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ABSTRACT

Caffeic acid phenethyl ester (CAPE) was isolated from propolis (a
product of honeybee hives) that has been used in folk medicine as a potent
antiinflammatory agent. CAPE is cytotoxic to tumor and virally trans
formed but not to normal cells. Our main goal was to establish whether
CAPE inhibits the tumor promoter (12-0-tetradecanoylphorbol-13-ace-
tate)-induced processes associated with carcinogenesis. Topical treatment
of SENCAR mice with very low doses (0.1-6.5 nmol/topical treatment) of
CAPE strongly inhibits the following 12-O-tetradecanoylphorbol-13-ace-
tate-mediated oxidative processes that are considered essential for tumor

promotion: (a) polymorphonuclear leukocyte infiltration into mouse skin
and ears, as quantified by myeloperoxidase activity; I/o hydrogen perox
ide (1!>(),) production; and (c) formation of oxidized bases in epidermal
DNA, as measured by 5-hydroxymethyluracil and 8-hydroxylguanine. A
0.5-nmol dose of CAPE suppresses the oxidative burst of human polymor
phonuclear leukocytes by 50%. At higher doses (1-10 pinoli. CAPE in
hibits edema and ornithine decarboxylase induction in CD-I and SEN-
CAR mice. Interestingly, we discovered that 12-O-tetradecanoylphorbol-
13-acetate-induced IM>_â€¢production in bovine lenses also is inhibited by

CAPE. Cumulatively, these findings point to CAPE as being a potent
chemopreventive agent, which may be useful in combatting diseases with
strong inflammatory and/or oxidative stress components, i.e., various
types of cancer and possibly cataract development.

INTRODUCTION

CAPE5 (Fig. 1), an agent originally isolated from propolis, a prod

uct of honeybee hives, is selectively toxic to transformed cells but not
to normal cells (1). More recently, CAPE was found to inhibit the
transformation mediated by adenovirus type 5 EIA, as well as the
expression of the transformed phenotype in Fischer cloned rat embryo
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fibroblasts (2). CAPE also was more cytotoxic to transformed Fischer
cloned rat embryo fibroblasts than to wild type cells. The growth of
other cell lines (N1H lOT'/i, Ltk", and rat 6 cells) transformed with

T24 oncogene was inhibited by CAPE, but not that of the untrans-

formed rat 6 cells (1.2). Propolis has been considered and used in folk
medicine as an antiinflammatory agent with antitumor activity (1).
One of the earlier identified propolis components that possessed an
tiinflammatory and bacteriocidal properties was caffeic acid, but
CAPE, which is its phenethyl ester, is more effective. The greater
activity of the ester is perhaps due to its ability to more easily pass
through the cell membranes. At this point it is not known whether the
free acid or its ester is the one that is active in vivo.

We showed recently that the phorbol ester-type tumor promoters

(TPA) induce H2O2 production in mouse skin as well as cause oxi
dation of DNA bases in vivo (3-5). In addition, we and others found
that agents possessing anti-tumor-promoting properties in vivo, also

suppress inflammatory processes. These processes include infiltration
of PMNs, ROS production, and oxidation of DNA bases (3-5), as well
as induction of ODC and edema (6-9). A number of known anti-tumor

promoters that possess all or some of those properties have been
isolated from biological sources, and include sarcophytol A (isolated
from marine soft coral) (10, 11), EGCG (a polyphenol from green tea)
(9, 12, 13), curcumin (a spice) (7, 8), caffeic acid (7, 8), and now also
its phenethyl ester (from propolis).

Moreover, we found that TPA induces oxidative stress in bovine eye
lens and also causes its opacity (14). Some of the same chemopre
ventive agents (EGCG and sarcophytol A) used in tumor promotion
studies were also effective inhibitors of TPA-mediated lens opacifi-

cation and H2O2 production (14).
Since the mechanism of the action of CAPE is not known, we set

out to establish whether it possesses properties that are common to a
number of chemopreventive agents (15). These properties include
inhibition of ROS production and of oxidative damage to cellular
macromolecules, as well as edema and ODC induction, which are
thought by us and others to contribute to tumor promotion and/or
progression (3-13, 15-19). Furthermore, we decided to establish
whether CAPE prevents TPA-mediated ROS generation by the lens, as

well as lens opacity, properties that possibly could be useful in the
prevention of cataracts (20).

