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Abstract This article summarizes available data on the chemopreventive efficacies of tea polyphenols,
curcumin and ellagic acid in various model systems. Emphasis is placed upon the anticarcinogenic activ-
ity of these polyphenols and their proposed mechanism(s) of action.

Tea is grown in about 30 countries and, next to water, is the most widely consumed beverage in the
world. Tea is manufactured as either green, black, or oolong; black tea represents approximately 80%
of tea products. Epidemiological studies, though inconclusive, suggest a protective effect of tea con-
sumption on human cancer. Experimental studies of the antimutagenic and anticarcinogenic effects of
tea have been conducted principally with green tea polyphenols (GTPs). GTPs exhibit antimutagenic
activity in vitro, and they inhibit carcinogen-induced skin, lung, forestomach, esophagus, duodenum and
colon tumors in rodents. In addition, GTPs inhibit TPA-induced skin tumor promotion in mice. Al-
though several GTPs possess anticarcinogenic activity, the most active is (-)-epigallocatechin-3-gallate
(EGCG), the major constituent in the GTP fraction. Several mechanisms appear to be responsible for the
tumor-inhibitory properties of GTPs, including enhancement of antioxidant (glutathione peroxidase,
catalase and quinone reductase) and phase Il (glutathione-S-transferase) enzyme activities; inhibition
of chemically induced lipid peroxidation; inhibition of irradiation- and TPA-induced epidermal ornithine
decarboxylase (ODC) and cyclooxygenase activities; inhibition of protein kinase C and cellular prolifera-
tion; antiinflammatory activity; and enhancement of gap junction intercellular communication.

Curcumin is the yellow coloring agent in the spice turmeric. It exhibits antimutagenic activity in the
Ames Salmonella test and has anticarcinogenic activity, inhibiting chemically induced preneoplastic
lesions in the breast and colon and neoplastic lesions in the skin, forestomach, duodenum and colon of
rodents. In addition, curcumin inhibits TPA-induced skin tumor promotion in mice. The mechanisms
for the anticarcinogenic effects of curcumin are similar to those of the GTPs. Curcumin enhances glata-
thione content and glutathione-S-transferase activity in liver; and it inhibits lipid peroxidation and
arachidonic acid metabolism in mouse skin, protein kinase C activity in TPA-treated NIH 3T3 cells,
chemically induced ODC and tyrosine protein kinase activities in rat colon, and 8-hydroxyguanosine
formation in mouse fibroblasts.

Ellagic acid is a polyphenol found abundantly in various fruits, nuts and vegetables. Ellagic acid is
active in antimutagenesis assays, and has been shown to inhibit chemically induced cancer in the lung,
liver, skin and esophagus of rodents, and TPA-induced tumor promotion in mouse skin. Ellagic acid
functions through a variety of mechanisms, including inhibition of microsomal P-450 enzymes, stimula-
tion of glutathione-S-transferase, scavenging the reactive metabolites of carcinogens, and direct binding
to DNA, thus potentially masking sites that would normally interact with ultimate carcinogens.

GTP, curcumin and ellagic acid exhibit potent antioxidant effects. This property, coupled with their
other effects, make them effective chemopreventives against both the initiation and promotion/
progression stages of carcinogenesis. © 1995 Wiley-Liss, Inc.
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Epidemiological, experimental and metabolic
studies are providing convincing evidence that
nutrition plays an important causative role in the
initiation, promotion and progression of several
types of human cancers [1]. It is also becoming
clear that, in addition to substances that pose a
cancer risk, the human diet also contains agents
which are capable of affording protection against
some forms of cancer [2]. Chemoprevention of
cancer is a means of cancer control in which the
occurrence of the disease, as a consequence of
exposure to carcinogenic agents, can be slowed,
completely blocked, or reversed by the adminis-
tration of one or several naturally occurring or
synthetic compounds. Such chemopreventive
compounds are known as anticarcinogens, and
ideally they should be non-toxic [1,2]. Among
the more extensively studied chemopreventive
agents are the polyphenols, including tea poly-
phenols, curcumin and ellagic acid. The present
report summarizes the known inhibitory effects
of these polyphenols and their likely mechanisms
of action.

