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THE EVOLUTION OF SILICONE CHEMISTRY: 
I. LIPOPHYLIC SILICONES 
V. Gallardo, A. Hernémdez, JM Llacer and M0 A. Ruiz 
Dept. of Pharmacy and Pharmaceutical Technology, Faculty of Pharmacy, University of Granada-Spain 

Received: Aprii, 2003 
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Summary 
In this article, a generai overview of the evolution of lipophylic silicones chemistry is presented. We 
also report on the advances that have been made in the work carried out to achieve experimental ap
plications of the cosmetic industry. These compounds have an important play role in the develop
ment of dermocosmetologic technology, because they knowledge is a key factor influencing the te
chnological and economie development of pharmaceutical formulations. 

Riassunto 
Nel lavoro viene riportata una panoramica generale dell'evoluzione registratasi nel comparto della 
chimica dei siliconi lipofili. 
Questa categoria di prodotti chimici, arricchitasi di nuovi studi condotti per valutare a pieno le po
tenzialità del loro uso cosmetico, ha rivelato di rappresentare un punto di riferimento basilare per lo 
sviluppo tecnologico ed economico anche delle formu lazioni farmaceutiche. 
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The evolution of silicone chemistry: I. Lipophylic siticones 

INTRODUCTION 

PDMS attracted the attention of the cosmetic in
dustry very early due to their unique combina
tion of characteristics. Nevertheless, their inade
quate solubility in water and other solvents pre
vented them from being used on a large scale in 
cosmetic formulations. Subsequently, syntheses 
carried out in this field have led to an enti re se
ries of modified organo-polysiloxanes utilized 

in a wide range of products and appl ications (l-
2). 

CLASSIFICATION 

Below we present an overview encompassing 
ali the derivatives of lipophyllic silicones (3-5) 
developed up unti! now, outlined in the fol
lowing diagram: 

Lipophylic 

Dimcthiconcs Cyclic 
PDMS 

Alkil 

PDMS 

Alkoxy 
PDMS 

Lincar oothcombcd 

Low Density 

Mixture of 
sa me 

Liquid Sol id 

Di, Tri, Tetra, 
Penta, Hexa,.. 

Medium Density Ultra siliconcs 

Fig. 1 C/assificarion of lipophyllic silicones 
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DIMETHICONES 

Also termed silicone fluids, these silicones are 
formed by the linear bonding of siloxane units. 
Dimethicones of different viscosities are obtai
ned depending on the number of monomeric 
units making up the PDMS (6), starting from 
the most basic or dimeral dimethjcone with a vi
scosity of 0.65 cP (having the particularity of 
being volatile without being cyclic) up to 
PDMS whose unit numbers range from 4000 to 
6000 siloxane bonds, with dimethicones of I 
000 000 cP. From that point on, the denomina
tion changes to silicone elastomers or silicone 
rubbers. The most commonly used range of vi
scosities in cosmeti c formulat ions runs from 
0.65 cP to 60 000 cP, whjch offer the best com
bination of aesthetic qualities for body care for
mulations. High-viscosity PDMS offer water re
pellency in lotions, creams and sunscreen pro
ducts. The medium- and low-viscosity dimethi
cones confer better lubricity, softness and sprea
ding to the fonnulations. The incompatibility of 

I H3 I H3 

Si-O - Si-OH 

I I 
CH3 CH3 

n 

Fig. 2 Chemical structure of PDMS 

dimethicones with organic elements and their 
low surface tension mean that lotions and 
creams (emulsions in generai) will spread in a 
thin water-repellent film that is not occlusive. 
Linear PDMS, traditionally used in emulsions 
for very dry skin, due to the gloss and stickiness 
provided by their relatively high refraction in
dex, are sometimes lirruted in their use by these 
very factors. 

V. Gallardo, A. Hernémdez. JM LléJcer and M 0A. Ruiz 

The addition of 0.5-2% linear PDMS by weight 
is enough to produce a sensation of softness in 
lotions and skin creams, while 5-10% is needed 
for a protective barrier. In sunscreens, 1-3% 
confers water-repellent properties and desvicifi
cante agents, resulting in a formulation that is 
neither sticky nor greasy. In concentrations be
low 1 %, they act as defoaming agents (7) to 
prevent the "whitewash" phenomenon in emul
sions. 
The applications of linear PDMS have been li
mited by its poor ability to solubilize in the non
polar or oil phase of emulsions. In adilition, it is 
excessively glossy (especially those with a high 
MW) and is overly sticky when proportions are 
increased to provide a barrier effect. The work 
of Vaughan on the phase diagram is therefore of 
great interest in the Iight of this problem (8). 
Vaughan's work suggests that dimethicones can 
be solubilized in the non-polar oils commonly 
used in cosmetics for body care, such as paraf
fin. Nonetheless, in practice this does not hold 
true, except for PDMS with a viscosity of under 
5 cP, due to the fact that the study of solubility 
parameters cannot generally predict the solubi
lity of high MW silicones in cosmetic formula
tions. This effect is the result of the increase in 
the eutrofia of the mixture of PDMS + maxi
mum-solubility cosolvents. However, this inso
lubility is not especially problematic regarding 
its inclusion in topica! formulations. 
There are numerous parameters that explain the 
ease of PDMS inclusion in emulsions: 
1) The emulsifiers and coemulsifiers normally 

used to stabilize emulsions can surround the 
small concentrations of dimethicone em
ployed, even when other oils with solubility 
parameters and properties different from tho
se of silicone fluids are involved. 

2) Most dermocosmetic formulations are vi
scous enough and therefore, according to 
Stokes's law, stable enough to accept the in
clusion of dimethicones in the usual concen-
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The evolution of silicone chemistry: I Lipophylic s1/icones 

trations of fonnulations. Nevertheless, in less 
dense emulsions, ruptures can occur, preven
table using dimethicone cosolvents. One of 
the few solvents that generally facilitates the 
incorporation of PDMS to these fluids or for
mulations is isopropyl myristate (9-10). 

3) Finally, the low intramolecular force (sy
nonymous with high surface activity) in sili
cone fluids allows, under normai shaking 
conditions, the reduction of the droplets to a 
small enough size to considerably increase 
the active contact surface of the droplets and 
therefore increase, according to Stokes's law, 
the dispersiveness of dimethicone in emul
sions or formu lations in generai. 

CYCLOMETHICONES 

CH3 

I 
Si - O _.__ _ _ 

I 
CH3 

- n 

n=4,5,. .. 

Fig. 3 Cyclomethicones: Generai chemical structure 

These silicones are also known as volatile 
PDMS or dimethylcyclosiloxanes due to their 
characteristic of evaporating normally and to a 
different extent at body temperature depending 
on the degree of polymerization of the cyclo
methicone. These volatile silicones have the ad
vantages but not the drawbacks of silicone and, 
if only in their applications in O!W cosmetic 
emulsions, it should be noted that they greatly 
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reduce the viscosity of the oil phase and the
refore influence the stability and rheology of the 
emulsion (11-12). 

In generai, cyclomethicones are transparent li
quids with a viscosity under 5 cP (Vaughan's 
theory can be applied to them), the only excep
tion being the trimer (D3), which is a crystalline 
solid that easily evaporates at room temperature 
(not typically used in cosmetic formulations) 
(13). 

The most commonly used cyclomethicone is the 
pentamer D5 in generai provides better solubi
lity properties. Cycles with more than 6 siloxa
ne bonds (or 6 silica atoms), such as hexamer 
cyclomethicone, are normally found in commer
ciai preparations in very low concentrations, 
mixed with the analogous pentamer and do not 
therefore influence the volati lity and solubility 
ranges of the final product at ali. These cyclo
methicones, termed INCI for cyclic silicones in
cluding hexamethyl disiloxane due to its volati
lity, are obtained as normai components during 
the distillation phase in the manufacture of li
near silicone polymers (14). 
The different types of cyclic silicones (D3, D4, 
DS, D6, etc.) are separated by fractionated di
stillation. 

Fig. 4 Chemical structure of tetramer Cyclomethicone 



Fig. 5 Chemical structure ofpe11ta111er Cyclo111erhico11e 

Tetramer and pentamer cyclomethicones are the 
easiest ones to obtain and are therefore the most 
commonly used volatile silicones since they al
so have the best properties at room temperature. 
In the early history of silicone manufacture, the
se cyc li c dimethicones were doubled and 
blocked for use in the production of silicone 
elastomers, such as those used to compact bath
tubs. Nowadays, volatile silicones are produced 
and sold as a mixture of the afore-mentioned 
molecular types (the most common mixture 
consists of DS and traces of D6 in different pro
portions depending on the desired properties). 
Let us now address the generai properties of cy
clic PDMS that provide them with their great 
versatility and widespread use in persona! care 
products (15- 16): 
1) These elements are volatile at room tempera

ture. The Jack of a strong intermolecular at
traction and of blocking at the ends of the 
polymer by sizeable groups confers great vo
latility to these materiais with a relatively 
low MW. Their volatility increases considera
bly upon contact with body temperature, enti
rely evaporating without leaving a dry resi-
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due. They are therefore used as transi tory ex
cipients that are easily spread and easily eli
rninated with no residue (17). 

2) Cyclomethicones have a low vaporization 
heat in contrast with other volatile ino-re-<> 
dients (18). This means that a formu lation 
containing cyclomethicone leaves a dry or 
"evanescent" feeling, but without producing a 
cold sensation by absorbing energy from the 
skin in order to evaporate (19). 

3) They have better solubility than dimethico
nes. They are compatible with most waxes, 
fatty acids, vegetable oils, fatty esters, mine
rai oils, glycerine, as well as with non-volati
le silicones. Cyclomethicones are better sol
vents than linear PDMS, as they are soluble 
in pure alcohol and in both aliphatic and aro
matic hydrocarbon s. They can be easily 
emulsified in aqueous systems thanks to their 
high surface activity or Iow surface tension. 
Therefore, diverse cosmetic excipients can be 
used to easily obtain anhydrous cyclomethi
cone solutions using emulsifiers agents (20). 

Useful combinations in this respect are liquid 
alcohols and ethoxylates or propoxylates of 
fatty alcohol; severa! different esters can also be 
used (benzoates, adipates, palrnitates, etc.). The 
same cyclomethicones are excellent cosolvents 
of dimethicones with a high MW (21). 
4) Characteristics derived from their silicone 

nature. They tend to reduce the viscosity of 
the products to which they are incorporated, 
that is, facilitating the formation of a film 
that flows easily, surrounding or engulfing 
the particles or components of a formulation 
and thereby easing its spreadabi lity on the 
skin. 

As components in a formulation they contribute, 
due once again to their high degree of spreada
bility, a silky feeling and emollient properties to 
products for skin care. In contrast to linear 
PDMS, the soft, sticky feeling is obtai ned 
without greasiness. Like dimethicones, they ha-
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range of concentrations used to contro! sedi
mentation. A non-volatile content of 10-20% is 
appropriate, providing a solution that is clear, 
easy to spread and non-irritating. 
Upon rubbing, the low fric tion and low evapo
ration heat of the volatile component assure a 
texture that is dry, non-cooling, silky and softe
ning. The residua! film is water repellent and 
long-lasting. Silicone gum has also been shown 
to confer substantiveness to certain compounds. 
Preliminary findings indicate a positive effect 
on certain chemjcal sunscreens (29), minerai oil 
and isopropyl myristate. Research has revealed 
that PABA derivati ves are 50-100% more resi
stant to wash-off when these megasilicones are 
incorporated to them (30). 

