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ABSTRACT

Topical application of curcumin, the yellow pigment in turmeric and
curry, strongly inhibited 12-O-tetradecanoylphorbol-13-acetate (TPA)-
induced ornithine decarboxylase activity, DNA synthesis, and tumor
promotion in mouse skin (Huang et al., Cancer Res., 48: 5941-5946,
1988). Chlorogenic acid, caffeic acid, and ferulic acid (structurally related
dietary compounds) were considerably less active. In the present study,
topical application of curcumin markedly inhibited TP A- and arachidonic
acid-induced epidermal inflammation (ear edema) in mice, but chlorogenic
acid, caffeic acid, and ferulic acid were only weakly active or inactive.
The in vitro addition of 3, 10, 30, or 100 iiM curcumin to cytosol from
homogenates of mouse epidermis inhibited the metabolism of arachidonic
acid to 5-hydroxyeicosatetraenoic acid (5-HETE) by 40, 60, 66, or 83%,
respectively, and the metabolism of arachidonic acid to S-III 11 was
inhibited by 40, 51, 77, or 85%, respectively [ICso(concentration needed
for 50% inhibition) = 5-10 HM\.Chlorogenic acid, caffeic acid, or ferulic
acid (100 MM)inhibited the metabolism of arachidonic acid to 5-HETE
by 36, 10, or 16%, respectively, and these hydroxylated cinnamic acid
derivatives inhibited the metabolism of arachidonic acid to 8-HETE by
37, 20, or 10%, respectively (ICso >100 JJM).The metabolism of arachi
donic acid to prostaglandin E2, prostaglandin l;:.â€žand prostaglandin D2

by epidermal microsomes was inhibited approximately 50% by the in
vitro addition of 5-10 JXMcurcumin. Chlorogenic acid, caffeic acid, and
ferulic acid (100 n\t) were inactive. In vitro rat brain protein kinase C
activity was not affected by 50-200 MMcurcumin, chlorogenic acid, caffeic
acid, or ferulic acid. The inhibitory effects of curcumin, chlorogenic acid,
caffeic acid, and ferulic acid on TPA-induced tumor promotion in mouse
epidermis parallel their inhibitory effects on TPA-induced epidermal
inflammation and epidermal lipoxygenase and cyclooxygenase activities.

INTRODUCTION

Although the ground dried rhizome of the plant Curcuma
longa Linn has been used for centuries for the treatment of
inflammatory diseases (1, 2), its mode of action is unknown.
The powdered rhizome is commonly called tumeric. Curcumin
has been isolated and identified as the major active component
and yellow pigment in turmeric, and this substance has also
been used as a spice, food preservative, and yellow coloring
agent (3-7). Curcumin, which is widely used in curry, is respon
sible for the yellow color of curry.

Several studies have indicated that compounds that possess
antioxidant or anti-inflammatory activity inhibit TPA3-induced
tumor promotion in mouse skin (8-13). Since curcumin has
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been reported to possess both antioxidant and anti-inflamma
tory activity (14-19), we studied the effect of curcumin on TPA-
induced tumor promotion in mouse skin (20). We found that
curcumin markedly inhibited TPA-induced tumor promotion
in the skin of CD-I mice previously initiated with 7,12-dimeth-
ylbenz[a]anthracene (20). Chlorogenic acid, caffeic acid, and
ferulic acid were considerably weaker inhibitors of TPA-induced
tumor promotion (20). In the present report, we describe the
effects of curcumin and its structurally related derivatives,
chlorogenic acid, caffeic acid, and ferulic acid, on TPA- and
arachidonic acid-induced inflammation in mouse epidermis,
and we also describe the effects of these compounds on the
metabolism of arachidonic acid by the lipoxygenase and cy
clooxygenase enzyme systems in mouse epidermis.

MATERIALS AND METHODS

Materials

TPA was purchased from LC Services Corp. (Woburn, MA). Ara
chidonic acid, 5-(S)-HETE, 8-(S)-HETE, 12-(S)-HETE, 15-(5)-
HETE, PGE2, PGF2a, and PGD2 were purchased from Cayman Chem
ical Co. (Ann Arbor, MI). [l-'^CJArachidonic acid (53 mCi/mmol),
[3H]prostaglandin E2 (165 Ci/mmol), and [3H]prostaglandin F2â€ž(185

Ci/mmol) were purchased from E. I. DuPont de Nemours & Co., New
England Nuclear Products (Boston, MA). Curcumin was purchased
from Fluka Biochemical Corp. (Ronkonkoma, NY). Chlorogenic acid,
caffeic acid, ferulic acid, epinephrine, reduced glutathione, bovine serum
albumin, historic III-S, L-phosphatidylserine, ATP, Triton X-100, and
H7 were purchased from Sigma Chemical Co. (St. Louis, MO). The
normal phase HPLC 4.6 x 250-mm Resolvex Sil column was purchased
from Fisher Scientific Co. (Springfield, NJ). The precoated SIL G
plastic thin layer chromatography plates were purchased from Brink-
man Instruments Inc. (Westbury, NY). [7-32P]ATP (specific activity,

619 Ci/mmol) was purchased from ICN Radiochemicals (Irvine, CA).
Preswollen DEAE-cellulose (DE-52) and cellulose phosphate P81 pa
per were obtained from Whatman (Clifton, NJ).

Animals

Seven-week-old female CD-I mice were purchased from Charles
River Laboratories (Kingston, NY) and kept in our animal facility at
least 1 week before use. Mice were fed Purina Laboratory Chow 5001
ad libitum (Ralston-Purina, Co., St. Louis, MO) and kept on a 12-h
light/12-h dark cycle. Mice were provided with drinking water ad
libitum.

TPA- and Arachidonic Acid-induced Ear Edema

Female CD-I mice (8-10 mice/group) were treated on the right ear
with 25 M' acetone or test compound in acetone, 30 min before the
application of 25 u\ of acetone or inflammatory agent (TPA or arachi
donic acid) in acetone. In some experiments, the test compound was
given together with TPA or arachidonic acid in acetone. The mice were
sacrificed l h after arachidonic acid or 5 h after TPA, and ear punches
(6 mm diameter) were weighed (20). The increased weight of the ear
punch is a measure of inflammation (ear edema). Although the amounts
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of TPA and curcumin applied to mouse ears in the antiinflammatory
tests were about one tenth of those applied to the backs of mice in
earlier tumor promotion studies (20), the amounts of these substances
per cm2 of epidermis were comparable.

