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The chemopreventive effects of tetrahydrocurcumin (THC), a newly synthesized deriva-
tive of curcumin, in an in vivo medium-term multiergan carcinogenesis model were
examined. One hundred sixteen male F344 rats were treated with diethylnitrosamine,
azoxymethane, N-nitrosomethylbenzylamine or vehicles only at weeks 0, 1-2, and 3-5
respectively. Rats of group 1 and 2 were then given THC (0.5% or 0.25% in diet) for
33 weeks (7~40 wk), whereas rats of group 2 and 4 were given basal diet for 40 weeks
(0~40 wk). All surviving animals were sacrificed at week 40 and the major organs,
including the liver, lung, kidney, esophagus, and colon, were histologically examined.
The incidences of lung and colon adenoma and adnocarcinoma combined in group 1
receiving 0.5% THC were significantly decreased as compared to the group 2 values (P <
0.05). Also the incidences of lung adenomas in group 1 decreased as compared to the
group 2 values (P<0.05). No effects were observed for liver and esophageal tumor
incidences. The results suggest that THC exerts a chemopreventive effect on lung and
colon carcinogenesis when given in the post-initiation stage to F344 rats.
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ruloylmethane)2 413} (Curcuma longa Lin.)2] 2
o) 2 ghal, AR 5ol FH s ez Ay
BE) A Ee) $A2E ALl gtosl, Aol
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A2l gtstAlel £kt Curcuming Ax el #
FE 483 Todwlo] AJgellA 7,12-dimethylbenz
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Tetrahydrocurcumin (THC)< curcumin®} 1 3}
A Fz=7F Al T S48 JWx e
MEF F-olrt. gAEANGo] Zheled A A
3}(lipid peroxidation)E A Alst= 58 o] curcumin
v ZEsio s 484 9ok THCE curcumin
o AR sz A4H T glom, Aol
HeslE Aeg Bag ul glg” =3 THCE
whe2o) 1N MAE Al e A
W ol thzlo] A4 9b A& (aberrant crypt foci, ACF)
WS AAels Aegx HnE uf U o
2yt ok =7kA) THCHH tash )3o] 9l ) 7)ol
A ol HHE UehREAS ofRo) AW
AF-A = gk

E AgeA e rER 25 diethylnitrosa-
min (DEN)E, A} fuE4 2= azoxymethane

T
(AOM)E, A5y $UEAZE  N-nitrosomethyl-
benzylamine (NMBA)S- Z+ZF AL8-3F £7] vhA7)
HiolA) 2§ © 2 curcumin®] A-diketone 7ZE

Z+e AES §-TA49 tetrahydrocurcumin (THC)S)
Aol aHE FEH o2 Hrpslaz gt

M2 3 Y
) HEEE

sz o] S AH LA F44 S HE 116v}
2] & Charles River Japan (Atsugi, Shizuoka, Japan)
ol4l Feheto] FeFhElo| £ Alo] Kol so}2l4
QolAl 15U7 QB FYFAIE] o T4 (National
Cancer Center Research Institute, Tokyo, Japan) &
249 970 A7 b Aol 455
o AgAY AgBroEt AL EF ASEA
¢l &% (23+2°C), AUFE(5+10%), gz
(12/12A 744 it adystellA BEEFZAA
Agatgie. 1elT AR} SEFE AWIL F
A%zo] 4AY & YEF ehgich

2) dEdA ¥ A=EF

(1) Z42E2E Y tetrahydrocurcumine®| H|=X:
Hkol-2-Z1 9] diethylnitrosamine (DEN)®} azoxyme-
thane (AOM)< w|= Sigma ChemicalAlol]4] T4
sl9.2™, N-nitrosomethylbenzylamine (NMBA)<2
N-methylbenzylamine-3- 9 ¥ Tokyo ChemicalA}oi]
A Tl AT kel BAWEE 7]
<3}, N-methylbenzylamine-2 80%2] acetic acid
o el o, of Fgelol] o} JEFEAL
A8 @ H A& Aol FAe I EAES £
Zlslgdct. o] AE-E etherZ Heldl o} 5% so-
dium bicarbonate @ B Z A1 FuiE ZHIAZ o
], C18 reverse phase columm (4.6 X 150 mm)2- A}
£3lo] HPLCE £5F E43l4 95% ol4d<
#-elslgdc}l. Tetrahydrocurcumin (THC)(Fig. 1)
J B Nikken Fine ChemicalAtellA] =X 93% o|A+
229 e THLU

