TM fifl & L7z,

12



Table 1 Composition table of experimental diet (HFF-CD)

.

Items
Weight(g) Weight(g) Weight(g) Weight(g) Weight(g)
Bisacrone 10mg/Kg-Bw
Ethanol fraction 100mg/Kg+*Bw
Hexane fraction 100mg/Kg+-Bw
Termeric powder 30
fB;+# Na 5 5 5 5 5
DL-AF#=> 3 3 3 3 3
Eieayy none none none none none
AIN76 EASVES 10 10 10 10 10
| Pl = el 1 10 10 10 10 10
AIN76 SRJIVER 35 35 35 35 35
)LA—R/IRHYH— 50 50 50 50 20
TIIR—R 256 256 256 256 256
TI/BRER 170 170 170 170 170
VRS (5—F) 205 205 205 205 205
¥R MR (F5=R) 251 251 251 251 251
ADE #l 5 5 5 5 5
Total 1000 1000 1000 1000 1000

**.Hexane fraction, Ethanol fraction, and Bisacurone were dissolved in ADE and added.
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(2) SEEREY)

F2B%1C 1k SHRSP5/Dmer 7 v bHEME, 938l (MX&SttHAZ Rz LY
=) ZHWwz, AR OBHLIARE, SO VFEFREMZITEL 25 X
5158 (n=5) Wi F, HFF-CD filkl% 5 2 2 %#d (PCTL) B, BIS
fAkl % 5.2 5 BIS B, EF fikl% 5.2 % EF #. HF filkl% 5.2 3 HF s
JOTM AR %5 2 5 TMBEZRE L 72, MHERIZ 13g/HORT 7 4 —
FA4v e L, BERCEREZIE L2, $£72. B0 T v b OIUEIN
JEix. MK-2000 ZUIEBLmMIMAERE CERTEM) %2 A CEFERK» S 33
MR ICHIE L 72,

B, AEEY RN O SN 1 22£2°C, BE  60~65%. A8
Ri~/F1% 8 IF > 12 FERIRIHICER E S iz 2 Y — vEEZEHNCHE L. Ik
KITTKEK 2 HEEBELE L 7=,

REAFEEEIE D S 12 HERICA Y 75 VT CBE L. T A&k
SERIM L CLEIE X2, KiK. e, BREBEIEN. BEREET. &
HEIE 2 L CEBRZEE L 72, IFEEE . il H oS % 5
CLCHINERRZER L 72, L 2. —a8 2 B i
ICEIL T 10% TR A=Y v (AL Fda s 10N, &7 40 2508
) ITIRIE L 72, RV IR E B CHRMIRE S, -80°CEF T CHliki{R1F
L7z BRIML 2R IE, MESEEE (xX7 ¢y FFa—7 =) CE
LorifE (2,500rpm, 15 53[H) L CIE % 708 L C-20°CS&A4FE T TG RT
L7,

(3) Mg L Er

6N iiE % v AST, ALT, FYZ U274 F (TG, #3132
7= (T-Chol) %ZAL4 HBISHERE AU4S0 (v 7=y » 3 =A%
— A F AT 4 AABEASH) ZHVTHEL 72,

(4) IR+ Y 270 %54 Fb X OSameliE e
g b U 70274 F (TG) DHEIE X Folch ik 19 IV, BASER
FELEMEEZ 100fE8DAR ) —VTHREVFA R LB, 20 KD 70
7RV LAEZ, 40°CT 1 RERTEF L. —BEE L 2 t2icim 05 (3,000
rpm, 155[) L7z, Zuvur L Af@z oL, SKmE> ) v 2o
IKIZIC A L TR D N IR & B S S 27, BRiE% 2-7'mox ) —
14



CTHRLEzdboxREEL, PV IV EIANE- TR MV a— (EL7
AN LRDEHER) & F TIPS TG 280E L 72, IFlES 0@z is g
(TBARS) &I RIS 20 OFFIcHEL T, HASEIRAE L 72l %z 1.15%H
EA ) v nERFPCchREY F 4 X L2, 0.8%TBA K, 20%Ef#E s L O
8.1%SDS F-7E T, 95°CLA L ol /kint < 60 /r[EMEA L 72, wHIEE. n-
Ta)—=nie )Yy (15:1) ZMATHEAME L, =028 (3,000
rpm, 10 93fH) L7z FEZEELE L, &K 535 nm OO %2 HIE L <
TBARS E%Kk®7-, 7n¥. TBARS &3, BCA L TRo zffligd & v <2
HlglzhoREE LTHKLE,