Preparation of Epidermal Cytosol and Microsomal Fractions

In a typical experiment, 30 CD-I female mice (7-8 weeks old) were
shaved on the dorsal area 2 days before the experiment. Only mice with
no hair regrowth were used. Preparation of epidermal cytosol and
microsomal fractions was performed by a slight modification of a
previously described method (21). The animals were sacrificed by
cervical dislocation. The skin was removed from the shaved area, placed,
outer side up, on a strip of aluminum foil, and then plunged into liquid
nitrogen. The epidermal layer was scraped off with a razor scalpel, and
the epidermises of 15 mice were placed in a plastic centrifuge tube
containing 3.5 ml of 100 mM Tris-HCl, pH 7.2. All samples were kept
in an ice bath throughout all procedures. The samples were homoge
nized 5 times, using a Polytron set at 70 V, for 5 s for each homoge-
nization. The samples were then centrifuged in a Servali rotor at 9,000
x g at 4*C for 20 min. The supernatant fraction was centrifuged in a

Beckman 60 Ti swinging bucket rotor at 100,000 x g for 60 min. The
supernatant fraction was kept in an ice bath for the lipoxygenase assay.
The microsomal pellets were suspended in 50 mM potassium phosphate
buffer (pH 7.4) at 4Â°Cfor assays of cyclooxygenase activity.

Epidermal Lipoxygenase Activity

A HPLC method for the in vitro assay of epidermal lipoxygenase
activity was developed by measurement of the formation of carbon-14-
labeled 5- and 8-HETEs from [14C]arachidonic acid, using a slight
modification of a previously described method (21, 22). [MC]Arachi-
donic acid (150 nCi, 3 nmol) was incubated at 37Â°Cfor 30 min with

the 100,000 x g supernatant fraction from mouse epidermis (200-400
ng of protein) in a 150-Ml reaction mixture (total volume) which
contained 100 mM Tris-HCl (pH 7.2), 2 mM calcium chloride, and
various concentrations of inhibitor. The reactions were terminated by
addition of 10 ^1 of 0.2 M HC1, to bring the final pH to 3.0-3.5. and
the metabolites were extracted with 0.5 ml ethyl acetate 3 times. The
HETEs were analyzed by normal phase HPLC, using a 4.6- x 250-mm
column (Resolvex Sil; Fisher Scientific Co.) eluted with acetic acid/
isopropanol/n-hexane (0.1/4/96, v/v/v) with a flow rate of 1.0 ml/min.
Authentic HETEs were detected by UV absorption at 235 nm.

Epidermal Cyclooxygenase Activity

TLC. The assay of epidermal cyclooxygenase activity was done using
a slight modification of an earlier method (23). In a typical experiment,
[MC]arachidonic acid (12 /Â¿M)was incubated with the resuspended

100,000 x g microsomal fraction from mouse epidermis, in a total
volume of 150 tÂ¡\containing 50 mM potassium phosphate buffer (pH
7.4), 1 mM epinephrine, 1 mM glutathione, and various concentrations
of inhibitor. The samples were incubated with 8-10 ng of microsomal
protein for 15 min at 37Â°C,and 50 M' of 0.2 M HC1 were added to

terminate the reaction. Curcumin (100 ^M) was then added to each
tube. The metabolites were extracted with 0.5 ml ethyl acetate 3 times.
The organic phase extracts were combined and evaporated to dryness,
and the residue was redissolved in chloroform/methanol/acetic acid/
water (113/10/1.25/1.0, v/v/v/v). The samples were applied to a poly
gram SIL G plastic TLC sheet and were developed with the aforemen
tioned solvent mixture for 2 h. The TLC sheet was exposed in an iodine
chamber for 5 min for visualization of standards. The TLC sheet was
then placed on an X-ray film (Kodak) for 5-10 days, and the film was
developed. The metabolites of [l4C]arachidonic acid corresponding to

PGE2, PGF2â€ž,and PGD2 were detected by comigration with their
authentic standards. Areas of the TLC corresponding to the metabolites
were cut out and placed in scintillation vials. Radioactivity was quan
tified in a liquid scintillation spectrometer.

Radioimmunoassay. The reaction mixture, incubation temperature,
and incubation time were exactly the same as for the TLC method
described above, except that incubations were with nonradioactive

arachidonic acid. The details of the method are described elsewhere
(23). The reaction was terminated by diluting 50 ^1 of the incubation
mixture with 950 n\ of ice-cold radioimmunoassay buffer. The sample,
which contained 3H-ligand and antibody in a final volume of 200 M'of
radioimmunoassay buffer, was incubated at 4Â°Cfor 18-24 h, as de

scribed elsewhere. Dextran-coated charcoal was added to remove the
unbound radioactivity, and the radioactivity in the supernatant was
measured. The specificity and cross-reactivities of the PGE2 and PGF2â€ž
antisera have been described previously (24). Arachidonic acid does not
cross-react with the antibodies. Samples containing the epidermal tissue
and cofactors but without the substrate were used to determine back
ground; these values were subtracted from the values for samples
containing exogenous arachidonic acid to obtain an accurate determi
nation of prostaglandin biosynthesis. Nonincubated samples containing
arachidonic acid and incubated samples without arachidonic acid were
used as controls.

Protein Kinase C Activity

Protein kinase C activity was assayed according to the method of
Jeng et al. (25), using partially purified enzyme from rat brain, as
previously described by Abidi et al. (26). Enzyme activity was assayed
by measuring incorporation of radioactive phosphate from [-y-32P]ATP

into histone HIS. in the presence and absence of phosphatidylserine
and calcium. The reaction, in a total volume of 50 Â¿tl,was initiated by
the addition of a 5-n\ solution containing partially purified protein
kinase C (7.5 Mgof protein) in 40 mM Tris-HCl, pH 7.4, to 45 nl of a
reaction mixture containing 40 mM Tris-HCl (pH 7.4), 1 mM dithio-
threitol, 0.75 mM calcium chloride, 8 mM magnesium acetate, 12.5 ^g
bovine serum albumin, 38 nu histone III-S, 8 Â¿jgphosphatidylserine, 25
^M [y-32P]ATP (109 pd/nmo\, 3 x IO5cpm/50 M!),and appropriate

concentrations of the test chemicals. Phosphatidylserine was added to
the reaction mixture just prior to the addition of protein kinase C. The
enzyme assay, which was allowed to proceed for 5 min at 30Â°C,was

terminated by transfer of duplicate 20-^1 aliquots of the reaction mix
onto P81 nitrocellulose paper. Each paper was air dried and washed
with 20 ml of tap water 3 times and with acetone. After drying in air,
radioactivity in each sample was quantified. Enzyme activity was ex
pressed as 32P incorporated/min/iig of enzyme protein.

Statistical Analysis

Statistical significance was determined by the Student's t test.

