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Abstract Apigenin, a less-toxic and non-mutagenic flavonoid, suppressed 12-0-tetradecanoyl-phorbol-13-acetate-
(TPA)-mediated tumor promotion of mouse skin. TPA had the ability to activate protein kinase C (PKC) and induced
nuclear proto-oncogene expression. Our study indicates that apigenin inhibited PKC by competing with adenosine
triphosphate (ATP). Apigenin also reduced the level of TPA-stimulated phosphorylation of cellular proteins and inhibited
TPA-induced c-jun and c-fos expression. Curcumin, a dietary pigment phytopolyphenol, is also a potent inhibitor of
tumor promotion induced by TPA in mouse skin. When mouse fibroblast cells were treated with TPA alone, PKC
translocated from the cytosolic fraction to the particulate fraction. Treatment with 15 or 20 µM curcumin for 15 min
inhibited TPA-induced PKC activity in the particulate fraction by 26–60%. Curcumin also inhibited PKC activity in vitro
by competing with phosphatidylserine. Curcumin (10 µM) suppressed the expression of c-jun in TPA-treated cells.
Fifteen flavonoids were examined for their effects on morphological changes in soft agar and cellular growth in v-H-ras
transformed NIH3T3 cells. The results demonstrated that only apigenin, kaempferol, and genistein exhibited the
reverting effect on the transformed morphology of these cells. Based on these findings, it is suggested that the
suppression of PKC activity and nuclear oncogene expression might contribute to the molecular mechanisms of inhibition of
TPA-induced tumor promotion by apigenin and curcumin. J. Cell. Biochem. Suppls. 28/29:39–48. r 1998 Wiley-Liss, Inc.
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Epidemiological studies have provided con-
vincing evidence that dietary factors can modify
the processes of carcinogenesis, including initia-
tion, promotion, and progression of several types
of human cancers [1]. Vegetables, fruits, and
plants are rich in such polyphenolic compounds
as apigenin, curcumin, kaempferol, genistein,
catechins, etc. Intensive investigation shows
that these phytopolyphenolics are important
for maintaining our human health.

One of the functions most widely found in
phytopolyphenols of various types is an antioxi-
dant effect based on radical scavenging activity.

This function may underlie various effects of
polyphenols in plant tissues, and also their
pharmacological and medicinal effects related
to the inhibition of lipid peroxidation and tu-
mor promotion [2].

Cancer chemoprevention is a means of cancer
control in which disease induction as a conse-
quence of exposure to carcinogenic agents can
be blocked or reversed by the administration of
one or several naturally occurring or synthetic
compounds. Among well-studied chemopreven-
tive agents are phytopolyphenols such as api-
genin, curcumin, and genistein. The present
report summarizes the known inhibitory effects
of these phytopolyphenols and their possible
molecular mechanisms of action.

ANTI-CARCINOGENIC EFFECT OF APIGENIN

Apigenin (48,5,7-trihydroxyflavone) (Fig. 1),
widely distributed in the plant kingdom, is a
less-toxic and non-mutagenic phytopolyphenol
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[3–5] and protein kinase inhibitor [6]. The inhi-
bition of protein tyrosine kinase (PTK) by api-
genin has been shown to be competitive with
respect to adenosine triphosphate (ATP) [6].
Recent studies have shown that apigenin exhib-
its anti-proliferating effects on human breast
cancer cells [7], enhances gap junctional intra-
cellular communication in liver cells [8], and
induces morphological changes in some cells
[9,10]. The mutagenicity of metabolically acti-
vated carcinogen in the Salmonella test system
is also inhibited by apigenin [4,11]. In addition,
the frequency of sister chromatid exchange in
Chinese hamster ovary (CHO) cells is inhibited
by apigenin [4]. Furthermore, apigenin has been
shown to be an effective inhibitor of B(a)P-
induced mutagenesis in a hamster embryo cell-
mediated V-79 cell mutation assay [12], and to
suppress the tumor-promoting effects of 12-0-
tetradecanoylphorbol-13-acetate (TPA) on
mouse skin initiated with 7,12-Dimethylben-
z(a)anthracene (DMBA) [13]. The application of
apigenin can also suppress TPA-induced epider-
mal ornithine decarboxylase (ODC) activity [11]
and decrease the converting efficiency of papil-
lomas to carcinomas [13].