(5) JiFlio AARFT R 3 X Ok B AR 7 i A
~ AN Fdr L 10N CHEE L 2R 257 7 4 AL, #YUIA %
ERIL 7=, »¥7 7 4 YUYl 13 Hematoxyline-Eosin (HE) ¥:fh ¥ X OF Sirius
Red-Fast Green %+t (Sirius Red §¢t8) FEAZA(FH L 72, OilRed O JtafE
Kz, HlEOEYIUI R 2> SR L 72, B O BEIETE IE Oil Red O Bl X

D, FRHE{LIX Sirius Red Yetaic X » BIZL L 7=,

(6) REEHBEER TR
FFhig& b o e HEBSER 7T & % PPAR-a . PPAR-y B X OVRIAEM:

AP A4 vOOEDOTHY NASH OJRREEIRICEI S 3 % TNF-a OELT
¥Hl@% RT-qPCR I THIE L 7z, RNA ofliiiZ. Spasol®-RNA I
SuperG (471747 227) Hwiz, cDNA i3t L 72 RNA % 400ng ©—
TEEICFHEL L, Prime ScriptTM RT Master Mix (£ 4 754 %) #HW\<T
H L7z, PPAR-a. PPAR-y 3 XU TNF-a RHEBIIU NIRRT S 74
~—%MH T RT-qPCR CHIE L 7=,

OPPAR-«a :

GGACAAGGCCTCAGGATACCACTA (forward)
GACATCCCGACGGACAGGCACT (revers)

OPPAR-y :

CCTCCCTGATGAATAAAGATGG (forward)
CACAGCAAACTCAAACTTAGGC (revers)

OTNEF-a :

TTCCGAATTCACTGGAGCCTCGAA (forward)
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TGCACCTCAGGGAAGAATCTGGAA (revers)

(O18SrRNA :
GCCATGCATGTCTAAGTACGC (forward)

CCGTCGGCATGTATTAGCTC (revers)

PCREIC B 1) 2 8iE & €8 (X, TUNDERBIRD Next SYBR qPCR Mix
(W 7E#5) & CFX Connect Real-Time System (Bio-Rad) % FH\>7-, Efn
FHRERIT., NEEH®EEIC X ) 18STRNA o RHEIC X W fIE L 7=,

(7) HEHARE

FonfRIE. SO PE CEEEE TR L, AEEREIR. =
7 & VAT Statcel 4 % Fv»C Dannett 5 CHUE 21T - 7o HRUKEIL, f&
MR 596 K0 & L. 5% KL 1% RiEICH T TRERL -,

F2E W®HR
(1) A&

FREOREMER % Fig.d 1IR3,
BIS#f, EFff, HF#fBs X O TM & b AETldZ w23, PCTL Bfickt

~CTREAER I HIHIEA 2R L 72,
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Fig.4 Growth curves of body weight in SHRSP5/Dmecr rats fed HFF-CD diet.
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(2) Wigs X OIREER

IFiREE S X CIFEEE% Table 2 IR,
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Table 2 Body weight, liver weight and visceral lipid weights in SHRSP5/Dmcr rats fed

HFF-CD diet
Body Weight
Initial (g) 227.6+9.2 227.5+8.0 227.4+4.4 227.5+6.2 227.4+6.5
Final (g) 331.0+16.0 319.4+9.1 322.0+11.6 317.8+7.7 326.248.9
Liver weight (g) 21.5+0.2 23.4+0.7 20.0+0.1 23.8+0.3 23.9+0.6
Liver weight / Body Weight (%) 6.46+0.20 7.29+0.17 6.20+0.07 7.40+0.08 7.27+0.20

Visceral lipid weight (g)

Brown Fats 0.65+0.02 0.76+0.03 0.72+0.07 0.83+0.03 0.87+0.06

Peirineal 5.46+0.37 4.91+0.65 5.50+0.50 4.91+0.65 5.30+£0.37
Peritoneal 2.82+0.36 3.68+0.20 3.25+0.33 4.47+0.50 3.55+0.53
Epididymal 4.68+0.32 4.90+0.46 5.25+0.47 5.18+0.41 5.42+0.31
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Fig.5 Serum ALT, AST, T-Cho, TG levels in SHRSP5/Dmcr rats fed HFF-CD diet.

Bars represent mean = S.E.
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Fig.6 Hepatic TG,TBARS levels in SHRSP5/Dmocr rats liver fed HFF-CD diet.
Bars represent mean + S.E.

Significantly different from the PCTL group (*: p<0.05 by Dunnett's test).
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Fig.7 Macroscopic photes of liver in SHRSP5/Dmcr rat fed HFF-CD diet.
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™
Fig.8 HE staining of liver in SHRSP5/Dmecr rats fed HFF-CD diet.

