CHAPTERI

INTRODUCTION
Sunlight consists of a wide spectrum of radiation, from which only a narrow bandwidth
between approximately 400 to 800 nm remains visible to the human eye. The longer wavelengths
beyond 800 nm are felt by human as heat radiation or infrared. In the range shorter than visible

wavelength we find the ultraviolet (UV) spectrum. The UV radiation can be further divided into

four major bands; vacuum UV, UVC, U 3 2 : Fig. 1.1). The vacuum UV is radiation
region between 200 and 280 nm.
Neither vacuum UV nor UVC he su use of the absorption by ozone
layer. On the other hand, the UV 802320 um) a IV 20-400 nm) can penetrate the ozone
layer. The UVB radiation proméfe ¢ D ‘ \ al creases skin pigmentation or
» Kin damages depending on light
intensity and skin sensitivity. ; its cor interferes : A and protein synthesis,
' photoaging and skin cancer.’

ause nucleic acids, proteirs and
many biological molecules can dirg absorb UVB i01.% As UVB is known for not passing
through glass. A sturdy piece of w | ];{ prevent most of these undesired

responses.

The UVA which t‘{i ies the re ' '-' can produce a significant
amount of photoinduced bgogical €

1directlmdamages cells through the

reactive oxygen specnes UVA zay also influencesya direct pigmentation and increases the
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within 2 hours and aulayed erythema respopse which reacigpeak at 6 hours. Dns 1s opposite to
the UVB &W&l})ﬁﬁuﬂﬁﬁ&u gjj %’Z}’}ﬂ Exlzq ahﬂs Although

UVA is less @nergetic than UVB, it can, however, penetrate deeper into the dermis (Figure. 1.2),
while UVB can penetrate only into the stratum coreum and the epidermis. Both UVA and UVB

contribute together to make photoaging and skin cancers.
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Although ﬁﬁa‘mﬂ {W ‘I 1 effects of UV is
avoidance. The m T‘ Yp]ac cal s ﬂy otection is the use of

sunscreen chemicals.
1’Q mmmcuwn NYINY
Absorption Range
Good sunscreen chemicals have to absorb the radiation in the range
which harmful for human. Praétically a choice is made between one or more
UVB sunscreens. As a result, a certain bandwidth filter usually corresponds to a

combination of UVB and UVA sunscreens.



10162 Solubility
Whether a sunscreen is based on oil or aqueous gel, the chosen
sunscreen compound must be compatible with its base. In the case of emulsion,
sunscreen either water or oil soluble compounds can be used. Often a
combination of water and oil soluble sunscreen is desirable due to cost or
effectiveness considerations.

1.1.3 Sun Protection Factor (SPF)

SPF is a ratio,_of Nt of UV radiation that produce erythema

in skin covered by..su t of UVB radiation that produce a

1.2

according to the type of
» ical absorbers.

1:2: \\

radiation. Examples __,’7 al b, i dlude zinc oxide, titanium dioxide,

and red petrolatum P !“‘EJW

reflect 2 ,Lk

t reflects or scatters the UV

present in sufficient quantities, will
¥ being used in conjunction with
chemica 5_— ; i"' ‘ (SPF).
Thg are, however, nany debat@on the safety of physical
blockers. Titanfum,dioxide (TiO,) has/been reported to produce hydroxy radical

unﬂ (Tl e Mol o™ sine i,

s semiconductor properties, they ha been used as phetocatalyst for the
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shown that photoexcited titanium dioxide can cause cell death both in vitro and

n VIVO.



122 Chemical Absorbers””

Chemical absorbers are organic molecules whose absorption bands are
in UV region and help absorb the harmful UV radiation.
UVA absorbers are chemicals that absorb radiation in the 320-360 nm region of
the UV spectrum. Examples of UVA absorbers include benzophenone,
anthranilate, and dibenzoyl methane.