AERTE VYFTE MFEUAE Oriental
Yeast Co. Ltd., Tokyo, Japan)& Foislsich. A]4
E749 THCE vl MFETA R 7ZH7 025%
2 05%7t HEF EFFsle] Wiste] WA
wssho] A483H3ck

(2 MEFTO Hix]: 557 SAHAAN=Y
F344 37 H= 1l6nlal & 4/F o2 1hFo] Al
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Chemical structures of curcumin and tetrahydrocurcumin.

0.5% or 0.26% THC

Basal Diet

0.5% or 0.25% THC

Fig. 1.
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Group 4

Basal Diet

W Diethylnitrosamine, one times i.p. 100 mg/kg
W Azoxymethane, two times, s.c. 20 mg/kg
Y

NMBA, five times, s.c
N/ vehicle

Fig. 2. Experimental protocol for colon carcinogenesis.
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A2 Dunnett’s multiple comparison 1-testE-
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DAN xl= 5ol 3l DAN+0.5%THC, DAN+

025% THC 5ojFolA DANS Fojzlz k&
0.5% THC, 0.25% THC $oiF 1 7]®A} 3ol
ol Bl A AFe FIlge] Ad4FHE Fo4
RA Faste] AY F8A7HA AlSE ek DAN
+0.5% THC, DAN+025% THC SolFodH:
DAN @5 Fojol n|zlA Al4FFE] A|F2
FAgol 94 Al 4 ckP <0.001, 0.5%;
P<001, 025%). 21} wtEA LS Eojslx] ¢
L Qo= 025% THC FolFolA Xt} 05%
THC FolFollA] AFo] FAgo] EAGH R
A dA Fazter, o2t Xole AYS
EA7A] A&E ok

DAN-+0.5% THC $oiFo|4 7HA-5EAl= DAN
FEFoiF9 ZHAAFAl vliElA FAA IA F
7}el om (P <0.05) 7| EA S FoiTol nldAR
S94 QA =7kl chP<0.05). 0.5% THC,
025% THC Foii9 7+ F%2 71EAEFo
9 ZHAAle] vlsiA |94 A FrFskdch
(0.25%, P<0.01; 0.5%, P<0.001)(Table 1).

DAN+0.5% THC, DAN-+0.25% THC £o]39)
A&l that 7HA-F-AlH] = DAN gHESFof Fol H]
A oA A F7hskel 2 (P<0.001), 7]E
AzFodTol HAAE F248 AA Frrsksds
0.5% THC, 0.25% THC %0379 Aol gt 7+
ZAFAulE 7| EAEF Tl vidlA F-94 9
Al F7Fekd e

7 279} AR Frl9k AEel dE FAw

Table 1. Body and organ weights in F344 rats treated with DAN followed by THC

Organ weight (g)

Relative organ weight (g%)

Group  Treatment l:::?glh:’?g
Liver Kidney Liver Kidney
I DAN+0.5% THC 349.1+223° 10.53+1.02* 1.69+0.88 3.02+0237 0614005
DAN+0.25% THC  363.6+175" 1036 +£0.75 2174017 2.85+0.147  0.60+0.03
I  DAN alone 376.8+20.6 9.81+0.80 1.69+0.86 2.60+0.15 0.56+0.04
I 0.5% THC 376.8+20.1" 11.40+0.89" 2.16%+0.16 3.03+0.18"  057+0.03
0.25% THC 385.5+21.4 11.09+0.56" 2.30+0.11 2.74+0.11" 0.59+0.03
IV Control 386.7+40.2 8.61+1.49 2114024 2224030 0.55+0.06

DAN represents “DEN+AOM-+NMBA” treatment. THC was given in diet for 33 weeks.

Each value represents mean=+ SD.