MECHANISMS OF THE ANTI-CARCINOGENIC
EFFECTS OF APIGENIN

Apigenin strongly suppresses TPA-mediated
tumor promotion in mouse skin carcinogenesis
[13]. This inspired us to investigate the inhibi-
tory effect of apigenin on the partially purified
preparation of PKC from NIH3T3 cells. As
shown in Figure 2, apigenin inhibited PKC
activity dose dependently [14]. Under assay
conditions that elicit maximal kinase activity,
apigenin inhibited enzymatic activity with an
IC50 value of 10 6 0.5 µM. Treatment with 100
ng/ml TPA in NIH3T3 cells at 60 minutes re-
sulted not only in an increase in the amount of
80-KDa phosphoprotein, the useful biomarker
of PKC activation in intact cells, but also of
other phosphoprotein (Fig. 3). Treatment with
50 and 100 µM apigenin caused a 60 and 80%
inhibitory effect on the TPA-stimulated phos-
phoprotein amount, respectively (Fig. 2), while
the total cellular protein remained unaffected
by TPA treatment with or without apigenin, as
illustrated by silver staining (data not shown).
According to the decrease of 80-kDa phosphopro-
tein, we estimated that IC50 of PKC is approxi-
mately 40 6 5 µM in intact cells. Several re-
ports have shown that flavonoids can inhibit
tyrosine kinase activity by competing with ATP

[6,15]. It is of interest to ascertain the inhibi-
tory mechanism of apigenin on PKC; therefore,
experimental kinetic analyses were performed.
As shown in Figure 4, the inhibition was com-
petitive with regard to ATP, with a Ki of 0.24
µM in the presence of 10 µM apigenin.

We found that apigenin could inhibit differ-
ent types of PTK activities. The inhibitory activ-
ity of apigenin was more effective in receptor-
type PTKs (IC50 for EGF receptor, 90 6 3 µM;
for FGF receptor, 20 6 1.2 µM; and for PDGF

Fig. 1. Structure of curcumin, apigenin, kaempferol, and genis-
tein. These compounds are phytopolyphenols, while apigenin,
kaempferol, and genistein are flavonoids.
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receptor, 86.6 6 7.3 µM) than pp60v-src (IC50 200
µM). In receptor-type PTKs, apigenin showed
more selective inhibition of FGF receptor than
other receptor-type PTKs. When quiescent
NIH3T3 cells were treated with 100 ng/ml TPA,
c-fos and c-jun were transiently induced and
reached their maximal levels in 30 and 60 min-
utes, respectively [16]. The timing of these maxi-
mal inductions were selected to study the ef-
fects of apigenin on TPA-induced c-fos and c-jun
transcription. Exposure of quiescent cells to
100 ng/ml TPA with 10, 50, and 100 µM api-
genin resulted in 50, 80, and 100% suppression
of TPA-induced c-jun expression, respectively
(Fig. 5). Treatment of 100 ng/ml TPA with 10
µM apigenin caused 100% suppression of TPA-
induced c-fos expression (Fig. 6).

ANTI-CARCINOGENIC EFFECTS
OF CURCUMIN

Curcumin (diferuloyl methane) (Fig. 1) is iso-
lated from the rhizoma of the plant Curcuma
longa Linn. Curcumin has a wide range of
biological and pharmacological activities, in-
cluding antithrombotic effect, antioxidant prop-
erties, anti-mutagenic effects, hypocholesterol-

emic effects in rats, and finally, hypoglycemic
effects in man [17].

Curcumin exerts strong anticarcinogenic ef-
fects in several organs including skin [18,19],
forestomach [19,20], mammary gland [21], co-
lon [20,21], and duodenum [20]. The first report
of its anti-tumor effects was published by Huang
et al. [18], in which 1, 3, or 10 µM curcumin
applied topically to the skin of CD-1 mice inhib-
ited TPA-induced tumor promotion in DMBA-
initiated skin. When administrated by gavage
at a level of 1 mg per mouse, curcumin reduced
the occurrence of benzol(a)pyrene (B(a)P)-in-
duced forestomach tumors [20]. Subsequent in-
vestigations demonstrated the ability of curcu-
min to inhibit the development of precancerous
lesions in DMBA-induced hyperplastic nodules
in rat mammary gland tissue [21] and azoxy-
methane-induced crypts in rat colon [22].

