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To elucidate the mechanism underlying suppression by curcumin
of esophageal carcinogenesis induced by NMBA, we evaluated
the CYP level and mutagenic activation of environmental
carcinogens, by immunoblot analyses and Ames preincubation
test, respectively, and bilirubin, 4-nitrophenol and testosterone
UDPGT activities in F344 rats treated with curcumin and/or
NMBA. No significant alterations in the hepatic levels of
constitutive CYP proteins, mutagenic activation by liver S9 or
hepatic UDPGT activities were produced by subcutaneous
treatment with 0.5 mg/kg NMBA for 5 weeks and/or feeding of
0.05% and 0.2% curcumin for 6 weeks. In contrast, gavage of 0.2%
curcumin decreased esophageal CYP2B1 and 2E1 by up to 60%,
compared with vehicle control. Similarly, intragastric treatment
with 270 mg/kg curcumin decreased esophageal and gastric
CYP2B1 and CYP2E1, but not in lung, kidney or intestine.
Conversely, large intestinal CYP2B1 was 2.8-fold higher in the
treated rats than in control rats. Mutagenic activities of NOC,
including NMBA, in the presence of esophagus and stomach S9
were markedly decreased in the treated rats, whereas those
in the presence of large intestine S9 were 2.2–3.0-fold above
control. These results show that modifying effects of curcumin
on esophageal carcinogenesis can be attributed to a decrease in
metabolic activation of NMBA by esophageal CYP2B1 during the
initiation phase, without the contribution of metabolic activation
and inactivation by liver. Further, the present findings sug-
gest the potential of curcumin for modification of gastric and
intestinal carcinogenesis initiated with NOC. (Cancer Sci 2006; 97:
896–904)

H uman esophageal cancer has been closely associated
with exposure to nitrate and nitrite, which are precursors

of NOC, and exposure to NMBA is also associated with an
increased risk of human cancer in the esophagus in China.(1– 4)

In fact, NMBA is known to be the most potent carcinogen for
rat esophagus, irrespective of its mode of administration.(5,6)

It has been shown that esophageal mucosa microsomes from
male Sprague–Dawley rats can form benzaldehyde and
formaldehyde from NMBA at rates 1/5 and 1/60 of hepatic
levels of both metabolites, respectively, and the metabolisms
are inhibited more than 95% by CO and 70% by SKF525A,
typical CYP inhibitors.(7) O6-methylated guanine level in rats
given NMBA is six times higher in esophagus DNA than in

liver DNA,(8) and isothiocyanates markedly decrease the
incidence and multiplicity of NMBA-induced esophageal
tumors, with inhibition of esophageal DNA methylation in
F344 rats.(9) Further, it has been shown that ethanol has an
enhancing effect on DEN-induced esophageal tumorigenesis
in F344 rats,(10) with enhancement of metabolic activation of
DEN by hepatic CYP2E1.(11) These findings indicate the
importance of metabolic activation of NMBA by the target
organ and/or liver during the initiation phase, and some NOC
are known to be metabolized in the esophagus at a relatively
high rate, often leading to high levels of esophageal DNA
alkylation.(8,12,13) The total CYP content of the esophagus
microsomes is only 7% of that of liver microsomes,(14) but
little is known about the expression of CYP species in rat
esophagus; CYP1A1 and 2A3 proteins are constitutively
expressed in rat esophagus microsomes, but CYP2B1/2, 2E1
and 3A2 proteins are not.(14–16) We have recently shown that
NMBA is mutagenetically activated by hepatic CYP2B1 and
2B2, but not CYP2E1, in rats.(11)

Curcumin is the major yellow pigment in turmeric (the
ground rhizome of Curcuma longa Linn), widely used as a
spice and coloring agent in several foods, such as curry,
mustard and potato chips as well as cosmetics and drugs.
This natural dye has been reported to inhibit tumors in
various organs, such as the tongue, skin, mammary gland,
forestomach, liver, duodenum and colon from laboratory
animals, during the initiation and/or promotion phases.(17) In
addition, Ushida et al.(18) reported that esophageal tumorigen-
esis induced by NMBA is markedly suppressed by treatment
with curcumin during the initiation and promotion phases in
F344 rats. Curcumin is not toxic to humans up to 8 g/day
when taken by mouth for 3 months,(19) being suggested as an
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effective chemopreventive agent. Turmeric and curcumin are
known to reduce BP- or 7,12-dimethylbenz[a]anthracene-derived
DNA adducts in rat liver(20) and in hamster buccal pouch.(21)

