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F—RAY jﬁ(ﬁﬁ Curcuma longa L)IIRET 2 STREDY = D HEHEY) T
HD. TOREFig DIIHELEREOTIREARZ DB, HOMRREAE
B30, FER (WL—BicaEns) ELTELD TR, BR&RAR
DEBCREELTHAVRLGNTVDS Y, TOF—RU v I DBRKOFHTH
ZREBMBRKIIT VY X 2 [1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-
3,5-dione] E EDEBETHETARFIINIID, EXFARFIINIR
N EBBDOTHD. TNEDLEMIZ Y I )4 KEHS N5 Fig 2).

N2 A4 R, ABLEEZRTZENESNTED, EE~NOERE
LT, HiREER. BERREEER, FaL A 70—-JMETERREMN
WEINTWS I, FERETIE. BHEBRTOY R M AFHEICBELONESE
2TVW3 ¥, F—AY v IHRET P71 > RigETRMEE L TERM S
REBEHICAVWLENTNEZ &R, K<AERELTHAZINTWBZEZNS,
INWI2)A REBRLZEEOERRNBIBEEBIERADA XL EDREFEAM
mAIhIUS, F—RAU v IR TNV I /1 ROEER, %%%Wﬁﬁﬂﬁ#
HRRbDIZd EELZL5NS,

ZO&SEMN S AL, BORMICERLEZIVY I ) A ROEEKRIZ
BUISIEEERIGERE L, FRNBROMHZENE L /-,

Fig. 1. Rhizome of Curcuma longa L. (turmeric).

0 OH .
Curcumin ¢ R3;=R,=0CHj;

Ry ~ ZN Rz Demethoxycurcumin ¢ R;=0CH3, Ry=H
Ho - Bisdemethoxycurcumin: R;=R,=H

Fig. 2. Chemical structure of curcuminoids from Curcuma longa L. (turmeric).
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B1E  BERRAERIC L B AR R & IR
R TES - S

NBRLEEZ R TILEMESUVEERRS ELTY — AU vy i (D))
73/14K) OFH. O—XI Y —(Rosmarinus officinalis)& 5172 H L(FREFE
T Capsicum annum)DERD 2B L /= & EDOEERIZBIT 55 R LR
BHRICREETREEZIUAZAVTHAN .

(H#]

ddy #< U X (8:8K) ZHIREEAE T 1AM PRAETE. 48 iR
F—AYy U, O—AVU—F., 57 H L8, n=3 of 6 pooled mice) IZMF,
BEERRD (Fig. 3)Z 1% S UHE (1S KEM 252, 1:EABHEETLE,

(FER L EER]
EERIZB T B HIBER)R

FRHHYZERL YO A THRLREGERR/LY) D BEAMBIOZILDDT
NN EMETH 2 EMMBAH LN, Mg, FROERIEY EEII&EEFE
B BT L B EHERZIIH 5 Niah o /= (Table 1),

FEFEISR— FZ2RWEEEBREHBROBR. F— AUy IBEHNT
A LB TIEE G LOMENS SN (Fig. 4. £z, O—X U —FHTIIHFRE
Da-hA7 2 O—)VEPHBEED 13 ICETETL TW/Z(Table 2)iI2®H 01D 5
9, BRR{LIEE O£ RBRIIN IREE & FRE Tdh - /= (Fig. 4).

LLED#ERM S, EEROBRIIBERIZ. FERICBVLWTIR, NREOHIR
IEHBECHRIEBERROBEICL > T—ELVANERERLTHD, AEEOH
BRIEMBEOXEZZTIT WA, ZOHRBEEEBONS > AR HEN. BRIEATT
ETB3E5BBERXBNTIE, AELEOHRIEMENECOHRERET S
HENHBEEZ N,

HEB ki A

1 §% DS B AL AR I A B TH R ZR A S iah o 7=(Table 3). FFETI,
F—AYy IHTRNITZINT)EO0—-IWTG) LI VAT O—IVAKEELD
BETHD, E<IZTGIIMBEHOK 12 LEL KM TDH>7z(Table 3). ZD
RERIT, HBBIEOREE (15S%KEMH) ZERL/AEEEOFBADIEED
EWMEY AUV IORHNTHBEINII ) A RBHIFTEIIELEZRTHOT
Hol.
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Table 1. Phospholipid hydroperoxide contents in the plasma, red blood cells (RBC) and liver of mice fed
the spice extract-supplemented diets for one week

