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Phytol Is a Novel Tumor Promoter on ICR Mouse Skin
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Phytol is a branched, long-chain aliphatic alcohol which has various biological effects. In this
study, we examined phytol as a tumor promoter in a mouse skin initiation-promotion model, and
compared its promotion activity with that of 12-O-tetradecanoyl phorbol-13-acetate (TPA). Female
ICR mice, 7 weeks of age, were initiated with 100 µµµµg of 7,12-dimethylbenz(a)anthracene, and were
then topically promoted twice a week for 16 weeks with 100 mg of phytol or with 2.5 µµµµg of TPA.
In this model 95% of animals treated with phytol developed skin tumors within 16 weeks. The
average number of lesions per mouse treated with phytol was significantly lower than that in mice
treated with TPA, and this significant difference continued up to 16 weeks after the end of promo-
tion treatment. Characterization of hyperplasia 48 h after topical application of agents showed
that epidermal thickness and vertical thickness following topical application of phytol were signifi-
cantly increased compared with vehicle controls, but were significantly smaller than in animals
treated with TPA. Ornithine decarboxylase (ODC) activity following topical application of phytol
was increased in a dose-dependent manner and showed a weak, delayed induction (which was
maximal 11–12 h after treatment) as compared with the case of TPA. The specific binding of
[3H]phorbol-12,13-dibutyrate (PDBU) by JB6 cells was not inhibited by phytol at concentrations
up to 1 mM. These results indicate that phytol has a weak tumor promoter activity compared to
TPA and is a non-TPA-type tumor promoter in this model of mouse skin carcinogenesis.
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Mouse skin tumorigenesis can be divided into distinct
stages of tumor initiation and promotion. According to
carcinogenesis experiments, tumor development on mouse
skin can be provoked by topical application of an initiator,
such as the polycyclic aromatic hydrocarbon 7,12-dimeth-
ylbenz(a)anthracene (DMBA), followed by repeated treat-
ment with a tumor promoter.1, 2) Our current understanding
of responses to skin tumor promoters has been derived
primarily from studies with 12-O-tetradecanoylphorbol-
13-acetate (TPA), which affects basal cells but not differ-
entiating cells in mouse epidermis.3) While TPA is the
strongest and most widely studied skin tumor promoter,
other chemical compounds are known to possess tumor-
promoting properties in mouse skin. There have been
many reports which have described TPA-type promoters,
such as Roussin red methyl ester,4) and teleocidin,5) and
non-TPA-type promoters, such as okadaic acid,6) thapsi-
gargin,7, 8) and mirex.9)

Phytol (3,7,11,15-tetramethyl-2-hexadecen-1-ol), the
fatty acid side chain of tocopherol, is a branched, long-
chain aliphatic alcohol contained in large quantities in
plants and is a component of chlorophyll. In recent exten-

sive studies, various cellular and biological effects of phy-
tol have been demonstrated, such as its action as an
agonist in hypoxia,10) peroxisome proliferation in skin
sebaceous glands11) and in liver,12) anti-inflammatory
effects,13) antispasmodic activity,14) inhibition of efflux of
creatine kinase,15) and reduction of the duration of pento-
barbital-induced sleep.16) Clinically, phytanic acid, which
is a derivative of phytol, is associated with Refsum’s dis-
ease and a phytol-free diet can prevent the progression of
that disease.17, 18) However, thus far, there have been no
reports describing the tumor-promoting activity of phytol.

While studying the mechanism of hair growth and
seeking agents which possess a hair growth-promoting
effect, we noticed the epidermal proliferative and hair
growth-promoting activity of phytol in the mouse. In the
present study, therefore, we have examined the carcinogen-
icity of phytol using a two-stage carcinogenesis protocol
and have assayed the activity of ornithine decarboxylase
(ODC), a rate-limiting enzyme in the biosynthesis of
polyamines related to cell growth, transformation and dif-
ferentiation. In addition, we have studied whether or not
phytol is a TPA-type promoter using a [3H]phorbol-12,13-
dibutyrate (PDBU) binding assay. We show for the first
time the tumor-promoting activity of phytol on ICR
mouse skin.
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MATERIALS AND METHODS

