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Carboxymethylated 3-(1-3)-Glucan

A beta glucan from baker’s yeast helps protect skin
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rude extracts from yeast have been used for a long
time in cosmetic and pharmaceutical applications. These
materials have been found useful in the treatment of many
diseases and skin conditions." Glucan preparations from oat
and barley have skin-conditioning properties similar to emol-
lients, while glucans containing -(1-3)-linked glucopyranosyl
units are known to have immune-stimulating activity.
In 1941, intensified research on yeast components led to

the discovery of Zymosan,? the first defined pharmaceutical
yeast product with immune-stimulating activity. This prod-
uct is a raw cell-wall extract composed of glucan, other
polysaccharides, proteins and lipids. Further studies have
identified B-(1-3)-glucan from the yeast’s cell wall as an
immunologically effective component. The properties of
the yeast-derived glucan are quite similar to those of other
biological response modifiers (BRMs), including high-mo-
lecular-weight B-(1-3)-glucans derived from fungi. Three of
these — schizophyllan, lentinan, and grifolan — have been
studied extensively in Japan for their potential efficacy in
treating malignant tumors.?'

Properties of Yeast Glucans

B-(1-3)-Glucan from yeast has been identified as a very
potent stimulator of the immune system, with the ability to
activate macrophages, neutrophils and other cells that carry
specific B-glucan receptors on their surface.* Activation of
these cells by glucan stimulates the nonspecific defense
mechanisms of the host. Other polysaccharides, such as
mannans, galactans and a-(1-4)- or B-(1-4)-linked glucose
polymers, have no such activity.

Manners et al describe the structure of glucan from baker’s
yeast (Saccharomyces cerevisiae)." The alkali-insoluble glucan
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fraction has a backbone of B—(I—B)—glucopyranosyl units with
a low degree of inter- and intramolecular B-(1-6) links.

Researchers have extensively studied the activity ofglucan
preparations from yeast in wound healing,” infectious dis-
eases'® and oncology.*'? In all of these applications, different
B-(1-3)-glucan preparations from yeast show activity at low
concentrations. Wolk and Danon? found a significant accel-
eration of wound healing in the animal leg model with
topical application of a yeast glucan preparation at 20-100
pg/ml.

Because insoluble glucan preparations can produce
undesirable toxicological properties, such as granuloma for-

mation, clinical interest has focused on soluble glucan prepa-
rations. Recently, a Phase II clinical study showed the
tolerability and efficacy of a soluble yeast glucan.> Applica-
tion of a soluble glucan preparation (0.1-2.0 mg/kg) before
and after thoracic or abdominal surgery lowered postopera-
tive infection rates. In another investigation, researchers
observed improved wound healing following topical admin-
istration of a soluble phosphorylated glucan preparation.®

Developing a Cosmetic Glucan

Glucan isolated from the cell wall of Saccharomyces
cerevisiae is a water-insoluble particulate polymer that is



unsuitable for cosmetic applications. We have developed a
specialized process that modifies the insoluble pure B-(1-3)-
glucan to carboxymethyl glucan (CMG), as seen in Figure
1-1.* The carboxymethylation takes place under specific
conditions in a reaction that yields a product with an 0.75
degree of substitution.” This level of substitution is high
enough to render the material water-soluble without dis-
turbing its helical structure, the configuration responsible
forits activity. The chemical identity of CMG was confirmed
by *C-NMR spectroscopy.”

The carboxymethylated glucan material is both water-
soluble, up to4% concentration, and cosmetically appealing.
CMG is compatible with most cosmetic ingredients and
tolerates most manufacturing conditions.

The dermatological tolerance of CMG has been deter-
mined by carefully monitoring the effects of a 2% aqueous
solution on healthy volunteers. CMG did not induce allergic
reactions or cause inflammation, confirming that the mate-
rialis neither an irritant/photoirritant nor a sensitizer/photo—
sensitizer.

Evaluation on Cell Cultures

Because glucan preparations have shown activity at very
low concentrations, cell-culture experiments should reveal
any activity.

Porcine cells: Researchers at the Frauenhofer Institute
(Stuttgart, Germany) investigated the activity of CMG using
cultured porcine keratinocytes (KCs). Adding the polysac-
charide to the M199 culture medium with 10% calf serum
gave a significant, concentration-dependent stimulation of
KC proliferation. With 0.01% CMG, the relative cell count
increased by more than 35% after 120 hours. However,
researchers observed no protective effects against 1 J/cm®
UVB with 0.01% CMG, regardless if the porcine cell cul-
tures were treated before or after irradiation.!

Human cells: CMG was tested for its ability to protect
human skin cells against UVA, which is a very potent stimu-
lator of oxidative stress in the epidermis. This stress leads to
phototoxic and photoallergic reactions in and on the skin.!
Like immunosuppression, the effects of oxidative stress
induced by UVA appear to be factors in carcinogenesis."”
The prevention of such stress is, therefore, highly desirable.