TEA POLYPHENOLS

Tea is grown in about 30 countries and, next
to water, is the most widely consumed beverage
in the world [3]. Of the approximately 2.5 million
metric tons of dried tea manufactured annually,
only 20% is green tea and 2% is oolong tea; the
remainder is black tea [3]. In recent years, many
investigations conducted in various organ-spe-
cific animal tumor bioassay systems have shown
that polyphenolic compounds present in tea are
capable of affording protection against cancer
induced by both chemical and physical agents.
Although the majority of these studies have fo-
cused on green tea, some studies have also
shown that black tea may have similar effects.

Green tea is produced in relatively few coun-
tries, and is consumed primarily in China, Japan,
India and a few countries in North Africa and
the Middle East [3]. The term "green tea" refers
to the product manufactured from fresh tea
leaves by steaming or drying at elevated temp-
eratures with the precaution to avoid oxidation
of the polyphenolic compounds which include
flavonols. Green tea contains 35-52% (measured

in weight % of extract of solids) catechins and
flavonols combined. Of the four major catechins
in green tea (Fig. 1), i.e., (-)-epicatechin (EC), (-)-
epicatechin-3-gallate (ECG), (-)-epigallocatechin
(EGC), and (-)-epigallocatechin-3-gallate (EGCG),
EGCG is the major component, accounting for
greater than 40% of the total polyphenolic mix-
ture. About 78% of the world's tea consumption
is the beverage prepared from black tea, gener-
ally consumed in the Western countries and
some Asian countries. Basic steps in black tea
production are plucking, withering, maceration
(rolling) and drying. During this process, the
polyphenols undergo oxidative polymerization
by a process known as fermentation, resulting in
the conversion of catechins to the aflavins and
thearubigins (Fig. 1). A typical black tea beverage
contains 3-10% catechins, 3-6% theaflavins, 12—
18% thearubigins, and other components.

Tea and Chemoprevention

In recent years, a wide range of studies have
demonstrated that a polyphenolic fraction iso-
lated from green tea (GTP), a water extract of
green tea (WEGT), and epicatechin derivatives
present in green tea possess strong anticarcino-
genic effects in skin and other tissues (Table I).
Studies have also shown that a water extract of
black tea (WEBT) has similar inhibitory effects,
and it is speculated that these effects are as-
sociated with the polyphenols present therein.

In brief, topical application of GTP to mouse
skin has been shown to result in protection
against 3-methylcholanthrene (MCA)-induced
skin tumorigenesis [4], 7,12-dimethylbenz(a)-
anthracene (DMBA)-induced skin tumor initia-
tion [3,5], 12-O-tetradecanoylphorbol-13-acetate
(TPA)-induced tumor promotion in DMBA-initi-
ated skin [6,7], and benzoyl peroxide- and 4-
nitroquinoline-N-oxide (4-NQO)-enhanced malig-
nant progression of nonmalignant lesions [8].
WEGT has been shown to result in partial
regression of established skin papillomas in mice
[9]. Similarly, chronic oral feeding of GTP and
WEGT has been shown to result in protection
against both chemical carcinogen- and ultraviolet
B (UVB) radiation-induced skin tumorigenicity
[10,11]. Recent studies have shown that WEBT
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TABLE I. Tea Polyphenols: Summary of Anticarcinogenic Effects®

Organ Treatment References
Skin Initiation: 3-8,10-12
PAH, UVB
Promotion:
DMBA /TPA
Benzoyl peroxide/TPA
4-NQO/TPA
Lung B(@)P, NDEA, NNK 13-18
Forestomach B(@)P, NDEA 13-15
Esophagus NMBA, Nitrososarcosine 20,21
Duodenum ENNG 19
Colon Azoxymethane 22,23
Liver Aflatoxin B;, NDEA 24,25
Pancreas N-nitroso-bis(2-oxypropyl)- 26
amine
Mammary Gland DMBA 27