Subjects and chemicals  Female ICR mice were obtained
from Sankyo Labo Service Co. (Tokyo). Mice were
housed in an air-conditioned room (22–23°C) with a light
period of 6 AM to 6 PM. Food and water were available
ad libitum. All mice were 7 weeks of age when the study
started. RT101 cell line, which was derived from the
BALB/c mouse epidermal JB6 cell, was obtained from
American Type Culture Collection (Manassas, Virginia).
DMBA, TPA, pyridoxal phosphate, dithiothreitol and L-
ornithine hydrochloride were purchased from Wako Pure
Chemical Inc. (Osaka). Phytol (shown in Fig. 1) was
obtained from Tokyo Kasei Co. (Tokyo). Phorbol-12,13-
dibutyrate was purchased from Sigma-Aldrich Japan
(Tokyo). DL-[1-14C]ornithine hydrochloride (50–62 mCi/
mmol, 50 µCi/ml) and PDBU (10–20 Ci/mmol, 250 µCi/
ml) were obtained from Amersham Life Science (Tokyo).
All chemicals were of the highest purity commercially
available.
Two-stage carcinogenesis protocol for mouse skin  Pan-
els of mice were subjected to a standard two-stage cutane-
ous chemical tumorigenesis protocol.19, 20) The backs of
the mice were clipped 3 days prior to the first treatment,
and then shaved as necessary for the duration of the
experiment. Mice were divided into five groups of 20
mice each for the initiation/promotion protocol (1:
DMBA + phytol, 2: DMBA + TPA, 3: acetone + TPA, 4:
acetone + phytol, 5: DMBA + ethanol). A single dose of
100 µg of DMBA was topically applied as an initiator in
groups 1, 2 and 5; acetone was used as a vehicle control
in groups 3 and 4. Phytol can not be dissolved in acetone,
and we dissolved TPA and phytol in ethanol. From the
results of preliminary experiments, topical application of
phytol dissolved in ethanol induced tumors in a dose-
dependent manner. A dose of 100 mg of phytol was sub-
sequently used in these experiments and was applied to
the shaved dorsal skin of mice in a volume of 0.2 ml
using a micropipet 1 week after initiation in groups 1 and
4. TPA (2.5 µg) dissolved in ethanol was similarly used as
a promoter in groups 2 and 3, while ethanol was used as a
promoter control in group 5. Promotion treatments were
given to all groups 2 days a week for 16 weeks. The
appearance of animals was recorded by macrophotogra-
phy once a week for 24 weeks after the end of promotion
treatment. We counted the number of tumors on treated

areas of the skin once every 4 or 8 weeks. Only tumors
which had a diameter of 1 mm or greater, and which per-
sisted for 2 weeks or longer, were recorded, as described
previously.21, 22) Thereafter, all mice were killed by cervi-
cal dislocation. Skin specimens were obtained from the
backs of mice, fixed in 10% formalin, and then embedded
in paraffin. Tissue slices 5 µm in thickness were prepared,
and after hematoxylin-eosin staining, light microscopic
observations were performed.
Hyperplasia study  For the study of hyperplasia, backs
of mice were carefully shaved at least 3 days prior to top-
ical application of agents and treated with 100 mg phytol
or 2.5 µg of TPA. Mice were killed 48 h later and their
skins were removed. For each section of skin, the thick-
ness of the epidermis from the basal layer to the stratum
corneum was measured at ten equidistant interfollicular
sites, and in addition, epidermal cell layers were also
counted.9, 23)

Determination of ODC  At appropriate times after topi-
cal application of 100 mg of phytol or 2.5 µg of TPA to
the dorsal skin of mice, the epidermis was separated from
the dermis by brief heat treatment, followed by scraping
with a razor blade.24) Epidermal tissues were then homog-
enized and sonicated. Insoluble material was removed by
centrifugation at 15,000g for 30 min and the supernatant
fraction was used for estimation of ODC activity. The
protein content of the supernatant was measured by using
a Bio-Rad Protein Assay kit with bovine serum albumin
as the standard, as described previously.25) Enzyme activ-
ity was determined by measuring the release of 14CO2

from DL-[1-14C]ornithine hydrochloride24, 26) with minor
modifications. Enzyme activity was expressed as nmoles
CO2/h/mg protein. Results of ODC activity are given as
mean values for 3 or 4 mice.
Inhibition of [3H]PDBU binding  Inhibition of [3H]-
PDBU binding was assayed by the method described
previously27, 28) with minor modifications. RT101 cells,
which are derived from mouse epidermal JB6 cell line
and are sensitive to promotion of transformation by phor-
bol esters,29, 30) were grown in 60 mm plastic culture
dishes containing Dulbecco’s modified Eagle’s medium
plus 10% fetal bovine serum. Subconfluent cultures (2 to
4×106 cells per dish) were washed 3 times with phos-
phate-buffered saline (PBS) and were preincubated in 2
ml of assay buffer containing bovine serum albumin at 1
mg/ml in PBS for 20 min at 37°C. Cultures were then
washed again with cold PBS once prior to the addition of
phytol (varied from 1 mM to 10 pM) and 10 nM
[3H]PDBU. Nonspecific binding was that observed in the
presence of a large excess (30 µM) of unlabelled PDBU.
After this addition, cells were usually incubated for 1 h at
4°C and were then rapidly washed 3 times with ice-cold
assay buffer. Cells were then solubilized for 30 min at
37°C in PBS containing 1% Triton X-100 and 0.25%