Cell cultures of human skin fibroblasts and KCs were
developed from normal human skin, samples of which were
extracted by biopsy. The cells taken from various donors
were pretreated with 0.01% CMG for 18 hours before being
exposed to varying doses of UVA (320-450 nm). To demon-
strate protection against oxidative stress from CMG pre-
treatment, researchers measured changes in the intracellu-
lar concentration of glutathione (GSH) and ferritin.*® KCs
pretreated with the polysaccharide experienced signifi-
cantly less depletion of the GSH antioxidant than what
normally occurs immediately after UVA radiation. During
these experiments, CMG produced effects similar to those
of pr-o-tocopherol, an antioxidant used as a control be-
cause of its known ability to protect cells from UVA-induced
oxidative stress.

*Cromoist CM Glucan, Croda Inc.
bPatent pending, Mibelle
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Polysaccharide from baker's yeast
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Figure 1-1. Chemical structure of carboxymethylated
glucan from baker’s yeast. On average, 3 out of 4
glucose units of the B-(1-3)-linked polymer are
modified at position 6.

Table 1-1. Test products with
CMG concentrations in percent

Hydrogel Emulsion
Control 0% 0%
Test levels 0.1 0.4, 0.04

Cell-origin effects: The effects observed in cell-culture
experiments appear to depend on the cells” origin. For
instance, the response to CMG of KCs from pig embryos was
not as positive, nor the results as effective, as with the KCs
derived from adult human skin.

The immune defense of human skin consists of a complex
system of cells. Langerhans cells (LCs) and KCs predomi-
nate in the epidermis; T-cells, tissue macrophages and mast
cells occur throughout the dermis, and cytokines can be
found in both the epidermis and the dermis. Although the
cytokines appearing in the two layers are different, their
functions — mediating cell communication and regulation
— are the same. Given the complexity of this immune
defense system, it is likely that the KC culture derived from
human skin biopsy is more immunocompetent than the
porcine culture. This may result from the increased pres-
ence of LCs in the human cell samples or from the expres-
sion of different relevant markers by the human KCs.

CMG on Human Skin

To study the efficacy of CMG in vivo, we formulated the
yeast polysaccharide into two different types of cosmetic
preparations, an oil-in-water (o/w) emulsion and a hydrogel.
We evaluated CMG in these systems at concentrations
ranging from 0.04 to 0.4%. The test products and two control
versions were applied twice daily to the forearm skin of 5
volunteers overa 14-day period (Table 1-1). Atthe end of the
2-week treatment period, we immersed the skin in a 10%
solution of sodium dodecyl sulfate (SDS) for 2 hours in an
effort to compromise its barrier function.

Protecting skin moisturization: During the course of
product application, treatment with each of the 5 products
enhanced skin humidity, measured in corneometer units, as
compared to untreated skin. A significantly higher increase
in skin humidity occured in skin treated with the o/w emul-
sion than in skin treated with the hydrogel.
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Figure 1-2. Change in transepidermal water loss
(TEWL) of skin treated with cosmetic formulations
with and without CMG, as measured at Day 14 and
after challenge with sodium dodecyl sulfate (SDS).
Figures shown are expressedas percentagesrelative
to an untreated control.
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Figure 1-3. Treating skin with preparations containing
CMG leads to a concentration-dependent
enhancement of the SC cell-renewal rate, calculated
asu=1 2/, where t represents the time it takes the
fluorescence of initially applied dansyl chloride to
completely diminish.

The subsequent challenge with SDS led to a drastic
reduction in skin humidity. However, skin pretreated with
the preparations containing CMG showed a much less
pronounced decrease in skin humidity, especially in com-
parison with untreated skin. The strength of this protective
effect appears to relate directly to the concentration of CMG
in the formulations (F igure 1-2).

Although application of the 5 products had little influence
on the rate of transepidermal water loss (TEWL,) during the
initial 14 days of treatment, we observed a definite increase in
TEWL once skin was challenged with SDS and its barrier
function damaged. However, we saw much less increase in
TEWL vs. the placebo in skin pretreated with the CMG
preparations (Figure 1-2). Clearly, the CMG provided a
concentration-dependent protective effect.

Enhancing SC renewal: Tn an additional experiment,
we detected an enhancement in the rate of cell renewal in
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Figure 1-4.Invivo inhibition of squalene peroxidation
by CMG, average values of 10 subjects: skin treated
with two o/w preparations containing 0.04% and
0.2% of the yeast polysaccharide is protected 59%
and 94%, respectively, against peroxidation after
UVA exposure; the rate of peroxidation is expressed
as the ratio of squalene hydroperoxide to squalene.

skin treated with the CMG preparations. We measured cell
proliferation by applying dansyl chloride to skin sites that
had been treated with CMG preparations and then deter-
mined the rate at which the induced fluorescence dimin-
ished. This technique is an established method of measuring
cell turnover in the stratum corneum (SC).

