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Introduction

Health benefits of soy isoflavones
Epidemiological studies have demon-
strated that the Asian diet is closely
linked with a lower incidence of cer-
tain cancers, cardiovascular diseases
and postmenopausal symptoms. Mean-
while it is well accepted that these ef-
fects are based on isoflavones from
soybeans. Therefore a large number of
functional food products, containing
soy isoflavones as active ingredient,
have been launched in the last few
years. Isoflavones are non-nutrient,
bioactive molecules of a polyphenolic
structure. As they resemble the human
hormone estrogen they are also classi-
fied as phytoestrogens.

Soybeans primarily contain the iso-
flavones genistein and daidzein and
their respective B-glycosides, genistin
and daidzin. In nonfermented soyfoods,
they occur predominantly in form of
the polar, water-soluble glycosides
(Wang and Murphy 1994). However,
the bioactive form is the sugar-free

OH

OH E
HOGH, .
= AT
Kon £ | ﬂ/
HO \{_y o S g
O+
activation t

OH 0 =

Z ‘ = |
[
o~ S g

Fig. 1 Transformation of the glycoside
genistin to the bioactive aglycone,
genistein
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isoflavone which is called aglycone
(Setchell 1998). Thus the natural soy
isoflavones have to be activated to be-
come functional through the hydroly-
sis of the sugar moiety (Fig. 1).

Isoflavones as phytoestrogens:
against postmenopausal skin ageing

Menopause and skin ageing

During normal ageing, the skin be-
comes thinner, looser and less elastic.
In men, this is a fairly gradual process.
In women however, menopause caus-
es severe changes in the skin as a result
of the drastic drop in the production
of the ovarian hormones estrogen and
progesterone. During menopause, we
often see skin dryness, wrinkling, fragili-
ty, bruising, and even acne. The histo-
logic analysis of aged skin shows more
profound alterations in the dermis than
in the overlaying epidermis (Fig. 2). The
dermis is composed of fibrillar colla-
gen bundles and elastic fibersin a com-
plex array of proteoglycans and other
extracellular matrix components. Fi-
broblast cells are embedded within
the matrix. The proteins collagen and

http://www.mib-bio.com

elastin impart strength and resiliency
to the skin. Histologically skin ageing
is associated with a profound atrophy
of the dermal connective tissue (Campi-
si 1998).

In human skin, estrogen receptors have
been identified (Hasselguist et al. 1980).
Thus estrogen plays a very important
role in skin health and skin ageing. Es-
trogen stimulates the production of
collagen and elastin (Brincat et al. 1987,
Affinito et al. 1999) and on the other
hand inhibits the breakdown of the
existing collagen. Falling estrogen lev-
els result therefore in laxity of the skin
and a decreased general skin tone
which leads to sagging and wrinkles.
Hormone replacement therapies are
widely used to relieve post menopausal
symptoms, to reduce the risk of osteo-
porosis and heart attacks, and to pre-
vent hormone related skin ageing.
Several studies show that estrogen
therapy preserves collagen content,
elastic properties, and thickness of the
skin in women after menopause (Cal-
lens et al. 1996, Schmidt et al. 1996,
Dunn et al. 1997). Hormones are ap-
plicated by two routes, either oral or
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Fig. 3 Molecular structures of the hor-
mone estrogen and the phytoestro-
gens genistein and daidzein

topical. Because of better effects, the
transdermal route to deliver hormones
is nowadays preferred by pharmaceu-
tical companies. Hormones penetrate
very well through the skin, while most
of the hormones are degraded before
they reach the blood system on the
oral route. Today, hormone replace-
ment therapies with estrogen are
highly debated because they seem to
induce an increased risk of breast and
uterus cancer as long-term side effect.

