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Antiirritant Properties of Polyols and Amino Acids
Csilla Korponyai, Réka K. Kovács, Gábor Erös, Shabtay Dikstein, and Lajos Kemény

Background: Antiirritants are used in cosmetic products to prevent or to treat skin irritations that arise during daily life. Data

were published earlier on the efficacy of the best-known humectant, glycerol, in reducing irritation.

Objective: The aim of the present study was to examine the effects of different polyols (including glycerol, xylitol, and mannitol)

and the amino acids taurine and glycine on sodium lauryl sulfate (SLS)–induced skin irritation.

Methods: Healthy adult volunteers were patch-tested with 0.1% SLS in the presence or absence of one or another polyol or

amino acid. Skin reactions were evaluated via measurements of transepidermal water loss (TEWL).

Results: Glycerol and xylitol significantly suppressed the SLS-induced increase in TEWL whereas mannitol had no effect on the

SLS-induced skin irritation. Taurine also inhibited the SLS-induced increase in TEWL while glycine was not effective in reducing the

SLS-induced irritative response.

Conclusion : Similarly to the action of the well-known antiirritant glycerol, SLS-induced skin irritation is suppressed by xylitol

and taurine. These results suggest that these agents might also be effective in preventing irritative dermatitis.

C ERTAIN ENVIRONMENTAL FACTORS and various

dermatologic vehicles are known to lead to irritation

and dehydration of the uppermost layer of the skin.1 Thus,

many external formulations must be supplemented with

agents that can provide protection against irritation and

help maintain the skin’s homeostasis. The polyol glycerol is

a well-known example of such a compound. It has been

shown to exert a potent antiirritant effect2 and to act as an

excellent humectant3 because of its ability to retain water in

the stratum corneum. It also displays a keratolytic effect,

stabilizes skin collagen, and accelerates wound healing.4

Hence, it may be assumed that other polyols also possess

humectant, moisturizing, and antiirritant properties.

Xylitol is a naturally occurring polyol found in the fibers

of many fruits and vegetables, and it is used as a sweetener for

diabetic persons. Mannitol is a sugar alcohol similar to

xylitol. Although mannitol is used clinically to reduce acutely

raised intracranial pressure, neither xylitol nor mannitol has

yet been used in cosmetic formulations for its antiirritant

action. Nevertheless, polyols are not the only promising

antiirritant candidates. Taurine, a sulfur-containing amino

acid, is an organic osmolyte. In the skin, it exhibits

antioxidant effects, protects cells from ultraviolet (UV)-

induced stress and acts on cell proliferation, inflammation,

and collagenogenesis.5,6 Glycine, another amino acid of

importance in dermatologic therapy, is traditionally used for

the treatment of scars and has beneficial effects on the skin

reparation process and the overall rate of wound healing.7

In the present study, we set out to test the antiirritant

effects of these agents on sodium lauryl sulfate (SLS)–

irritated skin.

SLS, an anionic detergent, is a common surfactant

accepted as a reference irritant.8,9 It is suitable for irritant

patch testing because of its ability to influence the barrier

function of the skin and to cause inflammation. Exposure

to SLS results in an increased level of transepidermal water

loss (TEWL) and in epidermal hyperproliferation. A linear

relationship between the dose of SLS and the skin’s

response has been demonstrated both by visual scoring

and by bioengineering techniques.10

Accordingly, the goal of our study was to assess the

antiirritant properties of the described polyols and amino

acids in regard to SLS-induced skin irritation.

Materials and Methods

Materials

SLS (. 99% purity) was obtained from Huntsman Corp.

(Salt Lake City, UT), glycerol was obtained from Cognis
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(Dusseldorf, Germany= ), xylitol from Sigma Aldrich Corp.

(St. Louis, Mo> ), d-mannitol from Roquette Frères

(Lestrem, France)? , and taurine and glycine from Merck

KGaA (Darmstadt, Germany). The quality of all these

compounds met the European Pharmacopoeia (Ph Eur 5)

standards.

Subjects

Our study involved 16 healthy volunteers with normal

skin: 12 women and 4 men, aged 20 to 65 years (mean, 34

yr). Exclusion criteria were (1) major skin, endocrine, or

immune system diseases; (2) known allergy or atopic

background; (3) pregnancy or breast-feeding; (4) any use

of drugs that might influence the skin’s texture or

reactivity; (5) any condition on the inner forearms that

could interfere with a clear-cut assessment of the skin; and

(6) current participation in any other clinical study.