4 Gee text for discussion; ® PAH, UVB, DMBA, TPA, 4-NQO, B(@)P, NDEA, NNK, NMBA, ENNG — see

text for names of abbreviated compounds.

also possesses cancer chemopreventive effects in
the mouse skin tumor model [12]. Collectively,
these data suggest that green and black tea com-
ponents possess significant chemoprotective ef-
fects against each stage of carcinogenesis, and
that they may be useful against inflammatory re-
sponses associated with the exposure of skin to
chemical tumor promoters as well as to solar
radiation [3].

In addition to skin, several studies have been
conducted to assess whether oral consumption of
GTP or WEGT produces preventive effects
against carcinogenesis induced in internal
organs. Oral administration of WEGT (1.2-2.5%
w/v) or GTP (0.2%, w/v) in the drinking water
to A/J mice during the initiation, post-initiation
and entire period of tumorigenesis protocols
resulted in a significant reduction in the multipli-
city of both lung and forestomach tumors
induced by benzo(@)pyrene (B(a)P) [13-15]. Simi-
larly, oral administration of WEGT (0.63-1.25%,
w/v) in the drinking water to A/J mice reduced
the incidence and multiplicity of lung and fore-
stomach tumors caused by po administration of
N-nitrosodiethylamine (NDEA) [14]. Wang et al.

[16] showed that oral feeding of 0.6% WEGT or
WEBT to A/] mice prior to or after challenge
with NDEA or 4-(methylnitrosamino)-1-(3-pyri-
dyl)-1-butanone (NNK) resulted in significant
protection in terms of lung tumor incidence and
multiplicity. Similar results were reported by Xu
et al. [17], where inhibitory effects of WEGT and
EGCG, the major epicatechin derivative present
in green tea/GTP/WEGT, against NNK-induced
lung tumorigenicity in A/J mice were demon-
strated. In a recent study, the effects of oral ad-
ministration of decaffeinated green tea or black
tea on NNK-induced lung tumorigenesis were
also investigated [18]. Significant protection
against lung tumor formation occurred when tea
was given either during or after NNK treatment.

Other organ systems in which tea and its com-
ponents have demonstrated inhibitory effects
include the duodenum, esophagus, colon, liver,
pancreas and mammary gland. Fujita et al. [19]
reported the chemopreventive effects of EGCG
against N-ethyl-N'-nitro-N-nitrosoguanidine
(ENNG)-induced duodenal tumorigenicity in
C57BL/6 mice. Green tea has been shown to
afford protection against N-nitrosomethylbenzyl-
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amine (NMBA)- [20] and nitrososarcosine-in-
duced [21] esophageal tumorigenesis in rats and
mice, respectively. Yamane et al. [22] showed
that oral feeding of 0.01 or 0.1% GTP in drinking
water resulted in significant protection against
azoxymethane (AOM)-induced colon cancer in
Fischer rats. Narasiwa and Fukara [23] showed
that a very low dose of GTP administered in
drinking water prevented N-nitrosomethylurea
(NMU)-induced colon carcinogenesis in F-344
rats. Chen et al. [24] and Li [25] provided evi-
dence for cancer protective effects of green tea
against aflatoxin B, and NDEA-induced hepato-
carcinogenesis. Harada et al. [26] showed anti-
promotion effects of green tea extracts against N-
nitroso-bis(2 -oxopropyl)amine-induced pan-
creatic cancer in Syrian golden hamsters. Hirose
et al. [27] demonstrated inhibition of DMBA-in-
duced mammary gland carcinogenesis in rats by
diet containing green tea. These studies amply
demonstrate that tea components afford protec-
tion in various animal tumor bioassay systems.