The phytoestrogen genistein for an al-
ternative hormone replacement therapy
Isoflavone aglycones are structurally
very similar to steroidal estrogens (Fig. 3)
and can therefore bind to some extent
to the same receptors. In human, two
different estrogen receptors, ER « and
ER B exist. Compared with the human
estrogen, genistein has a much lower
affinity to ER « but about the same
affinity to ER B (Kuiper et al. 1998).
Genistein exerts a tissue-dependent es-
trogenic effect. It is especially active in
bones and the cardiovascular system
and less in breast and uterus (Cassidy
1999, Maroulis 2000).
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The application of hormones in cos-
metic products is not allowed. Phyto-
estrogens, like isoflavones, can be used
as an ideal, natural alternative to hor-
mones for the prevention of post-
menopausal skin ageing. Contrary to
the human hormone estrogen, soy
isoflavones do not show adverse side
effects. Studies show that soy iso-
flavones can even reduce the incidence
of certain cancers (Setchell 1998). Once
the sugar moiety is hydrolysed, iso-
flavones become lipophilic, bioactive
compounds, that like estrogen will
penetrate well into the skin. If the skin
is the place of action for a given func-
tional ingredient, the transdermal
pathway represents the shortest deliv-
ery route. Application of isoflavonesin
a cosmetic product is therefore the
ideal approach for the prevention of
skin ageing.

—  COSMETICS

Isoflavones as kinase inhibitors: a new
cosmetic ingredient for anti-ageing
products

Genistein also shows several estrogen-
unrelated activities (Knight and Eden
1996). It inhibits for example the en-
zymes tyrosine protein kinase and
MAP kinase. These enzymes are in-
volved in the transmission of intracel-
lular signals that modulate cellular
growth and differentiation. These cel-
lular processes regulate the function
of tissues, for example of the skin.
Cell culture assays showed that genis-
tein regulates the metabolism of the
skin matrix components collagen and
elastin. Reduction in these compo-
nents and therefore shrinking of the
dermal matrix is the basic mechanism
of skin ageing (Fig. 2). As a tyrosine pro-
tein kinase inhibitor genistein stimu-
lates the de novo production of colla-




gen (Yoon et al. 1998), inhibits the ex-
pression of proteinases which specifi-
cally degrade collagen or elastin, the so
called matrix metalloproteinases, and
stimulates at the same time the expres-
sion of tissue inhibitors of metallopro-
teinases, the so called TIMP (Shao et al.
1998, Ravanti et al. 1999, Kim et al.
2001). Overall genistein prevents by this
estrogen-independent mechanism the
degradation of the dermal matrix and
counteracts thereby the principal skin
ageing mechanism.

Isoflavones as lipolytic agents: an ac-
tive compound in the treatment of cel-
lulite

About cellulite

Cellulite is usually located in the but-
tocks and thigh regions and is charac-
terised by dimpling and pitting skin.
There are principally gender-related
differences in adipose and connective
tissue which favour the development
of cellulite in women versus men. Fe-
male connective tissue allows external
expansion of adipose tissue into the
dermis and therefore favours dim-
pling. If the connective tissue which
separates the dermal and the adipose
tissue layers is inherently weaker or
becomes progressively thinner and
looser as a woman ages then the adi-
pose tissue starts to extrude outwards
into the dermis, a process manifested
as cellulite.

Properties of genistein that contribute
to its anti-cellulite activity

Genistein was found to modulate
growth and differentiation of adipose
tissue and to interfere with lipid me-
tabolism, activities that are linked with
the development of cellulite. Genistein
inhibits the proliferation of preadipo-

cytes (Harmon and Harp 2001) and it in-
hibits the enzyme phosphodiesterase
thereby increasing lipolysis (Kuppu-
samy and Das 1992, Szkudelska et al.
2000). Genistein is known to stimulate
epinephrine-induced lipolysis (Nogows-
ki et al. 1998) and to inhibit insulin-in-
duced lipid synthesis (Nogowski et al.
1998). Overall these activities lead to
the reduction of adipose tissue. Fur-
ther, the estrogen-related as well as
protein kinase-related effects of genis-
tein on the connective tissue proteins
collagen and elastin results in a rein-
forcement of the connective tissue and
the dermis. Thereby the tendency of
adipose tissue to expande outwards is
reduced.