*‘TﬁSigniﬁcantly different from DAN alone group at P<0.05, P<0.01 or P<0.001, respectively.
”’“Significantly different from control group at P<0.01 or P<0.001, respectively.
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Table 2. Incidences of colon tumors in F344 rats treated with DAN followed by THC

Incidences of tumor -

Group Treatment No. of rat
AD ADC AD+ADC
I DAN+0.5% THC 25 5 (20.0) 1 (4.0) 6 (24.0)*
DAN+0.25% THC 25 3 (12.0 5 (20) 8 (32.0
I DAN alone 36 11 (30.6) 6 16.7) 17 (37.2)
I 0.5% THC 10 0 0 0
0.25% THC 10 0 0 0
v Control 10 0 0 0

DAN represents “DEN+AOM+NMBA” treatment. THC was given in diet for 33 weeks.
AD: Adenoma, ADC: Adenocarcinoma

*Significantly different from the values of the DAN alone group at P<0.05.

Values in parenthesis represent percentages.

Table 3. Multiplicities of colon tumors in F344 rats treated with DAN Followed by THC

Muttiplicities (No. of tumor/rat)

Group Treatment No. of rat
AD ADC AD+ADC
I DAN + 0.5%THC 25 027+0.13 0.07%0.14 0.33+0.19
DAN + 0.25%THC 25 0.15%0.11 0.25%0.12 0.40+0.17
II DAN alone 36 0.24+0.09 0.31%£0.10 0.55+0.14
I 0.5% THC 10 0 0 0
0.25% THC 10 0 0 0
v Control 10 0 0 0

DAN represents “DEN-+AOM+NMBA” treatment. THC was given in diet for 33 weeks.
AD: Adenoma, ADC: Adenocarcinoma
Each value represents mean= SD.

Table 4. Incidences of lung tumors in F344 rats treated with DAN followed by THC

Incidences of tumor

Group Treatment No. of rat
AD ADC AD+ADC
I DAN+0.5% THC 25 11 (44.0)* 2 (8.0) 13 (52.0)*
DAN+0.25% THC 25 17 (68.0) 0 17 (68.0)
I DAN alone 36 26 (72.2) 3 (8.3) 29 (80.6)
I 05% THC 10 0 0 0
0.25% THC 10 0 0 0
v Control 10 0 0 0

DAN represents “DEN+AOM+NMBA” treatment. THC was given in diet for 33 weeks.
*: Significantly different from the values of the DAN alone group at P<0.05.

Values in parenthesis represent percentages.

AD: Adenoma, ADC: Adenocarcinoma
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Fig. 3. Proliferated and displaced cancer cells in the mu-
cosa of the colon of rat treated with DAN plus 0.5% THC
in Groupl. H&E stain. X 100.

Fig. 4. Adenocarcinoma of the colon of rat treated with
DAN alone Group 2. Note the infiltration of the numerous
cancer cells and pleomorphism. H&E stain. X 100

22 5% 6u}2]240%)0l4 WAelo] DAN S
FoFol Al vt Bl fo44 A 2
a-stgleh. 02% THC el ol A% 27} 30jes}
Subel 2 R 8nlel(32%)7h WAIskod °14] DAN
HEFol Tt gaetgont SA%H o §9
4 e Aot glgleh

ihele] A= AT AGE HARE 3

Fig. 5. Adenoma of the lung of rat treated with DAN
alone in Group 2. Most of the alveolar lumen is ob-
literated by the proliferated alveolar epithelial cells. H&E
stain. X 100.

Fig. 6. Magnification of Fig. 5. Note the proliferated al-
veolar epithelial cells. H&E stain. X 100.
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Table 5. Multiplicities of lung tumors in F344 rats treated with DAN followed by THC

Multiplicities (No. of tumor/rat)

Group Treatment No. of rat
AD ADC AD+ADC
I DAN+0.5% THC 25 1.08+1.38 0.08+0.28 1.16+1.57
DAN+0.25% THC 25 1.24+1.09 0 1.24+1.09
II DAN alone 36 1.58+£1.25 0.08+0.28 1.64+1.40
111 0.5% THC 10 0 0 0
0.25% THC 10 0 0 0
v Control 10 0 0 0

DAN represents “DEN+AOM+NMBA” treatment. THC was given in diet for 33 weeks.

AD: Adenoma, ADC: Adenocarcinoma
Each value represents mean=+ SD.

e
{* i

Fig. 7. Severe hyperplasia of the esophageal mucosa of
rat treated with DAN plus 0.5% THC in Group 1. Note
hyperplasia of epithelial cells and highly pronounced hy-
perkeratosis. H&E stain. X 100.