Turmeric and curcumin have been reported to be a competitive
inhibitor for EROD and PROD,(22) and to decrease total CYP
content(23) and EROD, MROD and PROD activities in liver,
lung and stomach microsomes from rats.(24) Curcumin also
induces 4-NP UDPGT(25,26) and 1-chloro-2,4-dinitrobenzene
GST(23,25,27–29) in rat liver. However, to our knowledge, no
data have shown the effect of curcumin on hepatic levels
of CYP enzymes, metabolic activation by CYP and
UDPGT activities towards bilirubin and testosterone in rats,
or on extrahepatic levels of CYP isoforms in any animal
species.

In order to elucidate the mechanism(s) underlying suppression
of NMBA-induced esophageal tumorigenesis by curcumin,
hepatic and extrahepatic levels of microsomal CYP enzymes
known to activate typical environmental carcinogens, mutagenic
activation of these carcinogens by tissue S9 and three kinds
of hepatic UDPGT activities were assayed in male F344 rats
treated with curcumin and/or NMBA.

Materials and Methods

Chemicals
BP, DMN, DEN, 4-NP, testosterone, bilirubin, UDP-glucuronic
acid, Trp-P-2 and MeAαC acetates, Glu-P-1 hydrochloride
and IQ were purchased from Wako Pure Chemicals (Osaka,
Japan) and NMBA was from Sakai Laboratory (Fukui, Japan).
Curcumin (>98% pure) was obtained from Nacalai Tesque
(Kyoto, Japan), NPYR was from Aldrich Chemical (Milwaukee,
WI, USA) and AFB1 was from Makor Chemicals (Jerusalem,
Israel). UDP-[14C(U)]glucuronic acid was purchased from
American Radiolabeled Chemicals (St Louis, MO, USA) and
G6P, G6PDH, NADP+, NADPH, NADH and ATP were from
Oriental Yeast (Tokyo, Japan). All other commercial products
were of the purest grade available. BHP and NDMM were
synthesized in our laboratory as described previously.(30)

Animal treatment and tissue preparation
All animal experiments were undertaken following guide-
lines for the care and use of experimental animals set by Gifu
Pharmaceutical University and Gifu University. Male 4- or 5-
week-old F344 rats purchased from Japan SLC (Hamamatsu,
Japan) were housed in wire cages (two or three rats/cage) and
maintained under standard laboratory conditions. Thirty male
rats, 5 weeks old, were divided into six groups consisting of
five animals. Rats in Groups 3 and 5 were given 0.05%
curcumin in the basal diet CE-2 (CLEA Japan, Tokyo, Japan)
and those in Groups 4 and 6 were given 0.2% curcumin
throughout the experiment. One week after initiation of the
respective diets, rats in Groups 1, 3 and 4 were subcutaneously
treated with 20% DMSO three times per week for 5 weeks,
and rats in Groups 2, 5 and 6 received 0.5 mg/kg NMBA
dissolved in 20% DMSO.(18) All the animals were decapitated
24 h after the last dose of the vehicle or NMBA. Alternatively,
40 male rats, 6 weeks old, were divided into four groups. Ten
rats were given 20% DMSO, serving as a control, 20 rats
were treated with 70 or 270 mg/kg curcumin through an
intragastric tube, and 10 rats were subcutaneously treated

with 0.5 mg/kg NMBA as a single dose. All animals were
killed 6 h (NMBA-treated rats) or 24 h after treatment. In
addition, 32 rats, 6 weeks old, were divided into two groups
and were given DMSO or 270 mg/kg curcumin as a single
dose, then killed 24 h after injection. Livers, kidneys and
lungs were perfused in situ with ice-cold sterile 1.15% KCl
and 25% homogenates in 1.15% KCl were prepared.
Esophagus, stomach, small intestine and large intestine were
rinsed in ice-cold 1.15% KCl after harvesting, and these
mucosae were then stripped off the submucosae and any
muscular tissues. S9 and microsomal fractions from these
tissues were prepared using established procedures.(30)

Assay of total CYP content
Total CYP content in liver and esophagus microsomes was
spectroscopically determined by the method of Omura and
Sato.(31)

