








localization. Nuclear extracts derived from curcumin-treated
HT-29 cells revealed a decrease in IL-1b-stimulated NF-kB DNA
binding activity compared with that in untreated cells (Fig. 3A). As
shown previously (31), p65/RelA is the major inducible NF-kB
complex (Fig. 3A,left panel) and is also the predominant subunit
inhibited by curcumin. Fig. 3B shows that RelA nuclear staining
was increased in IL-1b-stimulated cells compared with the diffuse
cytoplasmic staining found in unstimulated cells (comparepanel 3
with panel 1). In accordance with the data presented in Fig. 3A,
curcumin inhibited NF-kB nuclear translocation as indicated by
decreased RelA staining compared with that in untreated cells
(comparepanel 5andpanel 3). The p38 MAP kinase pathway is
induced following IEC wounding (32). We next determined
whether curcumin interferes with p38-inducible phosphorylation
using the IEC wounding model. Caco-2 cells were cultured to con-
fluence, pretreated with curcumin (100mM) or medium alone, and
then wounded for various time points. As shown in Fig. 4, immu-
noreactive p38-phosphorylated protein was detected within 7 min
following wounding in the medium control. Interestingly, cur-

cumin treatment increased both basal and wound-induced p38
phosphorylation in Caco-2 cells, suggesting that this compound is
not a general inhibitor of IEC signal transduction. Together, these
results demonstrate that curcumin inhibits IL-1b-mediated NF-kB
activation in IEC.

FIGURE 3. Curcumin blockade
of cytokine-induced NF-kB bind-
ing activity (A) and RelA (p65)
subcellular translocation (B) in IL-
1b-stimulated IEC.A, HT-29 cells
were pretreated with curcumin (75
and 150mM) or medium alone for
45 min and then stimulated with
IL-1b (2 ng/ml) or left untreated
for 30 min. Nuclear extracts (5mg)
were tested forkB binding activity
by EMSA as described inMaterials
and Methods. NF-kB-specific com-
plexes are indicated by arrows as
determined by Ab supershifting
(left panel). This EMSA is repre-
sentative of three separate experi-
ments.B, Caco-2 cells were pre-
treated with curcumin (100mM) or
medium alone for 45 min and then
stimulated with IL-1b (2 ng/ml) or
left untreated for 30 min.RelA lo-
calizationwasvisualizedusingananti-
RelA primary Ab followed by a rho-
damine-conjugated detection Ab as
described inMaterials and Methods.
Nuclear DNA was stained using
Hoechst dye. This immunofluores-
cence is representative of two sepa-
rate experiments.

FIGURE 4. Wound-induced p38 phosphorylation is not inhibited by
curcumin in Caco-2 cells. Caco-2 cells were cultured to confluence, treated
with curcumin (100mM) or medium alone for 45 min, and then wounded
for the indicated time points. Cells were directly lysed in Laemmli buffer,
and 25mg of protein was subjected to SDS-PAGE followed by immuno-
blotting of phospho-p38 using the enhanced chemiluminescence technique
as described inMaterials and Methods. Shown is a representative result of
two independent experiments.
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MEKK-1 has been shown to activate both the c-Jun N-terminal
kinase (JNK) and NF-kB pathways (33). We next sought to de-
termine the effect and specificity of curcumin blockade on IEC
signaling. HT-29 cells were transiently transfected with expression
vectors encoding MEKK-1 and IL-8-luciferase (IL-8-LUC) or
TPA-responsive element (TRE-LUC) reporter genes. Overexpres-
sion of MEKK-1 induced a 25-fold increase in IL-8-driven lucif-
erase expressed compared with that in a control vector (Fig. 5A).
To assess the contribution of NF-kB to this induction, we em-
ployed the proteasome inhibitor MG-132, which specifically
blocks NF-kB activation in IEC (3, 4). Treatment with 20mM
MG-132 abolished MEKK-1-induced IL-8-LUC expression, indi-
cating that this expression is dependent on NF-kB activation (Fig.
5A). As a control, we assessed MEKK-1 activation of TRE-LUC,
an NF-kB independent promoter that is responsive to MEKK-1. As
expected, MEKK-1 overexpression induced TRE-LUC expression,

