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EXECUTIVE SUMMARY

Curcumin is a spice used extensively in curries and
mustards as a coloring and flavoring agent. It is the
major yellow pigment extracted from turmeric, the
powdered rhizome of the perennial herb Curcuma
longa [1]. Turmeric is also used as a coloring and
flavoring agent in foods such as gelatins and pud-
dings, condiments, soups, meats, and pickles [2], and
is generally recognized as safe (GRAS) for these uses
[3,4] as either the powder (1-5% curcumin) [1] or the
oleoresin (organic extract containing 40-85% curcu-
min) [5]. In contrast, curcumin itself is not on the
GRAS list, and has been given a temporary accept-
able daily intake (ADI) level of 0.1 mg/kg-bw (0.27
pumol/kg-bw) by the Joint FAO/WHO Expert Com-
mittee on Food Additives pending the completion of
carcinogenicity and reproductive toxicity studies
[6,7].

In India and Southeast Asia, curcumin is used
extensively in food and also as a treatment (as tur-
meric) for inflammation [8-10], skin wounds [10]
and tumors [§,11], and other complaints [10]. One
uncontrolied trial reported a response (reduced lesion
size, pain, exudate, itching) in 65% of oral cavity
carcinoma cases [11]. Preclinical studies have also
demonstrated tumor prevention in carcinogen-in-
duced colon, duodenum, forestomach, mammary
gland, oral cavity (tongue), and skin models. All these
biological effects may reflect the primary pharma-
cological actions of curcumin as both an antioxidant
[e.g., 12] and an antiinflammatory [e.g., 13, 14]. As
an antioxidant, it scavenges active oxygen species
such as hydroxyl radical [9,15-18], superoxide anion
[9,19], and singlet oxygen {20]; it also interferes with
lipid peroxidation [12,18,21-28], xanthine oxidase
activity [29] and nitrite/nitrogen oxide production
{30,31]. The antiinflammatory activity of curcumin
may result from decreased arachidonic acid release
and metabolism via diminished activities of phos-
pholipases A; (through phosphatidylcholine) and
Cyl (through phosphatidylinositol 4,5-biphos-
phate),A’-desaturase, cyclooxygenase and lipoxy-
genase [32-38]. Oxidant stress [39,40] and
prostaglandin biosynthesis [41] have been linked to
both the initiation and postinitiation stages of carcino-
genesis. Consistent with its antioxidant and antiin-
flammatory activity, curcumin has demonstrated
chemopreventive activity during both stages of can-
cer formation. It has been specifically shown to in-
hibit mutagenesis [42-45], clastogenesis [46-48] and

DNA-carcinogen adduct formation [49-53]; de-
crease expression of c-jun [54,55], c-fos [55] and
c-myc oncogenes [55], possibly through inhibition of
protein kinases [35,56]; inhibit ODC activity
[1,57,58] and EGFR function [59,60]; modify cyto-
chrome P450 [52,61,62]; and enhance glutathione-S-
transferase activity [27,62,63] and DNA repair [cited
in 64]. Finally, curcumin may have hormonal [10,65]
and antiviral effects [66].

The NCI, Chemoprevention Branch already has
FDA-approved NSAIDs under clinical development
which specifically inhibit the cyclooxygenase en-
zyme (aspirin, ibuprofen, piroxicam, sulindac) and
may be more potent antiinflammatories in animal
studies (e.g., 20 mg ibuprofen/kg-bw equivalent to
200 mg curcumin/kg-bw [67]). However, curcumin
also affects arachidonic acid mobilization and, as a
result, both the cyclooxygenase and lipoxygenase
pathways, and displays additional antiinitiation and
antipromotional activities. In this regard, its chemo-
preventive activities are similar to glycyrrhetinic
acid, but without the adverse glucocorticoid effects.
Due to these factors and its perceived human safety
following centuries of use in food and medicine,
curcumin is being considered for clinical develop-
ment by the Chemoprevention Branch.

Curcumin appears to be relatively safe in preclini-
cal studies when administered orally. Subchronic
studies (up to 90 days) in rats, dogs and monkeys
generally showed limited adverse effects. In Chemo-
prevention Branch-funded studies of commercial
grade curcumin, minor changes in body weights in
rats and hematological values in rats and dogs were
not considered biologically significant. Consistent
with prostaglandin synthesis inhibition, curcumin
caused gastric ulcerations in mice, but only at doses
double the median effective anti-inflammatory dose
(0.15 mmol/kg-bw/day for 6 days). The agent is
reported to be noncarcinogenic in rats, but the study
details were not available for review. However, tur-
meric oleoresin containing 79-85% curcumin pro-
duced equivocal responses after two-year bioassays
in rats and mice. Increased incidences of clitoral
gland adenomas in female rats, hepatocellular ade-
nomas in female and male mice, and small intestinal
carcinomas in male mice were not dose-related.

