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SUMMARY. Xylitol is a widely studied sugar with therapeutic properties and is effective against microor-
ganisms. Despite a variety of toxicological data being available about this compound, dermal toxicological
tests cannot be found. Here, the aim was to carry out in vivo assays to verify xylitol skin application safety.
Primary dermal irritation studies were done with rabbits using 5 and 10% (w/w) xylitol, in either cream or
gel form. Phototoxicity assays were also performed with guinea pigs, using only 10% (w/w) xylitol, in both
forms. Primary dermal irritation studies revealed that xylitol topically used (5 and 10%) did not induce
erythema or edema formation, but did show phototoxicity properties. Xylitol is an adequate alternative
compound to be applied for skin disease control, since this application will be done together with sunscreen.

INTRODUCTION
Xylitol is a sugar-alcohol largely used as a

sweetener, due to its non- and anti-cariogenic
properties 1,2 and its metabolism is insulin inde-
pendent, which allows xylitol be used by dia-
betic patients 3. A variety of works can be found
reporting xylitol applied to treat otitis media 4-6

and increase bone density 7-10. Besides the more
widespread uses, xylitol is also indicated for pa-
tients deficient in glucose-6P-dehydrogenase en-
zyme 11, in parenteral nutrition 12, cystic fibrosis
13 and in immobilization of trauma 14. 

Concerning xylitol toxicity and tolerance, it
has been observed that individuals who used
this compound as their only sweetener for two
years did not present serious side effects 15. Xyl-
itol was granted Generally Regarded as Safe
(GRAS) status for use as a food additive by the
Food and Drug Administration (FDA). The me-
dian lethal dose (LD50) obtained from studies in
rats is 25.7 g /kg body weight. Acute toxicity as-
says performed on animals, in which xylitol was
administered orally, have indicated that this
compound showed very low toxicity. Further-
more, conventional teratogenicity and embry-
otoxicity tests, as well as the in vitro and in vivo
assays for mutagenicity and clastogenicity
demonstrated that xylitol presented very low
toxicity 16.

Data about xylitol dermal toxicity is not yet

available and there is a great potential for hu-
man skin exposure to this compound. This is an
important administration route to be studied, as
a potential microbicidal growth control property
was previously investigated by our group 17 and
others 18,19. The current study was conducted in
order to evaluate xylitol primary dermal irrita-
tion and phototoxicity. To achieve this, primary
irritation and phototoxicity assays were carried
out with two different bases (cream and gel)
and different xylitol concentrations (5 and 10%,
w/w).

MATERIAL AND METHODS
These procedures were conducted in accor-

dance with Ethical Principles in Animal Research
adopted by the Brazilian College of Animal Ex-
perimentation (COBEA) and were approved by
the Ethical Committee for Animal Research of
the Federal University of Juiz de Fora (Brazil).

Primary dermal irritation studies
Test material and animals

Xylitol (Fluka BioChemika, Switzerland) was
administered at 5 and 10% (w/ w) incorporated
in cream or gel through a 60% (w/w) mixture in
ultra-pure water. Three adult male and three
adult female New Zealand albino rabbits,
weighting between 1.5 and 2.5 kilograms, were
obtained from a local supplier (Fazenda Experi-
mental Professor Hélio Barbosa, UFMG) and
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were used for each experimental condition: 5%
xylitol in cream; 10% xylitol in cream; 5% xylitol
in gel and 10% xylitol in gel. The animals were
housed individually in cages in a temperature-
controlled (20–25 °C) and humidity-monitored
(45–65%) environment. The rabbits were provid-
ed continuous access to tap water and fed com-
mercial chow.

Procedure
Two approximately 6 cm2 test sites (one in-

tact and one abraded) were delineated on each
animal. Xylitol incorporated in cream or gel and
0.5 g of the test substance was placed on a 2
cm2 gauze pad. One pad was then applied to
each abraded and intact skin dosing site and
held in place for 4 h with non-allergenic, occlu-
sive tape. The patch was then removed, and the
degree of erythema and edema was evaluated
according to the Draize method 20 at approxi-
mately 1, 24, 48, and 72 h and so on each day,
until the 11th day after patch removal. Animals
weight was monitored at the beginning (1st

day), the middle (6th day) and the final (11th

day) of the experiments.