The study was approved in advance by the local

institutional ethical committee for human biomedical

trials at the University of Szeged (No. 2078, 2216). All

subjects participated only after receiving detailed oral and

written information and signing an informed consent

agreement.

Experimental Design

The investigations were performed in the Cosmetological

and Skin-Physiological Research Laboratory of the

Department of Dermatology and Allergology at the

University of Szeged. Room conditions were controlled;

the relative humidity was 40 to 50%, and the ambient

temperature was kept at 20u to 22uC. Measurements of

TEWL were performed by the same observer after a

period of 15 to 20 minutes during which the volunteers

relaxed. The ventral side of the forearm was used as the

test region.

In closed patch tests@ using extra-large Finn Chambers

with a diameter of 18 mm (Epitest, Helsinki, FinlandA ) on

Scanpor tape (Norgesplaster A/S, Vennesla, NorwayB ) and

corresponding filter discs, 200 mL of a 0.1% aqueous

solution of SLS were applied to the test chamber and left

for 24 hours on one forearm as recommended.11,12 The

test chamber on the corresponding site on the other

forearm contained 0.1% SLS solution supplemented with

one or another of the study agents in the concentrations

listed in Table 1. Test chambers were removed after 24

hours. TEWL was measured before patch application and

30 minutes after the removal of the test chambers and the

rinsing and drying of the test areas.

Evaluation of Skin Reactions

The SLS-induced irritation of the skin was determined by

measuring TEWL,1,13,14 which is considered an indicator

of skin barrier integrity. TEWL was assessed with a

Tewameter TM300 (Courage + Khazaka GmbH, Cologne,

Germany) according to published guidelines.12,15,16

Statistics

Data analysis was performed with a statistical software

package (SigmaStat for Windows, Jandel Scientific, Erkrath,

Germany C). Distribution normality was tested with the

Kolmogorov-Smirnov test and the Shapiro-Wilk test.

For comparisons within groups EX(TEWL before and

after the application of patch-test chambers with SLS or

SLS plus humectant or amino acid EO), the paired t-test was

performed. For comparisons between groups (different

concentrations of study agents and postpatch TEWL values

at untreated and treated sites), the two-sample t-test was

applied. A level of p , .05 was considered statistically

significant. The reported data are mean values plus or

minus standard deviation (SD).

Results

Effects of Polyols on Skin Irritation

Exposure of the skin to a 0.1% solution of SLS led to a

statistically significant increase in TEWL relative to the

baseline in all experiments. The addition of glycerol at

2.6% to the SLS did not prevent skin irritation; there was

still a significant difference between TEWL values before

patch application (m 5 7.78, SD 5 3.3) EPand TEWL values

after patch application (m 5 12.06, SD 5 7.71). However,

glycerol at 9% proved effective in protecting against

irritation; TEWL values before patch testing (m 5 12.17,

SD 5 6.32) and after patch testing (m 5 13.16, SD 5 4.77)

did not differ statistically EQ. Furthermore, this concentration

of glycerol considerably reduced TEWL on the treated site
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Table 1. Study Agents and Their Applied Concentrations

Study Agent Applied Concentrations (%)

Glycerol 2.6, 9.0

Xylitol 4.5, 15.0

d-Mannitol 5.4, 18.0

Taurine 3.4, 8.4

Glycine 5.0
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(m 5 13.16, SD 5 4.77) as compared to the untreated site

(m 5 20.39, SD 5 10.0) (Fig 1).

Xylitol also was applied in two concentrations: 4.5%

and 15%. The lower concentration failed to provide

protection against irritation (before application: m 5 6.06,

SD 5 2.85; after: m 5 11.43, SD 5 4.59). However, the

higher concentration effectively prevented the elevation of

TEWL (before: m 5 9.01, SD 5 3.51; after: m 5 11.94, SD

5 6.69). Nevertheless, no significant difference was found

between untreated sites (m 5 13.14, SD 5 5.09) and

treated sites (m 5 11.94, SD 5 6.69) after the application

of SLS (Fig 2).

The application of mannitol at concentrations of either

5.4% or 18% was not effective in reducing the SLS-induced

increase in TEWL (mannitol at 5.4%: m 5 15.71, SD 5

3.22 before, m 5 25.92, SD 5 3.19 after; mannitol at 18%:

m 5 15.4, SD 5 4.64 before, m 5 22.99, SD 5 5.09 after).