SILICONE RESINS 

These branched sil icones have generally a high 
molecular weight, the same characteristics as 
the silicone gum and the identica! application in 
topica! products, as well as substantiveness and 
water repellency. When these trimethylsi loxyli
cates are combined with linear PDMS, they the
refore provide a liquid that is easy to work with. 
This dimethicone/trimethylsiloxylicate mixture 
can be emulsified, acting as a barrier to water, 
which aids in preventing other emoll ients from 
dissipating from products for skin protection. 
They provide emollient properties with low vi
scosity, leaving a soft, dry film. The combined 
use of phenyl and methyl groups in si licone re
sins decreases fragil ity, but increase in stability 
and improve in thermal behaviour. In short, si li
cone resins consist of copolymers of siloxane 
uruts (wherein a -CH group is substituted for a 
phenyl group), trimethy ls iloxa ne and 
methylphenyls iloxane, in which the methyl and 
phenyl groups are bonded to the same silica 
atom. Pure phenyl silicones tend to be fragile, 
and glossy, with a low melting point, and the
refore inappropriate for technical uses, although 
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they are notably resistant to oxidation. Resins 
are therefore very complex polymers with a reti
cular structure with three-dimensional crossed 
bonds. 

SIMETHICONES 

The simethicones are PDMS in emulsion or di
spersion with pyrogenic silica. These emulsions 
can use a non-ionie element as an emulsifier 
and the diluti ng media can be water to hydro
carbonated solvents. These emulsions are easy 
to incorporate and possess the characteristic of 
chemical inertness and the hjgh surface activity 
of the group, as well as considerable defoaming 
power, to the point where they are measured in 
milligrams for each kilo and a half to be defoa
med. They work well in alkaline and acid me
dia. 
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Summary 
Viscosity is the most well-known expression of rheology and it is frequently used to monitor formu
lation stabil ity over time and to optim ize the sensory and performance attributes of persona! care 
products. 
Developments in organosilicone chemistry have led to new ingredients that can affect the rheology 
of formul ations across a wide range of persona! care applications. These new materials, alkyl
methylsiloxane (AMS) waxes and si licone elastomers, provide a number of performance and sen
sory attributes. Depending on the product app lication and required benefits, formulating chemists 
can select the most appropriate materials from these two product categories. 
Studies demonstrate that although the wax increases the consistency of water-in-oil systems, it does 
not negatively affect sensory performance. 
Silicone elastomer technology provides a means of increasing the viscosity of volatile silicones 
without sacrificing their desirable silicone aesthetics. 
The ingredients resulting from this patented technology allow other ingredients such as anti perspi
rant salts or minerai charges to be suspended in Cyclomethicone while providing a dry, velvety feel 
that is qui te d ifferent from the silky feel of conventional si licones. 
This paper reviews the impact of new organosil icone materials on rheological behavior as it relates 
to perfonnance and sensory benefits. An understanding of the unique properties of these materials 
can help chemists meet new formulation challenges. 

Riassunto 
La viscosità è l 'espressione più conosciuta della reologia e viene utilizzata sia per monitorare la sta
bilità nel tempo delle formulazioni che per ottimizzare le caratteristiche sensoriali attribuite ai pro
dotti topici. 
Lo sviluppo della chimica degli organo-siliconi quali i polidimetilsilossani, ha ulteriormente arric
chito le possibilità date al formulatore di migliorare laccettabilità dei prodotti topici, aumentandone 
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notevolmente la loro gradevolezza. 
La tecnologia degli elastomeri siliconici fornisce nuovi mezzi per incrementare, ad esempio, la vi
scosità dei siliconi volatili senza sacrificarne i loro effetti estetico-sensoriali. Così è ora possibile 
formulare deodoranti o antiperspiranti che donano alla pelle una sensazione setosa, risultano non 
grassi e non lasciano residui. 
Questo articolo offre una panoramica dei nuovi organo-siliconi evidenziando sia le proprietà reolo
giche che i benefici effetti sensoriali che questa nuova famiglia chimica apporta a tutti i prodotti di 
uso topico. La piena comprensione di queste caratteristiche innovative aiuterà i chimici a formulare 
prodotti sempre più innovativi. 
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INTRODUCTION 

Viscosity is the most well known expression of 
rheology and perhaps the most easy to observe. 
It is frequently used to monitor formu lation sta
bility over time, as well as to define the formu
lation profile for best delivery as a nove! pro
duct form or from specialized packaging. Rheo
logy has become increasingly important because 
an understanding of its parameters has allowed 
formulators to optimize the sensory and perfor
mance attributes of persona) care products. 
In antiperspirant and deodorant applications, vi
scosity contro] plays a significant role in impro
ving application properties and facilitating sta
bility, during both manufacturing and storage. 
In color cosmetics such as foundations, pig
ments present a challenge to formu lators. They 
must be stabili zed when packaged, and their de
livery to the skin must be smooth and homoge
neous. The simplest method for stabi lizing pig
ments is to increase the formulation viscosity. 
However, this approach can lead to difficult 
spreadin g and uneven coverage by the pi g
ments. Rheological additives allow pigment sta
bilization in the package, but a very flu id and 
smooth appl ication on the skin. The appropriate 
rheology profile can deliver both benefits. 
In generai, polydimethylsiloxane (PDMS) mate
rials exhibit Newtonian rheological behavior; 
that is, they become pseudoplastic with increa
sing polyrner viscosity. The addition of functio
nal groups on the siloxane backbone can rnodify 
this rheology profile'. Alkyl groups of different 
chain lengths can be chemically substituted for 
rnethyl groups on the s iloxane backbone. 
Varying degrees of substitution can result in 
wax-like materials with a range of rnelting 
points. When added to ernulsions for foundation 
creams or sun care products, these waxes can al
ter rheology, providing irnproved product 
performance and stability. 

I. Van Reeth, M. Starch 

The viscosity or PDMS can increased in two 
ways: by increasing the chain length in a linear 
rnanner with the addition of Si-O units, or by in
creasing chain length (and hence, rnolecular 
weight- and also ernploying a cross-linker. The 
latter approach results in significant rheology 
changes, allowing forrnulators to achieve nove! 
formulations with unique sensory characteristics 

CH3 CH3 

I I 
(CH3)3 -Si - (SiO)x (SiO)y Si - (CH3)3 

CH3 (CH2)30_45CH3 

Fig. I Chemica/ Srructure of C30-45 Alky/111ethico11e 

MATERIALS ANO METHODS 

The studies described in the paper were conduc
ted using severa! materi als supplied by Dow 
Corning Corporation. These products are part of 
the Si lky Touch range, Silicone excipients for 
Pharmaceutical Topica! Applications . 

Alkylmethylsiloxanes (AMS) 

• INCI Narne: C 30-45 Alkylmethicone (Dow 
Corning® ST-Wax 30) 
Melting Point: 70 o C 

Silicone elastomer 

• INCI Name: Cyclomethicone (and) Dirnethi
cone Cross Polyrner ; Blend of high molecular 
weight cross-linked silicone elastomer in Vo
latile Si licone (Dow Corning® ST-Elastomer 
10). 

Blend Viscosity: 350,000 mrn2/s·1• 
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The equipment and test methods used for va
rious procedures can be summarized as follows: 

In vitro SPF measurements 

• Diffey & Dobson method 
• Equipment: Optimetrics 290 SPF analyzer 
• Substrate: Transport tape manufactured by 3M 

Rheology measurements 

• Equipment: Carry-med Rheolmeter CSL_ at 
25° e 

Sensory evaluation 

• Paired comparison 
• Complete block experiment with 25 panelists 
• Data treatment based on ANOVA non-parame

trics statistic (Wilcoxon and Kurskal-Wallis 
tests) and comparison test (generai linear pro
cedure: Tukey) 

Moisturisation 

• Corneometer Courage Khasaka 

RESULTS 

Alky 1 methylsi loxanes : Alkylmethylsiloxane 
(AMS) materials are organo-modified silicones 
whose methyl groups have been paitially repla
ced by alkyls of longer chain lengths2,3. By 
varying the chain length of the silicone backbo-

ne and the alkyls, as well as the degree of sub
stitution, it is possible to produce three classes 
of AMS: 
1) Volatile fluids, 
2) Non volati le fluids and 
3) Waxes with a range of melting points (25° C 

to 70° C) 
The most usefu l AM S waxes are those that 
combi ne significant effects on rheology with 
other fu nctional benefi ts. For example, the addi
tion of two percent of C30-45 Alkylmethicone, 
to a water-in-oil e mulsion raises the In-Vitro 
SPF of the formulation . Table I shows how the 
addition of the high melting point AMS wax af
fects a prototype sun care formuJat ion. 
In color cosmetics formulations, th is same wax 
c an have a s igni ficant rheological effect on 
emulsions, particularly in water-in-oil or water
in-silicone emulsions . In this case, two percent 
is the optimum leve ) requ ired to achieve a 
bodying effect; The addition of the AMS wax 
gives a higher initial formulation viscosity, whi
ch is perceived as a difference in spreading cha
racteristics and skin feel. The AMS wax provi
des the structural, matrix-building properties of 
the highest quality natural and synthetic waxes, 
combined with the rich, sensory aesthetics of si
licone. The siloxane backbone of the materi ai is 
responsible for its reduced waxy feel, and the 
high alkyl content imparts compatibility with a 
range of organic materials and otherwise incom
patible ingredients. 
The high melting points AMS wax can be used 
to make stable foundation creams with pigment 

Table I 
The ejfect of wax on water-in-ai/ emulsion viscosity, thixotropy, and in viflv SPF. 

Water-in-oil Viscosity ( cPs) Thixotropy ( Pa/s) In Vitro SPF 
Emulsion 

Contro I 7500 7353 9.9 

2 % ST-Wax 30 22400 10310 17.1 
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Table II 
F 01111datio11-crea111 formulation 

with high melting point AMS wax. 

lngredients Weight % 

Phase A 

Cyclo methicone (and ) I I.O % 
Dimethiconol 

Pigmcnt BI end 16.6 % 

C30-4 0 Alkylmethicone 2.0 % 

Cyclomethicone (and ) 10.0 % 
Dimethicone Copo lyol 

Phase B 

Sodium Chloride 1.0 % 

Polysorbate 20 0.5 % 

Distilled Wate r 58.9 % 

I. Van Reeth, M. Starch 

levels up to 15 percent. These c reams have ex
cellent spreading and payout. Table II illustrates 
a formulation of this type. 
In addition to the impact on formulation rheo-
logy, high melting point wax alkylme thylsiloxa
ne can also impart moisturizing properties to a 
formulation. Due to its high content in organic 
fatty chains, Dow Corning® ST-wax 30 has oc
c lus i ve pro pe rt ies equi valent to Pe tro la tum 
making it a good candidate for moisturising pre
parati on. Afte r 6 hours, a formulation conta i
ning 2 % of AMS wax has the same impact on 
mo isturisation, measured with a corneomete r 
than the same formulation conta ining I O % of 
petrolatum. 

Moisturisation with corneometer 

.!: e: 
GI .2 
"' -~ ·~ 
" :> e: -·- "' ., ·e; 
g' E 
~ 

35% 

30% 

25% 

20% 

15% 

10% 

5% 

0% 

30 min 1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 

Time 

Fig. 2 Effect of AMS wax onformulation viscosity 

Petrolatum 10 % 

-1 St-Wax 30 2 % 

ST-Wax-30 5 % 
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Table III 
Formularions usecl in the 111oisturisatio11 study illustrateci in figure 3. 