Early preclinical pharmacokinetics studies sug-
gested that curcumin was poorly absorbed from the
gastrointestinal tract. In later studies with radiola-
beled pigment, ca. 60% of an oral dose was absorbed,
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and appeared to be transported by the bile, metabo-
lized and conjugated, and re-excreted into the gut.
Detectable tissue levels were obtained with doses of
2400 mg in rats (3.6 mmol/kg-bw as pure curcumin).

Because of its long history of food use, curcumin
is perceived to be safe for human intake; however,
few actual data exist. Small efficacy trials suggest
that ingested doses up to =2,000 mg/day for 18 weeks
lack adverse effect. Since pharmacokinetics informa-
tion was also unavailable in the literature, a Phase 1
trial (Dr. Dean Brenner, University of Michigan) of
pure curcumin has been funded by the Chemopreven-
tion Branchto define both safety and ADME of single
doses escalating from 50 mg in normal, healthy sub-
jects and of multiple doses (3 months) in subjects at
high risk for epithelial cancer. Arachidonic acid prod-
ucts and enzyme activities will be evaluated in rectal
epithelium as drug effect measurements.

The NCI, Chemoprevention Branch is considering
a Phase II trial of curcumin in dysplastic oral leuk-
oplakia patients. Topical administration is a possibil-
ity, since doses (0.01-2 mmol) similar to the ADI
(0.02 mmol) were effective when applied topically in
mouse skin and rat oral cavity tumor models. A Phase
II trial in a cohort at high risk for colon cancer may
also be considered, depending on results of the Phase
I trial.

A Clinical Trial Agreement between the Chemo-
prevention Branch and Gene Print, Inc. (Bala Cyn-
wyd, PA) has been signed. Gene Print, Inc. is
providing a pure curcumin formulation with a defined
particle size which will be administered mixed into
orange juice in the Phase I trial.

PRECLINICAL EFFICACY STUDIES

Curcumin inhibited tumor formation in mouse
skin, forestomach, duodenum and colon and in rat
tongue, colon, mammary glands and sebaceous
glands. In one- and two-stage mouse skin models,
efficacy was demonstrated by topical application
during initiation, promotion, and both phases of car-
cinogenesis. In mouse colon and rat tongue, curcumin
had greater effect when offered during activation of
procarcinogens (AOM, NQO) than during promo-
tion. In combination studies, curcumin plus 4-HPR
appeared to be more effective than either agent alone
against rat mammary tumorigenesis. Curcumin has
also inhibited intermediate biomarkers in many of
these tissues, especially formation of histological
biomarkers such as aberrant crypt foci (colon), dys-

plasia (colon, tongue), papillomas (skin, forestom-
ach), and adenomas (colon, duodenum). Modulation
of other types of biomarkers has been demonstrated
in the tongue (proliferation), colon (genetic, prolif-
eration) and skin (proliferation). Currently, the
Chemoprevention Branch is testing curcumin in a
mouse lung model.

The earliest data demonstrating the chemopreven-
tive efficacy and antiinflammatory activities of cur-
cumin are from published studies on mouse skin [14].
Using topical administration, tumor formation was
inhibited in both one- (20-methylcholanthrene or
DMBA) and two-stage (DMB A-induced/croton oil-
promoted or B(a)P-induced/TPA-promoted) models
[51,57,68-71]. More recently, two alcohol extracts
of turmeric (curcumin I and III) containing yellow
phenolic compounds (NOS) inhibited DMBA-in-
duced papillomas with and without TPA promotion
inmouse skin [62]. Finally, in a similar tissue, dictary
curcumin inhibited squamous cell carcinomas in the
oral cavity (primarily tongue) of NQO-treated rats
[72].

As with other antiinflammatories such as aspirin
[e.g., 73,74] and sulindac [e.g., 75-77], curcumin
inhibited colon tumorigenesis in several preclinical
models [32,78]. In the AOM-exposed rat, a Chemo-
prevention Branch-funded study of 8 and 16 g curcu-
min/kg diet (ca. 1.1 and 2.2 mmol/kg-bw/day)
demonstrated decreased colon adenomas and adeno-
carcinomas at the highest dose; however, a signifi-
cant decrease in weight gain (9.6%) was observed in
both the curcumin only and the AOM plus curcumin
groups compared with the relevant controls [79]. In
a study from the same laboratory, an eight-fold lower
dose (2,000 ppm, or ca. 0.3 mmol/kg- bw/day) was
effective without toxicity in the same model {32]. In
a second Chemoprevention Branch study in mouse
colon, 25 and 50 g/kg diet (ca. 8.7 and 17.4 mmol/kg-
bw/day) significantly inhibited MAM acetate-in-
duced adenomas and adenocarcinomas. A published
study of the AOM-induced mouse colon model pro-
duced similar results [78].