RESULTS

Effect of Curcumin, Chlorogenic Acid, Caffeic Acid, and Fer-
ulic Acid on TPA- and Arachidonic Acid-induced Edema of
Mouse Ears. The anti-inflammatory activities of curcumin,
chlorogenic acid, caffeic acid, and ferulic acid in vivo were
evaluated by determining the effect of these compounds on
TPA- and arachidonic acid-induced edema of mouse ears. Top
ical application of 0.5 nmol TPA to the ear of a mouse increased
the average weight of an ear punch (6 mm diameter) from 6.9
mg to 15.2 mg at 5 h after the dose (Table 1). Application of 1
ÃÃmolof curcumin, chlorogenic acid, caffeic acid, or ferulic acid
together with 0.5 nmol of TPA inhibited the TPA-induced
edema of mouse ears by 99, 18, 10, or 16%, respectively (Table
1). Application of 0.2 ^mol of curcumin, chlorogenic acid,
caffeic acid, or ferulic acid together with 0.5 nmol of TPA
inhibited TPA-induced edema of mouse ears by 32, 19, 7, or
0%, respectively (Table 1). These results indicate that curcumin
has strong anti-inflammatory activity and that chlorogenic acid
is weakly active. Caffeic acid and ferulic acid did not have a
statistically significant effect on the TPA-induced inflammatory
response. The anti-inflammatory activity of curcumin in the
mouse ear edema test system was compared with that of indo-
methacin, nordihydroguaiaretic acid, and quercetin. The results

814

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/3/813/2446099/cr0510030813.pdf by guest on 19 M

ay 2023



CURCUMIN AND ARACHIDONIC ACID

Table I Effect ofcurcumin, chlorogenic acid, caffeic acid, andferulic acid on
TPA-induced edema of mouse ears

Mice were treated topically on the right ear with 20 ^1 acetone, TPA (0.5
nmol) in 20 nl acetone, or TPA (0.5 nmol) and inhibitor in 20 p\ acetone. Five h
later, the animals were sacrificed by cervical dislocation. Ear punches (6 mm in
diameter) were weighed. Data are expressed as the mean Â±SE from 8-10 animals/
group.

TreatmentAcetoneTPATPA

+ curi/umili (0.2 /Mimi)
TPA + curami in (1.0(/mol)TPA

+ chlorogenic acid (0.2 (Mimi)
TPA + chlorogenic acid (1.0/imol)TPA

+ caffeic acid (0.2 (imol)
TPA + caffeic acid (1.0nmol)TPA

+ ferulic acid (0.2 nmo\)
TPA + ferulic acid (1.0 (<mol)Weight/punch

(mg)6.90
Â±0.17Â°15.20

Â±0.3512.56

Â±0.90Â°
7.01 Â±0.22"13.63

Â±0.27Â°
13.69Â±0.39Â°14.63

Â±0.39
14.39Â±0.5115.18

Â±0.54
13.90 Â±0.70Inhibition

(%)32

9919

187

100

16
" Statistically different from TPA alone, as determined by Student's t test (P

< 0.05).

Table 2 Effect of nordihydroguaiaretic acid, quercetin, indomethacin, and
curcumin on TPA-induced edema of mouse ears

Mice were treated topically on the right ear with 20 ÃŸ[acetone, TPA (0.5
nmol) in 20 (Â¿1acetone, or TPA (0.5 nmol) with the indicated amount of inhibitor
in 20 M'acetone. Five h later, the animals were sacrificed by cervical dislocation.
Ear punches were weighed. Data are expressed as the mean Â±SE from 8-10
mice/group.

Treatment

AcetoneTPATPA

+ nordihydroguaiaretic acid (0. 1 Â¿imol)
TPA + nordihydroguaiaretic acid (0.3 (Mimi)
TPA + nordihydroguaiaretic acid (0.8 (imol)
TPA + nordihydroguaiaretic acid (1.0(Mimi)TPA

+ quercetin (0.1 jimol)
TPA + quercetin (0.3 Â¿imol)
TPA + quercetin (0.8 Â»imol)
TPA + quercetin (1.0Â»imol)TPA

+ indomethacin (0.1 (imol)
TPA + indomethacin (0.3 /Mimi)
TPA + indomethacin (0.8 Â¿imol)
TPA + indomethacin (1.0(imol)TPA

4-curcumin (0.1 junol)
TPA + curcumin (0.3 Â¿imol)
TPA 4- curcumin (0.8 (imol)
TPA + curcumin (1.0 (imol)7.55

Â±0.36Â°13.59

Â±0.5814.73

Â±0.46
13.43 Â±0.47
10.36 Â±0.96Â°
8.33 Â±0.35Â°14.26

Â±0.66
13.21 Â±0.89
10.10 Â±0.55Â°
8.90 Â±0.93Â°11.

05 Â±0.94
11.57 Â±0.71
8.33 Â±0.55Â°
7.48 Â±0.43Â°9.98

Â±0.83Â°
8.70 Â±0.44Â°
8.06 Â±0.36Â°
7.48 Â±0.43Â°03

53
870

6
58
7842

33
87

10060

81
92100

* Statistically different from TPA alone, as determined by Student's ( test (P

< 0.05).

indicate that curcumin is slightly more active than indometha
cin and considerably more active than nordihydroguaiaretic
acid and quercetin (Table 2). During the course of our studies,
we noted that curcumin also inhibited TPA-induced ear redden
ing.

Application of 1 Â¿Â¿molof arachidonic acid to the ears of mice
caused a rapid and substantial inflammatory response within 1
h. The topical application of 5 /umol ofcurcumin 30 min before
1 Â¿Â¿molof arachidonic acid caused a 60% inhibition in the
inflammatory response (Table 3). In contrast to these results,
chlorogenic acid, caffeic acid, and ferulic acid did not inhibit
arachidonic acid-induced inflammation.

Effect of Curcumin, Chlorogenic Acid, Caffeic Acid, and Fer
ulic Acid on Epidermal Lipoxygenase Activity. The HPLC pro
file obtained for [l4C]arachidonic acid metabolism by the soluble

Table 3 Effect ofcurcumin, chlorogenic acid, caffeic acid, andferulic acid on
arachidonic acid-induced edema of mouse ears

Female CD-I mice were treated on the right ear with 50 nl acetone/methanol
(1/1, v/v) or inhibitor (5 Â¿imol)in the same solvent 30 min before the application
of 20 (il acetone or arachidonic acid (1 ^mol) in 20 ni acetone. The mice were
sacrificed l h later, and ear punches were weighed. The data from each group
represent the mean Â±SE from 10 mice.

TreatmentSolvent

+solventSolvent
+ arachidonicacidCurcumin

+ arachidonicacidChlorogenic
acid + arachidonic acid

Caffeic acid * arachidonicacidFerulic
acid + arachidonic acidWeight/punch

(mg)7.0111.278.7111.18

12.090.12"0.520.49Â°0.650.6811.42
0.52Inhibition(%)602

00

Â°Statistically different from arachidonic acid alone, as determined by Student's

I test (P < 0.05).