Mechanistic Studies of
Anticarcinogenic Effects of Tea

Tea and its components have been shown to
inhibit carcinogenesis by several mechanisms.
With respect to inhibition of biochemical markers
of tumor initiation, GTP and its constituent poly-
phenols (Fig. 1) have been shown to interact with
cytochrome P-450 and inhibit associated mono-
oxygenase activities [28]. Administration of GTP,
either topically or orally, to SENCAR mice inhib-
ited carcinogen-DNA adduct formation in epi-
dermis after topical application of [PHIB@)P or
PHIDMBA [4]. Chronic oral administration of
GTP to mice for four weeks resulted in moderate
to significant enhancement in glutathione peroxi-
dase, catalase, NADPH-quinone oxidoreductase,
and glutathione-S-transferase activities in small
bowel, lung and liver [29]. GTP interacts with
B(a)P-7,8-diol-9,10-epoxide-2 (BPDE), the ultimate
carcinogenic metabolite of B(a)P, suggesting that
it could have a "scavenging effect” [30]. Sohn et
al. [31] determined the effect of administering 2%
(w/v) solutions of green or black tea to F-344
rats on hepatic xenobiotic metabolizing enzymes.
These treatments resulted in significant increases
in hepatic P-450 1A1, 1A2 and 2B1 activities, but
no changes in P-450E1 and 3A4 activities. Of the
phase II enzymes, UDP-glucuronyltransferase

was found to be increased, but not glutathione-S-
transferase. In a recent study Shi et al. [18]
showed that addition of green tea and black tea
extracts and their fractions to lung microsomes in
vitro inhibited NNK oxidation and NNK-induced
DNA methylation. In this same study, EGCG
was also found to inhibit the catalytic activities
of several P-450 enzymes related to P-450 1A and
2B1. Inhibition of phase I enzymes involved in
cancer initiation and enhancement of enzymes
that play a role in carcinogen detoxification may
be expected to protect against carcinogenesis.

Tea components have also been shown to in-
fluence biochemical markers of tumor promo-
tion/progression. Topical application of GTP to
mouse skin inhibits TPA-mediated induction of
epidermal ODC activity in a dose-dependent
manner [32]. GTP application to SENCAR mice
also inhibits the induction of epidermal ODC
activity caused by several structurally different
mouse skin tumor promoters [32]. Prior applica-
tion of GTP to mouse skin resulted in significant
inhibition of TPA-induced epidermal edema and
hyperplasia [33], as well as both cyclooxygenase-
and lipoxygenase-catalyzed metabolism of ara-
chidonic acid [3]. Ruch et al. [34] showed that
GTP prevented TPA-induced cytotoxicity and in-
hibition of intercellular communication in normal
human epidermal keratinocytes. Inhibition of
these pathways, either alone or in combination,
may contribute to the overall antitumor promot-
ing effects of tea.

CURCUMIN

Turmeric, the powdered rhizome from the
root of the plant Curcuma longa Linn. has long
been used as a spice in foods and as a naturally
occurring medicine for the treatment of inflam-
matory diseases. Turmeric has a somewhat bitter
taste and gives Indian curry dishes a characteris-
tic yellow color. Curcumin (diferuloylmethane),
the yellow pigment in turmeric, has also been
used as a coloring agent and/or spice in foods,
as well as in cosmetics and drugs [35]. It is the
major phenolic antioxidant and antiinflammatory
agent in turmeric, and can be extracted from tur-
meric with ethanol or other organic solvents. The
chemical, biological and pharmacological proper-
ties of curcumin have been reviewed [35-38] and
its structure is given in Figure 2.
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Curcumin and Chemoprevention