Phototoxicity assays
Test material and animals

Only 10% (w/w) xylitol, either in cream or
gel, was used. Male Durkin-Hartley albino
guinea pigs, weighting between 300 to 360 g,
were obtained from a local supplier (FIOCRUZ,
Brazil). The animals were housed individually in
stainless steel cages in temperature-controlled
(19–23 °C) and humidity-monitored (50-60%)
quarters. Test animals were provided continu-
ous access to tap water and commercial chow.
Four animals were used as test and as positive
control and two animals as a negative control,
for each formulation tested. The positive control
employed was 2 mg/g of 8-methoxypsoralen
(Sigma-Aldrich, United States of America), incor-
porated in cream or gel.

Procedure
The experiments were conducted according

to Brito 21, Pinto et al. 22 and Okumura et al. 23

with modifications. Each animal had four appli-
cation sites measuring 1.5 cm2 to which aliquots
(0.5 g/ site) of test/control substances were ap-
plied in duplicate (one aliquot on each side).
Chemical substances used were 10 % xylitol, 8 -
methoxypsoralen (8-MOP), which was used as a
positive control, and base only. After topical ap-
plication, the animals were placed into restrain-
ers to be exposed to UVA light. Sunscreen was

placed over the left back of each guinea pig for
protection against irradiation while the right
back was left uncovered to allow exposure to
UVA at a target dose of 200 J/cm2 during 15
min. The spectrum contained an emission peak
at 355 nm, using a 15 Watts UVA potency lamp
(Phillips, Denmark). The distance between the
guinea pig skin surface and the light source was
about 30 cm. After completion of the exposure
period, the sunscreen was removed. Test sites
were graded at approximately 1, 24, 48 and 72 h
after the initiation of the UVA exposure using a
Draize scoring system 20. The weight of animals
was observed at the beginning and end of the
experiments. 

Statistical analysis
Statistical analysis were performed only to

check if animal weight varied significantly dur-
ing the assays. Analysis of variance and Student-
t test for dependent samples were done for pri-
mary dermal irritation studies and phototoxicity
assays, respectively. For the toxicology assays,
the design of the experiments performed is such
that statistical analysis was not necessary using
the Draize evaluation. 

RESULTS AND DISCUSSION
Body weight

No statistically significant difference was ob-
served between the weights measured at the
three times (p = 0.769) in primary dermal irrita-
tion studies. A slightly lower mean body weight
relative to test and control animals (p = 0.021)
was observed from the first day of the experi-
ment until the end of the study.
Primary dermal irritation studies

Two sums were obtained for each formula-
tion tested: one concerning erythema (total A)
and the other edema (total B). Both values were
added, divided into four (erythema and edema
on abrased skin and not) and divided into ten
(number of days of application). If the result is
lower than 1, the formulation is considered not
irritative; if the score is between 1 and 2, it is
considered slightly irritative; if the score is be-
tween 2 and 3, it is considered mild to moder-
ately irritative and if the score is upper than 4,
the formulation is considered severely irritative.
In Table 1 the final values related to each situa-
tion can be observed.

With respect to the classification proposed
by Draize 20, all the tested formulations were
classified as not irritative. Thus, this result al-
lows xylitol to be used to treat skin diseases
with security. 
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In a retrospective study conducted by Dere-
lanko et al. 24 with 224 cases of dermal toxicity
studies using six rabbits per experimental
group, it was noted when reducing this number
to five or four that the agreement declined to a
little below 90 % and when three animals were
used, the agreement was close to 70 %. Thus,
the sample used in these trials (n = 6) is satisfac-
tory and allows a reliable result to be found. For
the same substance tested at different concentra-
tions, Craig et al. 25 studied the dermal acute
toxicity of oils extracted from Juniperus occiden-
talis and Chamaecyparis lawsoniana plants at
concentrations of 0.5, 5 and 50 % in albino New
Zealand rabbits and found absence of toxicity,
except for 50% J. occidentalis, in which case a
positive toxicity reaction was found. This result
illustrates the usefulness of testing a higher con-
centration than the therapeutic one, to ensure
the safety of the therapeutic dose. This situation
on those assays was also observed in the pre-
sent study.

