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ABSTRACT

The effects of topically applied 12-O-tetradecanoylphorbol-13-acetate
(TPA) on the level of ascorbic acid in the epidermis and the effects of
topically applied ascorbic acid, ascorbyl palmitate (a synthetic lipophilic
derivative of ascorbic acid), palmitic acid and sorbitan monopalmitate on
TPA-induced epidermal ornithine decarboxylase activity, epidermal DNA
synthesis, and the promotion of skin tumors were evaluated in female
CD-I mice. Topical application of 5 or 16 nmol of TPA resulted in a 45-
50% decrease in the amount of ascorbic acid per mg protein in mouse
epidermis at 5 h after TPA application. Large topical doses of ascorbic
acid inhibited TPA-induced tumor promotion in mouse epidermis, but
smaller doses were inactive. The topical application of relatively small
doses of ascorbyl palmitate had a marked inhibitory effect on TPA-
induced ornithine decarboxylase activity, DNA synthesis, and tumor
promotion in mouse epidermis. Ascorbic acid, palmitic acid, and sorbitan
monopalmitate were less effective than ascorbyl palmitate as inhibitors
of tumor promotion. The topical application of 4 pinol of ascorbyl
palmitate inhibited by 60-76% the induction of epidermal ornithine
decarboxylase activity and DNA synthesis that occurred after a single
topical application of 2 nmol of TPA whereas similar doses of ascorbic
acid had no inhibitory effect. The topical application of 4 /imol of ascorbyl
palmitate together with 5 nmol of TPA twice weekly for 20 weeks to
previously initialed mice inhibited by 91% the number of tumors per
mouse.

INTRODUCTION

Carcinogenesis in mouse skin is a multistep process that can
be divided into at least two distinct stages, termed initiation
and promotion (1-4). Although the mechanisms of tumor pro
motion are not known, some studies have suggested that reac
tive oxygen species such as Superoxide aniÃ³n may be involved
(5-7). Superoxide dismutase is an important enzymatic defense
for the removal of Superoxide aniÃ³n,and the biomimetic copper
(II) (3,5-diisopropylsalicylate)2, which possesses Superoxide dis
mutase activity, has been demonstrated to inhibit TPA"-induced

ornithine decarboxylase activity and tumor promotion in mouse
skin (5). Induction of epidermal ornithine decarboxylase and
epidermal DNA synthesis are biochemical parameters closely
associated with tumor promotion (8, 9), and inhibition of the
TPA-dependent induction of these parameters has been utilized
to evaluate potential inhibitors of tumor promotion. A wide
variety of compounds inhibit TPA-induced tumor promotion
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in mouse skin, and many of these compounds possess antioxi-
dant or reactive oxygen scavenging activity. Butylated hydrox-
yanisole (10, 11), butylated hydroxytoluene (10), sodium selen
ite (12), a-tocopherol (13), glutathione (13), copper (II) (3,5-
diisopropylsalicylate)2 (5), quercetin (14), ethanol, and dimethyl
sulfoxide (15) are examples of compounds that possess antiox-
idant or reactive oxygen scavenging activity and that inhibit
tumor promotion and/or certain biochemical events associated
with tumor promotion in mouse skin. Ascorbic acid is an
efficient scavenger of Superoxide aniÃ³n and based on its rate
constant for the reduction of Superoxide and its cellular con
centration, ascorbic acid is considered to be an important
cellular chemical defense against Superoxide (16).

Although ascorbic acid is a naturally occurring biological
antioxidant, its effect on tumor promotion in mouse skin has
not been extensively evaluated. In one study, ascorbic acid has
been reported to have no effect on TPA-induced epidermal
ornithine decarboxylase activity in mouse skin (11). In a second
study, it was reported that topical treatment of initiated mice
with ascorbic acid for the first 3 weeks of croton oil application
inhibited skin tumor formation by 25% (12). In an additional
study, ascorbic acid, butylated hydroxytoluene, a-tocopherol,
and reduced glutathione were added together to a chow diet
and fed to mice initiated with 3-methyIcholanthrene and pro
moted with croton oil. Treatment of mice with this combination
of antioxidants inhibited skin tumor formation (17). Dietary
ascorbic acid has also been reported to inhibit the incidence of
dermal neoplasms induced by UV light in hairless mice (18).
In cell culture, ascorbic acid has been reported to suppress 3-
methylcholanthrene-induced transformation of C3H1 OT'/2cells