Recent investigations have demonstrated that
curcumin possesses strong anticarcinogenic ef-
fects in several tissues (Table II). The initial re-
port of its antitumor effects was published by
Huang et al. [39], in which 1, 3 or 10 pmol cur-
cumin applied topically to the skin of CD-1 mice
inhibited TPA-induced tumor promotion in
DMBA-initiated skin. This observation was con-
sistent with the previously reported antioxidant
and antiinflammatory effects of curcumin {35]. In
an extensive study by Nagabhushan and Bhide
[40], 200 nmol curcumin applied topically to the
skin of each Swiss mouse was found to inhibit
DMBA-induced—as well as TPA-promoted—skin
tumors. In addition, when administered by ga-
vage at a level of 1 mg per mouse, curcumin

reduced the occurrence of B(a)P-induced fore-
stomach tumors. Subsequent investigations dem-
onstrated the ability of curcumin to inhibit the
development of precancerous lesions, i.e., DMBA-
induced hyperplastic nodules in cultured rat
mammary gland tissues [41] and azoxymethane-
induced crypts in rat colon [42]. In a recent study
employing several mouse strains, curcumin
added to the diet at concentrations ranging from
0.5% to 4% inhibited B{(a)P-induced forestomach
tumors in A/J mice, ENNG-induced duodenal
tumors in C57BL/6 mice, and azoxymethane-
induced colon tumors in CF-1 mice [43]. Col-
lectively, these studies clearly demonstrate that
curcumin affords protection in various animal
model bioassay systems.

Mechanistic Studies of the
Anticarcinogenic Effects of Curcumin

Experimental studies have shown that cur-

CH.,0 OCH cgmin inhibits carcinogenesis by several mecha-
0 O : nisms. With respect to biomarkers of tumor initi-
OH ation, curcumin has been reported to inhibit the
HO metabolic activation and promote the detoxifica-
tion of carcinogens. For example, curcumin in-
hibited the metabolic activation of B(@)P to muta-
Curcumin gens in vitro, the metabolic activation of B(@)P to
B(@)P-DNA adducts in mouse skin in wvivo
Fig. 2. Curcumin [44-46], and the formation of B(a)P-DNA adducts
TABLE II. Curcumin: Summary of Anticarcinogenic Effects®
Organ Treatment References
Skin Initiation: 39,40
DMBA
Promotion:
DMBA /TPA
B@P/TPA
Forestomach B(@)P 40,43
Mammary Gland DMBA 41
(in vitro)
Colon
(in vitro) AOM 42
(in vivo) AOM 43
Duodenum ENNG 43

? See text for discussion.
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or single strand breaks in DNA in the forestom-
ach or liver of mice [47]. In additional studies,
dietary administration of curcumin to rats or
mice was reported to increase the levels of he-
patic phase I and phase II enzymes [45]. Cur-
cumin has also been shown to increase the rate
of DNA repair in yeast [48]. With respect to the
post-initiation phase of carcinogenesis, curcumin
has been found to inhibit TPA-induced ODC
activity, cell proliferation, and tumor promotion
in mouse epidermis [37,39]. Curcumin has strong
antioxidant and free radical-scavenging activity
[49,50], inhibits epidermal arachidonic acid me-
tabolism via lipoxygenase and cyclooxygenase
pathways [51], inhibits the inflammatory action
of arachidonic acid [51], and inhibits TPA-
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Fig. 3. Eliagic Acid

induced inflammation in mouse skin [39]. Recent
studies have revealed an inhibitory effect of di-
etary curcumin on AOM-induced increases in
ODC activity, tyrosine protein kinase activity
and arachidonic acid metabolism in rat colon,
consistent with its ability to inhibit the formation
of aberrant crypt foci in this tissue [42].

ELLAGIC ACID

Ellagic acid (Fig. 3) is a naturally occurring
phenolic constituent of many species from a di-
versity of flowering plant families. It is present
in plants in the form of hydrolyzable tannins
called ellagitannins. Ellagitannins are esters of
glucose with hexahydroxydiphenic acid; when
hydrolyzed, they yield ellagic acid, the dilactone
of hexahydroxydiphenic acid [52]. The content of
ellagic acid in a series of fruits and nuts has been
determined, and the highest amounts were found
in blackberries, raspberries, strawberries, cran-
berries, walnuts and pecans [53]. Ellagic acid, a
very stable compound, is moderately soluble in
dimethylsulfoxide, slightly soluble in other or-
ganic solvents, and relatively insoluble in water.
It is pharmacologically active and has been
found to control hemorrhage in animals and in
humans, presumably as a result of its ability to
activate Hageman factor [54].