Western blot analysis
Gel electrophoresis and blot analyses were carried out as
described in detail previously,(32) according to the established
methods of Laemmli(33) and Towbin et al.(34), respectively.
Separated proteins were transferred by semi-dry electroblotting
from the sodium dodecylsulfate–polyacrylamide gel to polyvin-
ylidene difluoride membrane (Immobilon-P; Millipore, Bedford,
MA, USA) in 25 mM Tris buffer (pH = 8.3) containing 0.19
M glycine and 20% (v/v) methanol. The membranes were
blocked by incubation with phosphate-buffered saline containing
5% skim milk for 1 h. The blocked membranes were incubated
with goat antirat polyclonal antibodies for CYP1A1/2,
CYP2B1/2, CYP2E1 and CYP3A2 (Daiichi Pure Chemicals,
Tokyo, Japan) then stained using biotinylated antigoat immuno-
globulin G (Vector Laboratories, Burlingame, CA, USA) and
a Wako ABC-POD kit (Wako Pure Chemicals).

Mutation assay
All tests were carried out using the Ames preincubation
assay.(35) Six NOC were dissolved in 100 µL of water and all
the other carcinogens in 50 µL of DMSO. The mutagenicities
of IQ (dose, 0.03 µg/plate), Trp-P-2 (0.03 or 0.3 µg/plate),
Glu-P-1 (0.3 µg/plate), MeAαC (10 µg/plate), BP (5 µg/plate),
AFB1 (1 µg/plate), NPYR (0.25 mg/plate), NMBA (1 mg/
plate), DMN and DEN (1 or 10 mg/plate), and BHP and
NDMM (10 mg/plate) were checked in the presence of liver,
esophagus, stomach or intestine S9 mix, using established
procedures.(11,36–39) The amount of tissue S9 fraction was
10 µL/plate for the HCAs, 50 µL for BP and 150 µL for the
NOC and AFB1. Salmonella typhimurium tester strains TA100
and TA98 were used for the six NOC and the other carcinogens,
respectively. The S9 mix contained 4 mM NADPH, 4 mM
NADH, 0.5 U G6PDH, 5 mM G6P and 5 mM ATP, except
for the NOC, for which 4 mM NADP+ and 5 mM G6P were
used.(32)

Assay of UDPGT activity
UDPGT activities towards bilirubin and 4-NP in liver
microsomes were assayed according to the methods of
Heirwegh et al.(40) and Isselbacher et al.,(41) respectively, and
that towards testosterone was determined using UDP-
[14C(U)]glucuronic acid as described by Matern et al.(42)
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Statistical analysis
Statistical analyses by Student’s t-test were carried out
to determine the significance of the differences between
groups. All statements of significance are either P < 0.05 or
P < 0.01.

Results

Determination of total CYP content and CYP isoform in 
several tissues
Figure 1 shows immunoblots and levels of microsomal CYP
proteins in male F344 rats treated with NMBA and curcumin
for up to 6 weeks. Esophageal CYP2B1 and CYP2E1 were
constitutively detected with an antibody against hepatic
CYP2B1/2 and CYP2E1 in the vehicle group (Group 1). In
Group 2 rats subcutaneously treated with 0.5 mg/kg NMBA
for 5 weeks the CYP2B1 level was not changed, but that in
Group 3 and 4 rats fed 0.05% and 0.2% curcumin, respectively,
for 6 weeks was decreased by 30%−40% relative to Group 1
rats. Similarly, the constitutive CYP2B1 level was 40% and
60% lower in Group 5 and 6 rats, respectively, than in Group

1 rats. Treatment with NMBA and/or 0.05% curcumin caused
no decrease in the constitutive CYP2E1 level, whereas that
in Group 4 and 6 rats was decreased by 30% relative to
Group 1 rats. However, there were no significant differences
in hepatic levels of constitutively detected CYP2B2, 2E1,
1A2 or 3A2 among the six groups, and neither CYP2B1 nor
1A1 were expressed in any group of rats. In addition, no
significant alterations in hepatic and esophageal levels of
total CYP content spectroscopically determined were observed
in the six groups (liver, 1.35–1.60 nmol/mg; esophagus,
0.30–0.39 nmol/mg).