Fig. 1. Chemical structure of phytol. C20H39OH, MW 296.64.
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trypsin. Radioactivity was counted in 10 ml of ACSII
scintillation fluid, and results reported are averages for
three or four independent measurements.
Statistics  Statistical analysis was carried out using Stu-
dent’s t test. P values of 0.05 or less were considered sig-
nificant.

RESULTS

Two-stage carcinogenesis on mouse skin  The results are
summarized in Fig. 2. In the group treated with DMBA
followed by TPA, skin tumors began to appear at 5
weeks, and 100% of animals had developed skin tumors
within 13 weeks. In the group treated with DMBA fol-
lowed by phytol, tumors started to appear at 7 weeks, and
95% of animals had developed skin tumors within 16
weeks. In the group treated with acetone followed by
TPA, only 10% of animals developed skin tumors. In the
two other groups of mice treated with acetone followed
by phytol or treated with DMBA followed by ethanol,
none showed any tumors arising during the experimental
period.

The average number of lesions per mouse treated with
DMBA followed by TPA was significantly increased
compared with that in mice treated with DMBA followed
by phytol immediately after the end of promotion treat-
ment. This significant difference continued for the next 16
weeks of observation (Fig. 3). However, the average num-

ber of tumors in the group treated with DMBA followed
by TPA, was decreased at 24 weeks after the end of treat-
ment, whereas the average number in the group treated
with phytol was essentially the same throughout the
observation period. There was no difference in average
number of tumors per mouse in either group 24 weeks
after the end of the promotion treatment. None of the
mice treated with DMBA+phytol or acetone+phytol died
within 24 weeks during the experiment. So the dose of
phytol does not seem to be a toxic one to mouse skin.
Macroscopic findings  Well-demarcated papules or nod-
ules, about 2 to 10 mm in diameter, with rough skin sur-
faces were diffusely observed on areas treated with
DMBA followed by phytol and also on areas treated with
DMBA+TPA. There were also several large-sized tumors
with erosion or ulceration in their centers, which represent
about 5% of all tumors on areas treated with DMBA+
phytol.
Histological findings  In the group treated with DMBA
followed by phytol, acanthosis, hyperplasia and papilloma
of the epidermis were seen. Rete ridges were elongated,
and capillary dilatation and mononuclear cell infiltration
were observed in the dermis (Fig. 4A). The peripheral
layer of tumor cell nests showed a palisading arrange-
ment. In several areas, tumor cells which had proliferated
downward to the upper dermis showed some disorderly
arrangement and nuclei often appeared atypical and pleo-
morphic. On the other hand, tumors, which had ulcerated

Fig. 2. Tumor-promoting activities of phytol and TPA. Groups
were treated with DMBA and phytol ( ), with DMBA and
TPA ( ), with acetone and TPA ( ), with acetone and phytol
( ), or with DMBA and ethanol ( ). DMBA (100 µg) dis-
solved in 0.2 ml of acetone was topically applied once as an ini-
tiator and then 100 mg of phytol or 2.5 µg of TPA in 0.2 ml was
topically applied as promoter 2 days a week for 16 weeks. Ace-
tone and ethanol were used as controls of initiation and promo-
tion treatment, respectively.