Ellagic Acid and Chemoprevention
Initial studies of the antitumor activity of ella-

gic acid were conducted in mice using lung and
skin tumors as endpoints (Table III). Lesca [55]

TABLE IIL Ellagic Acid: Summary of Anticarcinogenic Effects

Organ Treatment Reference
Lung B(2)P, BPDE, NNK 55-57
Skin Initiation: 58
MCA 56
Promotion: 78,79
B@P/TPA
DMBA/TPA
Esophagus NMBA 61-63
Liver FAA 64

? See text for discussion.
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investigated the effect of ellagic acid on B(a)P-
induced lung tumors in A/J mice. When admin-
istered ip or as a dietary admixture, ellagic acid
decreased the multiplicity of B(a)P-induced tu-
mors; however, significant toxicity was observed
following ip administration of ellagic acid.
Chang et al. [56] showed that treatment of pre-
weanling mice with a total dose of 300 nmol of
ellagic acid shortly before ip injection of B(a)P
diol-epoxide caused a 44-75% inhibition in the
number of diol-epoxide-induced lung tumors.
Similar treatment with ellagic acid had little or
no effect on the occurrence of B(a)P-induced lung
tumors. Boukharta et al. [57] reported that, at
doses ranging from 0.06 to 4.0 g/kg diet, ellagic
acid inhibited the multiplicity of lung tumors
induced by NNK administered to A/] mice in
the drinking water by 54%. In contrast, two re-
lated compounds, esculin and esculetin, had no
effect on lung tumorigenesis. Mukhtar et al. [58]
showed that topical application of ellagic acid to
the skin of BALB/c mice exerted strong pro-
tective effects against MCA-induced skin carcino-
genesis. In a separate experiment using a similar
dosing regimen, Smart et al. [59] did not observe
any inhibitory effect of ellagic acid on MCA-in-
duced skin carcinogenesis in CD-1 or in BALB/c¢
mice. Chang et al. [56] observed that topical
application of 2,500 nmol of ellagic acid shortly
before a tumor-initiating dose of B(a)P diol-epox-
ide caused a 59-66% inhibition in the number of
skin tumors per mouse after promotion with
TPA. Similar treatment of mice with ellagic acid
before the application of B(a)P inhibited the
mean number of skin tumors by 28-33% after
promotion with TPA, but this decrease was not
significant. The data of Chang et al. [56] in both
mouse skin and lung are consistent with the re-
port of Sayer et al. [60], who showed that ellagic
acid can bind to the diol-epoxide of B(@)P in vi-
tro. If similar binding occurs in vivo, then one
would expect ellagic acid to be more effective
against B(@)P diol-epoxide tumorigenesis than
against B(@)P tumorigenesis.

Other tissues in which ellagic acid has been
shown to exhibit anticarcinogenic effects include
the esophagus and liver. Mandal and Stoner [61]
reported inhibitory effects of ellagic acid (0.4 and
4.0 mg/kg diet) on NMBA-tumorigenesis in the
esophagus of F-344 rats. The ellagic acid inhib-
ited the development of both preneoplastic and
neoplastic lesions by 25-50%. These results were

confirmed in a subsequent experiment by Daniel
and Stoner [62]. In a recent experiment in our
laboratory, ellagic acid was found to be an effec-
tive inhibitor of NMBA-tumorigenesis in the rat
esophagus only when administered before, dur-
ing and after the carcinogen; there was no signif-
icant inhibition of esophageal tumorigenesis
when the inhibitor was administered in the post-
initiation phase only [63]. Tanaka et al. [64] in-
vestigated the effect of ellagic acid on hepatocar-
cinogenesis induced by N-2-fluorenylacetamide
(FAA) in male ACI/N rats. Rats were fed a diet
containing 400 ppm of ellagic acid before, during
and after administration of FAA in the diet. The
ellagic acid reduced the number of altered foci
and the incidence of hepatocellular neoplasms in
carcinogen-treated rats.