and this induction was unaffected by MG-132 (Fig. 5B). Interest-
ingly, both IL-8-LUC (Fig. 5C) and TRE-LUC (Fig. 5D) induc-
tions by MEKK-1 were inhibited by curcumin. Of note, curcumin
has been previously shown to inhibit JNK activity (24, 34), a
downstream target of MEKK-1 on a divergent pathway from
NF-kB activation. These results suggest that curcumin targets a
common upstream kinase or multiple kinases induced by inflam-
matory signals.

Since NF-kB activity is controlled by the steady state level of
IkB, we next investigated the effect of curcumin on cytokine-in-
duced IkB degradation. Curcumin-pretreated IEC-6 cells were
stimulated with either IL-1b or TNF-a for 0–60 min, then IkB
protein levels were analyzed by Western blotting. As previously
reported (4, 25), both cytokines induced rapid IkB degradation,
which later recovered due to an autocrine regulatory loop (Fig.
6A). TNF-a- and IL-1b-mediated IkB degradations were both

FIGURE 5. MEKK-1 induced IL-8-LUC is inhibited by curcumin in HT-29 cells.A, Cells were transfected with an IL-8-LUC reporter plasmid alone
(1 mg) or were cotransfected with MEKK-1 expression vector (0.5mg). Twenty-four hours post-transfection cells were incubated with fresh medium in
presence or the absence of MG-132 (20mM), and 12 h later cells extracts were prepared for determination of luciferase activity as described inMaterials
and Methods. Data are expressed as the fold induction compared with that of control cells. Results are presented as means from one representative
experiment performed in triplicate.B, Cells were transfected with a TRE-LUC reporter plasmid alone (1mg) or were cotransfected with MEKK-1
expression vector (0.5mg), and 24 h post-transfection cells were incubated with fresh medium in the presence or the absence of MG-132 (20mM). Cell
extracts were prepared for determination of luciferase activity as described inMaterials and Methods. Results are presented as means from one repre-
sentative experiment performed in triplicate.C, Cells were cotransfected with an IL-8-LUC reporter plasmid (1mg) and an MEKK-1 expression vector (0.5
mg) for 24 h post-transfection. Cells were then incubated with fresh medium in the presence or the absence of curcumin (100mM), and 12 h later cell
extracts were prepared for determination of luciferase activity as described inMaterials and Methods.D, Cells were transfected with a TRE-LUC reporter
plasmid alone (1mg) or were cotransfected with MEKK-1 expression vector (0.5mg) 24 h post-transfection. Cells were then incubated with fresh medium
in the presence or the absence of curcumin (100mM), and 12 h later cell extracts were prepared for determination of luciferase activity as described in
Materials and Methods. Results are presented as means from one representative experiment performed in triplicate.
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blocked by curcumin pretreatment, indicating that curcumin is act-
ing on a common component in the signaling pathways (Fig. 6B).