(19, 20). Although these studies suggest a protective effect of
ascorbic acid in cell transformation and in tumor promotion, it
should also be pointed out that very high doses of ascorbic acid
can promote bladder tumors in rats previously initiated with N-
butyl-/V-(4-hydroxybutyl)nitrosamine(21). In the present study,
we have investigated the effect of ascorbic acid and its synthetic
lipophilic antioxidant derivative, ascorbyl palmitate (see Fig. 1
for structures), on the induction by TPA of epidermal ornithine
decarboxylase activity, DNA synthesis, and tumor promotion.
Several compounds with structural features similar to ascorbyl
palmitate have also been evaluated for their effect on tumor
promotion and/or certain biochemical parameters associated
with tumor promotion in mouse skin. In addition, we have
examined the effect of topical application of TPA on the
concentration of ascorbic acid in mouse epidermis.

MATERIALS AND METHODS

Materials. TPA was purchased from CRC, Inc., Chanhassen, MN,
and iÂ«-l,2-didecanoylglycerol was purchased from Avanti Polar Lipids,
Birmingham, AL. [l4C]Ornithine and [3H]thymidine were purchased
from Amersham Corp., Arlington Heights, IL. Pyrex 9-well glass
plates, glass cover plates, and GF/A filters were purchased from Ace
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Fig. 1. Structures of ascorbic acid, ascorbyl palmitate, dehydroascorbyl pal-
mitate, and isoascorbyl palmitate.

Scientific, East Brunswick, NJ. Ascorbyl palmitate was purchased from
ICN Biochemicals, Irvine, CA. Ascorbic acid was manufactured by
Hoffmann-La Roche Inc. and dehydroascorbyl palmitate was prepared
by O: oxidation of ascorbyl palmitate in the presence of active charcoal
as catalyst (22). Isoascorbyl palmitate was obtained by the classical
siilfuric acid esterification (23). Structures of these compounds are
given in Fig. 1. Sorbii an monopalmitate (mixture of 9:1 palmitic and
stearic acid esters; Span 40), palmitic acid, palmitic acid ethyl ester and
ornithine were purchased from Sigma Chemical Company, St. Louis,
MO. Aquasol was purchased from New England Nuclear Research
Products, Boston, MA, and acetone was purchased from Burdick and
The Jackson Labs, Muskegon, MI.

Animals. Female CD-I mice, 7 weeks old, were purchased from
Charles River Kingston, Stone Ridge, NY, and kept in our animal
facility at least 1 week before use. Mice were fed a Purina Lab Chow
5001 diet mi libitum (Ralston-Purina Co., St. Louis, MO) and kept on
a 12-h light-dark cycle. Mice were provided drinking water ad libitum.
The dorsal region of each mouse was shaved with electric clippers at
least 2 days before treatment with TPA or DMBA. Only mice that did
not show signs of hair regrowth were used. All compounds (in 200 Â«Â¿1
of acetone, acetone/methanol [1:1], or dimethyl sulfoxide:acetone
[1:9]) were applied to the dorsal shaved area of mice (8-9 weeks old).

Ornithine Decarboxylase Assay and Preparation of Epidermal IIÂ«-
mogenates. In most studies, mice were treated topically with 200 Â«1of
acetone, with TPA in acetone or with the test compound and TPA in
acetone. In experiments with ascorbic acid, mice were treated with 200
ii\ of acetone/methanol (1:1), with TPA in acetone/methanol or with
the test compound and TPA in acetone/methanol. Five h after treat
ment, the mice were sacrificed by cervical dislocation, and the dorsal
area of the skin was removed. In order to remove the epidermis from
the dermis, the skins were plunged into a S8Â°Cwater bath for 30 s, and

then the skins were immediately submerged in an ice water bath as
described by Slaga et al. (24). The epidermis was removed from the
dermis by gentle scraping and placed in 1 ml of 50 DIMpotassium
phosphate, pH 7.7, buffer containing 2 mM dithiothreitol and 0.1 TDM
EDTA. The epidermis was homogenized on ice for 30 s using a Tekmar
polytron tissumizer at full setting. The epidermal homogenate was
centrifuged at 11,000 x g for 30 min at 4 ( and the supernatant
fraction was removed and generally stored overnight at â€”20Â°C.Orni

thine decarboxylase activity was determined as previously described
(25). Protein was determined by the Lowry method using bovine serum
albumin as the standard (26).