Mouse group " Plasma - RBC ~ = , Liver
PCOOH PEOOH PCOOH PEOOH = PCOOH PEOOH

pmol/ml pmol/m! of packed RBC pmol/g
Control 78 7 n.d. 7013 66+11 914121 651+ 95
Turmeric 7620 n.d. 49+ 2 40+ 1° 1072+ 95 849+163
Rosemary = - 77x10 n.d. 52+ 5 48+ 2 1072+ 23 778+ 14
Capsicum 89+ 4 n.d. 51z 7 45+10 747+ 82 464 59

Values are means = SD (n=3 for six pooled mice). * Significantly different from the control group (p<0.05).
n.d., not detected (< 1 pmol/mi). PCOOH, phosphatidylcholine hydroperoxide; PEOOH,
phosphatidylethanolamine hydroperoxide.

6000 -

Turmeric extract a)
. Curcuminolds (>89%). i Mouse group
" o i '";::‘ — 0 Centrol
w curcumin o ::Ma';ymumln 221 2 4000 - Turmeric
bisdemethoxycurcumin 5.1 g Rounlry
Rosemary extract & B Capsicum
O Clm:lllzl {(~1.5%) ::\d other fae
P ' S 2000 -
carnosol ﬁ
Capsicum extract ! h
W 0
capsanthin Capsanthin (-3%) and other carotenolds. 800 -
o «-Tocopherol (1.5%) was addad to (B)
prevent color fading. d
Fig. 3. Antioxidants in the spice extracts. . S00
oy
°
g 400 -
Table 2. a-Tocophero! contents in the plasma, red % .
blood cells (RBC) and liver of mice fed the spice g 200
extract-supplemented diets for one week ]
Mouse group Plasma RBC Liver 0
nmol/m} nmol/ml of nmol/g ) . 0 min ' 30 min
ked RBC Fig. 4. Peroxidizability of liver lipids of the spice .
pac extract-fed mice. Phospholipid hydroperoxides (PLOOH:
Control 3.86+0.23 0.61£0.03 24.1x1.2 A) and thiobarbituric acid-reactive substances (TBARS:

. . * 4 B) of liver homogenates were measured before (0 min)
Turmeric 3.81:0.73 0'4510'09* 19.023. « and after 30 min of the Fe?*/ascorbic acid-induced lipid
Rosemary  3.15x0.28" 0.49+0.04 8.3x0.6 peroxidation. Values are means = SD (n=3 of six pooled

: * . 30.0+5.4 mice). * Sngmﬁmntly different from the control group at
Capsicum _ 6.4420.097 076011 _ 2 30 min-reaction (<0.05). PLOOH, combined value of
Values are means = SD (n=3 for six pooled mice). hydroperoxides of phosphatldylcholme and
* Significantly different from the control group phosphatidylethanolamine.

(p<0.05).

Table 3. Phospholipid (PL), triacylglycerol (TG) and total cholesterol (Cho) contents in the plasma
and liver of mice fed the spice extract-supplemented diets for one week

Mouse group Plasma ) Liver
PL TG Cho PL TG Cho
mg/dl mg/g
Control 301+33 176 7 181x 6 17.0+1.3 399+ 25 3.8+0.2
Turmeric 323457 165x20 224+62 20.9+1.0* 18.1x 4.0 3.1x0.3"
Rosemary 32728 198+32 180+25 17.9+£1.0 28.7+11.5 3.520.2
Capsicum 36424 153+27 208+29 17.7+0.8 284+ 7.1 3.7x0.4

Values are means = SD (n=3 for six pooled mice). * Significantly different from the control group (p<0.05).
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%2% VDR A RERIC K B IEEERMNHIEIR

INVT /1 ROBRICK > THRIEHABBRIC L S FBAD TG EHMAHIL
BIETRHEINE, JNVI3 /14 ROBRIZ K2 IEEARBNOFEEL T3,
INFETIKMFELHRBOIVATO—-IVETER OS5 Tn3A, TG R
BAOERBIONVWTIR, BEAEZASNhTWIEW, TITEETRINVII )
1 ROBEUZ L S TG RKMANDOEEEHS ML LS &L,

[F)

SD#S v M (7388 2TEREEART1RETHATE. 38 GHRE,
02% 2 NI I BB, 1.0% 7)) 0 I &R n=6) IZHV, 158 KEHZEL
REBHAEE2E5X T2 AMATL-.