8-HETE

CONTROL

5-HETE

>->

Weight/punch Inhibition O
(mg) (%) Â§

FRACTION NUMBER

Fig. 1. HPLC profile obtained for [uC]arachidonic acid metabolism by the
soluble fraction of mouse epidermis. |'4C]Arachidonic acid (AA) (20 (IM) was
incubated for 30 min at 37Â°Cwith the 100,000 x g supernatant fraction from

homogenates of mouse epidermis (400 (ig of protein), in a mixture that contained
100 mivi Tris-HCL (pH 7.2) and 2 mM calcium chloride, in the absence or
presence of 30 (iM curcumin. Metabolites were extracted with ethyl acetate and
separated by HPLC. Sixty fractions were collected and radioactivity was deter
mined as described in "Materials and Methods."

fraction of mouse epidermal homogenate is shown in Fig. 1.
The retention times of arachidonic acid, 8-HETE, and 5-HETE
were approximately 2.0, 9.5, and 15.5 min, respectively, using
a normal phase Resolvex Sil column eluted with acetic acid/
isopropanol//z-hexane (0.4/4/96, v/v/v) with a flow rate of 1
ml/min. The 12- and 15-HETE reference standards (retention
time, 4.0 min) could not be separated with the chromatography
system used. Addition of 30 Â¿Â¿Mcurcumin to the reaction
mixture (Fig. 1, lower) decreased the formation of 5-HETE and
8-HETE. Curcumin inhibited the metabolism of arachidonic
acid to 5- and 8-HETE to a much greater extent than metabo
lism to products in the 12/15-HETE fraction or in fractions 2-
6 (Fig. 1). The dose-dependent inhibitory effect ofcurcumin on
the epidermal metabolism of arachidonic acid to 5- and 8-
HETE is shown in Table 4. Curcumin at 3, 10, 30, and 100 pM
inhibited the metabolism of arachidonic acid to 5-HETE by 40,
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Table 4 Effect ofcurcumin, chlorogenic acid, caffeic acid, and ferulic acid on
epidermal lipoxygenase activity

[MC]Arachidonic acid (20 MM)was incubated for 30 min at 37Â°Cwith the
100,000 x g supernatant fraction from mouse epidermis (200-400 Mgof protein),
in an incubation mixture that contained 100 mM Tris-HCl (pH 7.2) and 2 HIM
calcium chloride, in the absence or presence of different concentrations of inhib
itor. Metabolites were extracted with ethyl acetate and separated by HPLC. In
the absence of inhibitor, the control supernatant fraction metabolized arachidonic
acid to 5- and 8-HETE at a rate of 151 Â±24 and 133 Â±33 pmol/30 min/mg
protein, respectively (seven experiments). Each value represents the mean Â±SE
from three experiments in study A and four experiments in study B.

Inhibition of metabolite
formation (%)

Treatment S-HETE 8-HETE

Study A
Curcumin (3 MM)
Curcumin i II) Â¡.\n
Curcumin (30 MM)
Curcumin (100MM)Study

B
Curcumin i lo ,.v, i
Curcumin (100MM)Chlorogenic

acid (10 MM)
Chlorogenic acid (100Â¿IM)Caffeic

acid (10 MM)
Caffeic acid (100MM)Ferulic

acid (10 MM)
Ferulic acid (100 MM)40

Â±14
60 Â±6
66 Â±7
83Â±357

Â±7
79 Â±50Â±0

36 Â±135Â±4

10Â±914

Â±14
16Â±640

Â±16
51Â±677

Â±9
85Â±645

Â±4
81Â±44Â±4

37 Â±103Â±3

20 Â±119Â±9I0Â±5

60, 66, and 83%, respectively, and the formation of 8-HETE
was inhibited by 40, 51, 77, and 85%, respectively (Table 4).
These results indicate that 5-10 //M curcumin inhibited epider
mal metabolism of arachidonic acid to 5- and 8-HETE by about
50%. Curcumin also inhibited the formation of arachidonic
acid metabolites corresponding to 12- and 15-HETE, but a
dose-response relationship was not observed. In additional stud
ies, curcumin, chlorogenic acid, caffeic acid, or ferulic acid at
100 MMinhibited the metabolism of [l4C]arachidonic acid to 5-

HETE by 79, 36, 10, or 16%, respectively, and the formation
of 8-HETE was inhibited by 81, 37, 20, or 10%, respectively
(Table 4). The data in Table 4 indicate that 3 MMcurcumin has
about the same inhibitory effect on epidermal lipoxygenase
activity as 100 UM chlorogenic acid. Caffeic acid and ferulic
acid are less active than chlorogenic acid.

Effect of Curcumin, Chlorogenic Acid, Caffeic Acid, and Fer
ulic Acid on Epidermal Cyclooxygenase Activity. The thin layer
Chromatographie separation of arachidonic acid, PGE2, PGF2â€ž,
and PGD2 was used for studies on the metabolism of [14C]

arachidonic acid by the cyclooxygenase system in mouse epi
dermis. A dose-dependent inhibitory effect ofcurcumin on the
metabolism of arachidonic acid to PGE2, PGF2â€ž,and PGD2
was observed (Table 5). Curcumin at 1,3, 10, 30, and 100 MM
inhibited the metabolism of arachidonic acid to PGE2 by 32,
42, 70, 86, and 99%, respectively. The metabolism of [I4C]

arachidonic acid to PGF2â€žwas inhibited by 2, 24, 64, 81, and
85%, respectively, and the metabolism of arachidonic acid to
PGD2 was inhibited by 22, 34, 73, 54, and 94%, respectively
(Table 5). These results indicate that 5-10 MMcurcumin inhibits
epidermal cyclooxygenase activity by about 50%. In additional
studies, a radioimmunoassay was used to quantify the effect of
curcumin on the formation of PGE2 and PGF2â€žby mouse
epidermal microsomes. As observed in studies using the thin
layer chromatography method, curcumin markedly inhibited
the metabolism of arachidonic acid to PGE2 and PGF2â€ž,in a
dose-dependent manner (Table 6). The lack of an appreciable
effect of caffeic acid, ferulic acid, or chlorogenic acid (100 MM)

Table 5 Effect ofcurcumin on epidermal cyclooxygenase activity measured by a
thin layer chromatography assay

[14C]Arachidonic acid (12 MM)was incubated for 15 min at 37Â°Cwith 10 Mgof

microsomal protein from mouse epidermis, in an incubation mixture that con
tained 1 mM epinephrine, 1 mM glutathione, 50 mM potassium phosphate buffer,
pH 7.4, and various amounts ofcurcumin. Metabolites were extracted with ethyl
acetate, and the samples were applied to a silica gel TLC plate. The plate was
developed with chloroform/methanol/acetic acid/water (90/8/1/0.8) for 2 h.
Metabolites were quantified by determining the amount of radioactivity associated
with PGE2, PGF2o, and PGD2. The data are expressed as the mean Â±SE from
three experiments. The percentage of inhibition is given in parenthesis.