Results

Development of an anti-cellulite prepa-
ration

For our anti-cellulite study, genistein
was mixed with two well-known anti-
cellulite compounds, caffeine and car-
nitine, and with a hydrophilic extract of
Spirulina platensis. Caffeine as methyl-
xanthine derivative inhibits the enzyme
phosphodiesterase thereby increasing
lipolysis in adipose tissue (Scotini et al.
1983). Carnitine is a cosubstrate for the
translocation of long-chain fatty acids
in mitochondria and thus a stimulator
of lipid oxidation. The cyanobacterium
Spirulina platensis, a filamentous blue-
green algae, is a rich source for unsatu-
rated fatty acids, essential amino acids,
minerals, carotenoids and polysaccha-
rides. The extract of Spirulina cells of-

fers many interesting effectsin topicap-
plications. The polysaccharide spirulan
is a good skin moisturizer and might al-
so stimulate lipolysis as it was reported
for polysaccharides of brown sea algae
(Rozkin et al 2000). The carotenoids
protect the skin against oxidative stress.

In vivo activity of the anti-cellulite
preparation

Study design

In the study, the right thigh of 20
women between age 36 and 57 with
light to heavy cellulite was treated
once daily with a cream containing the
anti-cellulite preparation (Table 1). The
other thigh stayed untreated and served
as control. After 3 and 6 weeks of ap-
plication, the different skin parame-
ters were measured and compared to
the starting values. The study was con-
ducted at Derma Consult GmbH, Ger-
many.

Genistein 0.006
Caffeine 0.03
Carnitine 0.15
Spirulina platensis extract 0.048

Table 1 Concentration of single ingre-
dients in the anti-cellulite cream

Skin parameters

Measurement of skin roughness: De-
termination of skin roughness was car-
ried out with the optical 3D-in-vivo-
skin measurement system »Primos«
(Phase-Shifting Rapid in vivo Measure-
ment of skin/GFMesstechnik GmbH,
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Fig. 4 Improvement of skin elasticity by the anti-cellulite

caeam
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Fig. 5 Reduction of skin roughness (smoothing effect) by the
anti-cellulite cream
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Fig. 6 a Three-dimensional visulisation of skin roughness da-
ta points taken before treatment with the anti-cellulite

cream

14513 Teltow/Berlin) which allows fast
three-dimensional in vivo measurement
of the microtopography of human skin
based on the technology of active im-
age triangulation.

Measurement of skin elasticity: Skin
elasticity was measured by means of
Cutometer SEM 474 (Courage&Khaza-
ka Electronic GmbH, Cologne).
Measurement of thigh girth: The di-
ameter was measured about mid-way
between the knee an the hip.
Determination of cellulite grading:
Trained evaluators graded the level of
cellulite symptoms using a 5-point
scale (0-4). 0 = no cellulite; 1 = slight
dimpling of the skin surface; 2 = dim-
pling and skin depressions; 3 = dim-
pling and depressed striations; 4 = pal-
pable nodules and striations.

Study results

Fig. 4 shows that the application of the
anti-cellulite cream, containing genis-
tein, caffeine, carnitine, and Spirulina
platensis extract, significantly increased
skin elasticity in a timely manner and
reached almost 60 % improvement af-
ter 6 weeks treatment compared to
the starting value. At the sime time the
skin roughness was reduced by about
50 % (Fig. 5). This smoothing effect is
nicely demonstrated by 3-dimensional
visualisation of the skin roughness da-
ta points (Fig. 6a and b). The cellulite
degree dropped from 3.7 at the start
of the study to a value of 2.3 after 6
weeks. This remarkable improvement
in the visible signes of cellulite was
confirmed by a clear mean reduction
of the thigh girth, that was 2 cm after
6 weeks.