MATERIALS AND METHODS

Chemicals and Reagents

CAPE was obtained by esterification of caffeic acid with phenethyl alcohol
in the presence of /Moluenesulfonic acid as the catalyst ( 1). A.S.A.P.â„¢DNA

purification columns and the enzymes used for purification and enzymatic
hydrolysis of DNA (proteinase K, RNase, DNase I, nuclea.se P,, and alkaline
phosphatase) were purchased from Boehringer-Mannheim Biochemical* (In

dianapolis. IN). Other reagents and enzymes (such as glucose, glucose oxidase.
HRPO, and 2',7'-dichlorofluorescin diacciate) were purchased from Sigma

Chemical Co. (St. Louis. MO), and HPLC-grade acetonitrile and acetone were

from Fisher Scientific (Springfield, NJ).
Radioactive Materials. |'H]acetic anhydride (specific activity, 50 mCi/

mmol) was obtained from Du Pont New England Nuclear (Wilmington, DE),
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INHIBITION OF OXIDATIVE PROCESSES BY CAPE

Caffeic Acid Phenethyl Ester
(CAPE)

Fig. 1. Structure of CAPE.

and [IJClornithine (specific activity, 58 mCi/mmol) was obtained from Am-

ersham Corp. (Arlington Heights, IL). Nonradioactive omithine, curcumin,
caffeic acid, HMdUrd, and TPA were purchased from Sigma. TPA was also
purchased from CRC, Inc. (Chanhassen, MN). 8-OHdGua was synthesized

according to published procedures (21, 22), while the marker acetates were
prepared by acetylation of HMdUrd and 8-OHdGua with acetic anhydride in

the presence of a catalyst in dry acetonitrile (22, 23). The products were
purified by HPLC and their identity confirmed by mass spectroscopy (22).

In Vivo Experiments

Treatment of Animals and Assays. Female SENCAR (6-8 weeks old) and
CD-I mice (about 7 weeks old) were purchased from Biological Testing,

National Cancer Institute (Frederick, MD) and from Charles River Laboratory
(Stone Ridge, NY), respectively. The mice were acclimated for at least I week
before use. They were subjected to a 12-h light/12-h dark cycle, housed at 20
Â±2Â°Cin a room with 10 cycles of air exchanges/h, given food and water ad

libitum, and observed for any indication of ill health. Before topical application
of any test agents, their backs were shaved and only those without hair growth
after 48 h were used.

ODC and Edema Determination. For ODC determination, the backs of
CD-I and SENCAR mice (3/group) were treated topically with 5 or 4 nmol

TPA, respectively, in the presence or absence of CAPE, curcumin, or caffeic
acid in 200 ul acetone, as described previously (7). To measure TPA-induced
ear edema, the ears of mice (5-7/group; 23-25 days old) were treated with 0.5
nmol (CD-I mice) or 0.4 nmol (SENCAR mice) TPA Â±chemopreventive

agent in 20 ul acetone/ear. The mice were sacrificed by cervical dislocation 5
h after treatment, and epidermal ODC and ear edema (increased weight of ear
punches) were determined as previously described (7). ODC is expressed as
pmol l4CO2/mg protein/h Â± SE, while edema is expressed as mg/6 mm

(diameter) ear punch Â±SE. In some experiments, both ears of SENCAR mice
(7-9 mice/group) were treated with 0.4 nmol TPA in acetone alone or together

with added 0.1 nmol, 0.3 nmol, or 1 umol CAPE. Control mice were treated
with acetone. Edema was measured on one mouse ear, while the second ear
was immediately frozen and later analyzed for PMN infiltration by quantifying
MPO (see below). Protein content was measured by the Bradford dye-binding
procedure using a Bio-Rad Assay Kit (Bio-Rad, Richmond, CA) (24).

MPO, H2O2, and Oxidized DNA Bases. SENCAR mice were pretreated
with CAPE for 30 min; then 6.5 nmol (4 ug) TPA/mouse was topically applied
to the dorsal skin. After 20 h, the CAPE and TPA treatment (Ix ) was repeated
(2x Tx). One h after the second Tx, the mice were sacrificed by cervical
dislocation, and 12.5-mm punches were obtained to be used separately for

MPO and H2O2 determinations. The remainder of the treated mouse skin or the
combined skins from two mice were used for separation of epidermal cells.
This was done by heating the skin at 55Â°Cfor 30 s followed by rapid immer

sion into an ice-cold water bath (17). After the epidermis was scraped off, the

presence of oxidized DNA base derivatives was measured in the epidermal
DNA. All of these end points were analyzed by published procedures and are
briefly described below.

The assay for MPO was carried out according to the procedure of Metcalf
et al. (25) with some modifications (3), and the results are expressed as
units/cm2, where a unit is defined as that degrading 1 umol H2O2/min at 25Â°C.