Fig. 3. Average number of tumors per mouse after the end of
topical treatment. The average number of tumors per mouse
treated with phytol was significantly decreased compared to
those treated with TPA at 0, 4, 8, and 16 weeks after the end of
treatment. However, there was no significant difference in the
number of tumors in both groups at 24 weeks. ∗  P<0.05,
∗∗  P<0.01.  DMBA+phytol,  DMBA+TPA.
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macroscopically, showed tumor cells consisting of irregu-
lar masses of epidermal cells invading the dermis and
subcutis. Horn pearls were present in fairly large numbers
in tumor nest centers, in which many atypical nuclei and
mitotic figures were observed. The center of each nest
was occupied with eosinophilic or keratotic materials and
mononuclear cell infiltrates (Fig. 4B). Phytol and TPA
showed about the same potency for production of skin
papillomas and carcinomas.
Hyperplasia study  As shown in Table I, within 48 h of
TPA application, there was a significant increase in
parameters of mean epidermal thickness and mean vertical
thickness in terms of epidermal cell layers, when com-
pared with the skin of vehicle-treated animals. Within 48
h following application of phytol, there were significant
differences in parameters compared to vehicle- and TPA-
treated skin. Acute histological examination of skin that
had been treated with phytol showed inter- or intracellular
edema of the epidermis and dermis that was milder in
degree compared to skin treated with TPA.
ODC activity  Fig. 5 shows the time course of ODC
induction following topical application of phytol com-
pared with TPA. TPA treatment rapidly increased ODC
activity, which reached a peak about 5 h after application.
In contrast to ODC induction by TPA, phytol caused no
change for 5 h after treatment, then ODC activity slowly
increased, reaching a peak after 11 h which was lower
than that elicited by TPA; this level gradually returned to

Table I. Results of Hyperplasia Study (Epidermal Thickness
and Vertical Thickness According to Katiyar et al.23))

Treatmentsa) Epidermal 
thickness (µm)

Vertical thickness in terms 
of epidermal cell layers

Vehicle 20.8±0.7b) 1.8±0.2b)

Phytol 66.8±3.5c,d) 4.4±0.3c,e)

TPA 110.4±5.0c) 5.9±0.3c)

a) Animals were treated once with 0.2 ml of vehicle, 100 mg of
phytol in 0.2 ml of vehicle or 2.5 µg of TPA in 0.2 ml of vehi-
cle; 48 h after treatment mice were killed, and the skin was
used for estimation of hyperplasia.
b) Mean±SE of 10 individual values; 2 skin biopsies were
taken from each of 5 individual mice.
c) Significant vs. vehicle alone; P<0.005.
d) Significant vs. TPA; P<0.005.
e) Significant vs. TPA; P<0.01.

Fig. 4. Histological characteristics of tumors induced by topical
application of phytol. A, Epidermis shows hyperkeratosis, acan-
thosis and papillomatosis. Tumor cells proliferated downward
into the epidermis show a disorderly arrangement. Capillary
dilatation and lymphocytic infiltration are observed in the der-
mis. HE, ×90. B, Tumors, which consist of irregular masses of
epidermal cells, invade the dermis and subcutaneous tissue.
Tumor cells are atypical and pleomorphic. The center of the
tumor nest is occupied with eosinophilic materials. HE, ×180.

Fig. 5. Induction of ODC activity is shown in nmole CO2 per
mg protein per 1 h. The effect of a single topical application of
100 mg of phytol ( ) or 11 µg of TPA ( ) on the activities of
epidermal ODC. Mice were treated with either TPA or phytol in
0.2 ml of acetone and killed at the time indicated. The activity
of ODC was maximal about 11–12 h after the topical phytol
treatment.
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the control level by 18 h after treatment. The effect of
various doses of phytol on the enzyme activity is shown
in Fig. 6. The activity of ODC 11 h after topical applica-
tion was increased in a dose-dependent manner at concen-
trations up to 200 mg per mouse.
Inhibition of [3H]PDBU binding  [3H]PDBU binding to
mouse epidermal JB6 cells was not inhibited by phytol at
concentrations up to 1 mM. In contrast, TPA inhibited this
binding in a dose-dependent manner at concentrations
greater than 100 pM (Fig. 7).

DISCUSSION

Recently, various pharmacological effects of phytol
have been reported. In particular, α-tocopherol, which is
structurally related to phytol, has been shown to inhibit
smooth muscle cell proliferation31) and to suppress arachi-
donic acid metabolism.32) Moreover, Tomita33) showed that
phytol might contribute to the prevention of cancer by
augmenting immunological responses against tumor cells
in early stages of carcinogenesis. Thus, vitamin E and
related compounds have generally been regarded as inhib-
itors of cancer. In addition, Shimizu and Tomoo13) have
demonstrated an anti-inflammatory effect of phytol.

In the present study, we have for the first time demon-
strated that phytol is a potent tumor promoter for DMBA-
initiated mouse skin. There have been no previous reports
describing the tumor-promoting activity of phytol and fur-
ther, the chemical structure of phytol is not similar to

that of any other tumor promoter previously described,
although alkanes such as n-dodecane, which have some
structural similarity to phytol, have tumor-promoting
properties.34) It is of interest that Elmets et al.22) demon-
strated a significant difference in rates of cutaneous
tumorigenesis between different strains of mice and more-
over, biphasic effects on cell proliferation and growth
inhibition by tumor promoters, such as thapsigargin,35)

okadaic acid,36) and TPA,37) have been reported. Thus, it is
likely that differences in dose, administration route or
mouse strain influence tumorigenesis induced by phytol.