cellulite cream

Conclusion

Soy isoflavones are already widely
used as functional food ingredients. In
most cases, these food supplements
contain only isoflavone glycosides, the
molecular form that is biologically not
active. However, after ingestion the
glycosides are transformed by intesti-
nal glycosidases and intestinal bacter-
ial metabolism into the estrogenically
active form (Setchell and Cassidy 1999).
Since the skin does not harbour such
bacteria and enzymes, the active iso-
flavone preparations for skin care
must be in the form of aglycones. Un-
fortunately, these aglycones have a
poor solubility in water and oil. Thus,
a special galenic form is necessary to
introduce these isoflavone prepara-
tions into cosmetic formulations.

We developed a soy isoflavone prepa-
ration suitable for cosmetic applica-
tions. It contains the biologically active
aglycone genistein in pure form (Schmid
et al. 2001). Our genistein formulation
is based on liposomes to make the
aglycone water dispersible and bio-
available to the skin.

References

(1) Affinito, P, Palomba, S., Sorrentino, C., Di
Carlo, C., Bifulco, G., Arienzo, M. P. & Nappi,
C. (1999) Effects of postmenopausal hypoe-
strogenism on skin collagen. Maturitas 33:
239-247.

Fig. 6b Three-dimensional visualisation of skin roughness
data points taken after six weeks treatment with the anti-

(2) Brincat, M., Kabalan, S., Studd, J. W. W., Mo-
niz, C. F., de Trafford, J, & Montgomery, J.
(1987) A Study of the Decrease of Skin Col-
lagen Content, Skin Thickness, and Bone
Mass in the Postmenopausal Woman. Ob-
stet. Gynecol. 70: 840-845.

(3) Callens, A., Vaillant, L., Lecomte, P., Berson,
M., Gall, Y. & Lorette, G. (1996) Does Hor-
monal Skin Ageing Exist? A Study of the In-
fluence of Different Hormone Therapy Reg-
imens on the Skin of Postmenopausal
Women Using Non-Invasive Measurement
Techniques. Dermatology 193: 289-294.

(4) Campisi, J. (1998) The role of cellular senes-
cence in skin ageing. Journal of Investigative
Dermatology Symposium Proceedings 3: 1-5.

(5) Cassidy, A. (1999) Potential tissue selectivity
of dietary phytoestrogens and estrogens.
Curr. Opin. Lipidol. 10: 47-52.

(6) Dunn, L. B, Damesyn, M., Moore, A. A,
Reuben, D. B. & Greendale, G. A. (1997) Does
Estrogen Prevent Skin Ageing? Arch. Der-
matol. 133: 339-342.

(7) Harmon, A. W. & Harp, J. B. (2001) Differen-
tial effects of flavonoids on 3T3-L1 adipoge-
nesis and lipolysis. Am. J. Physiol. Cell Physi-
ol. 280: C807-C813.

(8) Hasselguist, M. B., Goldberg, N., Schroeter,
A. & Spelsberg, T. C. (1980) Isolation and
Characterization of the Estrogen Receptor
in Human Skin. J. Clin. Endocrinol. Metab.
50: 76-82.

(9) Kim, M. H., Albertsson, P., Xue, Y., Nann-
mark, U., Kitson, R. P. & Goldfarb, R. H.
(2001) Expression of neutrophil collagenase
(MMP-8) in Jurkat T leukemia cells and ist
role in invasion. Anticancer Res. 21: 45-50.

(10) Knight, D. C. & Eden, J. A. (1996) A review of
the clinical effects of phytoestrogens. Ob-
stet. Gynecol. 87: 897-904.

(11) Kuiper, G. G. J. M., Lemmen, J. G., Carlsson,
B., Corton, J. C, Safe, 5. H.,, Van Der Saag, P.
T. Van Der Burg, B. & Gustafsson, J.-A.
(1998) Interaction of Estrogenic Chemicals
and Phytoestrogens with Estrogen Receptor
b. Endocrinology 139: 4252-4263.