Phosphorylation of IkB on serines 32 and 36 is necessary for its
degradation and consequent NF-kB activation (35–38). Blockade
of IkB degradation by curcumin could involve decreased IkB
phosphorylation and/or inhibition of proteasome activity. To ad-
dress these possibilities, IEC-6 cells were pretreated with curcumin
and then stimulated with IL-1b for 0–60 min. Endogenous IkB
phosphorylation was assessed using Western blotting with a spe-
cific IkB phosphoserine Ab. Phosphorylated IkB protein was de-
tected after 10 min of IL-1b stimulation in cells pretreated with
medium alone (Fig. 7,lane 2), but was undetectable in nonstimu-
lated cells (lane 1), showing that IL-1b induced specific serine 32
phosphorylation in IEC. A nonspecific band of approximately 47
kDa indicates that equal protein was loaded with each sample.
Phosphorylated IkB disappeared at 30 min and reappeared at 60
min (lanes 3and 4). The lack of phosphorylated IkB at 30 min
indicates that the rate of degradation exceeded the rate of IkB
phosphorylation at this time point, consistent with the extensive
degradation of cytoplasmic IkBa shown in Fig. 6A. Optimal doses
of curcumin (100mM) strongly inhibited the accumulation of
phosphorylated IkB protein (Fig. 7,lanes 8–10). Vehicle-treated
cells (lanes 11–13) demonstrated a pattern of IkB phosphorylation
similar to that with IL-1b treatment alone, showing no toxicity of
ethanol vehicle. These results demonstrate that curcumin inhibits

inducible IkBa serine phosphorylation. To carefully monitor the
fate of phosphorylated IkB, proteasome activity was blocked with
MG-132 to allow accumulation of the usually unstable phosphor-
ylated IkB intermediates (3, 4). Caco-2 cells were pretreated with
both curcumin and MG-132 for 45 min and then stimulated with
IL-1b for 0–60 min. As opposed to IEC-6 cells, phosphorylated
IkB was detected only after 60 min of IL-1b stimulation without
the proteasome inhibitor (Fig. 8A, lanes 1–4), suggesting that the
rate of phosphorylated IkB degradation is faster in Caco-2 than in
IEC-6 cells. MG-132 clearly stabilized phosphorylated IkB pro-
tein, which was detected at 10 and 30 min of IL-1b stimulation
(comparelanes 2and3 with lanes 9and10). The accumulation of
phosphorylated IkB protein by MG-132 pretreatment was reversed
by curcumin in a dose-dependent manner (Fig. 8A, comparelanes
5–8 with lanes 9and10). The same blot was then reprobed with
an anti-IkBa Ab to evaluate the steady state levels of IkB. Fig. 8B
shows that IkBa was rapidly degraded in IL-1b-stimulated cells,
and this degradation was inhibited by MG-132 as expected. To-
gether, these data indicate that curcumin blocks the signal leading
to IkB serine 32 phosphorylation and consequent IkB degradation.

Cytokine-inducible serine IkB phosphorylation is mediated by
the IKK complex (8, 15). We next performed an IKK kinase assay
to determine whether the decrease in serine 32 phosphorylation in
curcumin-treated cells was due to reduced IKK activity or in-
creased phosphatase activity. Caco-2 cells were pretreated with
various doses of curcumin and then stimulated with IL-1b for 20
min. IKKa was immunoprecipitated, and its kinase activity was
measured using GST-IkB (1–54) as a substrate. Fig. 9A shows that
IL-1b induced an approximately 10-fold increase in IKK activity
compared with unstimulated Caco-2 cells. The specificity of in-
ducible IkB phosphorylation was demonstrated by the lack of
phosphorylation of the mutated IkB substrate (S32T; S36T; Fig.
9A). Curcumin pretreatment inhibited IL-1b-induced IKK activity
in a dose-dependent manner (Fig. 9B). This result indicates that
IL-1b-mediated IKK activity was inhibited by curcumin treatment.

Cytokine-mediated IkB phosphorylation/degradation and NF-kB
activation involve the activation of at least two sequential proximal
kinases: NIK and IKK (7, 8, 39). To determine whether curcumin
acts directly on NIK and/or on IKK, IkB degradation assays were

FIGURE 6. Curcumin blockade of IL-1b and TNF-a-induced IkBa
degradation in IEC-6 cells. Cells were treated with medium alone (A) or
were pretreated with curcumin (100mM) for 45 min and then stimulated
with IL-1b or TNF-a (both at 2 ng/ml) or medium alone for 0, 10, 30, and
60 min (B). Total protein was extracted, and 20mg of protein was subjected
to SDS-PAGE followed by immunoblotting of IkBa using the enhanced
chemiluminescence technique as described inMaterials and Methods.
Shown is a representative result of three independent experiments.