In other Chemoprevention Branch studies, curcu-
min was effective in the MNU-induced rat mammary
carcinogenesis model at a dose of 16 g/kg diet (ca.
2.2 mmol/kg-bw/day) administered over the entire
course of the experiment. Lower doses of curcumin
alone and in two-agent combinations with4-HPR and
tamoxifen citrate were also tested, but 120-day old
rather than 50-day old rats were used to better model
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human carcinogenesis. Tumor incidence was signifi-
cantly inhibited (70%) at the low dose of 10 g/kg diet
(ca. 1.4 mmol/kg-bw/day), but not at the high dose
(54.5%) of 20 g/kg diet (ca. 2.7 mmol/kg-bw/day).
Combining high-dose curcumin with 4-HPR (2
mmol/kg diet, or ca. 0.1 mmol/kg-bw/day) com-
pletely inhibited tumor development; it should be
noted, however, that 4-HPR alone was also very
effective (85%) and liver weights increased signifi-
cantly (24%) in the combination group. The combi-
nations with tamoxifen were less effective than
tamoxifen alone. Although interpretation of these
results is complicated by the low tumor incidence in
the carcinogen control groups (23-33%), they do
suggest that curcumin and 4-HPR should be further
evaluated as a chemopreventive agent combination.

Since curcumin inhibited transformation of
DMBA-induced/TPA-promoted mouse mammary
organ cultures [80], the Chemoprevention Branch
also tested it against DMBA-induced mammary
gland tumorigenesis in the rat. Following doses of 10
and 20 g/kg diet (ca. 1.4 and 2.7 mmol/kg-bw/day)
over the entire experiment, tumor incidence and mul-
tiplicity were not affected significantly; the high dose
increased tumor latency [79].

Finally, published studies have demonstrated inhi-
bition of forestomach papillomas [48,78] and carci-
nomas [78] in the B(a)P-exposed mouse. An alcohol
extract of turmeric (curcumin I) was also effective in
this model [62]. For this reason, curcumin is also
under evaluation by the Chemoprevention Branch in
the B(a)P-induced mouse lung assay. In a second
model, food-grade curcumin decreased duodenal
adenomas in the ENNG-treated mouse [78].

The efficacy of curcumin has been shown to vary
with time of treatment in several models, especially
with carcinogens requiring metabolic activation (pro-
carcinogens). As an antioxidant and antiinflamma-
tory, it can inhibit cancer formation when given
during either initiation [e.g., 51,71] or promotion
[e.g., 57,68,70] as illustrated in mouse skin models.
For example, formation of DMBA-induced/croton
oil-promoted papillomas was inhibited by topical
curcumin applied only during initiation; however,
treatment during both phases doubled the effect [71].
In other models, such as rat tongue (NQO) [72] and
mouse colon (AOM) [78], curcumin was more effec-
tive when given during initiation with carcinogens
requiring metabolic activation than during promo-
tion. This is consistent with its specific effects on

phase I xenobiotic metabolism [e.g., 61, 62]. For
example, in a published AOM-induced rat carcino-
genesis study [78], 2% food-grade curcumin in the
diet during either only initiation or initiation plus
postinititiation was equally effective in decreasing
tumor multiplicity; the same dose offered during
postinitiation only was half as effective. Curcumin
also inhibited procarcinogen-induced mutagenicity
(DMBA, B(a)P) in the Ames Salmonella assay [43,
44], clastogenicity (B(a)P) in the mouse bone mar-
row micronucleus assay [47,48], and DNA adduct
formation (B(a)P) in an in vitro assay [49] and in rat
liver [50] and mouse skin [51] in vivo.

The relative chemopreventive efficacy of the cur-
cuminoids varies with assay system; however, food-
grade curcumin, pure curcumin and
demethoxycurcumin may be generally equivalent.
Food-grade curcumin contains three similar com-
pounds when measured by HPLC—curcumin (69-
77%), demethoxycurcumin (17%) and
bisdemethoxycurcumin (3—6%) [78]. One published
chemoprevention study using the AOM-induced co-
lon model in mice reported that pure curcumin
(>98%) was as effective as the commercial grade
containing 97% curcuminoids (77% curcumin, 17%
demethoxycurcumin, 3% bisdemethoxycurcumin)
[78]. A second study in DMBA-initiated/TPA-pro-
moted mouse skin found that topically applied com-
mercial  curcumin, pure curcumin  and
demethoxycurcumin were equivalent in inhibiting
tumor incidence and multiplicity; bisdemethoxycur-
cumin and tetrahydrocurcumin were less active [81].
In contrast, bisdemethoxycurcumin increased the life
span (13.3 days) more than pure curcumin (9.7 days)
or demethoxycurcumin (11.7 days) of mice bearing
Ehrlich ascites tumors; however, demethoxycurcu-
min reduced tumor volume most effectively [82]. In
mechanistic studies, the relative antiinflammatory
activities of these compounds measured as inhibition
of TPA-induced mouse ear edema were: commercial
curcumin, 93%; demethoxycurcumin, 91%; pure cur-
cumin, 85%; bisdemethoxycurcumin, 79%; and
tetrahydrocurcumin, 51%. In vitro antioxidant effects
of the individual curcuminoids were similar, except
bisdemethoxycurcumin was 2-3 times more potent
in some systems [82,83].