(F R ER)

EZHET. BRE. FEHEMN. TG ORNE, FRERICAELRERZIALN
o Je A, FENGHER (RIZALFER) BRIV VY X1 ROBRERKRE
HNZAE T L 7=(Table 4).

LMEFOY VIFE. TG, 2L AFO— )V RICERBTERRZERS5NA
o 74, VLDL B3 ® TG B(VLDL-TGR 7 )V7 X /1 ROEEUC XL > TEK
- T 5EmAA S NIz (Table 5). FFETIZ, 2NV /)4 REE#T TG &2
L A7 0= )LV OERDHE E N5 @m0 5 7= (Table 5).

T DS & R RTE TR I B FEM TH R ZEII A 5 Niad o 7= 3(Fig. 5).
RWVFAF Y —LIBIT 2R S BILORERETH DT VIV COAFF ¥
—t¥ (ACO) HEHERINI 2 /4%@%& Lo TI#EL, HED TG B&H
B8 %R L 7=(Fig. 5, Fig 6).

ULDORERNS, ZJIVI I /14 ROBRICE-> T, BREEEHERICKLS TG
OFECIEHEBNOERM IR E B Z EMERIH, TOANZXLELT
BE{LDTTHER VLDL-TG DT &, HECKMEBEIC BT S EHER DR -
FIROELNE Z 5Nz (Fig. 7). ACO BEFORBRIIV N> FEHERFRT
peroxisome proliferator-activated receptor (PPAR)IZK - THRfidh 5 %, PPAR i
JEM DRI - FIRICEET A LEER - Y NV HEOBETFRIBICEELT
30T, ERLEZIVG 21 RORBMA PPAR OUH RELUTHALT
Was0onrsLNZNn,
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Table 4. Food intake, body weight gain, relative issue weights and apparent digestibility of dietary
triacylglycerols of rats fed control (CONT), 0.2% curcuminoid (CURO.2) or 1.0% curcuminoid (CUR1.0)
diets for 2 wk

CONT CURO0.2 CUR1.0
Food intake, g/d 2412 1.0 221+ 0.5 22.2+ 0.8
Body weight gain, g/2 wk 935+ 6.6 81353 83.6 + 6.8
Liver weight, g/100 g b.w. 4.66 = 0.10 4.81 + 0.09 494 + 0.15
Epididymal adipose tissue weight, g/100 g b.w. 2.26 £ 0.04¢ 1.90 = 0.08b 1.59 = 0.092
Digestibility of triacylglycerols, % 99.1 £ 0.1 99.1 £ 0.1 99.0 = 0.3

Values are means = SEM, n = 6, Values in a row not sharing the same superscripts are significantly different at P
<0.05 (ANOVA followed by Fisher’s PLSD).

Table 5. Phospholipid, triacylglycerol (TG) and total
cholesterol concentrations in the liver and plasma of rats fed
control (CONT), 0.2% curcuminoid (CUR0.2) or 1.0%
curcuminoid (CUR1.0) diets for 2 wk

15 », B.ACO
- CONT CURO0.2 CUR1.0 - 3 .
Liver mg/g Em is
Phospholipids 24.7£1.2 24.6x1.4  24.5:1.0 g sf »
TG 42.3£3.70  32.0+2.7ab 27.2:4.02 is §
Total cholesterol ~ 3.5:0.20  2.820.28  2.5+0.34 2 g s I
Plasma mg/d] o CONT cn;n.u.).z CURLO a CONT cu;u CURL0
Phospholipids 210x12 187+11  179+14 Fi%l- 5. f‘gy Am'd ‘_55'1“1185&\ ((]::88' Pﬂmil gg
an acyi-Lo. oxi1aase 'y ane!
Total TG 299x44 266x27 23334 activiti?s, in the liver of rats feg control
Chylomicron-TG 181x25 185x23 139+31 g%(;NT), 0.2% _su(r(c:%nﬁiiug)ddi(cufkog) . ir
b 0% curcuminoi .0) diets for 2’ wk.
VLDL-TG 92x17b 692 62 50+ 5 Values are means + SEM, n = 6. Values not
Total cholesterol ~ 86x 6 76+ 4 78+ 6 sharing the same letters are significantly

different at P< 0.05 (ANOVA followed by

Values are means + SEM, n = 6. Values in a row not sharing the Fisher's PLSD),

same superscripts are significantly different at P< 0.05 (ANOVA
followed by Fisher’s PLSD).