However, mannitol at 18% led to significantly lower

TEWL values after patch testing than SLS alone did

(treated site: m 5 22.99, SD 5 5.09; untreated site: m 5

35.04, SD 5 9.85) (Fig 3).

Effects of Amino Acids on Skin Irritation

Taurine at 3.4% did not lead to a great improvement in

TEWL (before: m 5 14.29, SD 5 3.38; after: m 5 33.04,

SD 5 14.49), and taurine at 8.4% also failed to inhibit the

increase in TEWL (before: m 5 12.34, SD 5 2.42; after: m

5 23.53, SD 5 5.57). However, statistical analysis revealed

that the TEWL level after the application of taurine at

8.4% was significantly lower than that observed for the

3.4% solution. Moreover, taurine at 8.4% also decreased

TEWL (m 5 23.53, SD 5 5.57) as compared to untreated

site (m 5 31.18, SD 5 12.56) (Fig 4).

Glycine at 5% did not provide protection against

TEWL elevation resulting from exposure to SLS (before: m

5 12.47, SD 5 5.19; after: m 5 24.23, SD 5 12.47). TEWL
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Figure 1. Transepidermal water loss (TEWL) before and after
exposure to sodium lauryl sulfate (SLS) or to SLS plus glycerol at
2.6% or 9%. Values are given as means 6 SD. B, TEWL before
application of the patch. A, TEWL after removal of the patch (24-hour
exposure). (*p , .05 vs TEWL before patch application; 1p , .05 vs
TEWL at untreated site.)

Figure 2. Transepidermal water loss (TEWL) before and after
exposure to sodium lauryl sulfate (SLS) or to SLS plus xylitol at
4.5% or 15%. Values are given as means6 SD. B, TEWL before
application of the patch. A, TEWL after removal of the patch (24-hour
exposure). (*p , .05 vs TEWL before patch application.)

Figure 3. Transepidermal water loss (TEWL) before and after
exposure to sodium lauryl sulfate (SLS) or to SLS plus mannitol at
5.4% or 18%. Values are given as means 6 SD. B, TEWL before
application of the patch. A, TEWL after removal of the patch (24-hour
exposure). (*p , .05 vs TEWL before patch application; 1p , .05 vs
TEWL at untreated site.)
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values at sites not treated with glycine (m 5 24.61, SD 5

12.57) and at treated sites (m 5 24.23, SD 5 12.47) did

not differ significantly (Fig 5).

Lower concentrations of polyols and amino acids did

not result in significant differences in TEWL values at

untreated and treated sites after patch testing.

Discussion

Antiirritants as a group include many different com-

pounds that are added to topical products to reduce the

irritative effects of other components ER.17 Various com-

pounds display antiirritant and antiinflammatory proper-

ties (for example, phospholipid metabolites inhibit UV-

induced damage18). This study was designed to evaluate

the effects of various polyols and amino acids on SLS-

induced skin irritation. When planning the experimental

setup, we considered that SLS is the most widely accepted

model of an irritant applied to evoke a mild inflammatory

reaction in the skin by influencing the skin’s barrier

function. Abundant data on the application of SLS and

the evaluation of skin irritation tests are found in the

literature.9,11–13,19 The most likely explanation of the

SLS-induced increase in TEWL is hyperhydration of

the stratum corneum (SC) and possible disorganization

of the lipid bilayers.20 A statistically significant linear

relationship has been observed between the dose of SLS

and the resulting skin response.10

The combination of SLS with another agent to test

antiirritant effects has also been described.21 The concen-

tration of the SLS applied was determined in accordance

with our previous pilot studies. A concentration of 0.1%

was chosen because it is sufficient to increase TEWL

significantly but does not result in inflammation serious

enough to cause major inconvenience or pain for the

subjects. Moreover, there is no significant chance of

micelle formation with this concentration. We decided not

to use visual scoring as the method of assessment because

of its subjective nature, and the relatively low concentra-

tion of SLS did not lead to visible changes in the skin in

most cases. Thus, in the present study, the severity of

irritation could be gauged more precisely by bioengineer-

ing methods. The determination of TEWL has been

reported to be an appropriate and sensitive assessment of

skin irritation. TEWL increases when barrier function is

impaired; this elevation precedes visible clinical signs.