FIGURE 7. Curcumin blockade of IL-1b-induced IkBa serine 32 phos-
phorylation in IEC-6 cells. Cells were pretreated with curcumin (75 or 100
mM), vehicle (V; 0.5% ethanol), or medium alone for 45 min and then
stimulated with IL-1b (2 ng/ml) or medium alone for 0, 10, 30, and 60 min.
Total protein was extracted, and 20mg of protein was subjected to SDS-
PAGE followed by IkBa immunoblotting using a specific phosphoserine
Ab as described inMaterials and Methods.

FIGURE 8. Curcumin blocks IkBa degradation by inhibiting IL-1b-
induced serine 32 phosphorylation in Caco-2 cells.A, Cells were cotreated
with curcumin (100 or 150mM) and the proteasome inhibitor MG-132 (20
mM) or with medium alone for 45 min and then stimulated with IL-1b (2
ng/ml) or with medium alone for 0, 10, 30, and 60 min. Phosphoserine
IkBa was detected as described in Fig. 7.B, The same blot was probed for
IkBa steady state as that described in Fig. 6.
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performed in Caco-2 cells ectopically expressing NIK or IKKb
(Fig. 10). A FLAG- IkB expression vector was transfected alone
(lanes 2and 3) or cotransfected with wild-type functional NIK
(lane 5), dominant negative NIK (lane 6), or a constitutively active
IKK b (lane 4), then IkB steady state levels were analyzed by
Western blotting. FLAG-IkB was used to determine the fate of
both endogenous and exogenous IkB. IL-1b stimulation of FLAG-
IkBa-transfected cells triggered both the complete degradation of
the endogenous IkB and the partial degradation of the overex-
pressed FLAG-IkB (Fig. 10A, comparelanes 2and3). Ectopically
expressed activated IKK or NIK induced both endogenous and
exogenous IkB degradation (comparelanes 4and5 to lane 2), but
dominant negative NIK (lane 6) had no effect on the steady state
IkB level (lane 6), demonstrating the specificity of the assay.

We next investigated the effect of curcumin on these kinases.
The FLAG-IkB expression vector was cotransfected with wild-
type NIK (Fig. 10B) or constitutively active IKKb (Fig. 10C).
Twenty-four hours post-transfection Caco-2 cells were treated
with curcumin, then IkB degradation was analyzed by Western
blotting. Fig. 10,B and C, shows that endogenous IkB was de-
graded following IL-1b stimulation (comparelanes 2and3) and
that curcumin pretreatment prevented this degradation (compare
lanes 4and3). Ectopically expressed NIK (Fig. 10B) or IKK (Fig.
10C) induced a strong degradation of both FLAG-IkB and endog-
enous IkB (compareslanes 5and2). Interestingly, although cur-
cumin blocked IL-1b-stimulated IkBa degradation (lane 4), cur-
cumin failed to prevent NIK- or IKK-mediated IkB degradation
(Figs. 9Cand 10C, comparelanes 5and 6). However, IkB deg-
radation mediated by IKK (Fig. 10D) or NIK (data not shown) was
prevented in cells treated with the specific proteasome inhibitor
MG-132. This indicates that the effect of ectopically expressed
NIK or IKK on I kB degradation could be inhibited at the level of
the proteasome as expected. These data demonstrate that curcumin
does not directly inhibit NIK or IKK activity, but instead inhibits
an upstream signal leading to IKK activation.

Discussion
In this study we analyzed the effect of curcumin on and its mech-
anism of action in regulating the IkB/NF-kB pathway in IEC. We
report that curcumin pretreatment resulted in inhibition of cyto-

kine-mediated NF-kB activation with concomitant down-regula-
tion of ICAM-1 and IL-8 gene expression. The NF-kB blockade by
curcumin involved inhibition of cytokine-mediated IkBa phos-
phorylation and degradation, and decreased IKK activity. Inhibi-
tion of IKK activity by curcumin was not mediated by direct in-
terference with NIK or IKK activity, indicating that curcumin
functions upstream of NIK activation. Furthermore, the inhibitory
activities were not restricted to the NF-kB pathway, since the AP-1
pathway was also blocked.