Curcumin(MM)0

1
3

1030

100Metabolite

formation
(pmol/15 min/mg ofprotein)PGE22035

Â±468
1378 Â±319 (32)
1173Â± 141Â°(42)
608 Â±35Â°(70)
290 Â±48Â°(86)

25 Â±25Â°(99)PGFjâ€ž871

Â±210
850 Â±202 (2)
660 Â±179(24)
311 Â±56Â°(64)
166 Â±50Â°(81)
129 Â±70Â°(85)PGD2876

Â±79
686 Â±160 (22)
575 Â±8Â°(34)
236 Â±58" (73)
404 Â±44Â°(54)

50 Â±46Â°(94)

Â°Statistically different from the control value, as determined by Student's t
test (/â€¢< 0.05).

Table 6 Effect ofcurcumin on epidermal cycloxygenase activity measured by a
radioimmunoassay

Arachidonic acid (12 MM)was incubated for 15 min at 37Â°Cwith 10 Mgof

microsomal protein from mouse epidermis, in an incubation mixture that con
tained 1 mM epinephrine, 1 mM glutathione, and various amounts of curcumin.
Metabolites were quantified by radioimmunoassay. The percentage of inhibition
is given in parenthesis.

Curcumin
(MM)Experiment

1031030100Experiment

2031030100Metabolite

formation
(pmol/15 min/mg ofprotein)PGE235492207

(38)1078(70)493

(86)215(94)1387743

(46)405(71)227

(84)147
(90)PGF2a19691427(28)1151

(42)227
(88)147

(92)1268922

(27)787
(38)468
(63)344

(73)

on epidermal cyclooxygenase activity is shown in Table 7. Our
results indicate that curcumin has a strong inhibitory effect on
epidermal cyclooxygenase activity, but caffeic acid, ferulic acid,
and chlorogenic acid have little or no effect.

Effect of Curcumin, Chlorogenic Acid, Caffeic Acid, and Fer
ulic Acid on Protein Kinase C Activity. We found that curcumin
(50-200 MM)(Table 8), as well as chlorogenic acid, caffeic acid,
and ferulic acid (50-200 MM)(data not shown), had no effect
on rat brain protein kinase C activity. In contrast, H-7 (50-200
MM),which is a known inhibitor of protein kinase C activity
(27), markedly inhibited the activity of this enzyme.

DISCUSSION

Earlier studies from our laboratory have shown that curcumin
is a potent inhibitor of TPA-induced promotion in mouse skin
and that chlorogenic acid, caffeic acid, and ferulic acid are less
active (20). In these studies, chlorogenic acid was a somewhat
better inhibitor of TPA-induced tumor promotion than caffeic
acid or ferulic acid. In the present study, we compared the
inhibitory effects of curcumin, chlorogenic acid, caffeic acid,
and ferulic acid on TPA- and arachidonic acid-induced inflam
mation, and we also compared the effects of these inhibitors of
tumor promotion on the in vitro metabolism of arachidonic
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Table 7 Effect ofcurcumin, chlorogenic acid, caffeic acid, andferulic acid on
epidermal cyclooxygenase activity

In experiments 1 and 2, [>4C]arachidonic acid (12 //M) was incubated for IS
min at 37Â°Cwith 10 M8 of microsomal protein from mouse epidermis, in an

incubation mixture that contained 1 rn\i epinephrine, and 1 rn\i glutathione, in
the presence or absence of inhibitor. Metabolites were extracted with ethyl acetate,
and the samples were applied to a silica gel TLC plate. The plate was developed
with chloroform/methanol/acetic acid/water (90/8/1/0.8) for 2 h. Metabolites
were quantified by determining the amount of radioactivity associated with PGE2,
IHil-j,,. and PGD,. In experiments 3 and 4, nonradioactive arachidonic acid (12
MM)was incubated with microsomes from mouse epidermis as described above.
Metabolites were quantified by radioimmunoassay. The percentage of inhibition
is given in parenthesis.

Metabolite formation
(pmol/15 min/mg protein)

CompoundaddedExperiment

1Control('urcuniin

(100MM)Chlorogenic

acid (100/IM)Caffeic
acid (100MM)Ferulic
acid(l 00/IM)Experiment

2ControlCurcumin

(100MM)Chlorogenic
acid (100MM)Caffeic

acid (100MM)Ferulic
acid (100MM)Experiment

3ControlCurcumin(lOOMM)Chlorogenic

acid (100MM)Caffeic
acid (100MM)Ferulic
acid (100MM)Experiment

4Controll

'lirai m in (100MM)Chlorogenic

acid (100MM)Caffeic
acid (100MM)Ferulic
acid (100 MM)PGE2253375

(97)2383
(6)2708
(0)2612(0)24740

(100)2348
(5)2294
(7)2201
(11)3549215(94)3396

(4)3379
(5)3061
(14)1387147(89)1702(0)1257(9)1512(0)PGF2â€ž1181243

(79)1585(0)1350(0)1254(0)963145

(85)888
(8)993

(0)957(1)1362277

(80)1396(0)1408

(0)1622
(0)1791485

(73)1594(11)1625(9)1738(3)PGD2881417(53)1240(0)1037

(0)1115(0)1002149

(85)1176(0)997

(0)1280(0)

Table 8 Effect ofcurcumin on protein kinase C activity
Partially purified rat brain protein kinase C activity was assayed by studying

the phosphorylation of Insume III-S, as described in "Materials and Methods."

H7, a known inhibitor of protein kinase C activity, was used as a positive control.
The data are expressed as the mean from two experiments.

2P incorporation

into historie Inhibition
TreatmentControlCurcumin

(50 Mmol)
Curcumin (100 Mmol)
Curcumin (200Mmol)H7

(50 Mmol)
H7 (100 Mmol)
H7 (200 Mmol)(cpm/min/ng

protein)11061080

1076
1071695

470
321(%)2

3
337

57
71

acid via the lipoxygenase and cyclooxygenase pathways by
enzymes in mouse epidermis. The results indicate that curcumin
is a potent inhibitor of TPA- and arachidonic acid-induced
inflammation and of lipoxygenase and cyclooxygenase activities
in mouse epidermis. The ICso for curcumin-dependent inhibi
tion of these enzyme activities is about 5-10 ^M (Tables 4 and
5). Chlorogenic acid is weakly active as an inhibitor of TPA-
induced skin inflammation (Table 1) and epidermal lipoxygen
ase activity (Table 4). In contrast to these results, chlorogenic
acid (100 MM)had little or no inhibitory effect on epidermal
cyclooxygenase activity. At the dose levels studied, caffeic acid
and ferulic acid had little or no inhibitory effect on TPA- or
arachidonic acid-induced epidermal inflammation or on the in
vitro metabolism of arachidonic acid via the lipoxygenase and