Mechanistic Studies of the
Anticarcinogenic Effects of Ellagic Acid

The inhibition of carcinogenesis by ellagic acid
appears to occur through a number of mechan-
isms. With respect to biomarkers of tumor initia-
tion, ellagic acid has been shown to inhibit the
metabolic activation of polycyclic hydrocarbons
(PAH) [eg., B(a)P, DMBA, and MCA], nitroso
compounds (e.g., NMBA and NNK) and aflatoxin
B, into forms that induce DNA damage [65-71].
It could also promote carcinogen detoxification
by stimulating the activity of various isoforms of
the enzyme, glutathione-S-transferase [72-73]. A
third mechanism by which ellagic acid could in-
hibit tumor initiation is through its potential role
as a scavenger of the reactive metabolites of car-
cinogens. Ellagic acid reacts in vitro with B(@)P
diol-epoxide by taking a sterically favorable posi-
tion to form a covalently linked product in
which the reactive epoxide ring of the pyrene is
opened, rendering the carcinogen harmless [60].
It is not known if this reaction occurs in vivo
however, or whether the reactive metabolites of
carcinogens other than B(a)P react with ellagic
acid. A fourth mechanism by which ellagic acid
could inhibit tumor initiation is through occupa-
tion of sites in DNA that might otherwise react
with carcinogens or their metabolites [74]. In one
study, ellagic acid inhibited the binding of NMU
to salmon sperm DNA by reacting with the O°
position in guanine and preventing methylation
at that site [75]. A subsequent report however,
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failed to confirm this observation [76]. Barch and
Fox [77] found that dietary ellagic acid selec-
tively blocked methylation of the O° position of
guanine in rats treated with NMBA. They sug-
gested that this was due to the binding of ellagic
acid to DNA since, in their experiments, the in-
hibitor had no effect on the metabolic activation
of NMBA or the ability of NMBA to methyl-ate
DNA.

With respect to the effects of ellagic acid on
biomarkers of tumor promotion/progression, re-
cent studies in the laboratory of Perchellet [78-
79] have confirmed earlier reports of the ability
of ellagic acid to inhibit TPA-induced tumor pro-
motion in mouse skin. Moreover, these studies
demonstrated that ellagic acid, applied topically
to mouse skin, inhibited TPA-induced ODC ac-
tivity, hydroperoxide production and DNA syn-
thesis, all markers of skin tumor promotion [78-
81]. Ellagic acid is also a potent inhibitor of free
radical-induced lipid peroxidation which could
contribute to its anti-promotion effects [82].

SUMMARY

The data presented in this report suggest that
the tea polyphenols, curcumin and ellagic acid
all have significant promise as chemopreventive
agents, and that they have similar modes of ac-
tion. Their ultimate use in chemoprevention
however, may depend upon the extent of their
bioavailability. To our knowledge, there are no
reports on the pharmacokinetics of uptake and
distribution of the tea polyphenols; studies to
evaluate their biodistribution should be under-
taken. There are conflicting reports on the uptake
and distribution of curcumin however, it would
appear that more than 50% of an oral dose is
absorbed and small amounts appear in the urine
[83-85]. Pharmacokinetic studies with ellagic acid
indicate that its bioavailability is minimal; ap-
proximately 20% of an ip or oral dose excreted
within the urine in 24 hours, and tissue concen-
trations in ppm of the administered dose (57,86,
87]. These observations in animal models suggest
that the use of ellagic acid in humans may be
severely compromised by its rather poor bio-
availability.
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