A significant effort in the NCI, Chemoprevention
Branch program is to identify and validate interme-
diate biomarkers of carcinogenesis and to evaluate
the potential of chemopreventive agents to modulate
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these markers. Such studies in animals contribute to
identification of biomarkers to be used as surrogate
endpoints for cancer in clinical trials. As discussed
above, inhibition of histological biomarkers has been
demonstrated in several tissues, such as adenomas in
the duodenum and papillomas in the forestomach and
skin. In a Chemoprevention Branch study, curcumin
(16 g/kg diet, or ca. 2.2 mmol/kg-bw) demonstrated
activity against a histological biomarker of colon
cancer in AOM-treated rats—the formation of aber-
rant crypt foci. A published report from an NCI grant
corroborated this result, and also demonstrated
modulation of proliferation biomarkers (ODC activ-
ity, protein kinase activity) [35]. In mouse colon
exposed to the same carcinogen, dietary curcumin
inhibited both a histological (dysplasia) and a prolif-
eration biomarker ({*H]-thymidine incorporation)
[84]. In a model of oral carcinogenesis, decreases in
both histological (dysplasia) and proliferation
biomarkers (polyamine levels, BrdU labelling, nu-
cleolar organizer region (AgNOR) counts and area)
were observed in NQO-treated rat tongue {72]. In
various mouse models of skin tumorigenesis, curcu-
min also inhibited proliferation-related biomarkers
(ODC activity, [*H]-thymidine incorporation)
[1,36,57,81]. Finally, modulation of a genetic
biomarker (nuclear aberrations) induced by DMH
[85] or B(a)P [86] in mouse colon was reported.

PRECLINICAL SAFETY STUDIES

Due to limited preclinical toxicity data on curcu-
min in the literature, the Chemoprevention Branch
undertook acute rat and 90-day rat and dog studies.
Eight-week rat, 90-day rat and monkey, and three-
generation rat studies have been published; however,
details are available only for the eight-week study.
National Toxicology Program (NTP)-sponsored
two-year carcinogenicity bioassays were performed
with turmeric oleoresin instead of curcumin.

Safety: In Chemoprevention Branch-funded toxic-
ity studies, commercial curcumin at single ig doses
of 1,380-3,500 mgkg-bw (3.7-9.5 mmol/kg-bw)
produced no adverse effects in rats except for colored
feces; thus the LDy is >3,500 mg/kg-bw. In publish-
ed studies, single ig doses up to 5,000 mg/kg-bw
(13.6 mmol/kg-bw) had no effect on clinical signs or
relative organ weights in male and female rats [87].

In the 90-day rat study funded by the Chemopre-
vention Branch, administration of curcumin at 1,140,
1,515, 1,995, 2,630, and 3,500 mg/kg-bw/day ig

(3.1-9.5 mmol/kg-bw/day) produced clinical signs of
colored feces and yellow fur. In males, decreased
reticulocyte counts in all but the 1,515 mg/kg-bw/day
group and increased mean corpuscular hemoglobin
(MCH) at two doses (1,995 and 2,630 mgkg-
bw/day) were not considered biologically significant.
Decreases in body weights (7.7%) in all male treat-
ment groups except for the lowest dose and in high-
dose females (5.3%) were minor and not statistically
significant. The NOEL in rats appears to be 23,500
mg/kg-bw/day.

In dogs, doses of 250, 500, and 1,000 mg curcu-
min/kg-bw/day (0.7-2.7 mmol/kg-bw/day) were ad-
ministered in a gelatin capsule formulation.
Statistically significant elevations in MCH concen-
tration in females at the two highest doses were not
considered to be biologically relevant since overt
anemia was not detected. The NOEL for curcumin
appears to be >1,000 mg/kg-bw/day (>2.7 mmol/kg-
bw/day) in male and female dogs.

Studies of curcumin in the literature have also
demonstrated a lack of significant toxicity. In rats
receiving 0.1-2.0% curcumin in the diet (ca. 0.1-2.7
mmol/kg-bw/day) for eight weeks, no effects on food
intake, body weight gain, hematology, serum chem-
istry, or histology of the gastrointestinal tract, liver,
spleen or kidney were observed (88]. In a similar
study, curcumin was administered to rats at doses up
to 1,000 mg/kg/day po for three months and to mon-
keys at doses up to 800 mg/kg/day po for three
months without any evidence of adverse effects on
growth, behavioral, biochemical and histopathologi-
cal parameters [cited in 8,89].