Ingredients 1 
PhaseA 
Petrolatum 10 o/o 
C30-45 Alkyl 
Methicone 
Minerai oil 15 o/o 
Laury lmethicone 2% 
Copolyol 
Phase B 
Sodium Chloride 1 % 
Glycerin 3% 
Water To 100 o/o 
Viscosity 81,000 mm2

1 s-1 

Silicone e/astomers 

In thi s category of materia ls, rheology change 
results from increasing the molecular weight of 
the materiai, both by adding S i-O units and by 
cross-linking. The new technology is based on a 
cross-linked elastomeric silicone made with cy
clomethicone in-situ. Figure 3 is a schematic re
presentation of the synthesis of a silicone elasto
mer. 
From a formulati ng perspective, the most im
portant property of these materials is their abi-
1 i ty to thicken cyclomethicone. This effect re-

SiH fupctional Polymer 
r> ~ U:r ...... __ 

H ~ 

Vinyl functional 
CROSSLINKER 

Fig. 3 Synthesis of a silicone elastomer 
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2 3 

2% 5 % 

20 % 20% 
2% 2% 

1 % 1 % 
3% 3% 
To 100 o/o To 100 o/o 

sults in improved stability and viscosi ty contro! 
of products where cyclomethicone is used as a 
vehicle. In addition, the desirable aesthetics of 
the cyclomethicone are maintained. Thickening 
systems of this type have additional benefits 
over conventional thickening ingredients such 
as organic thickeners, clay, silica and sil icone 
gums - . Compared with organic materials, the 
effects of the silicone elastomer blends are per
ceived as d rier and less oily, and as having a 
well-bodied fell. Silicone elastomers eliminate 
the poor skin feel associated with si lica, which 
can impart drag and a gritty feel. In the case of 

Crosslinked network 
( elasto1neric) 



silicone gums, high levels are required to achie
ve the same level of thickening associated with 
silicone elastomers. At these levels, the silicone 
gum can make the product heavy and difficult 
to formulate Figure 4 compares the effect of 
shear s tress on viscosity in cyclomethicone 
thickened with silicone elastomer and two other 

I. Van Reeth. M. Starch 

mate1ials. 
Silicone elastomers can absorb Jarge volumes of 
cyclomethicone or low molecular weight silico
ne without syneresis. 
The interaction within elastomer chains provi
des th ickening with a yield value. Figure 5 illu
strates this thickening effect. 

VISCOSITY VS SHEAR STRESS for CYCLOMETHICONE.with 
THICKENER 

Cì 
cn 
·5 
e;.. 

1.00E+08 

~ 1.00E+04 
Cii o 

·U cn 
> 

1.00E+OO 

~ 

~ 

-- -

•• 
Il I 11111111 ...... 

Il Il ;;:"'11111 

--+-SILICONE ELASTOMER 1"111"11 
--- SILICONE GUM 

_lj_l_J -~-llJ ____ ------ FUMED SILICA 
-----

10 1000 

Shear Stress (dyne/ cm2) 

Fig. 4 Viscosiry vs. shear stress of cyc/0111ethico11e and various thickeners. 

Fig. 5 Schema tic representation of the thickening ejfect of a silicone elastome1: 
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Because of the open nature of the elas tomer 
network, small molecules can escape easily 
from it. Consequently, the effect of the silicone 
elastomer on volatility is minimal. For example, 
in a fonnulation thickened with silicone elasto
mer, the initial feel upon application is stili that 
of volatile sil icone, which disappears quickly to 
leave a dry, velvety feel. 

.. 

- 13% Elastomer 

- 10% Elastomer 

I I 

Depending on elastomer concentration, these 
blends display a range of viscous and elastic 
properties. Figure 6 shows the effect of elasto
mer concentration on viscosity. In addition to its 
thickening ability, the silicone elastomer provi
des a unique sensory profile. Figure 7 summari
zes the results of sensory pane! testing. 

-

Fig. 6 The effecr of silicone elastomer concentration on viscosity. 
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sensory comparison silicone Elastomer I Silicone gum in w/s system 

Slipperiness 

T ackiness alter absorptìon 

Silkyness 

Greasiness 

Wetness 
8.00 

Film residue 

Spreadabil~y 

Gloss 

Tackiness before absorption 

--Silicone elastomer 

.--Silicone Gum 

Absorbancy 

Fig. 7 Comparison of sensory of 2 w/o creams containing silicone elastomer and silicone gum. 

---- -.: Significant di.fference al 95 % confidence leve/ 



The thickening property of silicone elastomers 
can be used to fo1mulate thicker water-in-silico
ne emulsions, as well as anhydrous cyclomethi
cone geJs specifically for antiperspirant and 

I. Van Reeth, M. Starch 

deodorant appJications. Figure 8 illustrates the 
viscosity effect of two concentrations of silico
ne elastomer on a base antiperspirant gel. 

Table IV 
Formulations used in the sensory comparison illustrated in.figure 7 

Ingredients 1 2 
PhaseA 
Cyclomethicone 15 % 
(and) Dimethicone 
Crosspolymer 
Cyclomethicone ( 15 % 
and) Dimethiconol 
Cvclomethicone 10 % 10 % 
Laury lmethicone 2 % 2 % 
Copolyol 
Phase B 
Sodium Chloride 1 % 1 % 
Glvcerin 3% 3% 
Water To 100 % To 100 % 
Viscositv 106,000 mm21s-1 54,000 mm:L1s- 1 

Fig. 8 Concentration effect of e/astomeric gels on antiperspirant gels. 
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In summary, silicone elastomer blends provide a 
new approach for thickening cyclomethicone 
and other silicone fluids. They are more effi
cient and effective than other thickeners, and 
they provide unique aes thetics that cannot be 
achieved with other silicones. 
In addition to its impact on formulation rheo
logy , Silicone Elastomer have also the ability to 
suspend essential oils resulting in new delivery 
form for aromatherapy products combining sen
sory and olfactive sensations. 
Following is a formulation of such a perfumed 
gel : 

Dow Corning ST-Cyclmethicone 5-NF 5.0% 

Essential oil (Lavendula, Parsley) 11 2.0% 

Coloring pigment 0.8% 

Dow Corning® ST-Elastomer l O 92.2% 

These gels have been submitted to a pane! of 
employees to evaluate how thi s new form of 
fragrance delivery wou ld be perceived. Fol
lowing are the comments : 
-Very silky skin feel 
- Easy to spread 
- Non Greasy 

CONCLUSION 

The appropriate AMS or silicone elastomer in
gredients can help formulators achieve the ne
cessary rheological properties for optimal for
mulation performance in sun care, skin care, co
lor cosmetic and AP/deo applications. At the sa
me time, these ingredients can maintain or 
enhance the posi ti ve sensory parameters asso
ciated with silicones. Additional benefits such 
as skin moisturisation and new formu lation con
cept for fragrance are 2 o thers benefits from 
these rheological additives. 
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Summary 
In vivo 02 utilization for catabolic processes is associated with the generation of Reactive Oxygen 
Species (ROS). Excessive production of ROS can cause Oxidative Stress, which is the unbalance 
between ROS and antioxidant defenses. ROS, by causing oxidative damage to biologica! macromo
lecules such as DNA, lipids, carbohydrates and proteins, are believed to be involved in the initiation 
and progression of severa! chronic diseases, including coronary heart disease (CHD) and cancer. 
Oxidative stress can be modulated by the diet, epidemiologica! research has shown an inverse rela
tionship between fruit and vegetable consumption and the incidence of degenerative diseases. The 
most plausible explanation for this association is that foods of plant origin, through their high con
tent in antioxidant compounds, could reduce oxidative stress and, therefore, prevent oxidative dama
ge to macromolecules. Antioxidant supplementation trials, although not conclusive on this regard, 
have leading to contrasting results, highlighting the fact that other compounds have to play a role in 
the health effects of plant food. The scientific community has recently put new hopes in the prece
ding hypothesis by identifying a class of compounds widely present in plant foods endowed with a 
strong antioxidant activity: the phenolic compounds. 
This paper aims to summarize the health-promoting benefits of fruit and vegetable consumption 
with special focus on the most recently suggested role played by phenolic compounds in decreasing 
the risk of degenerative diseases. 

Riassunto 
L'utilizzo dell ' 02 durante i processi catabolici utilizzati dalle cellule per produJTe energia, portano 
alla formazione delle Specie Reattive dell'Ossigeno (ROS). L' eccessiva produzione di tali molecole 
reattive può causare stress ossidativo, un'alterazione del bilancio tra ROS e difese antiossidanti. Lo 
stress ossidativo indotto dai ROS può causare un danno ossidativo alle macromolecole biologiche 
come DNA, lipidi, carboidrati e proteine. Tale danno sembrerebbe essere coinvolto nell'iniziazione 
e nello sviluppo di alcune patologie cronico degenerative come aterosclerosi e cancro. 
Lo stress ossidativo può essere modulato dalla dieta e una larga mole di evidenze epidemiologiche 
ha mostrato una coJTelazione inversa tra consumo di frutta e verdura e incidenza di disturbi degene
rativi. La spiegazione più accreditata per spiegare tale effetto è legata all 'elevato contenuto in mole-
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cole antiossidanti dei cibi di origine vegetale, antiossidanti che, impedendo linsorgere dello stress 
ossidativo prevengono il danno alle macromolecole e di conseguenza riducono il rischio d'insorgen
za delle patologie da stress ossidativo. Studi di supplementazione con singoli antiossidanti galenici 
hanno fornito risultati contradditori, suggerendo che altri composti sono legati ali' effetto protettivo 
dei cibi di origine vegetale. Recentemente la comunità scientifica ha riposto nuovo speranze nel!' i
dentificazione di una classe di composti presenti nei cibi di origine vegetale e dotati di una potente 
attività antiossidante: i composti fenolici. 
Questo lavoro si prefigge lo scopo di descrivere gli effetti benefici sulla salute prodotti dal consumo 
di frutta e verdura con particolare attenzione alle recenti evidenze sperimentali che suggeriscono un 
ruolo attivo svolto dai composti fenolici nella diminuzione del rischio d' insorgenza delle patologie 
degenerative. 
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INTRODUCTION 

Reacti ve Oxygen Species (ROS) cause oxidati
ve damage to biologica! macromolecules such 
as DNA, lipids, carbohydrates and proteins (I ), 
alter gene regul ation, and impair immune func
tion, altogether impairing no rma] body func
ti ons. At a m acromolec ul ar leve!, ROS are 
known to be involved in the development of nu
merous physiologic and pathologic degenerative 
processes, including aging, CHD, some forms 
of cancer, rheumatoid arthritis, etc. (1, 2). To 
counteract the ox idative stress lead by ROS, the 
human body is equipped with a battery of enzy
matic (superoxide dismutase, catalase and glu
tathione peroxidase) and non-enzymatic (vita
min E, vita rn in C, caro tenoids and phe nolic 
compounds) antioxidant defenses. 
The hurnan diet contains an ain y of compounds 
with antioxidant activity able to avoid oxidative 
darnage. The link between d iet and disease rni 
ght be seen, thus, as the result of the imbalance 
between oxidants production and antioxidant in
take, as supported by the large body of epide
miologica] evidence showing a strong inverse 
correlation between consurnption of food rich in 
natural antiox idants such as frui t and vegetable 
and risk of degenerative disease (3, 4). 
The following paper intends to summarize the 
health-promoting, chronic disease-preventing 
benefi ts of diets ri ch in plant foods, and espe
cially those that could be related to their high 
content in phenolic compounds as the main 
source of antioxidant activity. 