The presence of MPO in the mouse ears was measured in the homogenates.
They were prepared by mincing the ears and homogenizing them in an ice-cold

water bath with a polytron homogenizer, either twice for 20 s each or three
times for 10 s each. Each homogenate was analyzed in duplicate and the results
are expressed as mean MPO (units/mg protein) Â±SE for each of the homo
genates. In this case, SE shows the reproducibility of each MPO analysis.

Punches used for H2O2 determination were immediately minced with scis
sors in cold 50 ITIMphosphate buffer, pH 7.0, containing 10 mM azide that is
needed for inhibition of catalase. They were then homogenized, and centri-
fuged at 4Â°Cand the supernatants were stored at -80Â°C for up to I week. H2O2

was measured in freshly thawed supernatants using horseradish peroxidase-

mediated oxidation of phenol red (4), and the results are expressed as nmol
H2O2/cm2/10-min incubation. Although organic hydroperoxides also can be

generated under these conditions (17), we find that H2O2 constitutes a great
majority of the oxidants generated because 60-85% of the oxidants produced

are catalase inhibitable (4).
The epidermis was homogenized and lysed, and the proteins and RNA were

removed by proteinase K and RNase A digestions, respectively (3). The DNA
was separated and purified on A.S.A.P.**columns (Boehringer-Mannheim) and

precipitated with isopropyl alcohol. The pellet was then washed with 70% ethyl
alcohol, dried, and dissolved in 10 mM Tris-HCl-100 ITIMNaCI buffer, pH 7.0,
according to the manufacturer's procedure. The DNA was sheared and enzy-

matically digested to nucleosides, and the hydrolysates were separated by
HPLC (Beckman, Model 344) on an ODS column (Altex, 1 x 25 cm; 5 urn
particle size) (22). The fractions that eluted after 30 ml were combined (ex
cluding those containing normal nucleosides) and dried. The oxidized nucle
osides were detected by 'H-postlabeling with [3H]acetic anhydride, followed
by HPLC analysis of 'H-containing acetates in the presence of marker acetates

(22). The results are presented as the number of oxidized nucleosides/IO4

normal bases, unless otherwise stated.

In Vitro Experiments

Human PMNs. Blood was obtained from healthy volunteers and collected
into EDTA-containing tubes. Red cells were removed by dextran sedimentation

and lysis with hypotonie ammonium chloride, as described previously (26).
Cells were washed in glucose-containing basic salt solution (137 mM NaCI,
5 mM KC1, 8.5 mMNa2HPO4-NaH2PO4,0.8 mM MgSO4, 5 mMglucose, pH 7.4)

and suspended at a ratio of 10 ml of the initial blood volume/ml basic salt
solution. Whole WBC population was used as a source of PMNs, with PMN
numbers used per assay being adjusted according to the results of Wright's

staining of the peripheral blood.
PMNs (2.5 x 10-Vml) were incubated with CAPE (0.05-5.0 nmol/ml)

and/or TPA (25 pmol/ml) at 37Â°Cfor 30 min in the presence of phenol red (100

ug) and HRPO (50 ug) (27). After the reaction was stopped with catalase (50
ug/ml), the pH was adjusted to 12.5 with NaOH, the mixture was centrifuged,
and the absorbance of the supernatant was determined at 598 nm. The con
centration of H2O2 produced was established from the standard curve.

Bovine Lens. Bovine lenses were obtained from a New Jersey slaughter
house 3 h after the animals were sacrificed. Lenses were immediately im
mersed in A AH. Each of the bovine lenses in AAH (about 15 ml/lens) sup
plemented with 10 HIMazide (a catalase inhibitor) was incubated with various
amounts (0-1 UM)TPA at 37Â°Cfor 24 h in the presence or absence of CAPE

(l UM),as described for use of other chemopreventive agents (14). For com
parison, the lenses were also incubated with glucose (2.5 mM)/glucose oxidase
(25 UM),a H2O2-generating system.

After incubation, lenses were homogenized in 15 ml of azide-supplemented
AAH in a Waring Blender, and H2O2 content was determined spectrofluoro-

metrically, as described previously (28). Briefly, the homogenates were incu
bated with 2',7'-dichlorofluorescin diacciate, which is deacetylated by the

esterase present in the homogenate. In the presence of HRPO, the nonfluores-

cent substrate was oxidized by H2O2 generated in the lens to a highly fluo
rescent product, which was measured at excitation 475 nm and emission 525
nm (13, 14, 28). The amount of H2O2 generated was determined from a
standard curve, which was constructed by addition of increasing concentrations
of H2O2 to a homogenate derived from a control lens incubated only in AAH.