Quantitation of Epidermal DNA Synthesis. In most studies, eight
mice per group were treated topically with 200 Â¡Aof acetone, TPA in
acetone or the test compound, and TPA in acetone. In the experiments
with ascorbic acid, acetone/methanol (1:1) was the solvent. At 18 h
after treatment, 20 .Â«1of [3H]thymidine solution (5 Ci/mmol: 0.5 mCi/

ml) was injected i.p. into each mouse, and 40 min later the mice were
sacrificed by cervical dislocation. The isolation of epidermal DNA and
the determination of the incorporation of [3H]thymidine into DNA was

done as previously described (25).
Determination of Epidermal Ascorbic Acid. Mice were treated topi

cally (dorsal surface) with 200 n\ of acetone or with 5 or 16 nmol TPA
in 200 ti\ acetone, and the mice were killed at various times after
application of solvent or TPA. The treated area of skin was removed,
and the epidermis was separated from the dermis by the heat shock
method as described above. The epidermis was homogenized for 30 s
using a Tekmar polytron tissumizer at full setting. The epidermal
homogenate was filtered through cheesecloth, and the epidermal ascor
bic acid was measured by the method of Zannoni et al. (27).

Tumor Study. The dorsal region of the female CD-I mice, 7 weeks
old, was shaved with electric clippers. One week later these mice (30
mice/group) were treated topically with 200 nmol DMBA in 200 Â»<lof
acetone, and control mice received 200 Â»<!of acetone alone. After 1
week, mice were treated topically with 200 ^1 of acetone, 5 nmol TPA,
or 5 nmol TPA applied simultaneously with ascorbyl palmitate, pal
mitic acid, or sorbitan monopalmitate in 200 n\ of acetone twice weekly
for 20 weeks. In another tumor study designed to evaluate the effect of
ascorbic acid on TPA-induced tumor formation, acetone/methanol
(1:1) was used as the solvent because ascorbic acid, at the doses
examined, was not completely soluble in acetone. The experiment was
conducted as above except that acetone/methanol (1:1) was used as the
solvent and a dose of 2 nmol of TPA was used. Tumors were counted
once every 2 weeks and results are expressed as the average number of
tumors/mouse and percentage of tumor-bearing mice. Control mice
that were initiated with 200 nmol DMBA and treated with either 28
(jiiiul ascorbic acid, 4 /Â¿molascorbyl palmitate, 4 Â¿<molsorbitan mono
palmitate, 4 Â¿tmolpalmitic acid, or acetone for 20-21 weeks did not
develop tumors. Likewise, mice treated with acetone alone in place of
DMBA and then treated twice weekly with 2 or 5 nmol TPA for 20-
21 weeks did not develop tumors.

RESULTS

Effect of Topical Application of TPA on the Concentration of
Ascorbic Acid in the Epidermis. The topical application of TPA
to mouse skin resulted in a decrease in the endogenous level of
ascorbic acid in the epidermis. As shown in Fig. 2, the appli
cation of 16 nmol of TPA to mouse skin decreased the amount
of ascorbic acid per mg protein by 20-30% at 1-3 h after its
application and by 45-50% at 5-10 h. The level of epidermal
ascorbic acid returned to control values by 18 h. A 45% decrease
in the level of ascorbic acid in the epidermis was also observed

100
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O 2 4 6 8 10 13 14 16 18
HOURS AFTER TPA TREATMENT

Fig. 2. Effect of topical application of TPA on the concentration of ascorbic
acid in mouse epidermis. TPA (16 nmol) in 200 n\ acetone was applied to mouse
skin. Control mice received acetone alone. The mice were killed at various times
after the application of TPA, and the epidermis was removed. Epidermal ascorbic
acid was quantitated as described in "Materials and Methods." The average

concentration of ascorbic acid in the epidermis of acetone treated mice was 4.99
â€¢0.29 nmol of ascorbic acid per mg epidermal protein. Values, mean Â±SE from
five mice.