In order to confirm the new evidence for CYP expression
and suppression, the potency of curcumin was further checked
in hepatic and extrahepatic microsomes from rats orally
treated with 70 and 270 mg/kg curcumin, corresponding to
the daily intake in the diet containing 0.05% and 0.2%
curcumin, respectively, as a single dose. As shown in Figure 2,
esophageal CYP1A1, 1A2 and 3A2, in addition to CYP2B1
and 2E1, were detected with antibodies against hepatic CYP
in the vehicle group. The constitutive levels of CYP2B1 and
2E1 in rats given 270 mg/kg curcumin were significantly

Fig. 1. Immunoblots and densitometric determination of expression of CYP protein in esophagus (left) and liver (right) microsomes from
rats treated with NMBA, curcumin or both. Both microsomes were pooled from five rats treated with vehicle (lane 1) or 0.5 mg/kg NMBA
(lane 2) three times per week for 5 weeks, 0.05% (lane 3) or 0.2% (lane 4) curcumin for 6 weeks, and NMBA + 0.05% (lane 5) or + 0.2%
(lane 6) curcumin. Lane 7 contains CYP standards from male Sprague–Dawley rats treated with PB (A and D), acetone (B) or MC (C). Liver
microsomes contain 0.4 µg (A–C) and 1.0 µg (D) microsomal protein, and the values represent means ± SD of pmol/mg microsomal protein
obtained from four experiments. Esophagus microsomes (A, B) contain 30 µg microsomal protein, and the values represent means ± SD of
the ratio to arbitrary units obtained with the vehicle group. n.d., not detected.
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decreased by 40% (P < 0.01), relative to control rats, whereas
levels of the other CYP isoforms were not changed, and
NMBA produced no significant changes in the five CYP iso-
forms. There were also no significant differences in hepatic
levels of constitutive CYP2B2, 2E1, 1A2 and 3A2 among the
four groups, and neither CYP2B1 nor 1A1 were detected in
any group of rats. Figure 3 shows immunoblots of CYP2B1
and 2E1 in six extrahepatic tissues, including the esophagus,
from rats treated with 270 mg/kg curcumin as a single
dose. CYP2B1 and 2E1 proteins, but not CYP2B2, were
constitutively detected in all the extrahepatic tissues, except
for CYP2E1 in the small intestine. The treatment with
curcumin significantly decreased gastric and esophageal
CYP2B1 by 30% and 40% (P < 0.05), respectively, relative
to the vehicle group. It also decreased esophageal CYP2E1
by 60% (P < 0.01) and gastric CYP2E1 to an undetectable
level. In contrast, the CYP2B1 level in the large intestine was
2.8-fold higher (P < 0.01) in the curcumin-treated rats than
in control rats; there were no significant alterations in the
levels of CYP2B1 or 2E1 observed in the small intestine,
lung or kidney.

Mutagenic activation of environmental carcinogens by 
tissue S9
To clarify the potential of liver S9 to mediate mutagenic
activation of carcinogens, the mutagenicities of NMBA and
11 other carcinogens known to be metabolically activated by
CYP2B1/2, 2E1, 1A1/2 and 3A2, were tested in Salmonella
strains TA98 and TA100. Figure 4 shows the mutagenic
activities of six NOC including NMBA, four HCA, BP and
AFB1 in the presence of liver S9 mix from rats treated with
NMBA and/or curcumin for up to 6 weeks (five groups
excluding Group 5). There were no significant differences in
the mutagenic activities of any NOC in the strain TA100, nor
in HCAs, BP or AFB1 in the strain TA98, among the five
groups. Similarly, the single treatment with 0.5 mg/kg NMBA
or 270 mg/kg curcumin produced no significant alteration in
mutagenicity of five NOC excluding BHP, Glu-P-1 and
Trp-P-2 (data not shown).