In some experiments, at the end of incubation [lenses in (a) AAH only
(controls), (b) AAH + 0.1 UMTPA, and (c) AAH + l UMCAPE (30 min) +
0.1 UMTPA] at 37Â°Cfor 24 h, the lenses were photographed against a 3-mm

grid.

RESULTS

Inhibitory Effects of CAPE on TPA-mediated Increases in Epi

dermal ODC and Ear Edema in Vivo. Table 1 shows the effects of
CAPE on TPA-mediated edema and ODC induction in CD-I mice in
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INHIBITION OF OXIDATIVE PROCESSES BY CAPE

Table I Inhibition of TPA-induced ear edema und epidemial ODC in CD-! mice b\
CAPE, caffeic acid, and cuirumin"

AgentCAPECaffeic

acidCurcuminDose(umol:0.090.270.800.090.270.800.090.270.80Edema*Inhibition<

(%)7234201021638693Dose(umol)0.92.78.10.92.78.10.92.78.1ODC'Inhibition

Â±SE(n)d(%)36.7

Â±20.5(3)49.3
Â±16.4(3)55.0
Â±13.1(3)25.0

Â±25.0(2)39.5
Â±30.5(2)46.3

Â±24.8(3)83.
3 Â±6.0 (3)

" Mice were sacrificed 5 h after treatment, and ear edema and epidermal ODC were
determined as described in "Materials and Methods." Results are presented as mean

inhibition from values obtained with TPA treatment in the absence of CAPE, caffeic acid,
and curcumin.

b Right ears of 23-25-day-old female mice (7-9/group) were treated with 0.5 nmol

TPA Â±test compound in 20 nl acetone. Ear punches (6 mm diamter) were weighed.
Acetone control, 6.8 Â±0.3 mg; TPA in acetone, 13.9 Â±0.5 mg.

' Mice (3/group) were topically treated with TPA (5 nmol) Â±test compound in 200 ul
acetone. ODC of acetone controls, 186 Â±74 pmol l4C02/mg/h; in TPA only samples, 5045
Â±2516 pmol l4CO2/mg/h. Each analysis was carried oui in duplicate.

'' Â«,number of experiments.

Table 2 CAPE-mediated inhibition of TPA-inditced ear edema and epidennai ODC
in SENCAR mice"

CAPE<nmol)0.0030.010.030.1031.03.010.0Vc

ofinhibitionEdema'12.5

Â±8.7(4)19.7
Â±13.7(3)54.0
Â±3.5(3)34.0
Â±19.1(4)44.0
Â±7.1(4)70.5
Â±10.8(4)Â±

SE(n)*ODC''28.5

Â±11.5(2)37.0

Â±16.0(2)32.0
Â±8.0(2)62.5
Â±8.5 (2)

" Mice were sacrificed 5 h after treatment, and ear edema and epidermal ODC were
determined as described in "Materials and Methods." Results are expressed as mean

inhibition Â±SE from values obtained with TPA treatment in the absence of CAPE.
'' ÃÃ,number of experiments.
' Both ears of 23-day-old female mice (5-7/group) were treated with 0.4 nmol TPA

each and varied amounts of CAPE in 20 pi acetone. Ear punches (6 mm diameter) were
weighed. Acetone controls, 7.25 Â±0.2 mg (4 experiments). TPA in acetone, 13.75 Â±1.2
mg (4 experiments).

''The batch of mice (3/group) were treated topically with TPA (4 nmol) Â±varied
amounts of CAPE in 200 ul acetone. ODC of acetone controls, 8.5 Â±1.5 pmol I4CO2/
mg/h: in TPA-alone samples, 7164 Â±3279 pmol l4CO;/mg/h (2 experiments). Each

analysis was carried out in duplicate.

comparison to its parent caffeic acid and to curcumin; the latter
compound has been studied quite extensively and is considered an
effective chemopreventive agent on mouse skin (7, 8, 29-31 ). CAPE
decreased TPA-induced edema and ODC and was about 2-fold more

potent than its parent, caffeic acid; however, CAPE was less active
than curcumin (Table 1). SENCAR mice were more sensitive than
CD-1 mice to the action of CAPE with respect to edema but not ODC

induction (Table 2).
CAPE-mediated Inhibition of TPA-induced PMN Infiltration,

H2O2 Production, and Formation of HMdUrd and 8-OHdGua in
Mouse Skin. When SENCAR mice were treated with CAPE (6.5
nmol) 30 min prior to each of two TPA (6.5 nmol) applications, a
number of inhibitory processes occurred and are shown in Fig. 2.
Treatment of mice with CAPE decreased TPA-induced PMN infiltra
tion by =85%, as quantified by the presence of MPO (Fig. 14), an

enzyme characteristic of PMNs (32). Although other cell types (i.e.,
monocytes) also contain MPO (32), treatment of mice was so short
(21 h total), that it is unlikely that cells other than PMNs would
infiltrate the mouse skin in significant amounts during that time.
Concurrently, topical application of CAPE also almost completely