MOLECULAR MECHANISMS
OF THE ANTI-CARCINOGENIC EFFECTS

OF CURCUMIN

Curcumin inhibited the metabolic activation
of B(a)P to mutagenic derivative in vitro and
the metabolic activation of B(a)P to B(a)P-DNA

Fig. 2. Effect of apigenin on
PKC activity. The activity of par-
tially purified PKC from NIH3T3
was measured as described [14].
Data points are the mean values
for 3 independent experiments.
Bars represent the S.E.
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adducts in mouse skin in vivo [23,24]. Dietary
administration of curcumin to rats or mice was
reported to increase the levels of hepatic phase
I and phase II enzymes [25].

In the post-initiation phase of carcinogen-
esis, curcumin has been shown to inhibit TPA-

induced ODC activity, cell proliferation, and
tumor promotion in mouse epidermis [18]. Cur-
cumin has strong anti-oxidant and free radical
scavenging-activity [26], inhibits epidermal ara-
chidonic acid metabolism via lipoxygenase and
cyclooxygenase pathways [27], and then inhib-
its the inflammatory action of arachidonic acid.

The effect of curcumin on a partially purified
PKC preparation from NIH3T3 cells is illus-
trated in Figure 7. The maximal inhibition of
PKC by curcumin was obtained at 60 µM [28].
Curcumin did not express its efficiency at a
concentration higher than 60 µM because of its
water-insolubility. The inhibition was competi-
tive with regard to phosphatidylserine with a
Ki of 189 µg/ml in the presence of 30 µM curcu-
min (Fig. 8). The exposure of intact NIH3T3
fibroblast cells to 0.1 µg/ml TPA caused a redis-
tribution of PKC activity from cytosol to the
plasma membrane (particulate fraction). When
the cells were treated with 15 µM curcumin and
TPA for 15 and 30 minutes, PKC activity was
significantly decreased in particulate fraction
by 36 and 69%, respectively. However, non-
significant decreases in the cytosolic fraction
were observed. Treatment with curcumin alone
did not significantly change the basal PKC ac-
tivity. The increased concentration of curcumin
enhanced the inhibition of PKC activity on the
particulate fraction [28]. However, PKC activ-
ity in both partially purified cytosolic and par-
ticulate preparations of NIH3T3 cells with or
without TPA treatment was inhibited by vari-
ous concentrations of curcumin in vitro [28].

CURCUMIN INHIBITS THE GENE EXPRESSION
OF C-JUN

Curcumin at 10, 15, or 20 µM together with
TPA at 50 ng/ml was used to treat quiescent
cells for 60 minutes. The inhibitory effect of
curcumin on the induced c-jun mRNA corre-
lated directly with the curcumin dose. Dot hy-
bridization indicated that 10, 15, or 20 µM of
curcumin inhibited the TPA-induced increase
of c-jun mRNA by 21, 28, or 56%, respectively
[16]. We also analyzed the effect of curcumin on
c-fos gene. The product of c-fos is thought to be
complex and synergistic with c-jun/AP-1. In
contrast to c-jun, however, c-fos mRNA was not
affected by curcumin after TPA treatment [16].

The TPA product of c-jun gene, c-jun/AP-1, is
a transcriptional factor that functions by bind-
ing with a specific enhancer element, TPA-
responsive element (TRE). Curcumin (20 µM)

Fig. 3. Inhibition of TPA-induced 80-KDa protein phosphory-
lation by apigenin in NIH3T3 cells. The TPA-stimulated phos-
phorylation of 80-KDa protein is shown by an arrowhead, and
the positions of molecular weight markers are shown on the
left-hand side [14]. A: Control, control experiment; TPA: 12-
Tetradecanoyl phorbol-13-acetate; Api: Apigenin. B: Quantita-
tive integration of A.
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could inhibit .50% of TPA-induced TRE-bind-
ing activity [16].

We tried to used a transient expression assay
to determine the effect of curcumin on TPA-
induced transcriptional enhancing activity of
the SV40-CAT (pSV2CAT) reporter gene. As
expected, 12-hour TPA-induction of NIH3T3
cells transformed with pSV2CAT plasmids en-
hanced the level of CAT expression 2–3-fold
relative to uninduced cells. The TPA-enhanced
CAT level was abolished, however, when the
transfected cells were treated with TPA plus 10
µM curcumin. The results showed the inhibi-
tory effect of curcumin on TPA-induced trans-
activating activity of c-jun/AP-1.