SOFW-Journal, 127. Jahrgang 10-2001




(12)

{13)

(14)

(15)

(16)

(17)

COSMETICS —

Kuppusamy, U. R. & Das, N. P. (1992) Effects
of flavonoids on cyclic AMP phosphodi-
esterase and lipid mobilization in rat
adipocytes. Biochem. Pharmacol. 44: 1307-
1315.

Maroulis, G. B. (2000) Alternatives to Estro-
gen Replacement Therapy. Ann. N.Y. Acad.
Sci. 900: 413-415.

Nogowski, L., Mackowiak, P., Kandulska, K.,
Szkudelski, T. & Nowak, K. W. (1998) Genis-
tein-induced changes in lipid metabolism of
ovariectomized rats. Ann. Nutr. Metab. 42:
360-366.

Ravanti, L., Heino, J., Lopez-Otin, C. & Kdha-
ri, V.-M. (1999) Induction of collagenase-3
(MMP-13) expression in human skin fibrob-
lasts by three-dimensional collagen is medi-
ated by p38 mitogen-activated protein ki-
nase. J. Biol. Chem. 274: 2446-2455.

Rozkin, M. I., Levina, M. N., Efimov, V. 5. &
Usov, A.l. (2000) The anticoagulant and
lipolysis-stimulating activity of polysaccha-
rides from marine brown algae. Farmakol.
Toksikol. 54: 40-42.

Schmid, D., Muggli, R. & Zalli, F. (2001) Der-
matological application of soy isoflavonesto
prevent skin ageing in postmenopausal
women. Cosmetics and Toiletries Manufac-
ture Worldwide (Aston Publishing Group
2001): 146-151.

(18)

(19)

(20)

(21

(22)

(23)

Schmidt, J.B., Binder, M., Demschik, G., Biegl-
mayer, C. & Reiner, A. (1996) Treatment of
Skin Ageing with Topical Estrogens. Int. J.
Dermatol. 35: 669-674.

Scotini, E., Carpenedo, F. & Fassina, G. (1983)
New derivatives of methyl-xanthines: effect
of thiocaffeine, thiotheophylline and 8-
phenyltheophylline on lipolysis and on
phosphodiesterase activities. Pharmacol.
Res. Commun. 15: 131-143.

Setchell, K. D.R. (1998) Phytoestrogens: the
biochemistry, physiology, and implications
for human health of soy isoflavones. Am. J.
Clin. Nutr. 68(suppl): 13335-13465.

Setchell, K.D.R. & Cassidy, A. (1999) Dietary
Isoflavones: Biological Effects and Relevance
to Human Health. J. Nutr. 129: 7585-767S.

Shao, Z.-M., Wu, 1., Shen, Z.-Z. & Barsky, 5. H.
(1998) Genistein inhibits both constitutive
and EGF-stimulated invasion in ER-negative
human breast carcinoma cell lines. Anti-
cancer Res. 18: 1435-1440.

Szkudelska, K., Nogowski, L. & Szkudelski, T.
(2000) Genistein affects lipogenesis and
lipolysis in isolated rat adipocytes. J. Steroid
Biochem. Mol. Biol. 75: 265-271.

(24)

(25)

Wang, H. & Murphy, P.A. (1994) Isoflavone
Content in Commercial Soybean Foods. J.
Agric. Food Chem. 42: 1666-1673.

Yoon, H. K., Chen, K., Baylink, D. J. & Lau, K.-
H. W. (1998) Differential effects of two pro-
tein tyrosine kinase inhibitors, tyrphostin
and genistein, on human bone cell prolifer-
ation as compared with differentiation. Cal-
cif. Tissue Int. 63: 243-249,

*Author’s address:

Daniel Schmid, Christiane Hanay,
Reto Muggli, Fred Zulli

c/o Mibelle AG Cosmetics
BolimattstraBe 1

CH-5033 Buchs

'SOFW-Journal, 127. Jahrgang 10-2001

27