Phototoxicity assays
To calculate the phototoxic index for each

animal, the sum obtained in the irradiated site
was subtracted from the sum obtained in the
non-irradiated site, for xylitol, 8-MOP and con-
trols (cream or gel).

The results presented in this study were ana-
lyzed according to the observations of Mercier 26

and Brito 21. According to Mercier 26, when the
difference in values obtained subtracting scores
for redness and swelling of an irradiated area
from that for the area not irradiated is not
greater than or equal to 2, the reaction is posi-
tive, or there was phototoxicity; where the value
is 0 or 1, the reaction is negative and, in other
cases, reactions are doubtful. According to Brito
21 from the result of each individual animal, the
set is then classified, using the percentage of an-
imals in which the reaction is positive: 0-10% →
formulation is not phototoxic; 10-30% → formu-
lation has slight phototoxicity; 30-70% → formu-
lation has moderate phototoxicity; 70-100% →

Pharmaceutical Xylitol Values referenced to Final
formulation concentration (w/w) erythema edema Sum value

Cream 5.0% 0.17 0 0.17 0.004
10.0% 0 0 0 0

Cream control 1.02 0.16 1.18 0.03

Gel 5.0% 3.8 0.49 4.29 0.107
10.0% 9.45 0.64 10.09 0.253

Gel control 10.16 0.66 10.82 0.270

Table 1. Final values related to data obtained from Primary dermal irritation studies.

formulation has high phototoxicity. Table 2
shows the number of animals which presented
positive and negative reactions when each for-
mulation was applied.

For 10% xylitol either in cream or gel, three
out of four animals showed positive reaction.
For 8-methoxypsoralen, in the form of cream, all
the animals presented positive reaction, and, in
the form of gel, three out of four presented pos-
itive reaction. All the controls, both cream and
gel (four, in total), presented negative reaction
These data indicate that xylitol, when incorpo-
rated in cream and gel, although cumulative
skin toxicity is not present, has moderate photo-
toxicity. In the controls, phototoxicity reactions
were not observed. 

Gia et al. 27 tested phototoxicity properties of
furanocumarins, a chemical class to which 8-
methoxypsoralen belongs, and assures the use
of this kind of compound as the positive control
in these assays. Santos et al. 28 tested the action
against phototoxicity of a sunscreen containing
a mixture of three organic filters and 8-metho-
xypsoralen in guinea pigs after exposure to
UVA radiation for two hours. It was observed
that the mixture of sunscreen prevented any
phototoxicity reaction in guinea pigs, but 8-
methoxypsoralen showed a phototoxicity effect
compared with those found in the present
study. Here, the irradiation is 100 times higher
than the dose that a person could be exposed to
on a summer day at noon 28 and the controls re-
acted as predicted (positive control showed pos-
itive reactions and negative controls – only
bases – showed negative reactions).

There is also a need to verify whether a
compound with a pharmacological property is
safe for dermal application. In a similar experi-
ment, Okumura et al. 23 tested solutions contain-
ing ketoprofen and 8-methoxypsoralen dis-
solved in acetone in a treated area which was
exposed to UVA and UVB radiation. Only in the
sites where 8-methoxypsoralen had been ad-
ministered, erythema and edema were ob-
served. For ketoprofen skin application, there
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was no need for special care. The phototoxicity
properties of tobacco smoke were evidenced by
Placzek et al. 29. The authors related this proper-
ty to aging, and also to the consumption of
cigarettes. This fact indicated that tobacco
smoke, besides causing a negative effect on the
lungs, also caused adverse reactions in the skin
of people exposed to it, as demonstrated in in
vitro tests using red blood cells. 

CONCLUSIONS
This is the first study targeting xylitol skin

toxicity. These results demonstrated that xylitol,
either in cream or gel, has phototoxic properties
elicited by radiation rich in UVA. Despite a thor-
ough search of the literature for xylitol –related
effects, we could not find references to primary
dermal irritation or phototoxicity. So, these nov-
el values will be useful when xylitol skin appli-
cations are tested.
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