CURCUMIN INHIBITS THE ACTIVITY OF
XANTHINE OXIDASE AND THE FORMATION

OF 8-HYDROXYGUANOSINE

Treatment of NIH3T3 cells with the tumor
promoter TPA resulted within 30 minutes in a
1.8-fold elevation of xanthine oxidase activity,
an enzyme capable of generating reactive oxy-
gen species such as superoxide and hydrogen
peroxide. Simultaneous administration of 2 and

10 µM curcumin with 100 ng/ml TPA inhibited
TPA-induced xanthine oxidase activity mea-
sured 30 minutes later by 22.7 and 36.5%, re-
spectively [29]. We have demonstrated that the
hydroxylation of deoxyguanosine in a hydroxyl
free radical-generating system is significantly
inhibited by curcumin (10 µM). The TPA-
induced formation of 8-hydroxyguanosine and
lipid peroxidation in NIH3T3 cells is remark-
ably suppressed by the presence of curcumin
[30].

APIGENIN AND OTHER FLAVONOIDS REVERT
THE TRANSFORMED PHENOTYPES

OF V-H-RAS NIH3T3 CELLS

Fifteen flavonoids (25–75 µM) were exam-
ined for their effects on the morphology of
v-H-ras NIH3T3 cells (Table I). Among these
flavonoids, only three compounds—apigenin,
kaempferol, and genistein (Fig. 1)—exhibited a
reverting effect on the transformed phenotype
at the concentration of 25 µM [31]. After treat-
ment with these three compounds, the refrac-
tive and overlapping morphology of transfor-
mants were changed into flatter, polygonal, and

Fig. 4. Competitive inhibition of
PKC activity by apigenin. Api-
genin 0 (Q), 10 (M), and 50 (W)
µM. The inhibition of PKC by api-
genin is competitive with respect
to ATP (Ki 5 0.24 M for 10 µM
apigenin) as calculated from
double reciprocal plots [14].
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less phase-dense cells within 24 hours. The
morphological alternations were dose-depen-
dent.

Anchorage-independent growth (colony for-
mation in soft agar), another criteria for trans-
forming activity, was also used to examine the
reversional potency of these 15 flavonoids. Table
I shows that 25 µM of apigenin, kaempferol,
and genistein significantly inhibited the v-H-
ras transformant growth in soft agar, the effec-
tive dose range being consistent with that which
induced the morphological change; the other

compounds were inactive even at concentra-
tions up to 75 µM [31].

CURCUMIN-INDUCED APOPTOSIS
IN IMMORTALIZED NIH3T3

AND MALIGNANT CANCER CELL LINES

We have demonstrated that curcumin (30–90
µM) induces such characteristics of apoptosis
as cell shrinkage, chromatin condensation, and
DNA fragmentation in immortalized mouse em-
bryo fibroblast, NIH3T3, erbB2 oncogene-trans-
formed NIH3T3, mouse sarcoma S180, human

Fig. 5. Suppression of TPA-induced c-jun mRNA expression in
NIH3T3 cells by apigenin. A: Arrowheads indicate c-jun or
GAPDH mRNA. Results were performed by three independent
experiments, only one representative is shown [14]. See Figure
3 for definitions. B: Quantitative integration of A.

Fig. 6. Suppression of TPA-induced c-fos mRNA expression in
NIH3T3 cells by apigenin. A: Arrowheads indicate c-fos or
GAPDH mRNA. Results were performed by three independent
experiments; only one representative is shown [14]. See Figure
3 for definitions. B: Quantitative integrations of A.
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colon cancer cell HT29, human kidney cancer
cell 293, and human hepatocellular carcinoma
HepG2 cells, but not in primary culture of mouse
embryonic fibroblast C3H10T1/2, rat embry-
onic fibroblast, and human foreskin fibroblast
cells in a concentration- and time-dependent
manner [32]. Treatment of NIH3T3 cells with
the PKC inhibitor staurosporine, the tyrosine
kinase inhibitor herbimycin A, and the arachi-
donic acid metabolism inhibitor quinacrine in-
duces apoptosis. These results suggest that, in
immortalized and transformed cells, blocking
the cellular signal transduction might trigger
the induction of apoptosis.