cyclooxygenase pathways in mouse epidermis. The results pre
sented here indicate that the inhibitory effects of curcumin,
chlorogenic acid, caffeic acid, and ferulic acid on TPA-induced
tumor promotion in mouse skin parallel their effects as inhibi
tors of TPA-induced epidermal inflammation and their effects
as inhibitors of in vitro metabolism of arachidonic acid via the
lipoxygenase and cyclooxygenase pathways in mouse epidermis
(Ref. 20; Tables 1, 4, 6, and 7). Our studies indicating the lack
of an appreciable inhibitory effect of caffeic acid on lipoxygen
ase activity in mouse epidermis (Table 4) contrast with the
results of studies by Sugiura et al. (28) that indicate a strong
inhibitory effect of caffeic acid and several caffeic acid esters
on lipoxygenase activity in polymorphonuclear leukocytes from
the peritoneal cavity of guinea pigs. It is possible that species
and/or tissue differences in the sensitivities of lipoxygenases to
caffeic acid can explain differences in the results of the two
studies. The inhibitory effect of chlorogenic acid on TPA-
induced inflammation and tumor promotion in mouse skin and
on epidermal lipoxygenase activity (Ref. 20; Tables 1 and 4) is
of interest because recent studies suggest that heavy coffee
drinking is associated with a low risk of colon cancer (29).
Since coffee contains high levels of chlorogenic acid, the re
ported protective effects of coffee may be related to the inhibi
tory effects of chlorogenic acid on lipoxygenase activity, inflam
mation, and tumor promotion.

Several inhibitors of arachidonic acid metabolism inhibit
TPA-induced inflammation and tumor promotion (21, 30-32),
and it is thought that arachidonic acid metabolites are impor
tant for TPA-induced inflammation and tumor promotion in
mouse skin. Mouse epidermis has been reported to metabolize
arachidonic acid to prostaglandins (33) and to 5-, 8-, 12-, and
15-HETEs (21, 22, 34, 35). HPETEs, HETEs, and prostaglan
dins are among the arachidonic acid metabolites that are be
lieved to play a role in TPA-induced inflammation and tumor
promotion (36-38). It was found that TPA stimulates cell
proliferation and increases the production of HETEs and pros
taglandins in epidermal cell culture (22). In addition, inhibition
of arachidonic acid metabolism results in lowered levels of
HETEs and prostaglandins in human platelets (39). These
products of arachidonic acid metabolism may be important in
cell proliferation, since high levels of arachidonic acid,
HPETEs, and HETEs are found in the hyperproliferative dis
ease psoriasis (40). Fluocinolone acetonide and other glucocor-
ticoids are potent inhibitors of TPA-dependent tumor promo
tion (8), and these steroids are inhibitors of epidermal phos-
pholipase A2 activity In vivo and inhibit the release of
arachidonic acid from cellular membranes (41). Glucocorti-
coids, which are useful drugs for the treatment of psoriasis,
may exert their beneficial effects in this disease by preventing
the formation of prostaglandins, HPETEs, and HETEs. The
metabolism of arachidonic acid via the lipoxygenase and cy
clooxygenase pathways results in the formation of reactive
oxygen species and other free radicals, and studies in mouse
epidermal cells have indicated that inhibitors of arachidonic
acid metabolism can diminish the chemiluminescence response
that is associated with the generation of free radicals (42). It is
possible that arachidonic acid metabolism may provide a source
of free radicals that are important for tumor promotion. The
results of our studies indicate that curcumin inhibits the epi
dermal metabolism of arachidonic acid via the lipoxygenase
and cyclooxygenase pathways. Since curcumin possesses an-
tioxidant activity (14, 15), this compound may inhibit tumor
promotion by inhibiting arachidonic acid metabolism and/or
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by functioning as a scavenger of reactive free radicals that are
produced during the metabolism of arachidonic acid. Curcumin
may also inhibit the activity of epidermal phospholipase A2
and/or inhibit TPA-induced release of arachidonic acid from
membranes, since curcumin appears to be a more potent inhib
itor of TPA-induced ear edema than arachidonic acid-induced
ear edema (Tables 1 and 3).

Curcumin is an antioxidant (14, 15) that contains two mole
cules of ferulic acid linked at the carbon atoms of the carbonyl
groups, via a mÃ©thylÃ¨nebridge, to form a ÃŸ-diketone.It is not

known what part of the curcumin molecule is important for its
biological activity. It is possible that hydroxyl groups on the
benzene rings, double bonds in the alkene portion of the mole
cule, and/or the central ÃŸ-diketonemoiety may be responsible
for the high biological activity of curcumin. The ÃŸ-diketone
structure of curcumin is particularly interesting because it is
known to be highly enolized. Curcumin appears to differ in its
profile of activities from other phenolic antioxidants such as
butylated hydroxyanisole, quercetin, and nordihydroguaiaretic
acid, which have been reported to inhibit tumor promotion,
protein kinase C activity, and/or arachidonic acid metabolism
via the lipoxygenase pathway (21, 31, 43). Studies in our
laboratory indicate that curcumin is more potent than quercetin
and nordihydroguaiaretic acid at inhibiting TPA-induced epi
dermal inflammation in vivo (Table 2). In additional studies,
we found that curcumin is more potent than quercetin and
nordihydroguaiaretic acid as an inhibitor of epidermal cycloox-
ygenase activity in vitro, whereas quercetin and nordihydro
guaiaretic acid are somewhat more active than curcumin as
inhibitors of epidermal lipoxygenase activity in vitro.4 Although

quercetin is a potent inhibitor of protein kinase C activity (43),
curcumin is inactive. The results of studies on inhibition of
tumor promotion suggest that curcumin is a more effective
inhibitor of TPA-induced tumor promotion than quercetin,
nordihydroguaiaretic acid, or butylated hydroxyanisole (20, 21,
44-46). The results of our studies suggest that inhibition of
both the cyclooxygenase and lipoxygenase pathways may be
important for the inhibitory effect of curcumin on TPA-induced
inflammation and tumor promotion. Recently, Inoue et al. (47)
reported that the injection of small amounts of PGE2 or leu-
kotriene C4 into the skin of mouse ears resulted in little or no
inflammatory response, but the injection of PGE2 and leuko-
triene C4 together into the skin of mouse ears caused a marked
inflammatory response (47). These results suggest that meta
bolic products of both cyclooxygenase and lipoxygenase play
an important role in skin inflammation. The results also suggest
that inhibition of arachidonic acid metabolism via the cycloox
ygenase and lipoxygenase pathways may be more effective for
inhibition of inflammation and tumor promotion than is inhi
bition of only one of these pathways.

In addition to the inhibitory effect of curcumin on TPA-
induced tumor promotion in mouse skin, curcumin also inhibits
the metabolic activation of several chemicals to mutagens and
the tumor-initiating effects of polycyclic aromatic hydrocar
bons. Curcumin was reported to inhibit the microsome-me-
diated mutagenicity of benzo[a]pyrene, 7,12-dimethylbenz[a]-
anthracene, capsaicin, chili extract, and cigarette smoke con
densate (48, 49). Work in our laboratory indicates that topical
application of curcumin before benzo[a]pyrene or 7,12-dimeth-

ylbenz[a]anthracene inhibits covalent binding of hydrocarbon
metabolites to epidermal DNA and inhibits tumor initiation by

these hydrocarbons.4 In addition, curcumin was reported to

inhibit the growth of tumor cells in vitro and to increase the
survival of animals with lymphomas (50). The mechanism(s) of
these effects are unknown.

