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Xylitol has been widely documented to have dental health benefits, such as reducing the risk for dental caries. In

skin, xylitol has been reported to improve barrier function and suppress the growth of potential skin pathogens.

sugar alcohol prebiotic oral health

| 1. Introduction

Xylitol is a five-carbon sugar alcohol (CsH.,0s5, Figure 1) with a molecular weight of 152.15 g/mol, which is
commonly used as a sweetener in sugar-free confectionery. It also naturally occurs in fruits and vegetables (plums,
strawberries, cauliflower, and pumpkinl). It is equisweet to sucrose and has a very similar sweetness-time
intensity to sucrose. Xylitol is the sweetest of all polyolsi2. Xylitol is best known for its dental benefits, such as
reducing the risk for dental caries¥l. This is thought to function through three mechanisms: xylitol replaces
cariogenic sucrose, xylitol may stimulate salivation, and xylitol may have specific inhibitory effects on
Streptococcus mutans—the main causative microbe of dental caries4. Although a recent meta-analysis concluded
that there is a need for high-quality studies on the dental benefits of xylitol, the same study concluded nevertheless
that xylitol is an effective strategy as a self-applied caries preventive agent2l. Furthermore, the European Food
Safety Agency has approved a health claim “xylitol chewing gum reduces the risk of caries in children” . Here,

however, we want to focus on the potential health benefits of xylitol in skincare.
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Figure 1. Chemical structure of xylitol ©IFF Health & Biosciences.
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Approximately half of the consumed xylitol is absorbed; the liver readily converts it to xylose by a non-specific
cytoplasmic NAD-dependent dehydrogenase. The formed xylose is phosphorylated via a specific xylulokinase to
xylulose-5-phosphate, an intermediate of the pentose-phosphate pathway before conversion to glucose, which is
only slowly released into the bloodstream or stored as glycogen(€lZl,

| 2. Skin Introduction

The skin acts as a barrier between the body and its surrounding environment. The epidermis is made up of the
stratum corneum (outermost layer of the skin, Figure 2); formed by terminally differentiated epidermal
keratinocytes and lipids, which play a main role as a physical and chemical permeability barrier. Under this lies the
stratum granulosum, which forms a paracellular barrier that regulates the loss of moisture through the skin, as
shown in Figure 2. Below that are the stratum spinosum, basal cells, and melanocytes, which are also part of the
epidermis. The epidermal barrier, which is constantly being renewed, is characterized by its capacity to adapt to
changing conditions in the environment8l. The dermis, the next layer, supports the epidermis and produces matrix
proteins such as elastin and collagen, as shown in Figure 2.
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Figure 2. Proposed effects of xylitol on skin health. ©Pinja Kettunen/SciArt & IFF Health & Biosciences.

| 3. Xylitol Benefits to Skin

Xylitol (100 mM) for 2 h has been observed, in an epidermal-equivalent skin model, to improve lipid fluidity in the
uppermost layer of the stratum granulosum. The model consisted of normal human epidermal keratinocytes
(NHEKS); isolated from donated skin samples; cultured ex vivo, and studied microscopically using lipid specific
staining. The improved lipid fluidity accelerated the release of lipids and accelerates the exocytosis of lamellar
bodies to the intercellular domain between stratum granulosum and stratum corneum thereby improving the
lamellar structure and accelerating epidermal permeability barrier recovery2. Indeed, volunteers (n = 7) who had

the inside of their forearms mechanically irritated by repeated tape stripping, were observed to have significantly
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less moisture loss; approximately 20%, when exposed to 100 mM xylitol for 10 min as compared to water. This was

measurable both 1.5 and 2 h after exposure2.

Further studies with NHEKs have shown that the viability and intracellular calcium concentration were not affected
by 0.0045%-0.45% xylitol (calcium regulates keratinocyte differentiation) after 24 and 48 h as compared to the cell
culture medium alone. However, xylitol up-regulated the expression of filaggrin, loricrin, involucrin, and occludin
mRNA as measured by gPCRIEY. These proteins are involved in barrier function and tight junction (TJ) formation in
the skin; occludin is the major protein in TJs, filaggrin or filament aggregating protein is a filament associated
protein that binds keratin fibers in epithelial cells, loricrin is the major protein in cornified cells and contributes to
barrier function of the skin, involucrin is bound to loricrinl. Moreover, 0.45% xylitol stimulated the mitogen-
activated protein kinase (MAPK) pathway in the NHEKs and induced the activation-dependent translocation of
protein kinase C3, after 48h as determined by Western blotting, a key promoter of epidermal differentiation®. The
effect on the other cell types in the epidermis was not investigated in this model. Twelve healthy volunteers with dry
skin received topical exposure to a combination of 5% glycerol and 5% xylitol for 14 days. This was observed to be
associated with increased hydration, reduced moisture loss and increased dermal and epidermal thickness, as
measured from biopsies and histological staining, compared to the untreated control arm of the same volunteer. In
agreement with the above-described ex vivo keratinocyte studies, increased expression of filaggrin in epidermal
cells in biopsies taken from the volunteers was also observed2. The separate contribution of xylitol and glycerol in

the observed effects cannot be determined from this study.