60 - TG
. R=0.601 p<0.05 (dletary fat)
]
(]
34 0 . * % e v LPL
% FA
g A
~ ® " MG. > .
E n A r's
20
T oo .
n -y small
L2 ciro intestine
0 T T T 1
(] 18 20 v
Acyl-CoA oxidasc activity® Feces
Fig. 6. Correlation between triacylglycerol
(TG) levels and peroxisomal acyl-CoA oxidase )
activities in rat liver, * nnmol leuco-DCF Fig. 7. TG-lowering effect of curcuminoid.

oxidized/min/mg protein,
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BIE IWI X )4 ROBREANIER

VI I7A ROEBMERLELT, hikk, Ba VAT O—-IWERZ LM
AT, TG ERMFEAVMEZ TOKRMNSREN, LAL—FHT, &0
E‘Jl\.ﬁﬁxbtﬁ)lxﬁ /1 ROEERANORRPRBIZEALES N> T

o INWIIJA I\(DF&W - BABERERS L3, EBEROAN X LR
Bﬁkig’(‘%é $ﬁ’C‘PiﬁDE‘JL}5§XL7’J)’)Vﬁ /A RO %R
RLJ=,

31 INOI /4 FHHRDREL

Fig. 1 TRLUEZ 3 BOINII/)AROREBYMTHEITRINI I >
(CURCUMIN from Curcuma longa; Sigma Chemical Co.)% 5, TLC T&Z IV 2
JARZHEHEL, FH L/, HPLC TRINII /1 RZ2H#E - EET D=9
D&M DOBEt 21T > 7= (Fig. 8). Fig. 8 TRULZELHETHIRY VD X > (Sigma
Chemical Co)F DI NI X )4 REAHUERKE. VNI, TANFID
WO EXFRA NI IIIVT 2 > OFFELIT 73.4:16.1:10.5 (mol%) TH o 7z.

32 BORGLEZND 2 /A FOMFPABEYDRE

Z v MZHBR2 V2 X > (Sigma Chemical Co.) 100mg/kg b.w. Z AR5 L, IfII
8 OBERE T F )V HIHE 5 (Fig. 9,270V 27 X ) A RENES>80%)IZ DWW T HPLC %4
WETo . BRUBETDRAN > FMBERICINI I /AR GEERD) IR
HE Nadh o 72(<5 pmol/ml; Fig. 10a)%%, B-Z)L 7 =% —EUBiIzk> T
Voo BBEEEROEINI I )4 REZORBMEBL SN E—IN
BiH T N7z (Fig. 10b). ZORBMIT, ZEERH. LCOMS 75 Hi(Fig. 11). AV
7 7 7 —VY B (Fig. 10c)DFER. v/ HEBESEICHK T IV
)M RORBREEETHEZ LMoo, ANT 75 —EDATUELZ
MEEH S IBMBRESEBERDOI NI X )14 RiIZRE I Nah 5 72(<5 pmol/ml;
Fig. 10d), MHOWER IV D 2 /'f REEL, ®E5% 1 REITRKRKTH-
7= (Fig. 12).
3.3 HEEMEDHE

Iy FOBRRBIIBI BTN 0 BRASELE EHRBEEEZI NI
EEEEUTRAEL-(Fig. 13). V7 0 BEEEER. R, HICERE,
BT, REAATEEIIEICHETED S M (Fig. 14).