6634

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/24_Part_1/6633/2958578/cr04724p16633.pdf by guest on 19 M

ay 2023
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at 5 h after the topical application of 5 nmol of TPA to mouse
skin (data not shown).

Effects of Ascorbic Acid on TPA Induction of Epidermal
Ornithine Decarboxylase Activity, DNA Synthesis, and Tumor
Formation. The effects of topically applied ascorbic acid on
TPA-induced ornithine decarboxylase activity, DNA synthesis,
and tumor formation in mouse epidermis were examined. As
shown in Table 1, the topical application of 28 Â¿/molascorbic
acid simultaneously with 2 nmol TPA inhibited TPA-induced
epidermal ornithine decarboxylase activity by 35%, but lower
doses of ascorbic acid had no inhibitory effect. The data in
Table 2 suggests that the topical application of low doses of
ascorbic acid (1.5-5.6 ÃÂ¿mol)may enhance the TPA-dependent
stimulation of thymidine incorporation into DNA whereas a
higher dose of ascorbic acid (28 Â¿tmol)had no effect on the
TPA-dependent stimulation of epidermal DNA synthesis. As
shown in Fig. 3, the application of 6 or 28 //mol ascorbic acid
simultaneously with 2 nmol TPA twice weekly for 21 weeks to
mice previously initiated with DMBA resulted in a 39 and 76%
decrease, respectively, in the average number of tumors per
mouse, and the numbers of tumor-bearing mice were decreased
by 3 and 86%, respectively, after 21 weeks of promotion. These
results indicate that large topical doses of ascorbic acid can
inhibit TPA-induced tumor promotion on mouse skin. Ascorbic

Table I Effect of ascorbic acid and ascorbyl palmitate on the induction of
ornithine decarboxylase activity in mouse epidermis by TPA and sn-1,2-

didecanoylglycerol
For experiment I, TPA (2 nmol) was applied with various doses of ascorbic

acid in 200 (.l acelone/methanol (1:1). For experiments 2 and 3, TPA (2 nmol)
or Â»i-I,2-didecanoylglycerol (2.6 i/mol ) was applied alone or simultaneously with
various doses of ascorbyl palmitate topically in 200 ul of acetone. Mice were
sacrificed 5 h later, the epidermis was removed, and ornithine decarboxylase
activity was determined. Data for experiments 1 and 2 are expressed as the mean
Â±SE of at least six mice assayed in duplicate. Data for experiment 3 are expressed
as the mean â€¢SE of three mice assayed in triplicate.

% Inhibition of
TPA-induced

Ornithine decarboxylase ornithine
(pmol "COi released/ decarboxylase

Experiment Treatment mg protein/h) activity

1 Acetone/methanol 28 Â±12
TPA (2 nmol) 1215 Â±195
TPA (2 nmol) + ascorbic 1428 Â±298

acid (4 i/Â»mlI
TPA (2 nmol) + ascorbic 1125 Â±318

acid ( id liiinil)
TPA (2 nmol) + ascorbic 799 Â±127Â°

acid (28 pmol)

2 Acetone 20 Â±12
TPA (2 nmol) 1411 Â±92
TPA (2 nmol) + ascor- 1247 Â±212

byl palmitate (0.03
pinol)

TPA (2 nmol) + ascor- 1109 Â±102
byl palmitate (0.16
pmol)

TPA (2 nmol) + ascor- 737 Â±120Â°

byl palmitate (0.80
pmol)

TPA (2 nmol) + ascor- 350 Â±37Â°

byl palmitate (4.0
pmol)

Ascorbyl palmitate (4.0 15 Â±11
pmol)

3 Acetone 46 Â±3
Ã®n-l,2-Didecanoylgly- 983 Â±117

cero! (2.6 Â«muÃ)
;n-l,2-Didecanoylgly- 589 Â±156Â°

cerol (2.6 pmol) + as
corbyl palmitate (4.0
pmol)

8

35

12

22

48

76

42

Table 2 Effect of various topical doses of ascorbic acid and ascorbyl palmitate on
TPA-induced DNA synthesis in mouse epidermis

TPA (2 nmol) was applied with or without ascorbyl palmitate in 200 pi of
acetone. Controls received acetone alone. Ascorbic acid with TPA or TPA alone
was applied in 200 pi of acetone/methanol (1:1). Controls received acetone/
methanol alone. Eighteen h after application of the various compounds, the mice
were injected with [3H]thymidine. Forty min later the mice were sacrificed, the

epidermis was removed, and radioactivity in epidermal DNA was determined.
Data, mean Â±SE. Numbers in parentheses in the second column, number of mice
used. Data from the mice receiving the acetone/methanol solvent were normalized
to the data acquired from the mice treated with the acetone solvent.