There is a strong rational for studying proinflammatory gene
expression and the accompanying signaling pathways in IEC. IEC

FIGURE 9. Curcumin inhibits IL-1b-induced IKK activity in Caco-2
cells.A, Cells were stimulated for 20 min with IL-1b (2 ng/ml) or medium
alone. Cells were lysed and IKKa immunoprecipitated, and kinase activity
was measured using a GST-IkB (wt; 4 mg) substrate or a mutated form of
GST-IkBa (S32T; S36T) as described inMaterials and Methods. Phos-
phorylated GST-IkBa was visualized after protein fractionation using
12.5% SDS-PAGE. Coomassie staining was used to document equal pro-
tein loading (not shown).B, Cells were pretreated with curcumin (75 and
150mM) or with medium alone for 45 min and then stimulated with IL-1b (2
ng/ml) for 20 min. Cells were lysed, and IKK activity was measured as de-
scribed above. Results are representative of two independent experiments.

FIGURE 10. Curcumin does not directly inhibit NIK or IKK protein
activity. Caco-2 cells were transfected with 1mg of FLAG-IkBa alone or
were cotransfected with 2mg of either NIK or IKK as described inMa-
terials and Methods, after which IkBa steady state was analyzed as de-
scribed in Fig. 5.A, Twelve hours post-transfection cells were stimulated
with IL-1b (2 ng/ml) or medium alone for 15 min.B, Caco-2 cells were
transfected with 1mg of FLAG-IkBa alone or cotransfected with 2mg of
NIK as described inMaterials and Methods. Twelve hours post-transfec-
tion cells were exposed to curcumin or medium alone for 12 h, then stim-
ulated with IL-1b (2 ng/ml) or medium alone for 15 min.C, Caco-2 cells
were transfected with 1mg of FLAG- IkBa alone or were cotransfected
with 2 mg of IKK as described inMaterials and Methods. Twelve hours
post-transfection cells were exposed to curcumin or medium alone for 12 h,
then stimulated with IL-1b (2 ng/ml) or medium alone for 15 min.D,
Caco-2 cells were transfected with 1mg of FLAG- IkBa alone or cotrans-
fected with 2mg of IKK and 12 h post-transfection, cells were exposed to
curcumin or MG-132 (20mM) for 12 h.
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form a physical barrier that is the first line of defense against the
aggressive gut milieu. These cells respond to many inflammatory
stimuli, including bacteria and their products, and therefore play an
important role in intestinal inflammation, since most of the genes
induced in activated IECs have the potential to initiate and per-
petuate inflammation (40). In addition to the growing in vitro ev-
idence that supports a role for NF-kB in cytokine-mediated IEC
gene expression in transformed and primary IEC (3, 4, 25, 26, 30,
31), recent data document NF-kB activation during intestinal in-
flammation. An elegant study performed by Rogler et al. demon-
strated NF-kB activation in lamina propria mononuclear cells and
in IEC derived from inflamed intestinal tissues (41). These data
support the concept that NF-kB activation is an important step for
IEC proinflammatory gene expression both in vivo and in vitro.

Using pharmacological and molecular approaches, we have
shown that proinflammatory gene expression in IEC could be in-
hibited by blockade at various points in the IkB/NF-kB pathway
(3, 4, 25, 26, 30, 31). However, these approaches are not yet ready
to be translated to the clinical setting. A method for the specific,
efficient delivery of an adenoviral vector into the gut epithelium
would be needed to initiate exogene expression. In addition, the
use of gene therapy raises the concern of potential host immuno-
logical responses against viral vector proteins, permitting only
short term exogene expression (42, 43). Alternatively, current pro-
teasome inhibitors, although theoretically easier to administer and
which have been proven to be effective in rodent models (44), are
too toxic for prolonged utilization in human disease.

