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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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