A single report of gastric ulcerations associated
with curcumin was found in the literature [90]. At
doses used for antiinflammation in mice (EDso= 50
mg/kg-bw/day ig for 6 days), food-grade curcumin
appears to protect the stomach from ulcers through
decreased gastric juice or increased mucin secretion;
at higher doses (100 mg/kg-bw/day, or 0.3 mmol/kg-
bw/day), decreased mucin production resulted in ul-
cerations. In the NTP carcinogenicity bioassay
discussed below, dietary turmeric oleoresin (79-85%
curcumin) at 50,000 ppm (ca. 5.6 mmol curcu-
min/kg-bw/day) was also associated with increased
incidences of ulcers, inflammation and hyperplasia
of the forestomach, cecum and colon of male rats [5].

Studies on rats over three generations reportedly
failed to show any carcinogenic effect of curcumin
[unpublished data, cited in 87]. These data are un-
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available for review; however, two-year NTP bioas-
says of turmeric oleoresin (79-85% curcumin) have
been performed in mice and rats [5]. Although there
was no evidence of carcinogenesis in male rats ad-
ministered 2,000-50,000 ppm (ca. 0.3-5.6 mmol cur-
cumin/kg-bw/day), equivocal evidence was obtained
in female rats and male and female mice. The inci-
dence of clitoral gland adenomas increased in all
female rats treated with the oleoresin; however, car-
cinomas occurred only in the low-dose group. In male
mice receiving the same dietary doses, the hepatocel-
lular adenoma incidence increased at the middle dose
(ca. 1.4 mmol curcumin/kg-bw/day) and small intes-
tinal carcinomas occurred at the two lower doses (ca.
0.6, 1.4 mmol curcumin/kg-bw/day). In female mice,
only hepatocellular adenomas increased at the middle
oleoresin dose (4.4 mmol curcumin/kg-bw/day). Fur-
ther studies are needed to ascertain whether these
adverse effects were random, or related specifically
to curcumin or other components of turmeric oleo-
resin.

Mixed results were obtained in genotoxicity stud-
ies. Curcumin was not mutagenic when tested to the
limits of solubility in the Ames Salmonella assay with
and without metabolic activation [91-94] and in the
mouse dominant lethal assay [95]. In contrast, posi-
tive results have been obtained in some assays of
clastogenicity in vitro [96] and in vivo [97], depend-
ing on the dose and length and route of exposure.
Although no effect on mouse bone marrow cells was
observed at 0.015% in the diet for 12 weeks (ca. 0.05
mmol/kg-bw/day) [95], a higher dose of 500 ppm for
9 months (ca. 0.2 mmol/kg-bw/day) increased chro-
mosomal breaks/cell; however, the increase was
barely over twice background and incidence of aber-
rant cells was not significantly altered [97]. Although
single injections (ip) of 25-200 mg/kg-bw (0.07-0.5
mmol/kg-bw) to Swiss mice increased sister chroma-
tid exchanges (SCEs) significantly in the same cells,
no dose achieved twice the background rate.

No reports of reproductive toxicity related to cur-
cumin were found in the literature. Doses of 600 and
1,600 mg/kg administered to rats and rabbits on ges-
tation days 6—15 produced no effects on implantation,
resorption, live and dead embryos, or skeletal or
visceral abnormalities [cited in 89]. Long-term stud-
ies on rats over three generations failed to show any
teratogenic effect or impairment of reproductive ca-
pacity by curcumin [unpublished data, cited in 87].
In contrast, extracts of turmeric were reported to

decrease testosterone production in male rats and
implantation in female rats [reviewed in 10]; how-
ever, study details were not available for review.

ADME: In the Chemoprevention Branch-funded
subchronic toxicity studies discussed above, curcu-
min was not detected in plasma following ig admini-
stration of up to 3,500 mg/kg-bw/day (<9.5
mmol/kg-bw/day) to rats and up to 1,000 mgkg-
bw/day (<2.7 mmol/kg-bw/day) to dogs. These were
the maximum possible doses due to limits of solubil-
ity in the formulations. The poor gastrointestinal ab-
sorption of curcumin suggested by this result was
reported in two earlier publications. When adminis-
tered orally to rats, 75% of a 1 g/kg-bw dose (2.7
mmol/kg-bw) was excreted in the feces, while negli-
gible amounts appeared in the plasma (ca. 0.05 uM)
and urine [87]. Additional studies have suggested
that, depending on dose, some curcumin may be
detectable in tissues. Using 0.6 mg tritiated curcumin
ig (ca. 0.005 mmol/kg-bw), 89.4% and 6.3% were
excreted in the feces and urine, respectively, within
72 hr [98]. However, assessment of tissue radiolabel
after a 400 mg dose (ca. 3.6 mmol/kg-bw) revealed
that detectable levels remained in the blood (13%),
liver (5.2%), and kidney (0.5%) after 12 days; 59.1%
was excreted in the feces, and only one-third of that
was unmetabolized curcumin [99]. This study
showed that significantly more of the pigment is
absorbed (60-66%) over a range of doses (10-400
mg) than suggested by fecal excretion [99,100]. Fol-
lowing ip or iv injection, active transport by the bile
and extensive metabolism by the liver were demon-
strated [87,98]. The major biliary metabolites were
glucuronides of tetra- and hexahydrocurcumin, with
dihydroferulic acid as a minor metabolite [98]. Thus,
a portion of orally administered curcumin appears to
be absorbed and metabolized, transported by the bile,
and re-excreted into the gut by enterohepatic circula-
tion [78].