DIET, OXIDATIVE STRESS 
ANO DISEASE 

Since the concept of Mediterranean diet emer
ged in 1960 (5), 20 years of biochern ical, clini
ca] and epidemiologica! research have provided 
solid foundation for its attributed health bene
fits. Even though the definition of Mediterra-
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nean diet is neither straightforward nor exact, 
the Mediterranean diet was described in the 
early l 960s as follows (6): abundance of plant 
foods minirn ally processed, seasonally fres h, 
and locally grown; ol ive o il as the principal 
source of fa t; moderate amounts of dai ry pro
ducts daily; low to moderate amounts of fi sh 
and poultry; scarcity of red rneat, and moderate 
wine intake. This diet, low in saturated fat (< 7-
8% of energy), was the cornerstone of a whole 
lifestyle, which included also regular physical 
activity. Nowadays, despite the rnany changes 
taking piace in the dietary sty le of Mediterra
nean countries, the moderate consumption of 
wine, milk and dairy products, low consumption 
of rneat and rneat products, high rnonounsatura
ted/saturated fat ratio, and high consurnption of 
fruit and vegetables does sti li apply to the so 
called "Mediterranean diet". 
The popularity of Medi terranean d iet is largely 
due to the work of Ance! Keys who, in the 60's, 
conducted an investigation in seven countries 
(G reece, Ita ly, Yugos lavia, Japan , Fin land, 
Netherl ands and USA) in volving 12763 men 
followed up over a period of 30 years (5). Die
tary data was exarruned in relation to biochemi
cal variables. The results showed that Northern 
European populations had an increased risk of 
CHD compared to Southern Europeans and that 
saturated fat intake could partially account for 
the repo1ted difference in incidence. 
In the 80 's it became appai·ent that our under
standing of the pathogenesis of CHD was in
complete. Experimental evidence showed that 
the lipid hypothesis was incapable of fully ac
counting for the disease. Subsequent research 
has suggested that other factors may also be in
voi ved in the health-prornoting ac tion of the 
Mediterranean di et, especially its antioxidant 
content. 
Epiderruological studies overwhelmingly agree 
in the protective effect of fruit and vegetables 
against degenerative diseases such as cancer or 
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CHD (3, 7). A number of mechanistic hypothe
ses invoking specific components of these foods 
have been proposed to explain the findings. One 
of them, the so called "antioxidant hypothesis", 
postulates that health maintenance requires an
tiox idant protection of cellular compartments 
against the oxidati ve damage caused by ROS 
(8). When oxidative stress overcomes plasma 
antioxidant capacity, structural components are 
modifi ed through their interact ion with ROS 
and lose their originai role within the celi ma
chinery. The result is the development of the di
sease. For example, it has been demonstrated 
that, in addition at high cholesterol levels in pla
sma (classica! cholesterol hypothesis), lipid oxi
dation is mandatory for the early artherosclero
tic lesion to appear (9). Similarly, oxidative da
mage to proteins and nucleic acids has been 
identified as a mechanism responsible for the 
initiation of the neoplastic chain ( I ) . Diets rich 
in frui t and vegetables, which contain powerful 
antioxidant compounds, could play a significant 
role in reducing the incidence of such diseases 
by preventing macromolecules maJfunction th
rough oxidation. 
On the basis of the epidemiologica) studies and 
supported by the antioxidant hypothesis, nume
rous small- and large- scale intervention trials 
have examined the efficacy of antioxidant nu
trients in disease prevention with contrasting re
sults. In a prospective tria) on vitamin E supple
mentation and risk of CHD conducted on 87000 
healthy female nurses 34 to 59 years of age, 
Stampfer and colleagues (I O) found a 40% re
duction in the incidence of CHD over an 8-y pe
ri od in the supplemented group compared to 
placebo. Interestingly enough, another randomi
zed (l l), double blind, placebo controlled trial 
on 22000 male physicians treated with 50 mg of 
(3-carotene on alternate days for 12 years did not 
evidence any statistically significant benefit 
from (3-carotene supplementation regarding the 
number of deaths from CHD, cancer, or ali cau-
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ses. To complete the spectrum, (12) a large mul
ti-center, randomized , double-blind placebo 
controlled trial on the efficacy of daily supple
mentation with beta carotene + vitamin A (30 
mg and 25000 UI, respectively) in lung cancer 
prevention among smokers, the RR of develo
ping lung cancer was of 1.28 for the supplemen
ted group compared to placebo. Moreover, mor
tality rate from all causes was 17% higher in the 
treatment group. The examples above suggest 
that specific antioxidant supplementation does 
not universally protect against CHD and cancer 
as fruits and vegetables do. Antioxidant type, 
combinations, doses, and the characteristics of 
the population considered are variables to ac
count for before widely recommending antioxi
dant supplementation to prevent degenerati ve 
diseases. At th is poi nt, it became clear that sup
plementation with antioxidant vitamins alone 
could not fully account for the protective effect 
of plant food and additional studies were needed 
to further clarify the causati ve agents of the 
health benefits inherent to plant foods consump
tion. 
In 1993, Frankel and colleagues ( 13) showed 
that the phenolic compounds present in red wine 
inhibited human LDL oxidation better than vita
min E did. They hypothesized that phenolics, 
thanks to their antioxidant properties, might ex
plain the so called "French Paradox", that is, the 
apparent compatibility of a diet rich in saturated 
fat and a low incidence of CHD in some regions 
of the France. Suddenly the attention of the 
scientific world turned to these little-studied 
substances that revealed to be one of the most 
powerful natural antioxidants present in the diet. 
Phenolics are a large family of more than 4000 
natural compounds widely distributed in plan t 
food s (onions, cabbage, s trawberry, grape, 
blackurrant, appie etc. ) and beverages (wine, 
tea, cider, beer, cocoa etc). Structurally, pheno
Jics are characterized by the presence of one or 
more benzene rings bonded to different chemi-



cal groups. They are classified in three classes: 
simple phenols and phenolic acids, hydroxycin
namic acid deri vatives, and flavonoids. Flavo
noids are the largest c lass of phenolics, inclu
ding a variety of subgroups: flavonols, flavones, 
flavanone s, catec hin s, iso fl avones, and 
anthocyanidins. 
The first epidemiological study correlating fl a
vonoid intake with a reduction in the mortality 
rate by CHD was published in 1993 by Hertog 
and colleagues ( 14). Thereafter, other studies 
s howed a s igni fica nt in ve rse corre lati on 
between flavonoid in take and total and coronary 
mortality ( 15), stroke incidence ( 16) and cancer 
(17). 

The role that phenolics are thought to have in 
the prevention of oxidative stress-linked disea
ses is associated mainly with their antioxidant 
abi lity, which has been well established in vitro. 
Pheno lics have been found to possess antioxi
dant and free radical scavenging properties (18) 
and to be able to inhibit LDL oxidation ( 18). 
They can aJso inhibit severa! key enzymes in 
cellular systems involved in the generation of 
ROS, including cyclooxygenase, lypoxygenase 
and NO synthase ( 19, 20) 
The main concern regarding phenolics efficacy 
was that, until few years ago, there was no pro
ve of their effects in vivo in the human being. 
We studied the impact of ingestion of phenolic
rich foods on plasma Total Radical-trapping An
tioxidant Parameter (TRAP, which is an in vivo 
marker of plasma total antioxidant capacity) and 
on phenolics plasma levels in two different stu
dies . In the first study JO healthy volunteers 
drunk, fasting in the morning, 300 mL of water, 
green and black tea, alcohol-free red and white 
wine (21-23). When subjects drunk green tea, 
TRAP values rose at 30 (P < 0.05) and at 50 
min (P < 0.0 1). After Black tea ingestion, the 
TRAP peak was at 80 min (P < 0.01). Red wine 
raises the plasma antioxidant capacity after 30 
rnin (P < 0.05) with a peak at 50 min (P < 0.01), 
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falling back to baseline values 2 hours post-in
gestion. In the white wine and contro) groups 
there were no changes in plasma TRAP values 
within the 2hrs following its consumption. The 
increase in plasma antioxidant capacity after red 
wine and green tea ingestion was parallel and 
highly correlated to the increase in tota! and sin
gle phenolic plasma levels. 
In the second study, we determined whether hu
man plasma anti oxidant capacity (TRAP) re
sponded to the acute ingestion of fresh lettuce 
identifying the bioactive antioxidant molecules 
there involved. The study (cross-over des ign) 
was conducted on eleven heal thy volunteers di 
vided in two groups (A and B), blood samples 
were collected before and 2, 3 and 6 h after the 
ingestion of 250 g of fresh lettuce (group A) and 
without lettuce (group B) (phase 1). The proto
col has been repeated after three days (phase 2) 
on both groups, switching the treatments (group 
A without lettuce and group B with 250 g. of 
letttuce). Fresh lettuce consumption significan
tl y raises TRAP at 2 hrs (P < 0.02), peaking at 3 
hrs (P < 0.003) and start to decrease after 6 hrs. 
In the contro! group, there were no changes in 
plasma TRAP forali over the period of observa
tion. Cumaric acid and quercetin plasma levels 
significantly increased at 2 hours (P < 0.004) 
and was close to significance (P < 0.06) for caf
feic acid. Quercetin (P < 0.002), caffeic acid (P 
< 0.04) and cumaric acid (P < 0.003) concentra
tions reached the peak after three hours. Plasma 
carotenoid concentrations was not modified by 
the ingestion of fresh lettuce, except for _-caro
tene at T6 (P < 0.05). On the contrary, vitamin C 
concentration was significantly raised at 2 hrs 
(P < 0.001), 3 hrs (P < 0.0008) and 6 hrs (P < 
0.0003) by the .ingestion of fresh Iettuce. In the 
control group there was no changes in indivi
duai antioxidant plasma levels for ali the period 
of observation. Ingestion of fresh lettuce increa
sed p las ma antiox idant capacity in healthy 
subjects through a change of vitamin e, caffeic 
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acid, cumaric acid and quercetin plasma levels. 
Our results suggest that ingestion of plant foods 
and products provide a vast array of bioactive 
compounds able to modulate red-ox status. 
In order to clarify the mechanism of action of 
phenolics, we conducted experiments on 6 phe
nol ics to establish which one was the more effi
cient scavenger of different ROS and which we
re their effects on LDL oxidation. The selected 
phenolics of different chemical structure were: 
Quercetin (Q), Catechin (C), Rutin (R), Gallic 
Acid (GA) and Caffeic Acid (CA). The results 
were compared to the hydrosoluble form of vi
tamin E: Trolox (T). We observed that Q was 
the most efficient scavenger of the peroxyl radi
cal, followed by C > R > CA> GA = T. Querce
tin also showed the best antioxidant efficiency 
in scavenging the hydroxyl radical: Q > R > T > 
CA> C > GA. Quercetin was the most efficient 
in protecti ng LDL from oxidation driven by pe
roxyl radicals followed by T > R > C > CA = 
CG. Moreover, when LDL were oxidized with 
ferrylmioglobin, Q displayed the strongest pro
tective effect: Q > T > R > C > CA= GA. In 
summary, our results indicate that the selected 
phenolics are efficient antioxidants in scaven
ging ROS. They protect human LDL from oxi
dative damage and exhibit an antioxidant beha
vior with physiological relevance. Quercetin is, 
among the tested compounds, the most efficient 
antioxidant. 