In a study with hairless mice (23/group), skin irritation induced by 3 h topical application of 5% sodium dodecyl
sulfate (SDS) was reduced with concomitant exposure to 8.26% xylitol or 5% glycerol (same osmolarity);
transepidermal water loss was reduced and in the irritated area blood flow was reduced as well, as determined by
videomicroscopy. Histological staining indicated that the epidermal thickness was increased in response to xylitol
treatment compared to SDS alonel28l. Also in healthy adult volunteers (n = 16), the transepidermal water loss
induced by experimental irritation with 0.1% SDS could be inhibited by simultaneous exposure for 24 h to 4.5% or
15% xylitol and 2.6% or 9.0% glycerol, but not 5.4% or 18% mannitol (same osmolarity) as compared to another

site on the same arm with 0.1% SDS alone for 24 hi24l. These results suggest a polyol-specific response.

In a study with male rats, the inclusion of 10% xylitol to basic chow for 20 months was observed to be associated
with a thicker skin and more acid-soluble collagen was observed, as determined from biopsies. Also, less collagen
fluorescence was observed, which is a marker for collagen glycosylation and aging2l. However, no difference in
collagenase soluble and insoluble collagen was observed nor more total collagen as compared to control animals
fed the same chow without xylitol2€l. Three months dietary supplementation with 10% xylitol in basic chow has
been reported to increase the amounts of acid-soluble and total collagen (expressed as hydroxyproline) in the skin
of streptozotocin-induced type 1 diabetic male rats (10 animals/group) as compared to type 1 diabetic animals fed
unsupplemented chow. Also here, reduced hexose concentrations of acid-soluble collagen and reduce
fluorescence of the collagenase-soluble fraction; indicating reduced glycosylation were observed. Similar
observations on increased were made for non-diabetic rats (10 animals/group) after three months on 10% xylitol

supplemented chow as compared to non-diabetic rats fed unsupplemented chow; for acid-soluble and total
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collagen, as well as reduced hexose concentrations of acid-soluble collagen and reduced fluorescence of the

collagenase-soluble fraction in the skinLZ,

The selective antimicrobial activity of xylitol, observed in dental health, has also been applied to wound care. In
vitro studies with a Lubbock Chronic Wound Biofilm model have shown that the application of 2%, 10%, and 20%
xylitol in water reduced growth Pseudomonas aeruginosa, Staphylococcus aureus, and Enterococcus faecalis
compared to the water control. The highest concentration was observed to completely abolish biofilm formation2&l,
In a study with two strains of S. aureus and two strains of Staphylococcus epidermidis, xylitol alone or in
combination with other prebiotics (galacto-oligosaccharides, fructo-oligosaccharides, isomalto-oligosaccharides,
arabinogalactan, inulin or dextran) was able to reduce levels of planktonic bacteria and biofilm formation, in
vitrod. Furthermore, another in vitro study showed that the combination of 5% xylitol and 2% lactoferrin could
reduce the biofilm formation of P. aeruginosa and methicillin-resistant S. aureus after 72 h in a colony drip flow
reactor, as compared to base wound dressing alone2¥. The anti-S. aureus potential of xylitol has also been
investigated in human volunteers. Seventeen volunteers with atopic dermatitis received skin lotion with or without a
combination of 5% xylitol and 0.2% farnesol on either arm for seven days. Compared to the control arm treated
with unsupplemented lotion, S. aureus was significantly reduced, and skin moisture increased2l. The contribution
of xylitol alone cannot be deduced from this study. A further potential benefit of xylitol in wound care is the negative

dissolution energy? which gives a cooling effect to the tissue.

| 4. Conclusions

Topical exposure of the skin with xylitol has thus been shown to reduce skin moisture loss. The mechanism
appears to relate to increased tight junction and barrier formation in the skin. Also, dietary exposure to xylitol has
been found to improve skin thickness. The antimicrobial activity against skin pathogens has been documented
mainly in combination with other compounds and the contribution of xylitol to the observed effects needs to be
determined. Furthermore, many of these results have been obtained in vitro and in animal models at relatively high

doses (10% of the diet); their applicability to humans thus still needs to be confirmed.
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