Figure 5 shows the mutagenic activities of NMBA, DMN
and DEN in the presence of esophagus, stomach or large
intestine S9 from rats orally treated with the vehicle or 270 mg/kg
curcumin as a single dose. In the curucumin-treated rats the

Fig. 2. Immunoblots and densitometric determination of expression of CYP protein in esophagus (left) and liver (right) microsomes from
rats treated orally with curcumin or subcutaneously with NMBA as a single dose. Both microsomes were pooled from 10 rats 24 h after each
treatment. Lanes PB, acetone and MC contain CYP standards. The amounts of each microsomal protein, including (C) and (D) in the
esophagus, and the means ± SD are identical to those described in Figure 1 legend. *P < 0.01, compared with the vehicle group (Student’s
t-test). n.d., not detected.
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mutagenic activities of NMBA and DMN in the presence of
esophagus S9 were decreased to almost half or less (P < 0.01)
of those in control rats. In the presence of stomach S9 from
the treated rats, the mutagenic activities of DMN and DEN
were decreased by 82%−85% (P < 0.01) relative to control
rats and that of NMBA to the spontaneous revertants.
However, the mutagenic activities of NMBA and DMN in the
presence of large intestine S9 were increased by curcumin
treatment to 2.2- (P < 0.05) and 3.0-fold (P < 0.01), respec-
tively, relative to those in control rats.

Three kinds of hepatic UDPGT activities
Table 1 summarizes the effects of NMBA and curcumin
treatment for up to 6 weeks on hepatic UDPGT activities
towards bilirubin, 4-NP and testosterone in liver microsomes
(Groups 1–6). There were no significant differences in three
kinds of UDPGT activities among the six groups. Similarly,
no significant alteration in these activities was observed in

the single treatments with 0.5 mg/kg NMBA or 270 mg/kg
curcumin (data not shown).

Discussion

It has been reported that CYP1A1, but not CYP2B1, 2E1
or 3A1/2, is detectable in esophageal microsomes from
male F344(15) and Wistar(14) rats and CYP2E1 in those from
ethanol-treated rats.(43) However, the present results indicate
that CYP2B1, 2E1, 1A1, 1A2 and 3A2 are constitutively
detected in esophageal microsomes from male F344 rats. The
reasons for the discrepancies are currently unknown, but it is
suggested that the differences might be due to experimental
conditions, such as the transfer conditions, the antibodies
used against rat or human CYP species or the detection
method. In any case, this is, to our knowledge, the first
demonstration of the presence of CYP1A2, 2B1, 2E1 and
3A2 in the esophagus from uninduced rats; our results

Fig. 3. Immunoblots and densitometric determination of CYP2B (A) and 2E (B) expressions in extrahepatic tissue microsomes from rats
orally treated with 270 mg/kg curcumin as a single dose. These microsomes were pooled from 16 rats 24 h after treatment with vehicle (V)
or curcumin (C). Lanes PB and acetone contain CYP standards and the values represent means ± SD of the ratio to arbitrary units obtained
with the vehicle group from between four and eight experiments. The assays of electrophoresis were carried out with 30 µg microsomal
protein, except for lung CYP2B1/2 and kidney CYP2E1, for which 5 µg microsomal protein was loaded. *P < 0.05 and **P < 0.01, compared
with the vehicle group (Student’s t-test). n.d., not detected.

Table 1. UDPGT activities in liver microsomes from male F344 rats repeatedly treated with NMBA, curcumin or both for up to 6 weeks

Group Treatment
UDPGT activity (nmol/min/mg protein) 

Bilirubin 4-Nitrophenol Testosterone

1 Vehicle 1.10 ± 0.07 26.8 ± 7.8 0.10 ± 0.03
2 NMBA 1.05 ± 0.14 32.3 ± 4.5 0.12 ± 0.01
3 0.05% curcumin 1.07 ± 0.05 27.7 ± 5.8 0.12 ± 0.02
4 0.2% curcumin 1.08 ± 0.12 30.4 ± 5.7 0.10 ± 0.02
5 NMBA + 0.05% curcumin 1.08 ± 0.08 31.2 ± 5.4 0.13 ± 0.03
6 NMBA + 0.2% curcumin 1.04 ± 0.11 29.8 ± 3.2 0.10 ± 0.01

Each test was carried out with liver microsomes pooled from five rats. The results are expressed as means ± SD of between four and eight 
experiments.
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support the previous finding that CYP1A1, 1A2, 2B6, 2E1
and 3A4 and CYP1A2 mRNA are detected in esophageal
mucosa from human and rat, respectively.(44–47) In this study
it has also been demonstrated that CYP2B1 and 2E1 are
constitutively detected in five other extrahepatic microsomes,
except for CYP2E1 in the small intestine. Both CYPs are
known to be present in the lung, small intestine, kidney(48–50)

and large intestine,(51) except for CYP2E1 in the small
intestine and CYP2B1 in the large intestine, in rats, and CYP2E1
in the stomach from ethanol-induced rats.(43) Accordingly,
this is the first report of the presence of CYP2B1 protein in
the stomach and large intestine and CYP2E1 protein in the
stomach from uninduced rats, in agreement with the finding
of CYP2B1 mRNA expression in both tissues of rats.(52,53)