CONCLUSIONS 

The ex isting scientific evidence regarding a pri
mary role for fruit and vegetables in preventing 
degenerative di seases is consistent and tru
stworthy. Thus, an increased consumption of 
plant food can be recommended. However, even 
though the protective effect of plant food seems 
to be mediated by its high content in natural an
tioxidants, data on antioxidant supplementation 
are contradictory and need s of furth er 
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investigation. 
The demonstration that phenolics are bio-active 
dietary compounds able of raising plasma an
tioxidant defenses in man has far-reaching im
plications and shed further light to the nature of 
the beneficiai effects of plant food consumption. 
Although more and better information on their 
bioavailability and in vivo efficacy is needed, 
phenolics seem to be a class of compounds to 
investigate in the attempt to clarify the associa
tion between diet, oxidative stress and disease. 
However, it is becoming clear that the protecti
ve effect of plant food cannot be explained only 
on the basis of their content in single antioxi
dant molecules, but it is the overall and variega
te composition of the food item that is at the ba
sis of the protective effect. 
In summary, the habitual "overloading" of vi ta
min supplements, common practice in Western 
countries, should be curbed unti! conclusive evi
dence on the safety of long-term antioxidant 
supp le me ntation is avai lab le. In hea lth y 
subjects, the recommended optimal intake of 
antioxidants shou ld be preferentially ach ieved 
by increasing plant food consumption through a 
well-balanced diet rather than in "galenic" pre
paration. 
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Summary 
The growing interest in the green tea application is caused by its various, very often beneficiai in
fluence on human body. According to the manufacturing process the green tea is the richest k.ind of 
tea in catechins. lt has been documented that compounds contained in this plant display beneficiai 
influence on human sk.in , hence the wide application of green tea as a raw materiai in cosmetology. 
The green tea displays antioxidant and astringent activity as well as influences the microvessel sy
stem. Ali of these features make it very common ingredient of anti-age formulations and products 
influencing microvessel system. The scientists stili work on the evaluation of new methods that 
could increase our knowledge about green tea and enable to find new applications for it. 

Riassunto 
Il crescente interesse dimostrato dall'utilizzazione sempre più frequente del tè verde è dovuto alle 
sue benefiche influenze nei confronti del corpo umano. 
In dipendenza dei processi produttivi il tè verde rappresenta la fonte più ricca di catechine. 
È stato così ampiamente documentato come la presenza di questi antiossidanti svolga un ruolo bene
fico nei confronti della cute umana. 
Da qui l' ampio uso del tè verde come materia prima nel settore della cosmesi. 
I suoi attiv i svolgono infatti attività antiossidante e vasoattiva influenzando così anche il microcir
colo cutaneo. 
È per tutti questi motivi che gli studiosi continuano ad incrementa.re le conoscenze di questa diffusa 
bevanda cercando di trova.re nuove applicazioni all ' uso del tè verde. 
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INTRODUCTION 

The tea is one of the most consumed beveraaes 
"' in the world and it has been popular for over 

4000 years. Its popularity is attributed to the 
sensory properties and potential health benefits. 
The tea was first introduced into European 
countries from China by Portuguese and Dutch 
explorers [ l]. Bulk spectrum of biologically ac
tive substances present in this plant caused it 
wide application in cosmetology. At the present 
time, one of the most important trends in mo
dem cosmetology is application of active sub
stances of natura l origin. Raw materials of plant 
origin possess wide spectrum of multidimensio
nal activity and can assure many beneficia1 pro
perties to the cosmetic product. The cosmelo
logy is interested in plants used for many years 
in traditional medicine as well as looks for com
pletely new raw materials. 
Various kinds of teas are produced mainly from 
the same p.l ant species named Camellia sinensis. 
However, the word " tea" is very often appl ied 
also for other plants that can be used in prepara
ti on of hot beverages from leaves, flowers or 
flowers. Thus, the name "tea" is used also very 
often for rooibos tea (the beverage obtained 
from South African plant Aspalathus Iinearis) or 
honey-bush tea (Cyclopia intermedia). The tea 
belongs to plants used by a man for many years 
for di fferent aims, also in cosmetic purposes. 
The leaves of Camellia sinensis are very rich 
source of anti-radical substances what reasoned 
in a wide application of this plant in anti-age 
formu lations. 

FERMENTATION PROCESS 

According to the manufacturing process four 
different k.i nds of tea are distinguished - black, 
Oolong, green and white. The classification of 
the tea depends on the degree of fermentation: 
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fully fermented black tea, partially fermented 
Oolong tea, unfermented green tea and unfer
mented white tea manufactured from buds. 
To produce the green tea, the leaves of Camellia 
sinensis are harvested and subjected to withe
ring. After this process leaves are steamed or 
panfried and than rolled, shaped and dried. Stea
ming at 95-l00°C for 30-45 seconds aims at 
inhibiting enzymes, which are responsible for 
fermentation , hence the green tea belongs to un
fermented teas. This method is used mainly in 
Japan, Chinese method is based mainly on roa
sting. 
The fermen tation process does not requi re mi
crobiologica! act ivities. The main difference 
between manu facturing of green and black tea is 
the additional step in the case of black tea: the 
leaves are bruised and crushed what induces the 
process of fermentation [2]. The substances re
sponsible for th is process are oxidizing enzymes 
contai ned in tea leaves - mainly polyphenol 
oxidase. In the presence of polyphenol oxidase 
catechins present in high leve] in green tea are 
converted into theaflavi ns, thearubigi ns and 
other complex polyphenols which are characte
ri stic for fermented teas [3]. The degree of fer
mentation is responsible for biologica! proper
ties, taste and aroma of the tea. Carotenoids and 
unsaturated acids are recognized as the influen
tial precursors for aroma. It is documented that 
enzymatic ox idation of linolenic and linole ic 
acids can result in production of the unsaturated 
aliphatic compounds that are responsible for the 
tea aroma. Simple indicator of the ferrnentation 
degree can be changes of colour in the tea lea
ves. 

THE GREEN TEA: 
ITS COMPOSITION ANO 
COSMETIC APPLICATION 

Chemical composition of the tea depends on age 



of leaves, season, climate in which the tea was 
growing as well as on the fermentation degree 
and variety of the tea shrub [ 4,5) . 
The chemical composition of tea Jeaves has 
been wide ly investigated. The main group of 
chemical substances characteristic for the tea 
are polyphenols (6). The level of these substan
ces in the leaves can reach 25-35 % of dry wei
g h t [7]. The very characteristic group of 
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polyphenols are catechins (flavan-3-ols) belon
g ing to the group of flavanols. One of the most 
s ig nificant catechins are: (-)-epigallocatechin 
gallate (EGCG), (-)-epigallocatechin (EGC), (-) 
-epicatechin (EC), (-)-epicatechin gallate (ECG) 
and (+)-catechin. [8]. The generai formula and 
fu ll content of catechins detected in tea leaves 
has been introduced in the table below. 

Galloyl group (GA) 

Table I 
Catechin's present in tea leaves. 

Catechin's name 
( + )-epicatechin 
( + )- catechin 
(-)- epicatechin 
(-)-catechin 
(-)-epigallocatechin 
(-)-gallocatechin 
(-)- epicatechin gallate 
(-)-catechin gallate 
(-)-epigallocatechin gallate 
(-)-gallocatechin gallate 

The tea leaves contain many different catechins 
but it is worth noticing that the level of these 
substances is different in each kind of tea. The 

Configuration R1 Rz 
2S, 3R OH H 
2R, 3S OH H 
2R, 3R OH H 
2S, 3R OH H 
2R,3R OH OH 
2S, 3R OH OH 
2R, 3R GA H 
2S, 3R GA H 
2R, 3R GA OH 
2S, 3R GA OH 

studies have proven that the highest leve! of (-)
epigallocatechingallate (EGCG) and (-)epigaJJo

catechin (EGC) can be detected in green tea [9]. 
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EGC-(-)epigal locatecb in 
EGCG- (-)-epigallocatecbin gallate 
EC-(-)-epicatecbin 
ECG-(-)-epicatecbin gallate 
CA-caffeine 
CG-(-)-catecbin gallate 

Fig. 1 T/1e co111e111s of i11divid11al catechi11s, gallic acid and caffeine i11 teas (mglg tea) 

The studies introduced in the literature reports 
on relatively low concentration of (-)-epigallo
catechin, (-) -epigallocatechin gallate, (-)-epica
techin and (-)-epicatechin gallate in black tea. 
This situation is the reason of polyphenol oxida
se activi ty that causes condensation of cate
chin s into theaflavins, thearubigins and other 
substances. The concentration of caffeine is the 
lowest in Oolong tea. 
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The tea leaves contain also other flavonoids be
longing to the group of flavonols - quercetin, 
myricetin and kaempferol as well as glycosides 
of these compounds. It has been documented 
that the leve! of myricetin, quercetin and 
kaempferol is particularly high in green tea Sen
cha [10]. The content of flavonols in d ifferent 
kinds of tea has been introduced at the Figure 2. 

····· 

Myricetin Querceti1 Kaempferol 

Fig. 2 Co11/ent offlavonols in dijferent teas (g/Kg ofdry leaves)O 
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As it has been presented at the diagram, the 
quantity of myricetin and kaempferol is the 
lowest in black Ceylon tea. It is worth noticing 
that contents of two green teas - Sencha and 
Zhejijang differ from each other. 

OH g 
HJYY0ì .... 
~· ·, ,OH 

OH 

THEAFLAVIN 

Fig. 3 Tlieaj1avi11 

OH 

OH 
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Other substances, very characteristic for fully 
fermented teas are theaflavins, thearubigins, 
theaflavinic acid and proanthocyanidin poly
mers formed by oxidation of polyphenols du
ring processing [ 11 ]. The structure of theaflavin 
has been introduced below 
The tea contains also many diverse amino-acids 
but one of them - theanine is very specific to 
the tea plant, accounting for 50% of ali arnino
acids. Other common amjno-acids are arginine 
and aminobutyric acid. The tea contains also 
purine alkaloids such as caffeine and theobro
mjne as well as phenolic acids - gallic, caffeic 
and p-cumaric acid [ 11]. 
Chlorophyll, carotenoids and lipids are not 
major constituents of the tea plant but they play 
an important role in the plant biochemistry [12]. 
It is worth mentioning that tea leaves contain 
many different minerals [13]. The comparison 
of minerals' level in black, Oolong and green 
teas has been introduced in the table II. 

Tabll 
Minerals in dif.ferent kinds of tea ( expressed in ppm). 

Kind oftea Fe Na K Mg Ca Zn 
Black Syrian 

11250 32142 286688 34415 2245 1 730,5 
tea 

Oolong 
6751 ,5 11377 35913 1 27844 23980 523,9 

Chinese tea 
Green Chinese 

13040 1800 262000 30800 13750 630 tea 
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Analyzing the table presented above one can 
notice that the highest content of sodium, ma
gnesium and zinc can be observed in black tea. 
Red, Oolong tea contains high leve! of potas
sium and calcium. The highest quantity of iron 
has been determined in green tea. 
Other important constituents of the tea plant are 
vitamins presented in the Table III.It is worth 
noticing that different green teas - Gyokuro and 
Sencha display not the same profile of vitamin's 
quantity. Sencha contains more than two times 
of vitamin C comparing to Gyokuro but the hi-

ghest leve! of vitamin A can be determined in 
Gyokuro. Black tea seems to be the poorest in 
vitamins except for quite high quantity of niacin 
[14]. 
Generally, it can be also observed that green tea 
contains more chlorophyll and organic acids but 
black tea possesses more products of polyphe
nolic oxidation such as theaflavins and thearubi
gins. The comparison of poyphenols present in 
green and black tea has been introduced in the 
Table IV. 