TreatmentSolvent

controlTPA
(2nmol)TPA
(2 nmol) +ascorbicacid

(1.5pmol)TPA
(2 nmol) +ascorbicacid

(5.6pmol)TPA
(2 nmol) +ascorbicacid

(28pmol)TPA
(2 nmol) +ascorbylpalmitate

(0.075pmol)TPA
(2 nmol) +ascorbylpalmitate

(0.15pmol)TPA
(2 nmol) +ascorbylpalmitate

(0.30pmol)TPA
(2 nmol) +ascorbylpalmitate

(0.75pmol)TPA
(2 nmol) -I-ascorbylpalmitate

(1.5pmol)TPA
(2 nmol) +ascorbylpalmitale

(4.0 pmol)[3H]Thymidine

in

corporation into % Inhibition of
DNA (dpm/Mg TPA-induced DNA

DNA)synthesis24.2

Â±1.3(44)89.6
Â±4.9(44)103.7
Â±24.2(8)1

20.4 Â±13.6(8)'89.3

Â±10. 1(8)79.2

Â±9.3(12)67.6

Â±6.1(12)Â°67.7

Â±5.0(16)Â°59.8

Â±5.3(20)Â°54.0

Â±4.3(35)"49.5

Â±4.0 (16)Â°163434465461

" Statistically different (/' < 0.05) from TPA alone as determined by Student's

r test.

TPA(Znmol)

TPA(2nmol>+
AA (6/imol)

Â°Statistically different (/>< 0.05) from TPA alone or in-1,2-didecanoylglyceroI
alone as determined by Student's t test.

8 10 12 14 16 18 20 68 10 12 14 16 18 20 22

WEEKS OF TPA APPLICATION
Fig. 3. Effect of ascorbic acid (AA) on TPA-induced tumor promotion in

mouse skin, presented as tumors per mouse I I ) and percent of mice with tumors
(B). Mice were initiated with DMBA as described in "Materials and Methods."

One week later TPA (2 nmol) was applied topically in 200 pi of acetone:methanol
(1:1) with or without ascorbic acid twice weekly for 21 weeks.

acid is a water-soluble, polar molecule, that may not be effi
ciently absorbed into epidermal cells after topical administra
tion, and this may account for the large dose of ascorbic acid
that is required to inhibit tumor promotion and the biochemical
events associated with it. Because of this possibility, we have
studied ascorbyl palmitate, a synthetic lipophilic derivative of
ascorbic acid.

Effects of Ascorbyl Palmitate and Some Structurally Related
Compounds on TPA Induction of Epidermal Ornithine Decar
boxylase Activity, DNA Synthesis, and Tumor Formation. As
corbyl palmitate markedly inhibited TPA-induced ornithine
decarboxylase activity (Table 1, experiment 2). Topical appli
cation of only 0.80 /Â¿molascorbyl palmitate simultaneously
with 2 nmol of TPA inhibited TPA-induced ornithine decar
boxylase activity by 48% compared to 35% inhibition in the
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INHIBITION OF TPA-INDUCED TUMOR PROMOTION

TPA-induction of ornithine decarboxylase activity after a 28
/Â¿moldose of ascorbic acid. As shown in Table 2, ascorbyl
palmitate is also an effective inhibitor of TPA-induced epider
mal DNA synthesis. The topical application of only 0.15 nmol
ascorbyl palmitate simultaneously with 2 nmol TPA inhibited
TPA-induced DNA synthesis by 34% compared to the lack of
an inhibitory effect of a 1.5 to 28 /Â¿moltopical dose of ascorbic
acid. These results indicate that ascorbyl palmitate is at least
30-fold more effective than ascorbic acid as an inhibitor of some
of the biochemical parameters associated with tumor promotion
in mouse skin. Topical application of certain diacylglycerols
can mimic the effect of TPA in mouse skin with regard to the
induction of ornithine decarboxylase activity and DNA synthe
sis (25). As shown in Table 1 (experiment 3), ascorbyl palmitate
(4 /(indi) inhibited s/i-l,2-didecanoylglycerol-induced ornithine
decarboxylase activity by 42%.