(86%) inhibited TPA-induced H2O2 formation (Fig. 2B). HMdUrd

levels were decreased by CAPE (Fig. 1C) below the acetone/acetone
controls, while 8-OHdGua levels were suppressed significantly (70%)

below controls (Fig. 2D).
The CAPE-mediated decrease of the levels of oxidized bases below

the acetone/acetone controls indicated that the following have oc
curred: (a) acetone treatment evoked a weak inflammatory response;
and/or (b) CAPE inhibited some normal oxidative processes in mouse
skin as well. To resolve this, additional controls were carried out.
SENCAR mice, which were shaved 48 h before the experiment, were
not treated with anything (blanks), and the MPO and 8-OHdGua
levels were compared to mice treated with acetone. The 8-OHdGua
level present in the epidermal DNA of the blanks was 65-70% lower
than in the DNA of control acetone-treated mice. Similarly, infiltration

of PMNs (MPO) was also lower in the blanks. These results show that
acetone treatment of control mice is already somewhat inflammatory.
Secondly, CAPE inhibits the inflammatory processes down to the
background levels represented by untreated blanks, particularly the
oxidation of bases in DNA.

CH ACT

TPA (6.5 NMOL)

â€¢¿�TPA + CAPE

(6.5 NMOL)

Fig. 2. CAPE-mediated inhibition of TPA-induced oxidative processes in SENCAR

mice. Mice were topically treated with 6.5 nmol CAPE 30 min prior to 6.5 nmol TPA. and
this regimen was repeated 20 h later. Mice were sacrificed I h after the last treatment and
the skin removed for determinations of: (A ) PMN infiltration (by measuring MPO); (fl)
H2O2; <C) HMdUrd (HMdUr. and (D) 8-OHdGua (K-OHdC). according to procedures
described in "Materials and Methods." D, controls treated with acetone in place of CAPE

and TPA; O, treatment with acetone followed by TPA; â€¢¿�.treatment with CAPE followed
by TPA. Results are expressed as mean Â±SE (har.fi from two experiments (2 mice/
experiment) in the CAPE series. Data for acetone (ACT}- and TPA-treated mean values
were collected from over 20 experiments.
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INHIBITION OF OXIDATIVE PROCESSES BY CAPE

Infiltration of phagocytic cells and induction of edema have been
used as measures of tumor promoter-mediated inflammatory re

sponses (8, 15, 17, 18, 33). Therefore, it was puzzling why a low dose
of 6.5 nmol CAPE would suppress TPA-mediated PMN infiltration
into mouse skin by 85% (Fig. 2A), whereas over a 100-fold higher

dose was required to comparably inhibit ear edema (Table 2) in the
same mouse strain. This could be because different sites were being
analyzed, i.e. skin on the back of the mouse versus ears. Another
possible explanation would be if PMN infiltration was much more
sensitive to the action of chemopreventive agents than edema in
general. To determine which of the two possibilities is more likely to
be the contributing factor, both ears of SENCAR mice were simulta
neously treated with CAPE/TPA. Ear punches from one ear were
weighed to measure edema, and the other ear was used to determine
MPO levels, as a measure of PMN infiltration. Fig. 3 shows the results
of those paired experiments. It is apparent that under the same treat
ment conditions, CAPE suppressed TPA-induced PMN infiltration

nearly 50% at 0.1 nmol of CAPE/ear, while a dose 4 orders of
magnitude higher (1 umol) was needed for similar inhibition of
edema.

Inhibitory Effect of CAPE on TPA-mediated H2O2 Production

by Human PMNs in Vitro. It was shown previously that the levels of
oxidized bases in DNA depend on the amounts of H2O2 generated (4,
5, 27). A decrease in the H2O2 produced could be due to the decreased
infiltration of PMNs. However, it also could be due to the CAPE-
mediated inhibition of TPA-induced oxidative burst of PMNs. To

determine the latter, human PMNs were pretreated with various doses
of CAPE (0.05-5.0 nmol CAPE/2.5 X IO5 PMNs/ml) prior to TPA
application (25 pmol TPA/2.5 X IO5 PMNs/ml). Fig. 4 shows that

similar to other chemopreventive agents, CAPE inhibited the oxida
tive burst of PMNs (as measured by H2O2 production) in a dose-