Tab III 
The conteni of vitamins in different kinds of tea 

Gyokuro Sencha (green) Oolong (red) Black (green) 
A [IU] 12000 7200 8300 500 
Bl [mg] 0,30 0,35 0,13 0,10 
B2 [mg] 1,16 1,40 0,86 0,80 
Niacin [mg] 6,0 4,0 5,7 10,0 
e [mg] 110 250 8 o 

TabIV 
Phenolic components of green and black teas (%dry solids) 

Constituent Green tea Black tea 

catechins 30-40 5-10 

epigallocatechingallate 10-15 4-5 

epicatechingallate 3-10 3-4 

epigallocatechin 3-10 

epicatechin 1-5 

flavonols 5- 10 

phenolic acids 3-5 

theaflavins 

thearubigins 
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As it has been shown above the green tea con
tains much more catechins than the black. Black 
tea is very reach in theaflavins and thearubigins 
that are formed in the oxidation process of cate
chins. 
High content of catechins and gallic acid, di
splayin g strong radi cal scavenging acti vity 

OH 

HO 
OH(O] 

HO 

OH OH 

OH 
o 

o 
OH 

OH 

Fig. 4 Mecha11is111 offree radical scave11gi11g by ECG 

The antioxidant acti vity of the green tea cate
chins is the result of their molecular structure -
the presence of at least fi ve hydroxyl groups in 
the molecule assures strong antioxidant activity 
to the polyphenolic substance. The every deci
ding facto r is the presence of two hydroxyl 
groups in the ring B, situated in ortho position. 
It has been documented, that antiradical acti vity 
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makes the green tea priceless ingredient for the 
cosmetic industry. Free radical occurring in the 
environment can trigger chain reactions, which 
cause damage of biologica! structures, including 
skin. Mechanism of free radical scavenging by 
EGC has been introduced below: 

OH 
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OH HO 
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OH 

of esters of gallic acid and catechins is higher 
than acti vity of catechins, tocopherol and other 
gallates (15] . The antioxidant activity of green 
tea catechins has been studied in vitro on eryth
rocytes by Ramarathnam and Osawa (16]. The 
inhibiting effect of catechin on the oxidation 
process of polyunsaturated fatty acids contained 
in erythrocytes has been determined. 
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According to the Figure 5 the highest antioxi
dant activities display EGCG and ECO. It has 
been also documented that the activity of natu
ral mixture of green tea catechins is higher than 
activity of each substance determined separately 
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[16) . 
The antiradical activity of green tea catechins 
was studied by the determination of catechin 
concentration that can decrease the level of free 
radicals by 50 % [ 17). 
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F ig. 5 The antioxida111 activity of dijferem green tea catechins comparing to the Jack of the antioxida111 (first co/1111111) and vi
tamin E - activity has been expressed in % of oxidized lipids. 

TabV 
Concentration of catechins that can decrease level of 02- and HO* f ree radicals by 50 %. 

Substance 02- HO* 

(-)-epicatechin 1.8 1.0 

(-)-epicatechin gallate 2.6 45 .0 

( + )-catechin 7.6 1.1 

(-)-epigallocatechin gallate 9.4 11.0 

(-)-epigallocatechin gallate 9.5 8.6 
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The table V shows that the most effective sub
stance against or and HO* free radicals is (-) 
-epicatechin. (-)-Epicatechin gallate effectively 
decreases the concentration of or but seems to 
be insufficient against HO* radical. 
It is known that polyphenols can hamper the li
pid oxidation process by chelation of metals that 
catalyse free radical reactions and by intluen
cing activity of enzymes. 
It has been proven that green tea polyphenols 
can also influence the absorption of UV B ra
diation by the skin. One of substances contained 
in green tea - (-)-epigallocatechin gallate can 
inhibit the activity of enzyme that decomposes 
urocanic acid, which is the natural protection of 
the skin against UV B [18]. The results of re
search concerning protection of the skin from 
UV radiation have been introduced last time by 
Kattiyar and Elmets [19]. 
Other feature of the green tea extract that can be 
useful from the cosmetologica! point of view is 
its astringent activity. The tea contains tannins 
that are polyphenolic compounds being able to 
create strong hydrogen bonds with proteins and 
other compounds containing nitrogen and oxy
gen. This group of substances can contain hy
drolyzing tannins (e.g. gallic acid and its deriva
tives) and condensed tannins (e.g. olygomeric 
proanthocyanidins). The presence of these com
pounds assures astringent activity to the green 
tea. 
It is widely known that green tea polyphenols 
can influence microvessel system and microcir
culation [20]. Mechanism of this activity is mul
tidirectional. By inhibition of thromboxane 
synthesis polyphenols display antiagregation ac
tivity. The antiradical activity of these substan
ces allows them for protection of prostacyclines. 
It had been also documented that green tea 
polyphenols, influencing the activity of recep
tors can cause the increase in the microvessel 
elasticity. The scientists have proven that tea 
polyphenols can protect vitamin e from oxida-
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tion. It is known that vitamin C is necessary for 
the collagen synthesis, which is the very impor
tant compound for the skin condition. 
Ali of the features reported above make the 
green tea plant and its extracts very important 
raw materiai for cosmetic industry. 
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Th is book is organized in five chapters covering the enti re fie ld of funga! diseases and related the
rapies in humans. New biochemical and genetic targets, open questions and today unsolved pro
blems, are also reported. 
Chapter 1 is dedicated to the various growth forms of pathogenic fungi, classified for their characte
ristics, sexuaJ !ife cycle and RNA/DNA pattern. 
Like human cells, fungi are eukaryotic cells, in contrast to bacteria. The genome is organized in a 
nucleus surrounded by a membrane which is continuous with the endoplasmatic reticulum. 
Celi organelles such as mitochondria, ribosomes, vacuoles, lipid bodies, and other storage inclusions, 
are also present. 
The only fungus-specific target for antifungal chemotherapy is the celi wall ; the sexual !ife cycle is 
the basis of ranging the fungi in a natural classification system with regard to biologica! relationship. 
Out of the more than I 00,000 described species of fungi, about I 00 are regularly involved in fun
ga! infections in humans but only a dozen cause more than 90% of the pathogenic clinica! manife
stations, and the clinica! manifestations of human funga! infections known today, is the topic of 
chapter 2. 
In addition to the clinica! symptoms, the ecology of the causative fungi and the corresponding disea
ses, the mode of acquisition, the susceptibili ty and geographical d istribution of population involved, 
are d iscussed. 
The cl inica! classification of funga! infections is based on the body sites predorninantly involved. In 
genera! systemic mycoses are !ife treating menwhile superficial and cutaneous mycoses are restric
ted to body, easy to treat and never life treating. 
Epidernio logy, and cli nica! manifestations of Candidosis, Carptococcosis, Aspergillosis, Zygomyco
sis, Fasariosis, Pneumocystosis and other predorninantly endemk deep mycoses are ali reported and 
punctually described. 
The clinica! symptoms of fu nga! diseases of ali body sites maybe resemble non-infections diseases 
or infections due to other microorganisms. Therefore, the diagnosis of mycoses usually relies on 
laboratory methods and can be cured by the timely application of specific antifungal agents. 
The Diagnosis of funga/ diseases is the topic of chapter 3 where ali the complete set of laboratory 
methods used, necessary to provide on accurate diagnosis, are treated. 
As a matter of fact, diagnosis of funga! infection and identification of yeasts and filamentous fungi, 
should be supported by direct microscopie examination of clinica! materiai and confirmed by cultu
re of the specimen on suitable mycological media. 
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Clinica! specimens must be properly collected in arder to ensure the success of revealing fungal ele
ments if they are present. Without an accurate laboratory tests the coITect diagnosis may be missed. 
Treatment of funga! infections can be accomplished by the topica! use of keratolytic and antifungal 
preparations. 
Antifungal therapy is discussed on chapter 4, where systemic and topica! treatments together wi th a 
new class of therapeutic agents, are reported. 
This chapter, the most extensive of the book, give the new guidelines and maintenance therapy for 
the treatment of the different funga! di seases. Funga] diseases fall into three major classes: superfi
cial, subcutaneous and invasive mycoses. 
No overwhelming problems remain in the treatment of dermatomycoses and gynecological infec
tions, because of the recent development of highly active fungicida] compounds. 
The situation is completely different in the fi eld of deep mycoses, where, up today, has not been 
found an ideai prophylaxis and therapy. 
As a matter of fact, the ability of fungi to colonize and invade human organs is impressive and the 
list of fungi causing human infections continues to grow quickly. 
Moreover patients with invasive funga! infections have to fight against generai immunological/phy
siological disorders. This is generai situation for the deep mycoses. 
On the other si de the treatment of locai infections of the skin and hair is no longer a problem. In these 
cases a variety of chemical classes, such as azoles, tonaftalate, tolciclate, amorolfine, cicl ipirox/ola
min and other chemicals are in wide use, showing high efficacy and low incidence of side effects . 
In conclusion, guidelines exist nowadays for the treatment of various funga! diseases and mainte
nance therapy. New approaches interfering with host defenses or pathogeniticity of funga! cells are 
being investigated, and molecular biologists are looking for new targets studying the genomics of 
pathogenic fungi. 
These are the bases of the future antifungal therapy, initiating with the study and use of peptides and 
protein derivatives. 
As conclusion of the chapter, interesting tables are reported, and there is possible to contro! ali the 
options the medicai community has, today, to treat funga! infections. 
The last chapter is dedicated to the current status and questions open to define the in vitro suscepti
bility testing of fungi. 
Up today, in contrast to bacteria, is not yet established a routine method to test fungi. 
In fact, the concept of using only one test medium for all drugs and test organisms is not realized so 
far. Therefore, because of the increasing number of life-treating funga! infections wi th a high mor
tality rate in immunocompromised patients, information on the susceptibil ity of funga! etiological 
agents is of growing interest. But, moisturizing of susceptibility, may give hints to the development 
of resistance. For this reason susceptibility testing become necessary especially under long-term the
rapy. In vitro testing is essential, in fact, for the development of new drugs, and this article focuses 
mainly on in vitro testing of clinica! interest. 
This interesting volume provides the reader with a complete overview of the antifungal agents and 
the related problems they involve in human therapy today. 
It results of great interest not only for dermatologists and all the medicai community, but also for all 
those people working in cosmetics who want to know the latest achievements in this field. 
In fact, with the continuous incoming of new vehicles and active cosmetic products (cosmeceuti
cals?), it should be necessary to know better ali the diseases involving the human skin in order to for-
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mulate new topica) products capable to increase, for example, the activity of all the antifungal agents. 