CYP2A3 expressed in a baculovirus system metabolizes
NMBA, predominantly by methylene hydroxylation, and
CYP2A3 and its mRNA are constitutively expressed in rat
esophagus, but their expressions are 15- and 1600-fold less than
in the nasal mucosa, respectively.(16,54) Therefore, Gopalkrishnan
et al. have suggested that there must be an enzyme other than
CYP2A3 responsible for activating NMBA in the esophagus,(54)

taking account of the finding that rat esophageal explants

efficiently metabolize NMBA.(55) We have shown that
CYP2B1 and 2B2 are equally involved in the mutagenic
activation of NMBA by PB-induced liver, and CYP2B2 in
uninduced liver, in rats.(11) In the rat, hepatic CYP1A1/2,
CYP2B1/2 and CYP3A2 have been reported to contribute
to the mutagenic activation of HCAs, BP and AFB1.

(36,56) It
has been shown that rat CYP2E1 and CYP2B1/2 con-
tribute differently to the mutagenic activation of various N-
nitrosodialkylamines, depending on the length of the alkyl
chain and the dose of substrate.(57–60) CYP2E1 activates NPYR
and 1 mg dose of DMN and DEN to mutagens and CYP2B1/2
do BHP, NDMM and 10 mg dose of DMN and DEN. Thus, it
seems reasonable that feeding a 0.05% or 0.2% curcumin-
containing diet for 6 weeks and intragastric treatment
produce no effect on the mutagenic activation of these
carcinogens by liver S9, reflecting no alteration of hepatic
CYP2B1/2, 2E1, 3A2 and 1A1/2 in rats.

Differing results have been reported for the effect of
curcumin or turmeric on metabolic activities specific to each
CYP species in rodent liver, lung and stomach. Feeding of
2% curcumin for 2 weeks causes a modest reduction of
hepatic EROD activity in female A/J mice,(28) whereas 10%

Fig. 4. Mutagenic activities of various carcinogens in the Salmonella typhimurium tester strains TA100 (upper, six NOC) and TA98 (lower,
four HCA, BP and AFB1) in the presence of liver S9 from rats treated with NMBA, curcumin or both. Each test was carried out in duplicate
(four to eight plates) with liver S9 pooled from five rats each treated with vehicle (Group 1; clear), NMBA (Group 2; light stippled), 0.05%
curcumin (Group 3; hatched), 0.2% curcumin (Group 4; horizontal) or NMBA + 0.2% curcumin (Group 6; solid) for up to 6 weeks. Each bar
represents the means ± SD after subtraction of spontaneous revertants (TA100, 108–136; TA98, 9–14). DMN and DEN were assayed in both
doses of 1 and *10 mg/plate, and Trp-P-2 was in 0.3 µg/plate.
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turmeric (equivalent to 0.5% curcumin) for 4 weeks shows
no alteration of hepatic aryl hydrocarbon hydroxylase
activity in male Wistar rats.(25) Feeding of 1% turmeric for 15
days produces no alteration of EROD or PROD activities, but
exerts a suppressive effect on MROD activity, BP-induced
EROD and MROD activity and PB-induced PROD activity
in rat liver.(24) In conjunction with the present findings, with
the mutagenic activation of seven carcinogens by hepatic
CYP in curcumin-treated rats, it is concluded that curcumin
and turmeric exert no suppression of metabolic activities
specific to each CYP species in uninduced rodent liver, with
the exception of MROD activity, but cause clear suppression
in rats induced by PB and MC.