The use of natural anti-inflammatory products provides an at-
tractive and safe alternative to modulate inflammatory disorders.
Curcumin is an anti-inflammatory food product that has been used
for centuries in Asian cultures (19). However, the lack of infor-
mation regarding a mechanism of action for curcumin combined
with unknown effects on mucosal inflammatory gene expression
have precluded the widespread clinical use of curcumin in western
cultures for treatment of intestinal inflammatory disorders. Our
data clearly indicate that cytokine-mediated expression of the ad-
hesion molecule ICAM-1 and the chemokine IL-8 in IECs is
blocked by curcumin treatment. The mechanism of action of cur-
cumin involves blockade of IkB degradation, in agreement with
previous studies using endothelial cells (22–24). We provide fur-
ther evidence that curcumin inhibits IL-1b-induced serine 32 phos-
phorylation of IkB by interfering with IKK activation. To further
define the mechanism by which IKK activity is inhibited by cur-
cumin, we employed a degradation assay using the two key NF-kB
pathway kinases, NIK and IKK. Ectopic expression of NIK or IKK
allowed us to bypass cytokine receptors, which trigger the induc-
tion of a variety of secondary messengers, and specifically address
the effect of curcumin on more proximal NF-kB-inducing signals.
Using this approach, we found that curcumin does not directly
interfere with NIK or IKK activity, since IkBa was still degraded.
However, when either IL-1b or TNF-a cell surface receptors were
stimulated, curcumin inhibited signals, leading to IkB degradation.
This indicates that curcumin acts at a level upstream of or parallel

FIGURE 11. Hypothetical mechanism of action of curcumin on cytokine-induced NF-kB activation. Curcumin blocks a signal upstream of NIK but
below the junction of TNF-a and IL-1b signal pathways. The curcumin blockade could be mediated by inhibition of a cytokine-induced common second
messenger responsible for NIK activation and/or by inhibition of TRAF/RIP-transmitting signals from both the TNF-a and IL-1b pathways.
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to NIK activation, yet inhibits two separate cytokine receptor sig-
nal transduction pathways that converge on NIK. However, we
cannot rule out the possibility that ectopic expression of NIK or
IKK overwhelms the capacity of curcumin to block IKK activity in
IEC. Arguing against this possibility are our findings that the pro-
teasome inhibitor MG-132 was effective in completely blocking
IKK-mediated IkBa degradation and also that a relatively low
dose of curcumin (75mM) was effective in inhibiting endogenous
NF-kB activation and proinflammatory gene expression.