P. Morganti 
Editor-in-Chief 
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various active radical species. 
But in performing any photoxicity study, it is imperative that the spectral characteristics of the opti
cal source are known. 
A photodermatologist has to choose a specific ultraviolet source to match best a given biologica! 
action spectrum in order to achieve the greatest efficiency in delivering a photobiologically signifi
cant dose. 
Different applications require different Jight sources, and a variety of measurement techniques. 
Thus to understand the toxic effects of light impinging on the skin or the eyes requires knowledge 
of the skin and eye's optical properties. 
Damage to cells through a photoreaction is initiated at the site where the chromophore absorbs spe
cific wavelengths of Iight. Thus absorption of UV or visible photons results in electronically excised 
molecules; dissipation of this energy may result in an ad verse phototoxic effect on the celi. 
In the eye, for example, the cornea absorbs UVB, the lens absorbs the majority of UVA and some 
UVB, and the retina and pigment epithelium absorb ali the blue light. 
Besides the direct damages from UV rays, it may be registered phototoxic events initiated when a 
photoactive chemical enters the viable elements of skin. 
Phototox icity, in fact, is a chernically induced non-immunologie skin irritation produced by chemi
cals that are activated by UY. 
Some photoactive chernicals require oxygen to exert their phototoxic effects whereas others do not. 
Some photoactive chemicals act on cellular DNA, whereas others act on cellular membrane. On one 
side the major chernical structures that are currently involved in producing phototoxic effects and 
their relative mechanisms of action seem to be well identified. 
On the other side the protective mechanisms evolved against the detrimental effects of the sun are 
inadeguate because of the modem Iife-sty les. Thus, chemical study of the specific DNA defects indu
ced by UV should fac il itate development of specific therapies for skin disease. 
FinaJly it is necessary to increase the understanding of light-induced toxic reactions to better protect 
the publ ic health. 
Exposure to environmental , occupational , and iatrogenic chemicals may cause systernic intoxica
tions, such as chloracne or scleroderma accurately described in chapters 18 and 19. 
Chloracne has been diagnosed in occupational cohorts with prolonged or acute high-dose exposure 
to d ioxins and other chloracnegenic compounds. Vinyl chloride, trichloroethylene and perchlo
roethylene and some amine exposure may lead to scleroderma-like conditions. 
Chemical agents that cause depigmentation, or may have an adverse effect on reproduction are 
reported respectively in chapters 20 and 2 l. 
Many Chemicals, in the categories of phenols and thiols have been identified as depigmenting 
agents. 
The mechanism by which depigmentation occurs is probably related to interfere with one or more of 
the many steps of melanin biosynthesis. 
About the reproductive hazards, in the present state of knowledge, it is impossible to estimate the 
extent to which derma! exposure to chemicals may occur. What is sure is that retinoids have an 
important function in normai embryonic development. Structure-activity studies of these compounds 
with respect to their capacity to cause teratogenic malformations have focused on alterations of the 
three domains of the all-trans-retinoic acid molecule, that is, the hydrophobic cyclohexenyl ring, the 
polar carboxylate chain linking the molecule together. 
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Retinoids and their mechanisms of toxicity is the topic of chapter 22. 
With the two topics on Ophthalmic toxicology, chapter 23, and Ocular Phototoxicity, chapter 24, first 
part of the book ends. 
As a matter of fact, many dyes and drugs, both topica! and systemic, have the potential to induce 
damage to the lens and retina in the presence of ambient light. 
This damage is enhanced with increased exposure to intense light because of high altitudes, outdoor 
employment, the use of sun beds, or during phototeraphy. 
The molecular mechanism involved in the phototoxic damage induced in the eye is through a pho
tosensitized oxidation reaction on lipids, and certain aminoacids, such as histidine, tryptophan and 
cysteine. 
The Second Part of the book offers ali the data and methodologies used today for reducing the risk 
/benefits ratio of the chemicals used in drug or cosmetics. 
Since there is no good anjmal model for human skjn absorption, cultured human skjns facil itate the 
collection of more meaningful human data. 
A major advantage of in vitro systems is that they allow for measurements of absorption through 
human skjn of chemicals too toxic to test ethically in human subjects. 
Moreover both absorption rates and skjn metabolism can be measured more accurately in an in vitro 
system because sampling is performed directly beneath the barrier layer. Finally, absorption measu
rements are much more easily obtained from diffusion cells than from anaJysis of biologica! speci
mens from clinica! studies. This is the topic of chapter 25. 
Moreover perfused porcine skjn flap and physiologically based pharmacokjnetic models provide 
other tremendous capacity to increase the understanding of derma! absorption as reported in chap
ters 26 to 28. 
These physiologically based pharmacokjnetic approaches mathematically describe the dynamics of 
chemicals in the body in terms of rates of blood fl ow, permeability of membranes, and partitioning 
of chemicals into tissues. 
It is therefore an interesting tool to quantify and understand the process of derma! penetration, and 
their suitability for dose, route, and species extrapolation. But significant metabolism of topically 
applied compounds can occur during percutaneous absorption in human and ani mal skjn. Therefore, 
a safety evaluation of topica! product should include an assessment of its possible biotransformation 
in skjn. Some studies on this topic are reported in chapters 29 and 30. 
Transdermal drug delivery systems are discussed on chapters 31 and 32. 
These systems that allow continuous and sustained admi nistration of drugs through the skjn should 
be non-i1Titant and non-allergenic to the human skjn. 
On the contrary cutaneous adverse effects occur frequently and sometimes necessitate discontinua
tion of therapy. Thus, it is necessary to organize a predictive toxicological evaluation pian which 
includes two specially areas of toxicology testing, irritation and sensitization, allowing the develop
ment of a product with a safety profile. 
Chemical application may produce inflamrnation fo llowing repeated application to the sbn. For this 
reason, many predictive tests have been developed to elevate the potenti al of materials to damage the 
skjn, and rank materials for their irritation potential or their incidence in allergenic contact dermati
tis. 
An overview of published methods for predicting skjn irritation and for understanding the design and 
predictive value of each particular testing strategy are discussed on chapters 33 and 34. Thus, appro-
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priate use of human irritancy data with standard compounds, utilizing occlusive and non-occlusive 
dosing are reported, permitting also a realistic correlation between the in vitro assays 
Moreover, a selected and properly perforrned animai assay on guinea pigs offers a useful tool to 
assess the sensitizing potential of individua! chemicals as well as and-use products. 
It is in fact, of paramount importance to have realistic correlation between the in vitro and the in 
vivo assays. The irritancy data ha veto be clearly related to method of applicati on (occlusive or open) 
single dose (primary irritant) or multiple dose (cumulative irritation), and anatomie site. 
Finally in safety assessment, has to be clearly stated the difference between animai skin, sensitizing 
risk, and human health hazard. 
In common with other forrns of allergy, allergie contact dermatitis is dependent upon the develop
ment and expression of a specific cell-mediated immune response effected by T lymphocytes. 
Topica! exposure to a chemical allergen causes, the accumulation in draining lymph nodes of cuta
neous antigen-preventing cells, such as epidermal Langerhans cells. Therefore locai lymph node has 
been found to represent a rel iable method for the routine prospective assessment of contact sensiti
zation potential. 
At the same way, the immunoadyuvants, able to magnify the allergenicity may be also used to enhan
ce the acquisition of allergie contact dermatitis. They can enhance either the b-cell or the T-cell 
response, or both responses. 
Hyperin-itable skin conditions that occur when multiple concomitant inflammatory skin conditions 
prevail are discussed in chapters 35 to 37. 
Studies on the mechanism of immediate contract reactions after applying cosmetics or therapeutic 
agents are reported on chapters 38- 39 together with the in vivo test methods necessary to have a rea
listic c01Telation make the relative diagnoses. 
This contact syndrome comprises on heterogeneous group of inflammatory reactions that appeai· 
after contact with the eliciti ng substance. They include not only wheal and flare but also transient 
erythema and may lead to eczema. 
Animai models and phototoxicity testing in human and cai·cinogenesis test method are the topics of 
chapters 40, 41 and 42. 
Photoxicity is a non-immunologie sunlight-induced skin response to a photoactive chemical, cha
racterized by erythema and sometimes edema, vesiculation and pigmentation. 
These kinds of contro! are continuously increasing because of the increased risk of toxicological 
reaction due to the higher production and use of chemicals in our society for industriai, household, 
medicai and cosmetic purposes. 
For these reasons, animai testing and new sophisticated in vitro test systems are constantly evolving 
to identify chemicals and other agents that might aJso be carcinogenic in humans. 
Thus risk assessment can be conducted in three phases: toxicity assessment, (identification of hazard 
and dose/exposure), exposure assessment (identification of contaminant and its route and concentra
tion of exposure), and risklbenefit characterization. This is the topic of chapter 43. 
Due to the continuing questioning on the use of animai testing for routine toxicity, toxicologists 
became to develop alternative in vitro tests. But if currently used, animai tests are to be successful
ly replaced. It is important do demonstrate that the alternative methods provide chemical hazard data 
equivalent to that now avai lable from animal-based tests. 
Thus, there is generally more uncertainty associated with predictions from today's alternative 
methods than there is with cmTent animai - based toxicity tests. 
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Therefore, it is important that the validation process be conducted in a manner that efficiently and 
definitely characterizes the performance of the alternative in vitro methods. Chapter 46 reports an 
interesting discussion on this topic providing useful recommendations on design factors that should 
be considered in future validation programs. 
A multi-step process that may guide the design, execution, an evaluation of validation studies are 
reported also. 
What is to be remembered are the few information today available on structure - activity. relation
ship on alternative method studies. 
For these reasons the accuracy and precision of toxicity measurements from alternative methods 
must be better than current in vivo tests in order to compensate for this lack of information. 
Therefore there must be a thorough analysis of the potential for increased risk to the health of 
humans that may result from accepting current alternative methods versus the benefit derived from 
decreased animai use. 
This is a criticai issue that deserves extensive review by scientists, regulators, and legislators 
working to gain the acceptance of alternative methods as replacements for in vivo toxicity tests. 
This statement is of particular actuality in Europe after the deadlines imposed by 6th Amendment to 
the European Cosmetics Directive. 
To conclude the review on this important volume, we would like to stress once more the urgent 
necessity to carry out more studies before the acceptance of alternative methods concerning the 
numerous nove! raw materials used in cosmetics whose safety should be carefully evaluated. 
The 5th edition of Dermatotoxicology represents a keystone for chemists and medicai doctors who 
want to acquire fundamental information on the mechanism of action of toxicants on the skin. 
But it is also an interesting volume for regulatory authorities and forali who want to have a better 
knowledge on dermatotoxicology, derma! absorption, and toxicity assessment of all the environment 
toxicants. 