DISCUSSION ON THE ACTION MECHANISMS
OF CURCUMIN, APIGENIN,

AND FLAVONOIDS

During the course of cell proliferation in car-
cinogenesis, numerous oncogenes are expressed,
possibly as intermediates in the signal transduc-
tion pathways. In the cascade of molecular ac-
tivity through which hormones—and growth
factors that regulate cell growth, proliferation,
and differentiation—communicate across cell

membranes, signal transduction involves inter-
mediary molecules known as second messen-
gers. The evidence for oncogene activity in sig-
nal transduction in carcinogenesis is based on
the similarity of some products (protein kinase)
to other intermediates [33]. Some recent inves-
tigations demonstrate that compounds that in-
hibit oncogene activation also inhibit carcino-
genesis [34].

One of the steps in signal transduction in-
volves activation of the enzyme PKC by diacyl-
glycerol (DAG). There is evidence that carcino-
genesis may be suppressed by inhibiting this
enzyme. Structurally, the tumor promoter TPA
can replace DAG in activating PKC. Chemicals
that inhibit PKC, such as D,L-palmitoylcarni-
tine, flavonoids, 18b-glycyrrhetinic acid, and
N-(6-aminohexyl)-5-chloro-1-1 naphthalene-sul-
fonamide (W-7), also inhibit TPA-induced tu-
mor promotion in mouse skin.

Intensive studies on the action of curcumin
and apigenin in various biological systems have
indicated that these compounds have engaged
in multiple anti-tumor promoting pathways. It
has been demonstrated that TPA-induced tu-

Fig. 7. Effect of curcumin in
PKC activity. PKC partially puri-
fied from NIH3T3 cells was
measured as described [28]. The
enzyme (4.1 µg protein/50 µl)
was incubated for 3 minutes in
the presence of 10 µg phospha-
tidylserine, 0.75 µg 1,2 diolein.
0.35 µmol CaCl2, and concen-
trations of curcumin as indi-
cated. Values of four indepen-
dent experiments [6SE (bar)].
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mor promotion is effectively inhibited by curcu-
min [18,20,25]. TPA, a versatile, biologically
active agent, induces several biosynthetic pro-
cesses, namely enhanced expression of cellular
oncogenes such as c-jun, c-fos, and c-myc, induc-
tion of ornithine decarboxylase, elevation or
translocation of PKC, induction of cyclooxygen-
ase and lipoxygenase, and others. It seems that
all of these biochemical processes are required
for anabolic pathways and cell proliferation. It
is noteworthy that all of these processes have
been effectively inhibited by the presence of
curcumin, apigenin, or other flavonoids (Fig. 1).

Two mechanisms prevent the ongoing pro-
cess of carcinogenesis: reversion of neoplastic
transformation (by differentiation), and induc-
tion of apoptosis. With these aspects, the rever-
sion of the transformed phenotypes of v-H-ras
NIH3T3 cells by apigenin, kaempferol, and
genistein (Table I) is particularly interesting
and deserves further investigation. A recent
study on the action mechanism of apigenin by
Lepley and Pelling has demonstrated that api-
genin treatment of human diploid fibroblasts

produces a G1 cell-cycle arrest by inhibiting
cdk2 kinase activity and the phosphorylation of
Rb and inducing the cdk inhibitor p21/WAF1,
all of which may mediate its chemopreventive
activities in vivo [35]. On the other hand, the
present finding that curcumin induces apopto-
sis in several malignant cancer cell lines as well
as several immortalized cell lines may provide
a new dimension in assessing this compound as
a promising chemopreventing agent.

It is apparent that the molecular mecha-
nisms of action of curcumin, apigenin, and other
flavonoids are quite complicated and multiple.
The action of these compounds may proceed
simultaneously or sequentially from DNA(gene)
level to RNA and protein (enzyme) levels. Ac-
cordingly, we propose the following pathways
for actions of curcumin, apigenin, and related
flavonoids. The primary target could be on the
plasma membrane where the activities of PKC
or receptor tyrosine kinases are first inhibited.
Some kinase-mediated nuclear protein factors
are then inhibited through various signal trans-
duction mechanisms.

Fig. 8. Competitive inhibition
of activity by curcumin. The en-
zyme was assayed under stan-
dard conditions [28] except for
varying concentrations of phos-
phatidylserine as indicated and
curcumin [0 (Q), 30 (M), 60
(W) µM]. The inhibition was
competitive with respect to
phosphatidylserine (Ki 5 189
µg/ml for 30 µM curcumin) in
the absence of 1,2 diolein, as
calculated from double recipro-
cal plot.
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