The effect of ascorbyl palmitate on TPA-induced tumor
promotion was also evaluated. Topical application of 0.8 or 4
nmol ascorbyl palmitate simultaneously with 5 nmol of TPA
twice weekly to the dorsal shaven region of DMBA-initiated
CD-I mice for 20 weeks markedly inhibited the average number
of tumors per mouse as well as the percentage of tumor-bearing
mice (Fig. 4, A and H). As shown in Fig. 4, topical application
of 0.16,0.8, and 4 /imoI ascorbyl palmitate simultaneously with
5 nmol TPA inhibited the average number of tumors per mouse
at 20 weeks by 16, 46, or 91%, respectively, and the percentage
of tumor-bearing mice was decreased by 5, 18, or 76%, respec
tively. In another similar tumor study with DMBA-initiated
mice, 4 /Â»molascorbyl palmitate was applied topically l h before

5 nmol TPA, twice weekly for 20 weeks. At this time, ascorbyl
palmitate treatment had decreased the average number of tu
mors per mouse by greater than 90% (data not shown). The
effects of ascorbyl palmitate and ascorbic acid on TPA-induced
tumor formation are compared in Fig. 4, C and D. Ascorbyl
palmitate (0.8 Â¿iinol)inhibited the average number of TPA-
induced tumors per mouse by 46% while the same dose of
ascorbic acid had no inhibitory effect. These results demonstrate
that ascorbyl palmitate is a much more potent inhibitor of
TPA-induced tumor promotion on mouse skin than ascorbic
acid. In order to better understand the structural properties of
ascorbyl palmitate that are responsible for its biological effects,
we studied the effects of some structurally related compounds
on the TPA-dependent induction of epidermal ornithine decar
boxylase activity.

Although the application of 4 /jmol ascorbyl palmitate to
mouse skin markedly inhibited the induction of ornithine de
carboxylase activity and DNA synthesis by 2 nmol of TPA,
little or no inhibitory effect was observed after the topical
application of up to 10 //mol of ascorbic acid (Tables 1 and 2)
or up to 4 /Â¿molof palmitic acid (Tables 3 and 4). Interestingly,
the topical application of 4 ^mol of dehydroascorbyl palmitate,
isoascorbyl palmitate, or sorbitan monopalmitate (amphipathic
substances that resemble ascorbyl palmitate by possessing a
polar sugar and a hydrophobic fatty acid ester) markedly inhib
ited the induction of ornithine decarboxylase activity by 2 nmol
of TPA (Table 3). However, studies with palmitic acid ethyl
ester indicated that the topical application of 4 //mol of this
compound together with 5 nmol of TPA resulted in a 140%

100 -

6 10 14 18 22 10 14 18 22

y/-

pF. - H.

6 10 14 18 22 10 14 18 22

WEEKS OF TPA APPLICATION

Fig. 4. Effect of ascorbyl palmitate ( l/'i. ascorbic acid III), sorbitan monopalmitate |.S/'). and palmitic acid (PA) on TPA-induced tumor promotion in mouse
skin. Mice were initiated with DMBA as described in the "Materials and Methods" section. One week later the mice were treated topically with S nmol of TPA alone
or together with one of the following: AP, AA, SP, or PA in 200 /il of acetone. A and B, dose-response data with AP; C and D, comparison of the effects of AA and
AP; E and F, dose-response data with SP; G and H, a comparison of the effects of AP, SP, and PA.
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INHIBITION OF TPA-INDUCED TUMOR PROMOTION

Table 3 Effect ofascorbyl palmitate and related substances on TPA-induced
ornithine decarboxylase activity in mouse epidermis

TPA (2 nniiil ) was applied alone or simultaneously with test compound in 200
ill of acetone. The mice were sacrificed 5 h later, the epidermis was removed, and
ornithine decarboxylase activity was determined. Data, mean Â±SE of at least six
mice assayed in duplicate.