P. Morganti 
Editor-in-Chief 
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Belonging to the series "Current Problems in Dermatology'' this book collects for the first time in 
one volume of 13 chapters ali the recent scientific papers published about the interaction of textiles 
and the skin. 
The authors' purpose is to famil iarize dermatologists and more generally occupational physician 
with clothing function s and chemical engineer with human skin. 
Of course, the medicai community has to know better the physiological functions of the different 
natural and man-made fibres meanwhile the chemical engineers should have a basic knowledge of 
the anatomy and physiology of the skin. 
Chapter 1 reports an overview of ali the textile fibres divided into the different categories characte
rized from their origin and chemical composition. 
Definition and morphplogy of ali the used fibres natural and man-made are reported, together with 
interesting photos taken by scanning electronic microscopy. 
K.nowing the physiological function of clothing and its role on human health, bioactive textiles are 
beginning also to be produced. 
They are able to act as repository systems, releasing small doses of active substances which have a 
protective or therapeutic effect on the skin. Therefore this new fibre-technology promises to be par
ticularly effective in the treatment of occupational dermatosis and in the area of neurodermitis. 
But, in order to communicate with the medicai community in generai, and particularly wi th derma
tologists and allergologists, textile engineers have to know better the functions of the skin and its 
anatomy and physiology so that to understand the pathogenesis of epidermal intolerance reactions. 
The skin is an extremely efficient barrier, which prevents both excessive water loss from the body 
and the ingress of xenobiotics. 
The outer layer of the skin, the Stratum Comeum (SC), forms the rate-controlling barrier for diffu
sion for almost ali compounds. It is composed of comified cells surrounded by complex lipid bi-laye
red lamellae, constituting the so-called two-compartment model. 
Because of the segregation of lipids to the SC interstices, the two-compartment model also provides 
new insight into the pathogenesis of both disorders of comification and diseases associated with 
important barrier abnormalities. 
As the skin forms a barrier to harmful chemical and physical impact of the environment, it also pro
tects the organism from on infection by pathogens, parasites, fungi, bacteria and viruses. Clothing 
has to maintain and ameliorate, as much as possible, these functions. 
But skin is subject to environmental damage that may lead to intolerance reactions, such as non spe
cific irritant reactions (by chemical or physical trauma) or allergie reactions. Both reaction types 
may be also caused by clothing and has to be known to the textile engineer. 
This topic is discussed on chapter 2. 
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Clothing and Thermoregulation is treated in chapter 3. 
One of the functions of the skin is maintain the thermoregulation of the body. A profuse sweat is 
necessary to cool the body in exercise and heat exposure, meanwhile by shivering and piloerection 
it is possible to increase heat. 
However, when temperature goes down too much, the body cannot sustain the necessary temperatu
re without clothing or using heated dwellings. Therefore the main effect of clothing is its influence 
on the heat exchange between the skin and environment. 
An additionaJ clothing property is also its buffering capacity of heat and moisture. If clothing, for 
example, is able to buffer the sweat activity, the presence of excessive liquid water on the skin may 
be prevented which would prevent the sticky feeling, prevent excessive cooling in less active period, 
and improve comfort. 
This can be achieved by using materiai fibres that can absorb moisture well as natural fibres or by 
using special channeling fibre structures capable to trap moisture in the open channel. As a matter, 
of fact, in many sports and leisure activities, peaks of sweating may be followed by periods of low 
sweat production. 
Clothing has also the ability to protect the skin from solar radiation. Some fibres have, in fact, the 
ability to reflect, absorb and/or scatter the sunlight because of their different moisture, dye and opti
cal whiteness content. 
Photobiology of the skin and the different test methods used to assess the types of solar radiation on 
protection provided to skin by fabric is the topic of chapter 4. 
To date, many fabrics provide good protection against sunburn, but inadequate is the protection 
against photosensitization by intrinsic and extrinsic absorbing molecules. 
The future challenge will be to obtain protective fabrics against photosensitivity that are activated by 
long UVA or visible wavelengths. 
The problem of fabric laundering is discusses in chapter 5. 
The current quali ty of washing carried out at industriai, institutional and domestic laundries seems 
to possess no risk whatsoever to the health of the population. 
An interesting fact is that work wear made of cotton shows a relatively higher number of complaints 
than blends of polyester with cotton. The effects of the washing process on the textiles if assessed 
regarding the dermatologica! point of view, can go in two different directions: changes of the texti
le itself that may become more harsh in feel or fluffier, and the formation on residues on the washed 
laundry, such as optical brighteners, softeners surfactants, etc. 
Few are the studies that show the skin irritative potential of the different chemicals residues on the 
washed laundry. 
The use of absorbing, antibacterial and barrier textile has a long medicai tradition. 
At this purpose, advanced composite materiai is reinforced by textile preforms for primary structu
ral applications. The close contro) over fiber architecture offered, for example, by embroidery (a 
three-dimensional architecture) is of potential interest for highly loaded structures, enabling fibres to 
be placed in the position and with the orientations necessary to optimize strength and stiffness local
Jy. Thus embroidered textile has that combines different kinds of pores and holes for directed angio
genesis with stiff elements for a locai mechanical stimulation of the wound bed. 
Some special textiles are interesting for biodegradable tissue engineering scaffolds. lts cellular com
ponent may generate new tissues through production of extracellular matrix, while the scaffold mate
ria! provides structural integrity and mechanical stabi lity. 
Thus composite scaffolds, combining textile superstructures and bio-mimetic glycopolymers, have 
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been developed for the engineering of organotopic liver tissue in vitro. 
Moreover cyclodextrin-prepared textiles can be used within transdermal therapeutic systems, 
meanwhile chitosan or chitin-based textiles have gained increasing attention due to antimicrobial 
activity. 
Ali these topics are reported in chapter 6, meanwhile chapters 7 and 8 are dedicated to the problem 
of Medicai Elastic Compression and to the characteristics that the used textiles must have. 
There are a huge variety of bandages on the market divided into eia.stie compression bandages, 
conforming stretch bandages, light compression bandages, tabular bandages and adhesive bandages. 
Different types of dressing are also used underneath compression bandages. 
What is important to remember is that compression therapy is of great importance for many patients 
with phlebological diseases or tendency to form non-venous edema. 
Moreover compression clothing are also used in patients with bum injuries both in prevention and 
in treatment of hypertrophic scars and keloids. 
The kind of textiles used, handling and care of compression clothing is important, since they affect 
the quality and thus the therapeutic efficacy of the compression treatment. 
As textile industry today is almost totally mechanized, occupational irritant and allergie contact der
matitis are not frequent and are usually caused by resins or dyes. Thus, possible types of occupatio
nal skin diseases are due to coloring materials, equipping materials and accessories, such as wetting 
agents, acids and alkalines. 
Further irritation of the skin is possible due to ma.chine oil (minerai oil) used for maintenance work. 
What is sure is that the body of knowledge about dyes as conta.et allergens is growing. Also obvious 
is that not nearly enough is known about the potential of va1ious dyes to sensitize, prevalence to tex
tile dyes in a variety of populations, and actual skin exposure to dyes on colored fabrics. 
To date there is no evidence that the dyes to which a patient is patch test positive are component of 
textiles the patient suspects is the cause of his/her allergie contact dermatitis. 
Ali and other interesting observations are reported in chapters 9 to 13. 
Therefore a better knowledge of the allergens and irritant potential of work substances are necessary 
in order to update safety regulations to protect the persons employed. 
In patient with suspected immediate reactions to textiles a thorough history and chemical examina
tion should be performed. 
It is of great importance to determine the type of skin reactions such as flush, urticaria, angioedema 
or dermatitis. In addition, the occurrence of respiratory symptoms, such as asthma and rhinitis, 
should be evaluated. But a negative result does therefore not exclude a sensitization. 
This interesting book for the first time try to stimulate a promising interchange of scientific know
ledge between ali the scientists involved in the study both of textiles and skin, such as dermatolo
gists/allergologists and textile engineers. 
The contributes of recognized experts in their field, and their different background and experiences 
provide a wealth of ad vice and approaches to interactions of textiles and skin. 
A careful reading of this book is suggested to ali people from industry to academic that want to know 
better the unwanted effects clothing may have on human health, and wish also to have the challen
ge of studying and producing new and innovative textiles. 
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It is the first time that we review this kind of book on our Journal. Why? What k.ind of interconnec
tions exists between cosmetic care and our brain ? 
Psychological states have been reported to influence functions of various organs. 
There are many indications that cosmetics have beneficiai effects on the mind and, surely, cosmetics 
have also beneficiai effects on cutaneous physiology through alterations in psychological state. 
Moreover a linkage between the cutaneous immune system and the mind through the nervous system 
and the endocrine system has been suggested. But it remains necessary to elucidate the real mecha
nisms by which stimuli are perceived, and thus can be achieved by means of many objective 
methods, such as, for example, functional magnetic resonance imaging (FMRI). 
By this methodology is possible to show the distribution of neural activity in different areas of the 
cortex induced by the components of a perception. 
According with recent findings there is no skin area in the brain but a different gradient of proces
sing from primary to secondary somatosensory areas, and from contra-to-isolateral areas depending 
on the nature of the stimulus. This can be related to the biological and ecological importance of tou
ching the sk.in surface of other persons that plays a major rote in socia! interactions. 
Modification of the surface of the touching sk.in by a cosmetic seems to induce activation in the same 
cortical areas, but more specifically in the ipsolateral cortex. 
This book may introduce the reader on the mystery of the brain, helping also to better understand the 
psychological and physiological activity of cosmetic products applied on the sk.in. 
Principles of Learning and Memory provides an overview on the bridges existing among cognitive, 
psychology, neuroscience, neuro-psychology, neuro-anatomy, physiology and biology. 
The book performed at different levels of analysis ranging from the cells to observable behavior, pre
sents an interdisciplinary synthesis of current research connecting cognitive science and neuroscience. 
At this purpose five main themes, such as (A) Formation, (B) Organization, (C) Consolidation, and 
(D) Contro! of memories are treated and discussed in 15 chapters. 
A) Formation of memories. 
The human cognitive system is able to learn and to change, to improve and to adapt performance 
based on experience and changes in the environment. 
The first 4 chapters are focused on underlying brain structures and the mechanisms participating in 
the formation of new memories: the processes that lead to the acquisition of knowledge. 
Results from animai and human research are discussed pointing to 4 basic principles: spatio-tempo
ral contiguity, multiple brain structures, brain, plasticity, and emotional learning. 
The Law of Contiguity considered as keystone of most scientific theories of learning, memory and 
knowledge is discussed in chapter 1. 
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ded for future processing. Therefore, a trace has to be formed in the cortical circuitry that can be 
instantaneously re-activated upon occurrence of the same or similar input pattern. 
Future experiments will ha ve to show whether synchronization is indeed the physiological correlate 
of neuronal assembles and how assembles can shape the functional properties of the cortex. 
In this chapter the neuronal mechanisms for dynamic and synchronized grouping of cortical respon
ses are described. Moreover neuronal assembles provide a suitable concept to understand the equili
brium between cortical adaptivity and consolidation. 
The principle of inhibition, reported in chapter 12, is another basic mechanism regulating activation 
processes on both neuronal and behavioral levels of memory representations. 
Subjects are presented with multiple stimuli and are required to respond to one of them while not 
responding to the other. 
Furthermore, at least one of the unselected stimuli has a strong automatic response associated with 
it or has recently been a target item itself. 
The ability to specifically inhibit the processing of the non target items in the context, or at least their 
access to response mechanisms, would seemingly allow for a degree of flexibility in behavioral and 
cognitive contro! that might otherwise be difficult to achieve. 
Appealing to inhibition to resolve such conflict is not a new theoretical insight. Severa! inhibitory 
mechanisms relevant to working memory and long-term memory contro] are reviewed and discus
sed in chapter 12. 
How are menta] sets represented, established, maintained and changed? 
Mental sets are hypothetical devices that enable coherence of action over time in the face of interfe
ring stimuli as well as flexibility of action when internal or external demands change. 
A significant advancement of our understanding can be expected from the rediscovery and refi ne
ment of the so-called task-switching paradigm which allows the examination of selection processes 
that mediate between competing menta I sets. This is the topic of chapter 13 that tries to sketch out an 
integrated view of the neuro-cognitive basis of executive contro! according to recent evidence from 
behavioral, brain imaging and single-celi recording work. 
E) Adaptive Specialization of Memories. 
Learning theory provides an exceptionally successful framework to predict the behavior of humans 
and other ani mais in learning situation. In chapters 14 and 15 there is an outline of how the success 
of learning research should be possibly related to the fact that learning implies modifica tions of 
synapses contingent on the tempora! order of spikes. 
Spikening-time dependent synaptic modifications reflect the tempora! asymmetry of the physical 
world in which ali species live. Resource limitations might have led to additional constraints incor
porated by neural synthesis to achieve predictability. 
Thus the biologica] principle of adaptive specialization applies to learning and memory mechanisms 
just as much as it applies to other biologica] mechanisms. 
The basic and coding mechanism of memory is probably domain independent and has function of 
carrying inforrnation forward in time. In contrast learning mechanisms should be domain specific. 
As a matter of fact, learning involves extracting from raw sensory experience information. This 
extraction requires computations that are specific to the sense data from which it is to be extracted. 
The different function of learning and memory lead to di fferent manifestations of the biologica] pri n
ciple of adaptive specialization. 
Reading this interesting book will be surely useful for researchers and students involved in biology, 
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cognitive psychology and neuroscience but will be also of help to ali research chemists and marke
ting managers involved in Cosmetic Dermatology who are willing to understand more completely 
the human nature of perception establishing a link between a cosmetic or drug formulation and its 
consequence on consumer's perception. The psychology of cosmetic and fragranced products is 
associated in fact with how these products affect us psychologically and socially; their benefits when 
we use them and what motivates our selection and usage. Moreover the beneficiai effects obtained 
from cosmetics also influence our perceptions of self image, self esteem, self confidence and are of 
help in reshaping our moods. 

P. Morganti 
Editor-in-Chief 
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