Black circles indicate large vacuoles and ballooning hepatocyte.
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Fig.10 Sirius red staining of liver in SHRSP5/Dmecr rats fed HFF-CD diet.

Black circles indicate area of fibrosis.
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Fig.11 Hepatic gene expression involved in lipid metabolism in SHRSPS5/Dmcr rats
liver fed HFF-CD diet.

Bars represent mean + S.E.
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Fig.12 Changes in systolic blood pressure in SHRSP5/Dmocr rats fed HFF-CD diet.
Data represent mean + S.E.

Capital letters indicate significant differences from week 0

(** : p<0.01 by Dunnett's test).

Lowercase letters indicate significant difference from PCTL group at each week
(*:p<0.05, ** : p<0.01 by Dunnett's test).
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Fig.13 Growth curves of body weight in NASH model rats fed HFF-CD diet.
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Table 3 Liver weight and visceral lipid weights in NASH model rats fed HFF-CD diet

C . EoaEs B
Liver weight (g/Kg. BW) 599 £ 1.5 594 =+ 1.1 614 + 14 605 + 1.4
Perirenal fat (g/Kg. BW) 259 £ 1.0 196 £ 14 ** 205 + 14 * 204 + 0.8 *
Epididymal fat (g/Kg. BW) 209 £ 1.0 169 £ 07 ** 156 += 02 ** 166 =+ 0.8 **
Peritoneal fat (g/Kg. BW) 9.8 = 1.0 7.7 + 0.5 72 £+ 0.6 7.6 = 0.8
Brown fat (g/Kg. BW) 1.1 + 0.1 1.6 + 0.1 1.2 + 0.2 1.1 + 0.1

Each value shows mean + S.E.
Significantly different from the PCTL group (*: p<0.05, **: p<0.01 by Dunnett's test).
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Table 4 Blood chemical in serum and liver of NASH model rats fed HFF-CD diet

Group DG e [ w ™

AST (IU/L) 186.7 + 20.0 1279 + 7.8 * 1526 13.0 142.7 8.2

ALT (IU/L) 102.1 + 123 61.7 + 46 * 81.1 13.7 614 + 57 *
Serum TG (mg/dL) 548 =+ 34 470 £+ 5.8 37.7 33 % 496 + 1.7
Hepatic TG (g/Total liver) 1.77 = 0.19 1.55 £ 0.13 1.06 0.13 = 1.57 + 0.20
Hepatic TBARS  (mmol/g/protein liver) 8783 + 78.6 711.6 + 57.5 726.2 14.6 5545 + 43,1 **

Each value shows mean + S.E.

Significantly different from the PCTL group (*: p<0.05, **: p<0.01 by Dunnett's test)
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Fig.14 Macroscopic photos of liver in NASH model rats fed HFF-CD diet.
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Fig.15 HE staining of liver in NASH model rats fed HFF-CD diet.
Black circles indicate ballooning hepatocyte.
Blue circles indicate inflammatory cell infiltration.

Black arrow indicate large vacuolar.
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Fig.16 Oil Red O staining of liver in NASH model rats fed HFF-CD diet.
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Fig.17. Sirius red staining of liver in NASH model rats fed HFF-CD diet.

Red circles indicate area of fibrosis.
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Fig.18 Hepatic gene expression involved in lipid metabolism inNASH model rats fed
HFF-CD diet.

Bars represent mean + S.E.

Significantly different from the PCTL group (**: p<0.01 by Dunnett's test).
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Fig.19 Typical chromatogram of curcuminoids.
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Table 5 Concentration of Curcumin in Turmeric measured using HPLC or

spectrophotometry
HPLC Spectrophotometry HPLC Spectrophotometry
Sample No. Sample No.
Conc.ug/ml Conc.pug/ml Conc.ug/ml Conc.ug/ml

2019S1-1 7.5 7.0 S1-1 0.3 0.7
2019S1-2 8.9 7.7 S1-2 0.2 0.6
201981-3 8.5 7.4 S1-3 0.2 0.6
2019S1-4 8.8 7.6 S1-4 0.2 0.6
2019S1-5 7.8 8.2 S1-5 0.3 0.6
2019S2-1 5.3 5.2 S2-1 7.7 7.0
2019S2-2 6.0 6.2 S2-2 7.7 7.2
2019S2-3 6.3 6.2 S2-3 8.9 7.6
201982-4 6.7 6.6 S2-4 8.3 7.5
201982-5 6.5 6.4 S2-5 8.7 7.4
2019S3-1 7.5 7.1 S3-1 8.0 6.9
201983-2 8.2 7.6 S3-2 8.2 7.2
2019S83-3 8.9 8.0 S3-3 8.7 7.5
2019S83-4 8.8 7.8 S3-4 8.7 7.6
2019S3-5 9.1 8.0 S3-5 8.8 7.7