UVB absorbers are chemical that absorb radiation in the 280-320 nm region of

the UV spectrum. Ex 1 f /// absorbers include p-aminobenzoate
(PABA) derivatives;: '; d camphor derivatives.

creen industry, can be classified
into 7 categorig
A. cinnamate @érivatiy
B. p-amin6be
salicylatg

benzophenghe y

camphor derivatiygs .-

B

dibenzoylmetha 'ﬁ,?: 2
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B. p-Aminobenzoate (PABA)
derivatives

A. Cinnamate derivatives

C. Salicylate

E. Camphore derivatives
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Sunscreen chemicals are generally aromatic compounds- conjugated with a
carbonyl group. In many examples, an electron releasing group such as amine or
methoxy group is substituted in the ortho or para position of the aromatic ring. They
absorb the harmful short-wave (high energy) UV rays (280-390 nm) and convert the
remaining energy into longer wave (lower energy) radiation (usually above 700 nm).
The process of sunscreen action is called “photophysical process”, not a

photochemical process and ideally no change in molecular structure should be
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1.4.1

observed. Mechanism of sunscreen action (Figure 1.4.) involves excitation of
electron from ground state by absorbing the UV rays. Then upon the return of
electron from excited state to ground state, the absorbed energy is emitted in the

form of IR or heat.

Absorbs high
energy UV rays L
(250-350 nm) Emits low energy rays
(long A)
\ 1. very lmv energy (over 800 nm)

IR region (Heat)

> anc basic compounds are affected

by pH. In the ¢ e of alkaline conditions (pH over

9) will result in end to increase delocalization of

electrons. This electron delocalization decreases the- energy required for the

electronic ciace a bathochromic shift is

T
observed (ler wavelength). On the other har.d, acidic conditions (pH below

oML (62K i 11—
shi “oﬁ \;ﬂﬂmc inc 't]at ation of the unbounded

lone pair electrons decreases'resonance delo€alization of the el&frgs.
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The use of different solvents in cosmetic formulations may 'profoundly
influence the effectiveness of a sunscreen chemical. If the sunscreen is polar,
then interactions with polar solvents will be quite extensive. This interaction
with solvent stabilizes the ground state, thereby inhibiting electron
delocalization. The net result would be a hypsochromic shift to lower

wavelength. In contrast, if the sunscreen is less polar, then interactions with



polar solvents would be stronger at the excited state, which is more polar than
the ground state. This then lowers the energy requirements for the electronic
transition; hence, a higher maximum wavelength (7\.",“) would be expected, and
bathochromic shift occurs.

1.5 Effect on the Extinction Coefficient
The effectiveness of a sunscreen chemical is assessed through the value of the

extinction coefficient. Chemicals with high extinction coefficient values are more

efficient in absorbing the energy of the f I UV radiation than those with lower

extinction coefficient values. Elee s for any compounds may be

characterized as symme owed bxd allowed transitions generally
have high extinction c , \.. Q[bxdden transitions have lower
extinction coefficients.

tion in a molecule can be used
\
to predict the relative , 12 on for extinction coefficient is
also possible. Us ion Goe values, 2 eported in terms of “Meclar

Extinction Coefficie times 1 olar Absorption Coefficient” or €. The €

S ) .
*S'1in mol per litre
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first use of polydxmethylsﬂoxane of dimethicone (Eigure 1.5) was ifi.a protective skin
aq \th}rar@ﬂlgxm HM fq-nlgp% il f] a Ejnto hair care
oducts followed shortly thereafter, dating back to early 1950s. The low surface
tension and lubricious nature characteristic of silicone fluid rendered these materials
excellent additives in personal care products that helps reduce drag and impart a velvety
soft feel to hair and skin. Figure 1.5 shows the chemically structure of
polydimethylsiloxane (PDMS), or dimethicone, the first commercially available

silicone product. The length of the polymer may vary to give dimethicones of

different molecular weights and viscosities,



providing a range of properties.12 Normally, all these silicones are clear, colorless and

insoluble in water.