The concentration of the study agents was a further

important consideration. According to the literature,

glycerol at a concentration of approximately 10% may

have an antiirritant effect.17 Although the efficacy of

glycerol at a concentration of less than 5% seemed to be

dubious, we decided to examine this range as well because

most researchers have used higher concentrations. The

concentrations of the other agents were determined on the

basis of glycerol concentrations. For better comparability,

we designed solutions containing the same molar quan-

tities of polyols and amino acids as the appropriate
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Figure 4. Transepidermal water loss (TEWL) before and after
exposure to sodium lauryl sulfate (SLS) or to SLS plus taurine at
3.4% or 8.4%. Values are given as means 6 SD. B, TEWL before
application of the patch. A, TEWL after removal of patch (24 h
exposure). (*p , .05 vs TEWL before patch application; #p , .05 vs
TEWL after 24-hour exposure to SLS plus 3.4% taurine; 1p , .05 vs
TEWL at untreated site.)

Figure 5. Transepidermal water loss (TEWL) before and after
exposure to sodium lauryl sulfate (SLS) or to SLS plus glycine at
5%. Values are given as means 6 SD. B, TEWL before application
of the patch. A, TEWL after removal of the patch (24-hour exposure).
(*p , .05 vs TEWL before patch application.)
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solutions of glycerol. Thus, 4.5% and 15% solutions of

xylitol and 5.4% and 18% solutions of mannitol contained

as much active agent as 2.6% and 9% solutions of glycerol,

respectivelyES . Concerning taurine, it was not possible to use

a concentration higher than 8.4% because of the solubility

of the material. Similarly, 5% was the highest concentra-

tion of glycine that could be used in the study.

Our data confirmed that glycerol effectively suppressed

SLS-induced irritation of the skin when pre- and postpatch

TEWL and untreated and treated sites, respectively, were

comparedET . Xylitol, mannitol, and taurine also demon-

strated an antiirritant effect whereas glycine failed to do so.

Glycerol, the best-known humectant, antiirritant, and

moisturizing agent, has been found to exert an antiirritant

effect in cases of experimentally induced contact derma-

titis.22 Its ability to alleviate skin dryness and to prevent

primary irritation is also well established. Moreover, it

exerts a dose-dependent soothing effect, creates a stimulus

for barrier repair, and (as a humectant, a water-binding

agent) improves hydration of the SC.3,21,23 It also gives rise

to a keratolytic effect through desmosome degradation by

stimulating SC desquamatory enzyme activities.24

There are several possible mechanisms by which

glycerol reduces irritation. Glycerol diffuses into the SC

and retains the water there. Its excellent moisturizing effect

is due to its high accumulation in the entire thickness of

the SC. It forms a persisting reservoir within the lipid

bilayers in the depths of the SC and it causes an effect

known as bulking (the intra- and intercellular expansion of

corneocytes), thereby enhancing the resilience and barrier

properties of the skin. Furthermore, it can prevent the

phase transition of SC lipids from a liquid to a solid

crystalline structure, thus preventing TEWL.4 The addition

of glycerol to the SLS solution reduced the average

aqueous pore radius and the number density of aqueous

pores in the SC, leading to a diminished ability of the SLS

micelles to penetrate into the SC and perturb the skin

barrier.4 Because of these properties, glycerol has been the

standard humectant in moisturizers for many decades and

is regarded as completely safe. We presumed that other

compounds may possess similar beneficial properties.

Some of them, such as urea, have been studied in

cosmetologic research,25 but xylitol and mannitol have

not yet been tested under in vivo conditions although in

vitro data on their water-binding properties have been

reported. Nevertheless, in vitro and in vivo effects may

differ. For instance, mannitol is not a humectant (it does

not absorb water in vitro),26 but it is an effective

moisturizer; thus, it is able to eliminate dryness of skin

in vivoEU . According to our results, both mannitol and

xylitol provided protection against SLS-induced skin

irritation. In addition to drawing our attention to the

polyols, the literature data drew our attention to the amino

acids taurine and glycine, which also appeared to be

promising antiirritant candidates. Previous studies sug-

gested that taurine possesses photoprotective and antiox-

idant properties, positively influences the hydration of

keratinocytes, and decreases TEWL in experimentally

irritated human skin by modulating the proinflammatory

response and stimulating lipid synthesis in the epider-

mis.5,6 Although taurine did not significantly reduce

TEWL after exposure to SLS, TEWL with taurine at

8.4% was lower than that with taurine at 3.4%. Further,

treatment with taurine at 8.4% decreased TEWL as

compared to treatment with SLS alone EV. Accordingly, our

examinations indicated that the efficacy of each of these

agents—xylitol, mannitol, and taurine—is limited and

depends on the agent’s quantity in the topical product EW.