ACKNOWLEDGMENTS

We thank Deborah Bachorik and Diana Lim for their excellent help
in the preparation of this manuscript.

REFERENCES

9.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

4 M-T. Huang, Z. Y. Wang, and A. H. Conney. unpublished observations.

Chopra, R. N., Chopra, I. C, Manda, K. L., and Kapur, L. D. Indigenous
Drugs of India, Ed. 2, pp. 325-327. Calcutta: Dhur, 1958.
Nadkarn, K. M. Curcuma longa. In: K. M. Nadkarni (ed.), India Materia
Medica, pp. 414-416. Bombay: Popular Prakashan Publishing Co., 1976.
Wealth of India. In: Raw Materials, p. 402. New Delhi: CSIR, 1950.
Bacon, E. Health protection branch regulation of food additives. Can. Pharm.
J., 112: 340-344, 1979.
Marmion, D. M. Colorants exempt from certification. In: Handbook of U.
S. Colorants for Food, Drugs, and Cosmetics, pp. 86-87. New York: John
Wiley & Sons, 1979.
Govindarajan, V. S. Tumeric chemistry, technology, and quality. Crit. Rev.
Food Sci. Nutr., 12: 199-301, 1980.
Tonnesen, H. H. Chemistry, stability and analysis of curcumin, a naturally
occurring drug molecule. Ph. D. dissertation. The Institute of Pharmacy,
University of Oslo, 1986.
Schwarz, J. A., Viaje, A., and Slaga, T. J. Flucinolone acetonide: a potent
inhibitor of mouse skin tumor promotion and epidermal DNA synthesis.
Chem. Biol. Interact., 17: 331-347, 1977.
Slaga, T. J., and Scribner, J. D. Brief communication: inhibition of tumor
initiation and promotion by anti-inflammatory agents. J. Nati. Cancer Inst.,
51: 1723-1725, 1973.
Viaje, A., Slaga, T. J., Wigler, M., and Weinstein, I. B. Effects of antiinflam-
matory agents on mouse skin tumor promotion, epidermal DNA synthesis,
phorbol ester-induced cellular proliferation, and production of plasminogen
activator. Cancer Res., 37: 1530-1536, 1977.
Kozumbo, W. J., Seed, J. L., and Kensler, T. W. Inhibition by 2(3)-fert-butyl-
4-hydroxyanisole and other antioxidants of epidermal ornithine decarboxyl-
ase activity induced by 12-0-tetradecanoylphorbol-l 3-acetate. Cancer Res.,
Â«.â€¢2555-2559,1983.

Nakadate, T., Yamamoto, S., Aizu, E., and Kalo, R. Effects of flavonoids
and antioxidants on 12-O-tetradecanoylphorbol-13-acetate-caused epidermal
ornithine decarboxylase induction and tumor promotion in relation to lipox
ygenase inhibition by these compounds. Gann, 75: 214-222, 1984.
Smart, R. C, Huang, M-T., Han, Z. T., Kaplan, M. C., Focella, A., and
Conney, A. H. Inhibition of 12-O-tetradecanoylphorbol-13-acetate induction
of ornithine decarboxylase activity, DNA synthesis, and tumor promotion in
mouse skin by ascorbic acid and ascorbyl palmitate. Cancer Res., 47: 6633-
6638, 1987.
Sharma, O. P. Antioxidant activity of curcumin and related compounds.
Biochem. Pharmacol., 25: 1811-1812, 1976.
Toda, S., Miyase, T., Arichi, H., Tanizawa, H., and Takino, Y. Natural
antioxidants. III. Antioxidative components isolated from rhizome of Cur
cuma longa L. Chem. Pharm. Bull. (Tokyo), 33: 1725-1728, 1985.
Srimal, R. C., and Dhawan, B. N. Pharmacology of diferuloyl methane
(curcumin), a nonsteroidal anti-inflammatory agent. J. Pharm. Pharmacol.,
25:447-452, 1973.
Rao, T. S., Basu, N., and Siddiqui, H. H. Anti-inflammatory activity of
curcumin analogues. Indian J. Med. Res., 75: 574-578, 1982.
Mukhopadhyay, A., Basu, N., Ghatak, N., and Gujral, P. K. Anti-inflam
matory and irritant activities of curcumin analogues in rats. Agents Actions,
12: 508-515, 1982.
Yegnanarayan, R., Saraf, A. P., and Balwani, J. H. Comparison of anti-
inflammatory activity of various extracts of Curcuma longa (Linn). Indian J.
Med. Res., 64:601-608, 1976.
Huang, M-T., Smart, R. C.. Wong, C-Q., and Conney, A. H. Inhibitory effect
of curcumin, chlorogenic acid, cafleic acid, and ferulic acid on tumor pro
motion in mouse skin by 12-O-tetradecanoylphorbol-13-acetate. Cancer Res.,
48: 5941-5946, 1988.
Kato, R., Nakadate, T., Yamamoto, S., and Sugimura, T. Inhibition of 12-
O-tetradecanoylphorbol-13-acetate-induced tumor promotion and ornithine
decarboxylase activity by quercetin: possible involvement of lipoxygenase
inhibition. Carcinogenesis (Lond.), 4: 1301-1305, 1983.
Fischer, S. M., Baldwin, J. K., Jasheway, D. W., Patrick, K. E., and Cameron,
G. S. Phorbol ester induction of 8-lipoxygenase in inbred SENCAR(SSIN)
but not C57BL/6J mice correlated with hyperplasia, edema, and oxidant

818

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/3/813/2446099/cr0510030813.pdf by guest on 19 M

ay 2023



CURCUMIN AND ARACHIDONIC ACID

generation but not ornithine decarboxylase induction. Cancer Res., 48: 658-
664, 1988.

23. Lysz, T. W., and Needleman, P. Evidence for two forms of fatty acid
cyclooxygenase in brain. J. Neurochem., 38: 1111-1117, 1982.

24. Lysz, T. W., Centra, M., Markey, K., and Keeling, P. E. Evidence for
increased activity of mouse brain fatty acid cyclooxygenase following drug-
induced convulsions. Brain Res., 408: 6-12, 1987.

25. Jeng, A. Y., Sharkey, N. A., and Blumberg, P. M. Purification of stable
protein kinase C from mouse brain cytosol by specific ligand elution using
fast protein liquid chromatography. Cancer Res., 46: 1966-1071, 1986.

26. Abidi, T. F., Faaland, C. A., Scala, D. D., Rhein, L. D., and Laskin, J. D.
Ethoxylated alcohol (Neodol-12) and other surfactants in the assay of protein
kinase C. Biochem. Biophys. Acta, 992: 362-368, 1989.