PLEORERNS, BOBBMLAEZIVY I )14 FO—RIRHEERE TSIV Y
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OCBIEEEICRHINTERIIRIEIN., 50—z icFRTY
V7O B/ HBREEEICRBMIND EEX 5Nk 15). b 0ReEk
PEORFYMN, IINVI I )1 ROBAZAEBERORBICES T 2 A8
RENTz. BEEMRS inviro TOI VD 2 )1 ROBEEEEMIZBWTIE. &
BRNTORSE GEMASMPICEELRNVWIERY) 2EE TR ENMRET
H5,

20041

Enzyme soln. 200 ul
(B-Glucuronidasc and/or sulfatase)

Calibration curves of purlfied

bisdemethoxycurcumin curcuminolds

Distilled water 200 x)

demethoxycurcumin 20-X108

. Mcthanol 600 4}
curcumin L% Hexane 4 mi
@ 4_,,,«-""" Water-Methanol layer
£ 2 Dintilled water 1.2 ml
. 2107 P <
F Ve Eihy! acetate 3 ml
o —e— curcumin x3
--¢-- demetoxycorcumin
. : . ~ -4 blsdemethoxycurcumin Water- Meshaxol layer
Retention tlmmmln) 0 50 pmol 10d 150
Column TSKge!l ODS-807s (4.6 x 250 mm)
Temperature 40°C
Mobile phase CH3CN/H20 (48:52, 50 mM HaPQ4)
Flow rate 1.0 mi/min . . L.
Detection VIS (425 nm) Fig. 9. Flow diagram for curcuminoid extraction
) ] o from rat plasma for HPLC analysis.
Fig. 8. HPLC analysis of curcuminoids.
. curcumin
metabolite +
(a) metnlx_)llte
bisdemethoxycurcumin £ T5.2 124
’E‘ 'E\ HPLC chromatogram .
2 H demethoxycurcumin 8
§ 8 4+ curcumin g
A 2 0 3 6 9 12 16
< < i
Retention Time (min)
Retention dime (min) " Retention thme (min) £ peak 152
etention e etention time (min;
i _ metabolite
(© (G £ 26913
= = * L P
g g 300 360 420 480 540 500
v w Mass (m/z)
g g
ﬁ Q 4100
£ lﬁm& curcumin
8
10 0 10 £ l
Retention time (min) Retention time (min) L . - . . .
. 300 360 420 - 430 540 600
Fig. 10. HPLC chromatograms of rat plasma without enzymatic “Mass (miz)
hydrolysis (a), ﬁ-glucuronidasc-treatcd rat plasma (b), ﬁ- Flg_ 11. HPLC chroma[ogram and mass spectra
glucuronidase/sulfatase-treated rat plasma (c), and sulfatase- of B-glucuronidase-treated plasma extract from

treated rat plasma (d). Rat plasma was collected one hour after an

oral administration of curcuminoids. curcuminoid-administrated rat.
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700 4 . - 300 400
4 —0--curcamia ——curcamin ==~ curcumia
6001 = demethexycurcamia «ddogsstaxycorcamia —~b—dessethexycarcamia
~Dblsdemsthoxycurcumin -~ bisdemethazycarcamin 300 —#—bisdemethoxycurcumin
E 500 g 200 £
2 a0 2 3
= s = 0
% 300 4 'E =
100
E 200 4 e g 100
100 4
o%—:——‘ 0 p— 0 '
] 16 A 0 8 16 4 0 8 16 24

Hours after administration Hours after administration Hours after administration

Fig. 12. Concentrations of total curcuminoids (A), glucuronide conjugates of curcuminoids (B) and glucuronide/sulfate conjugates of
curcuminoids (C) in rat plasma after a single oral administration of curcuminoids (100 mg/kg body weight; equivalent to a mixture of
206 wmol curcumin, 50 pmol demethoxycurcumin and 30 xmol bisdemethoxycurcumin/kg body weight). Values arc means + SEM,

n=4,

WM
HOC o
UDP- uoP
glucuronosyitransferase ,.lmr_qlmmhnm Sullotransferase
UDPGA - i
2 ¥ P
&COMM Lo ‘R' w ﬂ
i {
" curcumin o i_r-lr-‘r-l-d ___gr"l“.--.‘“’
2 ) z ;
A MR R A
Sulfotransferase : } g% g 11
PAP .4 3 3
o OH i ‘g ? g
n,co OCH, Fig. 14. Conjugation enzyme activities for glucuronidation and sulfation
wo ° of curcumin in rat tissues. Values are means + SEM, n = 3.
30, H
Fig. 13. Glucuronidation and sulfation of curcumin.
UDPGA, uridine 5’-diphosphoglucuronric acid;
PAPS, 3’-phosphoadenosine 5’-phosphosulfate.