CH, CHs CH,

HsC— Si— O—Si——O—Si—CHs

CH, CH, CH,
n
(PDMS) or dimethicone

Fig 1.5 Polydimethylsilo
\

In general, the sub antive ) l&ﬁpms relate to fundamental
. S Mant properties with regard to

properties of their poly
cosmetics and toiletrie
1.6.1 A Hig
w interfacial tension against
lipids, allow 1 proteinaceous surfaces. The
ability of a gilicofie © form" esiv is a necessary factor for the
develcpment offsub ;
1.6.2  Solubilit;
The solubil g i ‘_ meth .»"'-* 0 e these fluids insoluble in many
aqueous and organic systems suck n cthanol,‘a property that often frustrates
—— Y]

cosmetictehe catof functionalized silicones,

an be solved. For example, graftin ;JJ polar functional groups on

snllﬁnes can ﬂaﬁ-them soluble in Mete polar organic sy tems. "’
bbbt £ 1710

The well known ability of PDMS te.polymerize to various degrees
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physical resistance” increases with viscosity.

this problesm

The unique properties and benefit afforded by silicones in personal care
products became increasingly evident. But their usage remained quite limited

due to their inherent solubility and incompatibility problems. With the advent of

' Spreading CoefTicient refers to the ability of substance to spread over certain surface. Ideally, monolayer film is preferred.
5 Substantivity refers to permanence and endurance of substance on certain surface.

= Physical resistance refers to the resistance properties of substance as thermal and electricity resistance.



new polymeric tﬁickeners and suspending agents, silicone emulsifiers, and
organomodification of the silicone polymer themselves, the uses of silicones in
personal care products have dramatically increased in recent years. It has been
estimated that half of all new personal care products introduced into the
marketplace in 1994 contained at least one type of silicone in formulation.""
Today, there is a wide variety of silicone products available that provide

numerous benefits in personal care formulations.

In both skin care and recognized for their lubricating

. . . . & J - .
properties and the characten?) w These versatile fluids can
provide substantivity and durabili zover, in skin care applications, silicone resin
additives increased resistance to . Ih hair care p s, organofunctional silicones,

particularly those with ami ity Jprovidi substantiye ble conditioning properties.

1.7. Literature

171

Sunscreens are wide photoaging, and skin cancer
Sunscreen products are routinely teste delay the onset of erythema (sunburn)
in skin exposed to UV rag proval of sunscreening agents

are varied. In the USA, suns

cosmetics. The majority ofge commercially available 'sunscreelaoday are a combination of
agenis from several chemical agents. Para-amino benzoic acid (PABA) was an early chemical
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reactions, had poorql.lubstantnvxty characte‘nstxcs, often dAscolored clothin@nd toxic. This
compound‘a Wf—Toﬂiﬁ ﬂm%mﬂ%q@ Weﬂu’r}ﬁl %nts include
compounds ffom the salicylate, cinnéméte,'be'nzophenone, émthranilate, and dibenzoylmethane
groups. Among them, cinnamate derivatives are the most widely used sunscreen compounds in
many countries. Many research groups have demonstrated that octyl methoxycinnamate (OMC) is
quite safe concerning allergic contact (AC) and photoallergic (PA) effects of the compound.”'“

This makes OMC now the most widely used UVB filter in cosmetic formulation worldwide.

" Contact sensitivity reaction refers to the sensitive condition on skin when contacts with a substance without light stimulation.

* Photo contact sensitivity reaction refers to the sensitive condition on skin when contact with a substance with light stimulation.
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In 2001 A. Darvay and coworkers" analyzed data from 2715 patients who underwent
photopatch testing at St. John’s Institute of Dermatology during the period of 1983-1998. The
results show a low yield of positive photopatch test.” Thus, despite the large increase in the use of
OMC over the last decade, the development of photoallergen (PA) reactions remains rare.
Furthermore, most of the common UV filter photoallergens identified in this study, including
PABA, amyl dimethyl PABA and benzophenone-10, are now rarely used in sunscreen

manufacture, while isopropyl dibenzoylmethane was voluntarily removed from the market in

1993. Currently, benzophenone is the m tact photoallergen still in use. In contrast,

during 1996-1997 C. Ricci and ¢ nd photopatch tests on 36 patients

which were 12 males and 24 fe i relapsing contact dermatitis of

the face, arms, hands, and other _positive test result to OMC was

observed.

Nevertheless, many reports al amounts of applied cinnamate

derivatives, can be absorbed into hu ' or examples, in 1995 U. H. Leweke

and B. C. Lippold|s found -+ veinrama jate into the human skin.