The rate of turnover increase clearly depended on the
concentration of CMG in the formulation. With 0.4% CMG,
the SC experienced more than a 30% increase in cell re-
newal, compared to untreated skin (Figure 1-3). The in-
crease in cell renewal obtained in vivo correlates well with
the increase in cell proliferation found in cultured porcine
KCs in vitro.

Inhibiting squalene peroxidation: Squalene is one of
the main lipid components of the sebum and is particularly
susceptible to photo-oxidation. Colin et al showed that, even
with low doses of UVA on the skin, squalene can be con-
verted to squalene hydroperoxide.? Free-radical scavengers
delivered topically can protect squalene from peroxidation
in the skin. To evaluate the in vivo efficacy of CMG in
protecting skin against oxidative stress induced by UVA
radiation, we used a noninvasive technique for identifying
squalene hydroperoxides.

In this particular study, three o/w emulsions containing
0.2%, 0.04% or 0% CMG, were applied to separate sites on
the forearm of ten volunteers twice daily for 4 days. On the
fifth day, each of the pretreated skin sites and a nontreated site
were exposed to 10 J/em® UVA radiation, after which the skin
lipids from these irradiated areas were extracted with 1 ml of
ethanol. Lipids extracted from an unirradiated area served as
a control. We then determined the presence of squalene or
squalene hydroperoxide from these extractions using various
methods of HPL.C analysis. 3132025

On examination, all skin extractions contained some
concentration of squalene, although the level at which it was
presentvaried widely. Samples taken from skin sites exposed
to UVA radiation showed increased squalene hydroperox-
ide. However, in samples taken from skin sites that had been



pretreated with one of the CMG preparations, the incidence
of hydroperoxidation was noticeably reduced (Figure 1-4).
As shown here, the use of only 0.04% CMG in the o/w
emulsion resulted in a 59% inhibition of the squalene
peroxidation. At 0.2%, CMG provided almost complete
protection (94%). The protective effect of CMG is ex-
pressed here as percent inhibition of peroxidation relative to
the placebo. The peroxidation itself is expressed as the ratio
of squalene hydroperoxide to squalene.

Such effective protection against UVA-induced lipid
peroxidation usually occurs only in the presence of antioxi-
dants. Colin et al reported an inhibition of about 90% upon
application of 0.2% p-0i-tocopherol.® An inhibition of less
than 25% was observed with application of the cosmetically
stable vitamin E acetate at the same concentration.

From the above data, we conclude that CMG protects
skin lipids against oxidation very efficiently and may, in fact,
offer additional benefits to UVA-stressed skin that antioxi-
dants do not.

Conclusion

The data we have presented here shows the activity of a
carboxymethylated B-(1-3)-glucan from baker’s yeast with a
degree of substitution sufficient to produce water-solubility.
This modified glucan was developed as a biological ingredi-
ent for cosmetic and dermatological applications.

® CMG shows activity at very low concentrations —
0.01% — in cell-culture experiments, although the effects
observed depend on the type and history of the cells.
Keratinocyte cultures developed from pig embryos did not
respond as well to CMG as the KCs obtained from adult
human skin.

¢ Results of corresponding in vitro and in vivo experi-
ments correlated well. Pretreating human KCs in vitro with
CMG rendered them less sensitive to UVA radiation. The
pretreatment of human skin in vivo with cosmetic prepara-
tions containing CMG provided substantial protection against
the peroxidation of squalene after UVA exposure.

* CMG protects the skin against adecrease in skin humidity
and increased TEWL from detergent challenge. To some
degree, a second skin effect from the film-forming properties
of the polysaccharide may be present. However, the concen-
trations used in the experiments were toolow for CMG to have
produced such profound effects solely through its film-form-
ing behavior. Therefore, we speculate that biochemical activa-
tion of cells provides much of these protecting effects.

Since CMG is neither an antioxidant nor an iron chelator,
it must use mechanisms other than extracellular radical scav-
enging or activities related to it. CMG appears to stimulate
cells, most likely through a receptor-mediated mode, and
produce endogenous reaction products that resist oxidative
stress and other environmental insults. The triggering of these
mechanisms requires CMG to penetrate into the epidermis.
(Other negatively charged polysaccharides, like the antico-
agulant heparin, can also penetrate skin better than origi-
nally thought.) Despite the fact that most polar agents of
high molecular weight remain on the skin’s surface, CMG
does induce biochemical effects within the skin. However,
the exact molecular mechanism of the CMG activity has not
been fully elucidated and warrants further investigations.
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