dependent manner, with 50% inhibition at 0.5 nmol CAPE/ml. This
makes CAPE one of the most potent inhibitors of the oxidative burst
that we have analyzed (11, 33-36). Since CAPE does not degrade

lUUINHIBITION

8**AHPO

(A)J
""1T

Â«â€¢â€¢***EDEMA(B).â€¢â€¢**^^oÂ«Â»Â«1"0.1

1 10 100 1000

CAPE(NMOL/EAR)
Fig. 3. Effect of CAPE on TPA-induced PMN infiltration and edema in SENCAR

mouse ears. These were paired experiments, in which both ears of each mouse (8-9/group)

were treated with 0.4 nmol TPA Â±CAPE in 20 H! acetone, and the mice were sacrificed
5 h later. (A) One ear was frozen for subsequent determination of MPO (a measure of
PMN infiltration), (ÃŸ)A punch (6 mm diameter) was taken from the second ear and
weighed to measure edematous response (weight of sample minus weight of control). (A )
Ears of each group (7-9/group) were divided into 2 groups and separately minced and
homogenized under different conditions as described in "Materials and Methods." MPO

was determined in duplicate. MPO was undetectable in acetone controls and was
4.13 Â±0.0 units/mg protein and 1.18 Â±O.I units/mg protein in the 2 homogenates of
TPA-only-lreated mice. CAPE-medialed inhibition was calculated versus the appropriate
TPA-only sample, which was homogenized the same way. (ÃŸ)Weights of ear punches
(8-9/group, each determined separately). Acetone controls, 7.2 Â±0.1 mg; TPA in acetone,
16.7 Â±0.7 mg.

100

80

60
g
M
Z
H

l Â«O

20

\.
\

\
0.01 0.1 10

CAPE<uH)

Fig. 4. CAPE-mediated inhibition of HiOi formation by TPA-stimulated human
PMNs. Cells were incubated with CAPE (0.05-5 nmol/mi) and TPA (25 pmol/2.5 X 10s
PMNs/ml) at 37Â°Cfor 30 min. and H2O2 was determined by the phenol red/HRPO assay,
as described in "Materials and Methods." Note the semilog scale. The results are presented

as mean values Â±SE.

Table 3 H^O? formation in bovine lens incubated with either TPA or glucose/
glucose oxidase and inhibitory effect of CAPE"

TreatmentControl*Glucose/glucose

oxidase
0.01 HMTPA
0.05 HMTPA
0.1 OHMTPA1.

OHM TPA
1 HMCAPE/0. 1 HMTPAH2O2(HM)ll.9Â±

\.243.2
Â±1.3

11.3 Â±0.2
23.3 Â±1.3
42.7 Â±1.683.8

Â±5.6
13.1 Â±1.3c/f

of change

fromcontrol365

95
200
360705110

" After treatment, lenses were homogenized as described in "Materials and Methods,"
and H2O2 concentration was determined by formation of fluorescent 2'.7'-dichlorofluo-

rescein. The fluorescent intensity of whole lens homogenate is proportional to H2O2
concentration, which was obtained from a calibration curve. The results are expressed as
mean of 3 experiments Â±SE.

h Lenses were incubated in artificial aqueous humor only.

H2O2 or inhibit HRPO,6 it is probable that CAPE acts by inhibiting

ROS production by TPA-activated PMNs.
Inhibitory Effect of CAPE on TPA-mediated Induction of H2O2

in Bovine Eye Lens. Since CAPE was such an effective inhibitor of
oxidant formation and oxidative DNA damage, we decided to find out
whether it could also inhibit oxidative stress [known to contribute to
cataract formation (20)] in the eye lens. First, we had to establish
whether TPA can induce oxidant production in the lens. It seemed to
be possible because TPA is known to cause Ca2+ mobilization in a
variety of cells (37^4-0), and Ca2+ was shown to play a role in the

development of cataracts (20, 41, 42).
The concentration of H2O2 was measured in lens homogenates after

treatment of the whole lens with TPA or glucose/glucose oxidase, a
H2O2-producing enzymatic system. As Table 3 shows, the 24-h incu

bation with TPA resulted in increased formation of H2O2 in the bovine
lens in a dose-dependent manner, with 0.05, 0.1 and 1.0 UMTPA
causing about 2-, 3.5- and 7-fold increases in the concentrations of

H2O2 over that present in control lenses in the absence of TPA. Table
3 also shows that 0.1 UMTPA-induced H2O2 was generated at com

parable levels to those produced by glucose/glucose oxidase. Pretreat
ment of lenses with l UMCAPE for 30 min followed by coincubation
with 0.1 UMTPA for 24 h caused a decline in TPA (0.1 uM)-induced