CLINICAL SAFETY: PHASE I STUDIES

As a food additive, curcumin was given a tempo-
rary ADI of 0.1 mg/kg-bw (0.27 pmol/kg-bw) by the
Joint FAO/WHO Expert Committee on Food Addi-
tives pending the completion of preclinical carcino-
genicity and reproductive toxicity tests. A Phase |
trial (Dr. Dean Brenner, University of Michigan) has
been funded by the Chemoprevention Branch to de-
scribe single- and multidose pharmacokinetics and
safety of a clinical formulation of pure curcumin; the
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protocol is being finalized. A few small Phase I
clinical trials have been published to assess efficacy
in treatment of inflammation, atherosclerosis and
HIV. Limited human dose and safety data are avail-
able from these trials.

Drug Effect Measurement: Curcumin diminishes
synthesis of phospholipase, lipoxygenase, and cy-
clooxygenase products, which could serve as drug
effect measurements in easily accessible tissues or
tissues of interest. A published study on the AOM-
induced rat demonstrated decreased colon adenoma
and adenocarcinoma formation (2,000 ppm, or ca. 0.3
mmol/kg-bw/day) with concomitant reductions in
products of phospholipases A; (phosphatidylcholine,
arachidonic acid) and Cyl (inositol 1,4,5-triphos-
phate, diacylglycerol, arachidonic acid), cyclooxy-
genase (PGE,, PGF1,) and lipoxygenase (5(5)-, 8(S)-,
12(S)-, 15(S)-HETE) in both normal colon mucosa
and tumortissue [32]. The Chemoprevention Branch-
sponsored Phase I trial will evaluate cyclooxygenase
and lipoxygenase activitics and PGE2 and 5(S)-
HETE levels in rectal epithelium as drug effect meas-
urements for pure curcumin.

Safety: Turmeric is a GRAS spice that has been
used in foods at levels ranging from 0.05-760 ppm
in diet [2]. In some cultures, dietary turmeric intake
is estimated to be 0.1-3.8 g/day, whichis ca. 0.1-4.4
umol curcumin/kg-bw/day, assuming turmeric is 3%
curcumin [101]. A temporary ADI for curcumin of
0.1 umg/kg-bw (0.3 pumol/kg-bw) was selected in
1987 by the Joint FAO/WHO Expert Committee on
Food Additives pending completion of carcinogenic-
ity and reproductive toxicity tests [7]. In the carcino-
genicity bioassays, however, the NTP substituted
turmeric oleoresin (79-85% curcumin) because of the
unavailability of pure curcumin, and equivocal results
with the oleoresin were obtained (see above) [5]. The
status of the reproductive toxicity testing is unknown.

The Chemoprevention Branch-sponsored Phase I
trial will assess the safety of a clinical formulation of
pure curcumin with a defined particle size to increase
absorption; food-grade curcumin is heterogeneous in
both components and particle size. In the trial, single
doses of the formulation will escalate from 50 mg;
the three-month multidose portion will determine the
safety of doses chosen from the single-dose study.
Limited human safety information is available from
a few small clinical trials to demonstrate efficacy of
curcumin or turmeric in treatment of arthritis and
postoperative inflammation [8,10,102]. In one dou-

ble-blind study of patients with rheumatoid arthritis
(n=18), a dose of 1,200 mg curcumin qd (ca. 0.05
mmol/kg-bw/day) for two weeks produced no side
effects [103]. This study has reportedly been ex-
panded (n=31), and doses of 1,800-2,100 mg qd (ca.
0.07-0.08 mmol/kg-bw/day) for 5-6 weeks were
without adverse effect; however, the data were not
available for review [reviewed in 8].

Since curcumin has antiviral properties relating
specifically to the AIDS virus [66], it is being evalu-
ated in these patients. In a preliminary study in HIV-
seropositive individuals, no adverse effects were
noted at an average dose of 2,000 mg/day for an
average of 127 days [104].