Clarification of the antiirritant effects of these agents

broadens the possibilities for antiirritant protection in

cosmetic and dermatologic topical products. Xylitol,

mannitol, and taurine may be alternative agents to

glycerol. An advantage of these compounds is that they

have already been used with other indications, and their

nontoxicity has been proved.

Conclusion

Although glycine is not effective as an antiirritant agent, we

have demonstrated the antiirritant potential of mannitol,

xylitol, and taurine. As they are used with other

indications, such agents can be considered safe. The

present study focused only on changes of TEWL; it is clear

that examinations of other parameters and an exact

explanation of the antiirritant effect are necessary.

However, our results might inspire the cosmetic industry

to develop new products.
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Authors Queries

Journal: Dermatitis

Paper: AJD_2011_10082

Title: Antiirritant Properties of Polyols and Amino Acids

Dear Author

During the preparation of your manuscript for publication, the questions listed below have arisen. Please attend

to these matters and return this form with your proof. Many thanks for your assistance

Query

Reference

Query Remarks

1 AU: For the 1st-page footnote,
please briefly explain what "GOP"
denotes in "GOP-1.1.2-07/1-2008-
007."

2 AU: Will reprints be available? If
so, is the reprint request informa-
tion stated here correct?

3 AU: Please verify the stated name
and location (Cognis, Dusseldorf,
Germany) of the supplier of the
glycerol.

4 AU: Please verify the stated name
and location [Sigma Aldrich Corp.
(St. Louis, Mo)] of the supplier of
the xylitol.

5 AU: Please verify the stated name
and location [Roquette Frères
(Lestrem, France)] of the supplier
of d-mannitol.

6 AU: The sentences of this para-
graph (starting with "In closed
patch tests") have been rear-
ranged to reduce repetition and to
accord with sequence in time.
Does the revised paragraph
remain accurate, and is it accep-
table?

7 AU: Please verify location of
Epitest (not Tuusula, Finland?).
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8 AU: Does this inserted text give the
correct name and location of the
manufacturer of the Scanpor tape?
(If not, please provide the correct
information.)

9 AU: Please confirm the location
(Erkrath, Germany) given for
Jandel Scientific.

10 AU: Is the addition of "For compar-
isons" to the start of this sentence
( "Fo r c ompa r i s on s w i t h i n
groups...") ok?

11 AU: In this phrase ("SLS plus
humectant or amino acid"), is the
replacement of the slash with "or"
ok? (House style requires avoid-
ance of the slash whenever at all
possible.)

12 AU: Ré "TEWL values before
patch application (m 5 7.78, SD
5 3.3)": (1) Does "m" stand for
mean value? If not, please define
"m" in the text. If so, it would
clearer to define "m" in the last
sentence under the "Statistics"
heading, i.e., "The reported data
are mean values (m) plus or minus
standard deviation (SD)."(2) If "m"
is the mean value, could not all of
the data represented here be in the
form of (here, for example) "7.78 6
3.3"? (This would be much more
concise.)

13 AU: Here, is "did not differ statis-
tically" as intended? Or should this
be "did not differ significantly"?

14 AU: Is this sentence ("Antiirritants
as a group include many different
compounds that are added to
topical products to reduce the
irritative effects of other compo-
nents") ok as revised?
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15 AU: Is the insertion of the word
"solutions" in this sentence
("Thus, 4.5% and 15% solutions
of xylitol and 5.4% and 18% solu-
tions of mannitol contained as
much active agent as 2.6% and
9% solutions of glycerol, respec-
tively") ok?

16 AU: This sentence (originally "gly-
cerol effectively suppressed the
SLS-induced irritation of the skin
comparing pre- and post-patch
TEWL and untreated and treated
sites, respectively") is not alto-
gether clear (it’s also unclear what
"respectively" refers to). Possible
to re-word to make what is being
compared more obvious?

17 AU: Is this clause ("thus, it is able
to eliminate dryness of skin in
vivo") ok as revised?

18 AU: Is this sentence ("treatment
with taurine at 8.4% decreased
TEWL as compared to treatment
with SLS alone") ok as revised?

19 AU: Is this sentence ("the efficacy
of each of these agents—xylitol,
mannitol, and taurine—is limited
and depends on the agent’s quan-
tity in the topical product") ok as
revised (for grammatical reasons)?

20 AU: Please provide the complete
journal title of reference #26.
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