Ornithine decarboxylase % Inhibition of TP A-
(pmol I4CO2 released/ induced ornithine de-

Treatment mg protein/h) carboxylaseactivityAcetone

TPA (2 nmol)
TPA (2 nmol) + ascorbyl

palmitate (4 nmol)
TPA (2 nmol) + dehy

droascorbyl palmitate (442

Â±6970
Â±122

326 Â±86Â°443

Â±116Â°69 57

431 Â±39Â°

651 Â±76Â°

1147Â± 192

111 Â±43Â°

58

34

93

TPA (2 nmol) + isoascor-
byl palmitate (4 pmol)

TPA (2 nmol) + sorbitan
monopalmitate (4 pmol)

TPA (2 nmol) + palmitic
acid (4 pmol)

TPA (2 nmol) + trans-reti-
noic acid (2 nmol)
' Statistically different (P < 0.05) from TPA alone as determined by Student's

t test.

Table 4 Comparison of the effect ofascorbyl palmitate, sorbitan monopalmitate,
palmitic acid ethyl ester, and palmitic acid on TPA-induced DNA synthesis in

mouse epidermis
TPA (2 nmol) was applied with or without test compound in 200 pi of acetone.Controls received acetone alone. Eighteen h later the mice were injected with | ''111

thymidine. Forty min later the mice were sacrificed, the epidermis was removed,
and radioactivity in epidermal DNA was determined. Data, mean Â±SE. Numbers
in parentheses in the second column, number of mice used.

TreatmentAcetoneTPA

(2nmol)TPA
(2 nmol) + ascorbyl pal

mitate (1.5nniiil)TPA
(2 nmol) +sorbitanmonopalmitate

(1.5 mmillTPA
(2 nmol) + palmiticacidethyl

ester (1.5pmol)TPA
(2 nmol) + palmiticacid(1.5

pmol)TPA
(2 nmol) t palmiticacid(4.0

pmol)('H)Thymidine

in

corporationintoDNA
(dpm/pgDNA)24.2

Â±1.3(44)89.6
Â±4.9(44)54.0
Â±4.3(35)Â°61.6

Â±6.8(8)"69.9

Â±7.3(16)Â°91.6

Â±6.0(8)81.0

Â±5.8(8)%

InhibitionofTPA-inducedDNA

synthesis54433013

" Statistically different (P < 0.05) from TPA alone as determined by Student's

t test.

comparison of the effects of an equimolar 4 ^mol dose of
stimulation in the TPA-dependent induction of ornithine de
carboxylase activity (data not shown).

More detailed studies with sorbitan monopalmitate revealed
that this substance inhibited TPA-induced DNA synthesis and
tumor promotion on mouse skin (Table 4 and Fig. 4). Twice
weekly topical application of various doses of sorbitan mono
palmitate simultaneously with 5 nmol of TPA to DMBA-
initiated mice inhibited tumor formation, and at the highest
dose of sorbitan monopalmitate examined (4 pmo\), the average
number of tumors per mouse was decreased by 74% and the
percentage of tumor-bearing mice was decreased by 39% (Fig.
4, E and F). Sorbitan monopalmitate was not as effective as
ascorbyl palmitate at inhibiting tumor promotion by TPA.

Although palmitic acid was not an effective inhibitor of the
induction by TPA of ornithine decarboxylase or DNA synthesis
(Tables 3 and 4), this compound did inhibit the tumor-promot
ing effect of TPA (Fig. 4, G and H). Twice weekly topical
application of palmitic acid (4 //mol) along with 5 nmol TPA
inhibited the average number of tumors per mouse by 53%, and
the percentage of tumor-bearing mice was inhibited by 32%. A

ascorbyl palmitate, sorbitan monopalmitate, and palmitic acid
on tumor promotion induced by 5 nmol TPA is also shown in
Fig. 4, G and H. Ascorbyl palmitate was the most effective
inhibitor of tumor promotion followed by sorbitan monopal
mitate, palmitic acid and ascorbic acid (Figs. 3 and 4).