One small short-term trial (n=10) evaluated the
effectiveness of curcumin in scavenging active oxy-
gen species as a preventive measure against
atherosclerosis [105]. A daily dose of 500 mg (ca.
0.02 mmol/kg-bw) for seven days significantly de-
creased serum lipid peroxides and total cholesterol
and increased HDL-cholesterol without adverse ef-
fects.

ADME: No information was found in the litera-
ture. The Chemoprevention Branch-funded Phase 1
trial will describe single- and multidose pharmacok-
inetics of a pure curcumin formulation with a defined
particle size.

CLINICAL EFFICACY: PHASE I1/11I STUDIES

No Phase II or III cancer chemoprevention trials
of curcumin have been funded by the Chemopreven-
tion Branch or identified in the literature. As dis-
cussed above, only small trials investigating the
efficacy of the agent in treating arthritis and other
inflammatory conditions and HIV were found. One
uncontrolled study examined an ethanol extract of
turmeric (0.5% curcumin) or curcumin as an external
treatment for cancers of various organs, including
oral cavity (37), breast (7), vulva (4), and skin (3)
[11]. Three topical applications per day (total dose
unknown) to the oral cavity produced a response in
65% (24/37) of squamous cell carcinoma cases; re-
sponse was characterized as reduced lesion size, pain,
exudate or itching. The Chemoprevention Branch is
considering Phase II trials of curcumin in oral leuk-
oplakia patients and in cohorts at high risk for colon
cancer.

Currently, curcumin is in clinical trials in AIDS
patients [66]. In a preliminary trial in HIV-seroposi-
tive individuals, it significantly increased CD-4 and
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CD-8 cell counts after an average dose of 2,000
mg/day for an average of 127 days [104].

PHARMACODYNAMICS

The dose of commercial curcumin effective in the
AOM-induced rat colon model without toxicity was
2,000 ppm (ca. 0.27 mmol/kg-bw/day). Concomitant
reductions in arachidonic acid, PGE,, PGF;,, and
5(S)-HETE in colon mucosa were observed. Using a
NOEL of 9.5 mmol/kg-bw/day, the safety margin in
rats for oral administration is >35. This suggests that
a safe chemopreventive dose can be attained in hu-
mans. The general strategy for trials of food compo-
nents is to escalate from several times normal
exposure levels (ADI=0.1 mg/kg-bw), resulting in an
initial dose of 0.3 mg/kg-bw or =25 mg. The latter
(ca. 1 umol/kg-bw/day) is much lower than the
chemopreventive dose in rat colon; however, the
small homogeneous particles in the pure clinical for-
mulation may be better absorbed than the heteroge-
neous, food-grade spice. The strategy in the
Chemoprevention Branch-sponsored Phase I trial
will be to escalate from 50 mg to identify the dose of
pure curcumin that affects the arachidonic acid cas-
cade (cyclooxygenase and lipoxygenase activities,
PGE2 and 5(S)-HETE levels) in the rectal epithelium
without adverse effects. Based on this dose, five
doses will then be selected for the multidose portion
of the Phase I trial in subjects at high risk for epithelial
cancer (e.g., colon) for further characterization; a
Phase II trial in a colon cohort may be considered.

As mentioned above, a Phase II chemoprevention
trial in oral leukoplakia patients is also under consid-
eration by the Chemoprevention Branch. The ADI for
human consumption of curcumin as a food additive
(7 mg, or 0.02 mmol) is similar to the topical dose in
the DMBA-induced mouse skin tumorigenesis study
(4 mg, or 0.01 mmol) which was effective when given
during initiation [71]. In the rat tongue study, 500
mg/kg diet would be expected to directly contact this
tissue at a similar dose (0.02 mmol/day). Thus, the
equivalent of the daily human food level of curcumin
administered topically could be effective, especially
in populations with ongoing initiation such as tobacco
smokers/chewers.

PROPOSED STRATEGY FOR CLINICAL
DEVELOPMENT
Drug Effect Measurement Issues

PG synthesis (PGE; and PGF,), a generally used

and well-documented drug effect measurement for
NSAIDs, may also be appropriate for curcumin. Gen-
eral analytical methods for these measurements are
also well-characterized, although it is critical that
procedures for PG measurements are standardized
and validated for specific tissues targeted in chemo-
prevention trials, i.e., oral mucosa, colon. Since cur-
umin does not specifically inhibit the enzyme cy-
clooxygenase, effects on other portions of the arachi-
donic acid cascade should be considered as drug
effect measurements, such as products of phospholi-
pases A2 and Cyl (arachidonic acid, inositol 1,4,5-
triphosphate) and lipoxygenase (5(S)-, 8(5)-, 12(S)-,
15(S)-HETE). These were reduced by curcumin in
AOM-exposed rat colon mucosa. In the Chemopre-
vention Branch-sponsored Phase 1 trial, cyclooxy-
genase and lipoxygenase activities and 5(S)- HETE
and PGE, levels will be evaluated in rectal tissue as
human drug effect measurements for pure curcumin.