Major conjugates in plasma

<2

E)ral Admlnmnﬂonj

Fig. 15. Proposed pathway of orally administered curcuminoid.
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FHEIL. 2D 3 )1 ROEERICBT3HBIER. IBEESRNGIHE
BXU #OMICERLEINI I )1 ROBHNEIRBROFAHZBENELE, 7
DAERWEHEDORER. BOBMLUEINVI I )14 ROEBERE L THE
{LER & EBIZ TG ERMMEUERZRE L. Sy F2RAVWERAOHKR. Z
D TG THEMBIERIT. BB D 8 B{LTT#ES VLDL-TG DE TR E, e
KHEBRBICBI3ENHRBORL - FIHOBLICEL2bDEEZX SN, BOF
BULEZND 214 RO—EIIHLEERET/ N0 BREABIRBINT
BERICRNEN, S5RF0—FRECHFBT/ NV OB/ HERREEIZR
#MEINBLEZIOSNE NS OREEDTOREMA, VIV 2 )1 RObk4
RAEBERORBRICEETEEEL 5Nk,
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AEREAE YT 2 BITEE, RERSOBEMIEE SR TS, Z2TEERREAICOV
T, PIBMLER R HRREDRVPHO LT 575, EERICEMWARIL 2358 0N L Bl L Tid
HEOVWHLPIZER TRV, AFETE, Yavidimoy a3y (8%, Curcumalongal, ¥ —
A)w2) EEN, IV-RORBEBBETIHLIINIIIAF (ONVIIV, FAMNI IV
IV, ERFTA MRV INT IY) 200, ZORHEEEBREFHMERTHSMIL L) L L7

HUOIE, FERBSGELT, ZMIIIAF, U—X=Y—, B 7Tha GREETF) 2EBIRLA
L EDEKTBLER LIRERFNOBEL, I ATHRN, ZOME, ZhODRSDOBIUCL 2
HILER R ERSY CIREZE TRV, BILA MLV AT A RETIIREL RETE S I LAVRS
Wiz F72, NI I A4 FEBRLA I AOMBIEE (LKICMITINT) wu—)) ERIE
LA s Z L2 FHICBR L

FITINII)ARREB NI TUNT Y 2 — VERIEEROBELS v P2 HVTELICH
Rizo EORR, WIREERIHERE 2T T2, BEURARER & FAREE) Ky ¥ 2 ¥
(VLDL) "D M7 oA 7Y 20— VOEEL VY I 4 FOBRICE > THLMETL, R
AV F F T Y—L TR B-BLBER TH B 7 Y VCoAF ¥+ ¥ —BIEUIBBE(AETIZ L
RHOPII L TRAODERICE ST, 207 I/ 4 FOBPUC X 2R KHBE~ND VI 7L
7 0 — N OERIHIER, VWb 2RI, IR - AAOAEICL230TH S
DL DITR o1,

SBICZNY I A FOBIBT BRI B LIS 2 BT, MEHfs 07574 —
LEBAWEICE DIV I 4 FOFLOEREMTREMYL Lz, ZLCROERLZZ vy 3
A FOMPREHEDE Ty PTREL, 20234 FRILP TV 0y BaskBI 7V y
B - BIAARE LTHEATAI L2 LOTHLIC L, T4, BEHEOHRATEEIIE LTV,
BOBRUL 227 V7 34 FO—RIZHLERETI V2 o0 VBREFICRE S THRRICRINE I,
ELIED—MAEIWMTI NV 0 VB - BRI S, IhooRbGhe 2ORBEY S
S USRI, 2NV 34 FOBA REBERORBICESTATRENH S L ERL Zhb
DR, RRORBEEBRTITOA T2 EHERS TORBE & b1, aEhi ORHEICONT
DEBBRERAREOLEN LR L ERLRARTH S,

INGORRIR, FERY -2 v 7RO TARROEBERRSTHLI VY I A FOB)
WHEATORBBEOEARLBEO,ICL, ZOHIRFERORR 2 CHRIBHERIHRIEORE L #
HLZDOLDTHY, AP OFRAZECI DL LTEFM S, RFTFOFROMAEICKE L
BT 200 TH5b, Lo THEER—MIL, AHEEICHEL (B%) 0¥IER5GTIETIINE
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