The cytokine-induced IkB/NF-kB signaling cascade is complex,
involving the participation of multiple kinases and adapter proteins
(see Fig. 11). Following TNF-a stimulation, TNF receptor-asso-
ciated factor 2 (TRAF-2) and the receptor-interacting protein (RIP)
are recruited and associate to the cytoplasmic portion of the TNF
receptor-1 via the scaffolding function of TNF receptor-1 receptor-
associated death domain (45, 46). As opposed to TNF-a, IL-1b
uses the IL-1R accessory protein and the IL-1R-associated kinase,
which associates with and transmits the signal to TRAF-6 (47, 48).
The TNF-a and IL-1b pathways converge on NIK, which then
activates the IKK protein complex (11, 12). NIK associates with
TRAF-2 and TRAF-6 following TNF-a and IL-1b stimulation,
respectively, and is thought to be a cytokine-integrating signal for
NF-kB activation (9, 10). It should be mentioned that TRAF-2-
mediated NF-kB activation is the subject of controversy (31, 49–
51). However, we have shown that TRAF-2 has a partial role in
both IL-1b- and TNF-a-induced NF-kB-mediated IL-8 gene ex-
pression in IEC (31). Since curcumin blocks both IL-1b- and TNF-
a-induced IkB degradation, it seems reasonable to assume that
curcumin targets common messengers used by these cytokines.
This effect of curcumin could be due to interference with signal-
transmitting adapter proteins such as RIP, TRAF-2, or TRAF-6,
leading to MEKK, NIK, or IKK activation (Fig. 11). Another pos-
sibility is that curcumin inhibits the action of a second messenger
induced by both IL-1b and TNF-a that is capable of NIK and/or
IKK activation. The rapid onset of action (45 min) argues against
the induction of an inhibitory protein. Of note, curcumin possesses
antioxidative properties and functions as a free radical scavenger
(19, 52). Reactive oxygen species (ROS) have been postulated to
regulate NF-kB activity in certain cell types by modulating, rather
than initiating, NF-kB activation (53). However, a role for ROS in
cytokine-mediated NF-kB activation is not universally accepted
and is the subject of controversy (54). We were unable to detect
ROS production in cytokine-stimulated HT-29 cells as measured
by cytochromec reduction (C. Jobin and S. S. Mukarov, unpub-
lished observations). This is in agreement with a previous report
showing a lack of detectable ROS in cytokine-stimulated IEC (55).
Therefore, it seem unlikely that curcumin blocks NIK or IKK ac-
tivity through inhibiting cytokine-induced ROS production or ac-
tivity. Nevertheless, curcumin inhibits the signal going to the IKK
complex by interfering with a signal upstream from NIK. This is
in contrast to the recent description of blockade of IKKb activity
by aspirin, which is a purified derivative of an age-old folk remedy
(56).

The mitogen-activated protein 3-kinase family members
MEKK-1 and NIK have been reported to independently activate
the IKK complex (33). An intriguing finding from our data is that
MEKK-induced, but not NIK-induced, signaling was inhibited by
curcumin treatment in IEC. This suggests that MEKK acts up-
stream from and not parallel to NIK in NF-kB activation in IEC,
or that curcumin independently blocks separate signal pathway.
Further studies will be needed to precisely position MEKK in the
NF-kB pathway. The finding that curcumin also inhibits MEKK-1
targets other than NF-kB, such as theTRE, which is activated by
the JNK pathway, suggests that this compound is not a specific

inhibitor of the NF-kB pathway. In agreement with this observa-
tion is the report on inhibitory effect of curcumin on JNK activity,
a downstream target of MEKK-1 (34). However, curcumin is not
a general metabolic inhibitor of IEC, since de novo protein syn-
thesis and wound-induced p38 phosphorylation were not inhibited.

Development of new drugs that inhibit NF-kB activation at var-
ious points of the signal transduction pathway will require phar-
macokinetic and toxicity studies in conjunction with clinical ver-
ification of in vivo activity. The food additive curcumin has the
advantage of being a nontoxic natural product (52). The pharma-
cological safety of curcumin is shown by the nontoxic consump-
tion of up to 100 mg/day in humans and up to 5g/day in rats (19,
52). In addition, curcumin is nonmutagenic (52, 57). However, the
bioavailability of curcumin in vivo is low after oral ingestion (19),
but can be dramatically elevated by coingestion of piperine in both
rats and humans (58). Nevertheless, the highest concentration of
curcumin, regardless of piperine use, is found in the cecum after
oral ingestion (19), a common site of intestinal inflammation. Ad-
ditionally, luminal curcumin may have a topical activity on colonic
epithelial cells independent of systemic absorption. Therefore, the
concentrations used in our in vitro study could be easily achieved
in vivo in the intestinal mucosa in both rats and humans, making
our results highly relevant for in vivo use. Together, these data
provide strong evidence that curcumin blocks IEC gene expression
by inhibiting the signal leading to IKK activation, subsequent
IkBa phosphorylation/degradation, and NF-kB activation. This
study provides a strong rational to investigate the effect of cur-
cumin in an in vivo experimental model of intestinal inflammation.
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