Similarly in 1997 C. G. J. ""{, : OMC was absorbed through the

|
skin layers. In this study, O ’qﬂ‘ could be recovered from milk of hur

An volunteers.

F. Benech- er and édworke bsorption of OMC
sunscreens in vitro. ﬁdub&lp’l ME ﬁ%ﬂﬂmi The correlation of
the quantitative data between pig skin and hiiman skin waseyery good. This réséarch confirmed
seonc QAR T3 b k| £ 1)

Sincél many studies have shown that OMC can be absorbed into the body. Toxicity of

OMC is now started to be a concern.”” ™ In 1999 X. Chunxia and coworkers' reported that OMC,

octyl p-dimethylaminobenzoate and oxybenzone (OB) could inhibit cell growth and DNA

synthesis.

" Photopatch test refers to a test for allergic reaction of a substance on skin when exposed to a light source.

™ Patch test refers to a test for allergic reaction of a substance on skin without being exposed to a light source.
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Beside the absorption problem, photostability of UV filters should also be addressed
here.”™® For example, in 1990 N. A. Shaath and coworkers’ studied the stability of various UV
filters under UV light. It was shown that butylmethoxy dibenzoylmethane (II) and octyl dimethyl
PABA (IIl) significantly degraded in ethanol/water mixture. Octyl dimethyl PABA which
dissolved in isopropylmyristate (IPM) exhibited 52.8 percentage of photochemical degradation.
Also, OMC showed moderate degradation in mineral oil, IPM and ethanol/water mixture.

Similarly, in 1999 N. Tarras-Wahlberg and coworkers reported that octyl dimethyl PABA,

absorbance decreased rapidly uponadditio ¢ g light. In 2001, S. Pattanaargson

and P. Limpong23 demonstrated that'a tanus- (E' rational change of OMC does

-

—-——————

Moreover, kinet, rdy=—of=cis/t 1701 OMC indicates that the

photostationary equilibﬁumﬂl] s on i [J ore hydrophobic medium.”®
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H;CO

E-configuration

: sure to UV radiation

Several decades ago, ¢ n .t"" muldtion wishing to work with silicone

daas

Figure. 1.6 conversion

1.7.2 Silicone
materials were linited to dimethico ‘71'}5\-» ethicone fluids. The very low
absorption through skin, very low to ’ o nsion and lubricious characteristic of
silicones render these -.: o ves in persor al'care-products since 1940s. They

Y )

help reduce drag and imparifa nday'a wide variety of silicone

products is available for tm formulations that provide numerc ) benefits in personal care

industry. These special siliconé§ ate called “functiofiafized silicones”,"” which are polysiloxane
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functionalized snloxaﬂs and various alkyl ghodified silicopes. Amino-functignalized siloxanes
give better%%/v-l]ya)ﬁ'tﬂ 5{“%%%? %pﬂ@(ﬁ gar materials
such as proteins on the contact surface. Phenyl modified silicones are used as luster-enhancing
additives in hair products since the phenyl groups on silicone chain increase the refractive index
of the polymer. Also available are specialty materials containing a wide range of functionalities
grafted onto the silicone chain, including protein moieties, fatty acids, amphoteric surfactants,

amino acids, and fragrance oil.
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In summary, although OMC is the most popular sunscreen in cosmetic industry
nowadays, it still possesses a few problems including absorption through human skin and the
photounstability. A few methods have been proposed to reduce skin penetration of sunscreen.” >
These include increasing viscosity of cosmetic formulations, using solid lipid microspheres
(SLM) as carriers for the UV filters and using chemical modifier in the formulations.”” These
studies investigated the use of OMC molecules in modified formulations or carriers to minimize

the skin penetration, however, transdermal permeation of the sunscreens cannot be totally

n more hydrophobic environment of silicone
]

The objectives of A be arized as follows:

blocked. We propose here the graftin ion chromophore, 4-methoxycinnamoyl
moiety, on silicone polymer to p yine that hopefully can be effectively
retained on skin surface. Moreove < photosta of OMC should be reduced

1.8 Research

1.8.1 To graft the _ chirgmophore: £ \ 1\ cinnamic acid onto silicone.
1.8.2 To determine pon . molar absorptivity, photostability and
skin absorption of products.—
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