TRl RAA Ux
(Table 3).

ol vehtA kgt

3 H =MWy oA

oA B #H AF AgFe 2YES
Table 40419} 7t} DAN HE%of Foll 4] 36u}e]
F o AFF A AgFol 27 26vt](72.2%)9%
3nle](8.3%)E BT 29ule|r} #Hdel] Ae] 80.6%
o] WA X chFig. 5, 6). DAN+0.5% THC

Fig. 8. Squamous cell carcinoma of the esophagus of rat
treated with DAN alone in Group 2. Note keratinized
epithelial pearls. H&E stain. X 100.
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FoAToAE 25vke] F AFa AgFe] 7
11 vl2)8} 2ule]ld 25 13u}2](52.0%)0l| A WA
3le] DAN thEFo ol ulste] |24 AUA 2
A1tk DAN+0.25% THC $of o4& 25u}
2l & AAAF 1791e](68%)oll A W AYsE) 2t
DAN 550l 73 vliste] §-24 e Aole
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t}(Table 5).
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Fig. 9. Hepatocellular adenoma of the liver of rat given
DAN plus 0.5% THC in Group 1. Note proliferation of
cancer cells and slight compression of adjacent paren-
chyma. H&E stain. x200.

P CIE SRR

DAN ©hEEoFoA 36ula] F F-FZ(papil-
loma)¥} 3 A¥] A %% (squamous cell carcino-
maye| Z+Zt 4ul2](11.1%)8} 10t2]Q.8%) 8 25 5
vlg]7}l Aol Ay 13.8%9 WAES BYd
(Fig. 7, 8). DAN-+0.5% THC %-o]F-oAl: 25u}
gl F 75N 4ul2](16.0%)o0 4 2Asle] DAN
5Fol ol vlgte] §94 A& Aol gl
DAN+0.25% THC S$ojFdAE 250te] & &%
F3t AR AN ERF o] 47 50t (20.0%)9) 3
ul2](12.0%)3 25 sula]r} A]=de] Ae] 320%
o] kAEE Hol thk Frlsle %S He
1} DAN wt=Foj 3 vlzsle] o4 e 2
ol gt

THAE 41F2 DAN 550 FollA] 36ula] &
euteloll A Azl 167%9] WAEES HYch
(Fig. 9, 10). DAN+THC %0372 0.5%2} 0.25%
THC FoiFollA Z+zt 16%9} 8.0%4 whAste]
DAN th5Fof ol v|ste] AL Faslg e
v FAgH R 238 ol glgirh

o2 Aol A9 ¢ %L DAN+THC FoiF
of 2] E3| ¢t 1o, 449 147} whAYsl$] AL, DAN

Fig. 10. Higher magnification of Fig. 9. Note many fat
vacuoles in predominantly eosinophilic cells. H&E stain.
X 400.
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t}. 3 curcumin-S- TPAL} AOMo]| 93 o=
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Q]z-]] D) UHXL_,] Xﬂol-Hf] H:L,] xﬂ%z]_u_oﬂ ]:H
AL et 3k} ODCY TPKE &3 F4
g 7sE FAsE Aoz ¥uzd 53] obC
£ polyamine-g 43l TPKS} 3bA| A EZA 3t
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AEAAAE EA3, £ A9 basal cell
carcinoma cellsellA]+= £ 9 A7} o&Ho g
IEAUE SOV S A2l e
cumin< thAbele) kel (progression) gt Al o] A
AAEIA7E ekt Hawglowm, ol AlEAI
A9 2R3 BeARdn S90chS THCYL Hht
AL werel A At BAS|ol4) ofm
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LEALE ZAsteslol dElAE Hndusl
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{curcumin 10~30 mg)e] AH3lch= B ur) )
o mEkA olF AFS) 49} el ol
DDA AL EA ] R Fo] 2L AR
A7t FRH o HEHI Y AAold).