DISCUSSION

The results of the present study demonstrate that epidermal
ascorbic acid per mg protein is decreased by the application of
TPA to mouse skin and that simultaneous application of large
doses of ascorbic acid along with TPA can inhibit tumor pro
motion on mouse skin. Application of TPA to mouse skin is
thought to increase the production of active oxygen (5-7), and
this effect may result in the depletion of epidermal ascorbic
acid that is described in Fig. 2. In addition, earlier studies have
shown that application of TPA to mouse skin increases protein
synthesis so that a portion of the decrease in the amount of
ascorbate per mg protein may be caused by an increased amount
of epidermal protein. Ascorbic acid is an important biological
antioxidant, and it has been suggested that ascorbic acid is a
principal chemical defense against Superoxide aniÃ³n(16). It has
also been postulated that the generation of reactive oxygen
species such as Superoxide aniÃ³n may be involved in TPA-
induced tumor promotion on mouse skin (5-7). Our results
suggest that epidermal ascorbic acid may play a role in pre
venting TPA-induced tumor promotion. Other studies have
indicated that ascorbic acid is depleted during inflammation,
but the relationship (if any) between inflammation, tumor pro
motion, and ascorbic acid is not known. Although the mecha
nism of the inhibition of TPA-induced tumor promotion on
mouse skin by ascorbic acid is not known, it may be related to
the antioxidant activity of ascorbic acid or to its reported ability
to inhibit the binding of TPA to its receptor (28).

We found that very large doses of ascorbic acid were required
to inhibit TPA-induced tumor promotion, and we studied the
ability of ascorbyl palmitate to act as an antipromoter since it
is lipophilic and possesses antioxidant activity. The results of
these experiments demonstrate that ascorbyl palmitate is a
much more effective inhibitor of TPA-induced ornithine decar
boxylase induction, epidermal DNA synthesis, and tumor pro
motion than ascorbic acid. Ascorbyl palmitate retains the an
tioxidant activity associated with ascorbic acid, but unlike as
corbic acid, is an amphipathic molecule due to its polar ascorbic
acid head and long hydrophobic palmitic acid side chain. We
found that other amphipathic substances related to ascorbyl
palmitate, such as sorbitan monopalmitate, isoascorbyl palmi
tate, and dehydroascorbyl palmitate, also inhibit tumor pro
motion and/or biochemical parameters associated with tumor
promotion, and palmitic acid is also active. Since sorbitan
monopalmitate, palmitic acid, and dehydroascorbyl palmitate
do not have antioxidant activity, the results suggest that the
antioxidant activity of ascorbyl palmitate may not be necessary
for its antipromoter activity.

Protein kinase C activity and the receptor for TPA copurify,
and protein kinase C activity is stimulated by TPA in vitro (29).
It has been suggested that the activation of protein kinase C by
tumor promoters is a critical event in tumor promotion (30,
31). In the membrane, protein kinase C forms a catalytically
active complex with phospholipids and Ca2+, and the addition

of TPA stimulates protein kinase C activity (30, 31). Local
anesthetics and other phospholipid interacting compounds such
as chlorpromazine have been shown to inhibit this complex
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formation (32). Several phospholipid-interacting compounds
are capable of inhibiting the binding of TPA to its receptor and
also the subsequent activation of protein kinase C (32). These
inhibitors of TPA binding are thought to cause inhibitory effects
through perturbation of the membrane ultrastructure. Likewise,
the compounds examined in the present study may be inhibiting
tumor promotion by their interaction with and perturbation of
the cell membrane which could disrupt the formation of a
analytically active protein kinase C complex. Preliminary re
sults indicate that ascorbyl palmitate is an inhibitor of I l'A
stimulated protein kinase C activity.5 s/i-l,2-Diacylglycerols

have been shown to activate protein kinase C activity in an
analogous fashion to TPA (33) and also to mimic the effects of
TPA on the biochemical parameters associated with tumor
promotion in mouse skin in vivo (25). Additional studies have
shown that ascorbyl pa Imitale can inhibit s/i-1,2-diacylglycerol-
induced ornithine decarboxylase activity in mouse skin (Table
1).

In summary, the results presented in this study demonstrate
that topical application of TPA produces a decrease in the level
of ascorbic acid in the epidermis and that large topical doses of
ascorbic acid can inhibit TPA-induced tumor promotion in
mouse skin. We found that ascorbyl palmitate, a synthetic
lipophilic derivative of ascorbic acid, is much more potent than
ascorbic acid as an inhibitor of tumor promotion by TPA. The
inhibitory effects of ascorbyl palmitate on the TPA-dependent
induction of ornithine decarboxylase activity, DNA synthesis
and/or tumor promotion may be unrelated to the antioxidant
activity of ascorbyl paimitate.
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