In rat liver, UDPGT1A1, 1A6 and 2B1 are major enzymes
inducible by clofibrate, MC and PB, respectively.(61) Carcino-
genic NOC, including NMBA, are known to be substrates for
UDPGT,(62–64) and UDPGT2B1 is suggested to be the
probable enzyme responsible for the glucuronidation of DEN
and N-nitrosomethyl-n-pentylamine.(65) Feeding of 10%
turmeric for 4 weeks clearly elevates 4-NP UDPGT
activity,(25) but feeding of 5% turmeric (equivalent to 0.25%
curcumin) does not. Therefore, it is reasonable that no
alterations in three kinds of UDPGT activity were observed
in rats fed 0.05% or 0.2% curcumin for 6 weeks. Together
with the results of UDPGT activities in rats treated with 70

or 270 mg/kg curcumin as a single dose, treatment with a
higher dose of curcumin might be needed for induction of
UDPGT activities. The present finding on hepatic UDPGT
activities suggests that neither 0.05% nor 0.2% curcumin
modify NMBA-induced esophageal carcinogenesis through
detoxification by the enzymes under the experimental
conditions used. However, curcumin caused a decrease in
esophageal and gastric levels of CYP2B1 and 2E1 and the
mutagenic activation of NMBA, DEN and DMN by the tissue
S9, in agreement with the previous finding that curcumin
suppresses the metabolic activity specific to CYP2B1 and
2B2 more strongly in stomach microsomes than in liver
microsomes in rats.(24) In contrast, curcumin increased large
intestinal CYP2B1 and the mutagenic activation of NMBA
and DMN. Together with the findings that high levels
of esophageal DNA alkylation are induced by NOC,(8,12,13)

and DNA methylation by NMBA and N-nitrosomethyl-n-
butylamine in rats occurs to a higher extent in esophagus
than in liver,(66) it suggests that modification of metabolic
activation of NOC by the target organ plays a critical role in
chemoprevention of NOC-induced carcinogenesis in rats. It
has been reported that curcumin inhibits the expression of
c-Jun and c-Fos/AP-1,(67) a transcriptional factor that plays
an important role in the expressions of CYP2B1/2(68) and
CYP2E1,(69) but not CYP1A,(70) and 3 A, suggesting that the

Fig. 5. Effect of a single treatment with
270 mg/kg curcumin on the mutagenic
activities of NMBA, DEN and DMN in the
Salmonella typhimurium strain TA100 in the
presence of esophagus, stomach or large
intestine S9. Each test was carried out in
duplicate (four to six plates) with tissue S9
pooled from 16 rats each treated with vehicle
(clear) or 270 mg/kg curcumin (horizontal).
Each bar represents the means ± SD after
subtraction of spontaneous revertants (111–
124). *P < 0.05 and **P < 0.01, compared with
the vehicle group (Student’s t-test).
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suppression of AP-1-induced transcription by curcumin
might produce a decrease in CYP2B1 and 2E1 expressions in
the esophagus and stomach. However, this is not consistent
with the present findings of enhancement in mutagenic
activation by large intestinal CYP and no suppression in that
by liver CYP. As there are no reports on enhancement by
curcumin of CYP2B1 or 2E1 expression in any tissue, the
mechanisms underlying modification of tissue-specific actions
by curcumin remain to be elucidated, and further investigations
are now required.

In conclusion, it has been demonstrated that dietary feeding
or intragastric treatment with curcumin shows a suppressive
effect on the mutagenic activation of three NOC, including
NMBA, by either esophageal or gastric CYP2B1 and 2E1,
but shows a promotive effect on the mutagenic activation of
two NOC by large intestinal CYP2B1. Consequently, it
suggests that suppression by curcumin of NMBA-induced

esophagus carcinogenesis in F344 rats can be attributed to a
decrease in the metabolic activation of NMBA by esophageal
CYP2B1 during the initiation phase, without the contribu-
tion of metabolic activation or inactivation by glucuronida-
tion in rat liver. The present data also suggest that dietary
exposure to curcumin might suppress esophageal carcino-
genesis initiated by DEN, N-nitrosopiperidine and methyl-n-
amylnitrosamine,(71–73) or gastric carcinogenesis initiated by
other carcinogens activated by CYP2B1/2 and 2E1, but that
curcumin might enhance large intestinal carcinogenesis induced
by these carcinogens, although curcumin is known to suppress
colon carcinogenesis initiated with azoxymethane, a direct
carcinogen.(74) Together with findings that anti-inflammatory(75)

and antioxidant actions(76) by curcumin are possible inhibitory
mechanisms, it is reasonable to assume that curcumin could
affect chemically-induced carcinogenesis through multiple
mechanisms.
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