We found that 95% of animals treated with phytol
developed skin tumors, while 100% of animals treated
with TPA developed skin tumors. In addition, topical
application of phytol alone did not provoke any tumors.
Moreover, the average number of tumors per mouse
treated with phytol was significantly smaller than that
generated by TPA. Based on these data, we suggest that
phytol is a weaker tumor promoter than TPA, and pos-
sesses only promoting, not initiating, activity. Interest-
ingly, the average number of tumors generated by TPA
treatment decreased as time passed, whereas the average
number of tumors following phytol treatment was rela-
tively stable throughout the experiment. These results
indicate that tumor induction by TPA is reversible,
whereas that by phytol is not. The cause of this difference
is unknown, but it appears that the biological characteris-
tics of tumors induced by phytol are different from those
of tumors induced by TPA.

Many TPA- and non-TPA-type tumor promoters induce
epidermal hyperplasia and acute inflammatory reactions,

Fig. 6. Dose-response curve of ODC induction by phytol. ODC
was assayed 11 h after applying various amounts of phytol up to
200 mg per mouse. The activity of ODC increased in a dose-
dependent manner.

Fig. 7. Inhibition of [3H]PDBU binding to cultured mouse epi-
dermal JB6 cells. Specific binding of [3H]PDBU to cells without
the addition of phytol or TPA is taken as 100%. The specific
binding of [3H]PDBU is not inhibited by phytol at concentra-
tions up to 1 mM, whereas TPA inhibits this binding in a dose-
dependent manner.  phytol,  TPA.
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though such changes are strongest following application
of TPA itself.6, 9, 38, 39) As shown in our hyperplasia study,
phytol induces mild epidermal reactions (like other tumor
promoters) compared with those of TPA, even though the
concentration of phytol used topically was much higher
than that of TPA. These findings indicate that phytol is a
weaker promoter than TPA, as shown in the two-stage
carcinogenesis study, and has acute inflammatory effects
on both the epidermis and the dermis of mouse skin.

ODC is the first, and generally is regarded as the rate-
limiting, enzyme in the biosynthesis of various poly-
amines.40) Normal cell growth or proliferation seems to
depend on the maintenance of critical levels of polyamines.
Moreover, ODC and polyamines are induced in embryonic
tissues, regenerating liver and neoplastic tumors.41) As
clearly shown in our study, phytol maximally induces
ODC activity later (about 11–12 h) after treatment com-
pared with TPA. In general, TPA-type promoters, such
as TPA,23) and teleocidin,42) and non-TPA-type promoters,
such as okadaic acid,6) and calyculin A,43) rapidly induce
ODC activity within 4–6 h after a single topical applica-
tion. In contrast, several non-TPA-type tumor promoters
such as benzoyl peroxide,44) anthralin,45) and chrysarobin46)

show delayed induction with the peak of ODC activity
at 24, 48 and 56 h after treatment, respectively. The
cause of the delay in the induction of ODC by a single
topical application of such tumor promoters is unclear.
However, the peak of ODC activity shifts to earlier times
and resembles that of TPA after multiple topical treat-
ments.45–47) Furthermore, tumor promoters, including
phytol, might only affect basal cells but not differentiating
cells, as does TPA.3) Thus, delayed induction of ODC
by phytol may be closely related to delayed exposure of

basal cells, or alternatively, the signal transduction pathway
that phytol stimulates might take longer to operate than
that affected by TPA.

The results of the PDBU binding assay indicate that
phytol is a non-TPA-type promoter. The mechanisms of
action of TPA-type promoters are known to involve bind-
ing to phorbol ester receptors and down-regulation of pro-
tein kinase C.48, 49) On the other hand, the mechanisms of
action of several non-TPA-type tumor promoters are still
unclear. It is of interest that some non-TPA-type promot-
ers do not induce translocation of protein kinase C,9, 50–52)

while others activate protein kinase C.53, 54) It seems that
different pathways of signal transduction from membrane
to cytosol are affected by different non-TPA-type promot-
ers, and we are now further investigating the signal trans-
duction pathway modulated by phytol.

In conclusion, we have demonstrated for the first time
that phytol has a non-TPA-type tumor-promoting activity
in addition to its various physiological effects, such as
suppression of cell proliferation, induction of inflamma-
tion and spasmodic activity. Further studies on its mecha-
nism of action as a non-TPA-type promoter should yield
interesting results.
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