27. Hidata, H., Inagaki, M., Kawamoto, S., and Sasaki, Y. Isoquinolinesulfon-
amides, novel and potent inhibitors of cyclic nucleotide dependent protein
kinase and protein kinase C. Biochemistry, 23: 5036-5041, 1984.

28. Sugiura, M., Naito, Y., Yamaura, Y., Fukaya, C., and Yokoyama, K. Inhib
itory activities and inhibition specificities of caffeic acid derivatives and
related compounds toward 5-lipoxygenase. Chem. Pharm. Bull. (Tokyo), 37:
1039-1043, 1989.

29. La Vecchia, C., Ferraron!, M., Negri, E., D'Avanzo, B., Decarli, A., Levi, F.,

and Franceschi, S. Coffee consumption and digestive tract cancers. Cancer
Res., 49: 1049-1051, 1989.

30. Nakadate, T., Yamamoto, S., Ishii, M., and Kalo, R. Inhibition of 12-O-
tetradecanoylphorbol-13-acetate-induced epidermal ornithine decarboxylase
activity by lipoxygenase inhibitors: possible role of product(s) of lipoxygenase
pathway. Carcinogenesis (Lond.), 3: 1411-1414, 1982.

31. Fischer, S. M., Mills, G. D., and Slaga, T. J. Inhibition of mouse skin tumor
promotion by several inhibitors of arachidonic acid metabolism. Carcinogen
esis (Lond.), 3: 1243-1245, 1982.

32. Nakadate, T., Yamamoto, S., Ishii, M., and Kato, R. Inhibition of 12-O-
tetradecanoylphorbol-13-acetate-induced epidermal ornithine decarboxylase
activity by phospholipase A2 inhibitors and lipoxygenase inhibitor. Cancer
Res., 42:2841-2845, 1982.

33. Furstenberger, G., Gross, M., and Marks, F. Eicosanoids and multistage
carcinogenesis in NMRI mouse skin: role of prostaglandins E and F in
conversion (first stage of tumor promotion) and promotion (second stage of
tumor promotion). Carcinogenesis (Lond.), 10: 91-96, 1989.

34. Nakadate, T., Aziu, E., Yamamoto, S., and Kato, R. Some properties of
lipoxygenase activities in cytosol and microsomal fractions of mouse epider
mal homogenate. Prostaglandins Leukotrienes Med., 21: 305-319, 1986.

35. Gschwendt, M., Furstenberger, G., Kittstein, W., Besemfelder, E., Hull, W.
E., Hagedorn, H., Opferkuch, H. J., and Marks, F. Generation of the
arachidonic acid metabolite 8-HETE by extracts of mouse skin treated with
phorbol ester in vivo: identification by H-NMR and GC-MS spectroscopy.
Carcinogenesis (Lond.), 7: 449-455, 1986.

36. Higgs, G. A., Salmon, J. A., and Spayne, J. A. The inflammatory effects of

hydroperoxy and hydroxy acid products of arachidonate lipoxygenase in
rabbit skin. Br. J. Pharmacol., 74: 429-433, 1981.

37. Camp, R. O. R. Prostaglandins, hydroxyfatty acids, leukotrienes, and inflam
mation of the skin. Clin. Exp. Dermatol., 7: 435-444, 1982.

38. Chang, J., Carlson, R. P., O'Neill-Davis, L., Lamb, B., Sharma, R. N., and

Lewis, A. J. Correlation between mouse skin inflammation induced by
arachidonic acid and eicosanoid synthesis. Inflammation, 10:205-214, 1986.

39. Hamberg, M., and Samuelsson, B. Prostaglandin endoperoxides: novel trans
formations of arachidonic acid in human platelets. Proc. Nati. Acad. Sci.
USA, 71: 3400-3404, 1974.

40. 11ammarsirÃ²ni. S., Hamberg, M., Samuelsson, B., Duell, E. A., and Stawiski,
M., and Voorhees, J. J. Increased concentrations of nonesterified arachidonic
acid, 12L-hydroxy-5,8,10,14-eicosatetraenoic acid, prostaglandin E2, and
prostaglandin F2a in epidermis of psoriasis. Proc. Nati. Acad. Sci. USA, 72:
5130-5134, 1975.

41. Gryglewski, R. J. Effects of ant Â¡inflammatory steroids on arachidonate
cascade. In: G. Weissman, B. Samuelsson, and R. Paoletti (eds.), Advances
in Inflammation Research, Vol. 1, pp. 505-513. New York: Raven Press,
1979.

42. Fischer, S. M., and Adams, L. M. Suppression of tumor promoter-induced
chemiluminescence in mouse epidermal cells by several inhibitors of arachi
donic acid metabolism. Cancer Res., 45: 3130-3136, 1985.

43. Horiuchi, T., Fujiki, H., Hakii, H., Suganuma, M., Yamashita, K., and
Sugimua, T. Modulation of phorbol ester receptors in mouse skin by appli
cation of quercetin. Gann, 77: 526-531, 1986.

44. Nakadate, T., Yamamoto, S., Iseki, H., Sonoda, S., Takemura, S., Ura, A.,
Hosoda, Y., and Kato, R. Inhibition of 12-O-tetradecanoylphorbol-13-ace-
tate-induced tumor promotion by nordihydroguaiaretic acid, a lipoxygenase
inhibitor, and p-bromophenacyl bromide, a phospholipase A2 inhibitor.
Gann, 73: 841-843, 1982.

45. Slaga, T. J. Multistage skin carcinogenesis: a useful model for the study of
the chemoprevention of cancer. Acta Pharmacol. Toxicol., 55: 107-124,
1984.

46. Slaga, T. J., and Digiovanni, J. Inhibition of chemical carcinogenesis. In: C.
E. Searle (ed.), Chemical Carcinogens, Ed. 2, Vol. 2, ACS Monograph 182,
pp. 1279-1321. Washington, DC: American Chemical Society, 1984.

47. Inoue, H., Mori, T., and Koshihara, Y. Sulfidopeptide-leukotrienes are major
mediators of arachidonic acid-induced mouse ear edema. Prostaglandins, 36:
731-739, 1988.

48. Nagabhushan, M., and Bhide, S. V. Nonmutagenicity of curcumin and its
antimutagenic action versus chili and capsaicin. Nutr. Cancer, 8: 201-210,
1986.

49. Nagabhushan, M., Amonkar, A. J., and Bhide, S. V. In vitro antimutagenicity
of curcumin against environmental mutagens. Food Chem. Toxicol., 25:
545-547, 1987.

50. Kuttan, R., Bhanumathy, P., Ninnala, K., and George, M. C. Potential
anticancer activity of tumeric (Curcuma longa). Cancer Lett., 29: 197-202,
1985.

819

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/3/813/2446099/cr0510030813.pdf by guest on 19 M

ay 2023