H2O2 production by about 95% (Table 3).
Fig. 5 shows the results of experiments in which the whole lens was

incubated with AAH only (Fig. 5A; control) or with 0.1 UMTPA in the

' R. Ilium.mi and K. Frenkel. unpublished results.
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Fig. 5. CAPE-mediated protection of bovine lens
from TPA-induced opacity. Lenses were (A) incu
bated with artificial aqueous humor only. (01 incu
bated with O.I UMTPA; and (C) pretreated with l Â¿IM
CAPE for 30 min followed by 0.1 JIMTPA for 24 h.
After incubation, the lenses were photographed
against 3-mm grids.

(A)

(C)

absence (Fig. 5ÃŸ)or presence of 1 UMCAPE (Fig. 5C) for 24 h.
Already at 0.1 UM,TPA caused opacity of the lens (Fig. 5ÃŸ),which
was even more pronounced when the lens was incubated with 1 JJM
TPA (14). At the concentration used, CAPE almost completely pre
vented opacification of the lens.

DISCUSSION

Propolis, which is a product of honeybee hives, has been used for
centuries in folk medicine as an antiinflammatory agent ( 1). In this
report we show that CAPE, which is an active ingredient present in the
propolis, is a potent inhibitor of a number of oxidative processes both
in vitro and in vivo even at very low doses (0.1-6.5 nmol/Tx). These
processes include: (Â«)tumor promoter-mediated PMN infiltration into
mouse skin and mouse ears; (h) the TPA-induced oxidative burst by

human PMNs and probably also by mouse PMNs; (c) H2O2 produc
tion in TPA-treated mouse skin; and (d) formation of oxidized bases

in epidermal DNA isolated from in wwMreated mouse skin, as deter
mined by the presence of HMdUrd and 8-OHdGua.

Our results show that at higher doses, CAPE additionally inhibits
the following TPA-mediated processes: (Â«)TPA-induced ear edema in
CD-I and SENCAR mice when the amount of CAPE is 1 umol/ear
and TPA is 0.5-0.4 nmol/ear; (h) TPA (5 nmol)-induced ODC in CD-1

mice is inhibited by 55% by 1 umol CAPE, while it takes 10 umol
CAPE to inhibit by 62<7rthe TPA (4 nmolÂ»-inducedODC in SENCAR

mice; (c) topical application of CAPE (650 nmol/Tx; 2X Tx, 20 h
apart) decreased TPA-mediated PMN infiltration and the formation of
HMdUrd and S-OHdGua in SENCAR mice. However, this reduction

was not as effective as that caused by the lower (6.5 nmol) dose of
CAPE, which was equimolar to that of TPA (Table 4). Only H2O2
levels were further decreased by the higher dose of CAPE. These
results suggest that chemopreventive agents may be very effective at
low but not necessarily at high doses. We have noted a similar phe
nomenon occurring with other protective agents such as EGCG.6

Table 4 CAPE-mediated effects of TPA-induced infiltratimi Â¡ifPMNs. H2O2
pnftluciiiw. tind fonndiitni of t>xitli~edDNA hases in skin t>fSENCAR mue"

TreatmentAcetoneTPA

(6.5nmol)TPA/CAPE

(6.5nmol)TPA/CAPE

(650 nmol)M

POunits/cm^skin

(4)''O.I

Â±0.0323.7

Â±7.65.9

Â±0.310.8
Â±2.0H,G>nmol/cm-1skin

(5)12.8

Â±0.83

1.5Â±0.715.7

Â±2.21

1.6 Â±0.6HMdUrd/104bases

(2)16.2

Â±7.739.4

Â±6.413.1

Â±0.630.5
Â±10.5S-OUdCua/Hfbases

(2)5.0

Â±2.01

1.8 Â±6.31

.4 Â±0.89.4
Â±I.I

" Mice were treated as described in the legend to Fig. 2. except that in addition to the

group preincuhatcd with 6.5 nmol CAPE, another group was preincubated with 650 nmol
CAPE prior to TPA applications. Results are expressed us mean values of 2-5 experiments
Â±SE. Note thai HMdUrd is calculated per K)4. while 8-OHdGua is per IO5 normal bases.

'' Numbers in parentheses, number of experiments with CAPE; values for acetone

controls or TPA treatments are based on over 20 determinations each.

Apparently, higher doses of these substances may interfere with other
cellular processes and, in effect, counteract their own protective ac
tion.