Safety Issues

Curcumin is presumed to be safe due to a long
history in Asia of human use up to an estimated 95
mg/day (ca. 3.7 pmol/kg-bw/day) as the food addi-
tive turmeric (3.8 g/day); however, there is little
evidence from controlled studies. In small clinical
efficacy studies, doses of 2,100 mg qd (ca. 0.08
mmol/kg-bw/day) for 6 weeks in rheumatoid arthritis
patients [reviewed in 8] and at =2,000 mg qd (0.08
mmol/kg-bw/day) for 18 weeks in AIDS patients
were reportedly safe [104]. A temporary dietary ADI
of 0.1 mg curcumin/kg-bw (0.27 umol/kg-bw/day)
was assigned by a joint FAO/WHO committee pend-
ing further preclinical carcinogenic and reproductive
toxicity studies; however, the NTP carcinogenicity
bioassay tested turmeric oleoresin in place of curcu-
min and obtained equivocal results. Carcinogenicity
studies of curcumin may be required for Phase III
chemoprevention trials.

Pharmacodynamics Issues

In rats, an oral dose of 400 mg curcumin (ca. 3.6
mmol/kg-bw) appears to be required to attain detect-
able tissue levels [99]. This is more than 13,000 times
greater than the ADI for commercial curcumin as a
human food additive (0.27 pmol/kg-bw). However,
it is not known if the rat is an appropriate model for
gastrointestinal absorption and pharmacokinetics of
the pigment in humans. The latter will be addressed
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in the Phase I trial sponsored by the Chemopreven-
tion Branch.

Regulatory Issues

The single-dose Phase I trial protocol to determine
the safety and pharmacokinetics of pure curcumin is
being finalized. Since the general regulatory strategy
for such agents has been to escalate several fold from
the level used in foods (ADI= 0.1 mg/kg-bw, or ca.
7 mg), the dosing will escalate from 50 mg.

Intermediate Biomarker Issues

Preclinical studies demonstrated modulation of
histological biomarkers by ingested curcumin in the
carcinogen-exposed gastrointestinal tract, including
dysplasia (colon, tongue), adenomas (forestomach,
colon), papillomas (duodenum) and aberrant crypt
foci (colon). Formation of papillomas was also inhib-
ited by topical application to skin. This suggests that
a Phase II trial with regression/prevention of dysplas-
tic oral leukoplakia as the endpoint would be feasible
with either topical or ingested curcumin. Prolifera-
tion biomarkers were also modulated in studies of rat
tongue—BrdU labelling, polyamine levels, and Ag-
NOR counts and area. The same types of markers
were affected in models of colon (ODC and protein
kinase activity) and skin ([*H]-thymidine incorpora-
tion, ODC activity) carcinogenesis. Evaluation of
proliferation biomarkers could be included in the
proposed oral leukoplakia trial.

Supply and Formulation Issues

Food-grade curcumin actually contains three simi-
lar compounds when measured by HPLC—curcumin
(69-77%), demethoxycurcumin (17%) and bisde-
methoxycurcumin (3—6%) [78]. The total curcumi-
noid content may be >98% when assayed by
fluorescence. One published chemoprevention study
has reported that pure curcumin (>98%) is equally as
effective as the commercial grade containing 97%
curcuminoids (77% curcumin, 17% demethoxycur-
cumin, 3% bisdemethoxycurcumin) in the AOM-in-
duced rat colon [78]. Additional irn vivo and in vitro
studies found that the effects of the individual curcu-
minoids varied with the assay system. Since commer-
cial curcumin varies in composition and particle size,
pure curcumin in a defined, homogeneous particle
size will be provided by Gene Print, Inc. The Phase 1
trial will evaluate the pharmacokinetics and bioequiva-
lence of this formulation when administered at doses

escalating from 50 mg by mixing in orange juice.

Clinical Studies Issues

Commercial curcumin inhibits arachidonic acid
mobilization and displays antiinitiation and antipro-
motion activities. Because of this combination of
potential chemopreventive mechanisms, demon-
strated activity in many preclinical carcinogenesis
models, and its perceived human safety, the agent is
entering the initial stages of clinical evaluation. A
Phase I trial assessing the safety and pharmacokinet-
ics of single and multiple doses of curcumin was
recently funded by the Chemoprevention Branch; the
single-dose protocol is being finalized. A formulation
of pure curcumin with a defined particle size will be
provided by Gene Print, Inc. to allow a homogeneous
drug product and increase absorption. Since commer-
cial curcumin was shown to decrease rat colon carcino-
genesis with concomitant reductions in arachidonic
acid metabolites, future Phase II trials might include a
cohort with colon polyps or otherwise at high risk for
colon cancer. A Phase II chemoprevention trial in oral
leukoplakia patients is also under consideration.
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