- | g
2 ATelE AFAA FUE FLER
curcumin®] A Z-F FEHQ tetrahydrocurcumin

(THC)o] =98] A7lel wXe WgAAANE
] WA AEH o g dotiy] §iste] 3
st ukelEA ¢l diethylnitrosamine (DEN), azo-
xymethane (AOM) 12|31 N-nitrosomethybenzyla-
mine (NMBA) [DAN]E- F344 tel $oig 3
THCE 335 59t A& 4olA] Fo3 e 7}
A A, o, A ,ZM%’— 4, WE 4 TR

p

2
ofi
%2,
ol
N,
—a
X
fo q

£ JoFFolE £
FrazH| B Zpo|yl iy
23719 SAE WA kg
£2] THCE #HIPEAE Al
F ukAiH S of] glo] A E aEE 2] THCE)
2} A¢E) e ANIEsL dAstA gast
Sck 2 el aeln AEY T whag
Zeolle 794 e Aol & ehA] ekgir)

2 odFelA ol AAE SR Ad THCE
¢t A7t glom, nF 5] THCE Ayt
AAZE&E Yehlle 2o Agd. E=8 THC
= 543 54% el g2 Ho g n]Fo]
Hot 2Atghg o2 sk ddAlgedlA Agol
7Vt A2 Agslc wekA curcuming] oiA}
F4 522 THCE UAdA 9] olul &3} 7
tEs BEE oAk

b
>
o P~
R
off
2.
_T_.
]o

5
XSt

X
b
ok
[
off -
N

=
3
a [+
(53

=3

LA

&
b
2
2

o

o

N

)

m[o

#HAte =

B oA £3e 93le] obdgle XYI Ay
£ HUFA Y TUGAERTE APy

3}3k @ ¥ X Hiroyuki Tsuda®tA}9} Nobuo Takasuka
sholA R4eE HAE Salv, 2 e 4
Ex 24L& AT F4A 4E Yoropd A
58red F31e] Toshihiko Osawa“‘*]—oﬂﬂ] AAE =
al\,];}. u:a}. o] =5 200043 ];H‘sl-_;;/_ l:la

AT ST AFAR BAZIe,

il

in]

i
[

1) Doll R, Peto R. The causes of cancer: quantitative
estimate of avoidable risks of cancer in United States
today. JNCI 1981; 66: 1191-1308.

2) Doll R. The lessons of life: keynote address to the
nutrition and cancer conference. Cancer Res 1992; 52:
2024-2029.

3) Wattenberg LW. Inhibition of carcinogenesis by minor
dietary constituent. Cancer Res 1993; 52: 2085-2091.

4) Kraemer KH, DiGiovanna JJ, Moshell AN, Tarone
RE, Peck GL. Prevention of skin cancer in xeroderma
pigmentosum with use of oral isotretinoin. N Engl J
Med 1988; 318: 1633-1637.

5) Ammon HP, Wahl MA. Pharmacology of curcuma
longa. Planta Medica 1991; 57: 1-7.

6) Josephy PD, Gruz P, Nohmi T. Recent advances in
the construction of bacterial genotoxicity assays (re-
view). Mut Res 1997, 386: 1-23.

7) Nagabhushan M, Amonkar AJ, Bhide SV. In vitro
antimutagenicity of curcumin against environmental
mutagens. Food & Chem Toxicol 1987; 25: 545-547.

8) Kuttan R, Bhanumathy P, Nirmala K, George MC.
Potential anticancer activity of turmeric (Curcuma
longa). Cancer Lerr 1985; 29: 197-202.

9) Huang MT, Wang ZY, Georgiadis CA, Laskin JD,
Conney AH. Inhibitory effects of curcumin on tumor
initiation by benzo[ ¢]pyrene and 7,12-dimethylbenz
[ @]anthracene. Carcinogenesis 1992; 13: 2183-2186.

10) Shih CA, Lin JK. Inhibition of 8-hydroxydeoxygua-
nosine formation by curcumin in mouse fibroblast
cells. Carcinogenesis 1993; 14: 709-712.

11) Huang MT, Lou YR, Ma W, Newmark HL, Reuhl KR,
Conney AH. Inhibitory effects of dietary curcumin on
forestomach, duodenal, and colon carcinogenesis in
mice. Cancer Res 1994; 54: 5841-5847.

12) Pereira MA, Grubbs CJ, Barnes LH, Li H, Olson GR,
Eto I, Juliana M, Whitaker LM, Kelloff GJ, Steele
VE, Lubet RA. Effects of the phytochemicals, curcu-
min and quercetin, upon azoxymethane-induced colon
cancer and 7,12-dimethylbenz[ ] anthracene-induced