The very small amounts of CAPE required for protection from
oxidative damage indicate that these agents probably act by interfering
with the oxidative activation of the cells rather than by being antiox-

idants, which would require much higher doses needed for scavenging
of the ROS already produced. That this may be the case is shown by
our finding that TPA-treated HeLa cells, which were preincubated
with low doses (5-25 nmol) of EGCG. contained lower levels of
HMdUrd and 8-OHdGua than cells treated only with TPA." Similar to

what we found for CAPE, higher doses of EGCG (50 nmol) caused a
less effective inhibition of TPA-induced oxidative processes. These

findings about dose dependence may be important to our understand
ing of what is required for inhibition of tumor promotion processes.

As we noticed, relatively high doses of CAPE (1-10 umol) were
needed to inhibit 4-5 nmol or 0.4-0.5 nmol TPA-mediated ODC or

edema induction, respectively, in two strains of mice (Tables I and 2).
In contrast, for inhibition of phagocytic infiltration. ROS production,
and oxidative DNA damage in one of those strains (SENCAR). a very
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low dose of CAPE (6.5 nmol/Tx, 2X Tx, 20 h apart; equimolar to that
of TPA) was extremely effective (Fig. 2). PMN infiltration declined by
85%, HMdUrd formation by 115%, and that of 8-OHdGua by near

170%. Both oxidized base derivatives were lowered below the levels
present in the acetone-only treated controls, particularly 8-OHdGua,

which declined 70% below the basal levels. We previously found that
sarcophytol A (an anti-tumor-promoting agent effective in a two-stage

carcinogenesis model in mice) at a dose (6.5 nmol) equimolar to that
of the tumor promoter (10), was also a potent inhibitor of TPA (6.5
nmol/Tx (-induced oxidative processes (i.e., PMN infiltration, ROS

generation, and DNA base oxidation) in SENCAR mice (4). That
inhibition occurred during the same two-dose treatment that was uti

lized in the current study, as well as during a typical tumor promotion
regimen induced by 3.2 nmol TPA applied twice a week for 16 weeks.
Hence, it appears that it is PMN infiltration, ROS production, and
oxidized DNA base formation that correlate with and might be nec
essary for tumor promotion, whereas ODC and edema induction alone
(without the former three processes) might not be sufficient for tumor
promotion. Other investigators, using different experimental designs,
also noted dissociation of ODC induction from the requirements for
tumor promotion (17, 43).

The other ex vivo system utilized by us also yielded very interesting
and potentially important information. TPA-induced H2O2 production
in bovine lenses occurred in a dose-dependent manner, and it caused
lens opaci fication. CAPE suppressed formation of TPA-induced H2O2

formation and opacification of lenses at a concentration that was
10-fold higher ( l UM)than the TPA (0.1 MM)that induced them. It is
suspected that high Ca2 ' induces lens opacity and causes formation of

cataracts (20). Interestingly, we previously found that H2O2 enhances
the activities of Na+/H+ as well as of Na+/Ca2+ exchangers and

increases opacity of the bovine lens (14, 41, 42). Hence, it is possible
that the H2O2 produced in response to TPA causes elevation in Ca2+

within the lens and, consequently, causes opacity as well. It is en
couraging that the chemopreventive agents which suppress oxidative
activation of cells also can protect the lens from opacification. Patients
with cataracts were shown to have highly elevated levels of H2O2 (20,
44). Ca2 ' is also more readily transported into the aging lens, which

is more prone to cataract development (45). By enhancing the activity
of the Na +/H+ exchange agent, H2O2 could cause more Na ' accu
mulation within and less Na+ outside the lens, leading to a higher
influx of Ca2 + as well as elevation of intracellular pH (41, 42, 46).

Similar processes occur during the oxidative burst of PMNs (47)
whether caused by TPA or opsonized particulates, with its attendant
acidification around the PMN membrane. Moreover, Ca2 ' ionophore

also can induce the oxidative burst and activate the NADPH oxidase
that is responsible for production of ROS (48) as well as cause
hydroperoxide production in mouse epidermis HI vivo (40).

Thus, two seemingly diverse biological systems may have certain
types of responses in common. Tumor promoter-treated mouse skin

responds with PMN infiltration and H2O2 production. Similarly, a
TPA-treated lens generates large amounts of H2O2, which is known to
contribute to cataract formation. Both involve change in Ca2+ ho-

meostasis. elevation of which can be damaging in both systems. It is
of considerable interest that TPA-induced H2O2 formation as well as

opacity of lenses respond to chemopreventive agents such as CAPE
and EGCG, which should be tested in the future for their potential
application to such diverse human diseases as cancer and cataracts.
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