A-1 5.1 5.3 S4-1 6.2 5.4

A-2 5.6 5.8 S4-2 5.7 5.5

A-3 6.2 6.0 S4-3 6.2 5.6

A-4 4.0 4.5 S4-4 7.7 7.0

A-5 6.2 6.2 S4-5 6.8 6.0

B-1 4.4 4.7 S5-1 7.2 6.6

B-2 4.6 4.5 S5-2 6.5 6.3

B-3 5.3 5.2 S5-3 7.2 6.7

B-4 5.0 5.0 S5-4 7.2 6.8

B-5 5.1 5.2 S5-5 7.8 7.0

C-1 8.0 7.1 S6-1 1.5 1.7

C-2 8.3 7.4 S6-2 1.6 1.8

C-3 9.4 8.0 S6-3 1.8 2.0

C-4 9.0 7.6 S6-4 2.2 2.0

C-5 9.1 7.7 S6-5 1.7 1.9

P-1 7.9 7.1

P-2 8.2 7.5

P-3 8.3 7.6

P-4 8.7 7.4

P-5 8.9 7.5
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Summary

In this study, the authors conducted various studies on the effective use of turmeric
for the improvement of metabolic syndrome in order to add high value to turmeric.
First, we focused on the effect of turmeric on improving liver function, and examined
the effect of turmeric on metabolic syndrome, since the number of patients with
metabolic syndrome has been increasing in Japan in recent years. Furthermore, in order
to promote economic development in the least developed regions of South and
Southeast Asia, where turmeric is produced, and to improve the living standards of the
inhabitants of mountainous villages in these regions, we attempted to develop a simple
and rapid method for measuring curcumin content, the standard for turmeric quality, in
the field as a method to improve the quality of turmeric grown in these regions.

In Chapter 2, we examined processing methods to improve the absorption of
curcumin, the major functional component of turmeric. Turmeric powder, which was
ground to a fine powder by the instant drying and pulverization method, was
administered to rats, and time-related changes of curcumin concentration in blood were
examined. The results showed that turmeric powder processed by the instant drying and
pulverization method did not improve the absorption rate of curcumin.

In Chapter 3, excessive fructose intake is considered to be one of the causes of
metabolic syndrome. Therefore, the effect of administration of the hexane-extracted
fraction of turmeric on the absorption of fructose was investigated. As result, the
essential oil component of turmeric did not inhibit fructose absorption.

In Chapter 4, curcumin, a component of turmeric, has various functions such as
antioxidant, anti-Alzheimer's, anti-inflammatory, anti-tumor, and hypoglycemic effects,
and has long been used as an herbal medicine. In recent years, turmeric essential oil
contains many sesquiterpenes such as turmerone, which are known to have anti-
cholesterolemia, digestive, anti-inflammatory, and bile secretion-promoting effects. One
of sesquiterpenes, bisacurone, has been reported to be effective against alcoholic liver
disorders and hangovers. Based on these findings, rats were fed with NASH-inducing
diet originally designed diets, and we investigated the effects of turmeric essential oil
components on hepatic lipidification and fibrosis of NASH, which is caused by
metabolic syndrome. As a result, the hexane and bisacurone fractions were found
inhibited liver lipidification and fibrosis. Furthermore, the authors found for the first
time that the bisacurone fraction had an inhibitory effect on blood pressure elevation.

In Chapter 5, we examined a method to measure the total amount of curcumin by
spectrophotometry as a simpler method although the Japanese Pharmacopoeia uses the
HPLC method to measure curcumin content. As a result, a high positive correlation was

observed between the HPLC method and the spectrophotometric method. It was
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suggested that the inexpensive and simple spectrophotometric method can be used to
measure the curcumin content in turmeric.

In conclusion, the present study provides new knowledge that essential oil
components of turmeric not only inhibit the progression of NASH caused by abnormal
lipid metabolism, but also find to have an inhibitory effect on blood pressure elevation
on SHRSP5/Dmcr, and furthermore, the establishment of a selection method for high-
quality turmeric in producing areas has increased the added value of turmeric. This is
significant research that is in line with the Sustainable Development Goals (SDGs) of
"1. No poverty; 2. Zero hunger; 3. Good health and well-being ; 17. Partnerships for
Goals." convinced that this research is significant to the goals of the SDGs (SDGs).
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