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a  b  s  t  r  a  c  t

Sunscreens  were  originally  designed  to include  mainly  UVB-filters.  Because  of  the deeper  penetration
of  UVA  light,  causing  photoaging  and  DNA  damage,  there  has  been  a shift  towards  broad  spectrum  sun-
screens.  These  broad  spectrum  sunscreens  now  include  both  UVA-  and  UVB-filters  and  other  ingredients
which  possess  antioxidant  activity.  Although  sunscreens  are  regulated  in  most  countries,  photostabil-
ity  testing  is  not  mandatory.  Because  of  the  ability  of sunscreen  ingredients  to  absorb  UV-light  and
the  complexity  of most  of  these  formulations,  which  may  include  more  than  one  UV-filter,  antiox-
idants  and  other  formulation  excipients,  it is important  that their  photostability  in combination  is
determined.

© 2012 Elsevier B.V. All rights reserved.
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1. Introduction

Exposure to ultraviolet (UV)-light can be potentially danger-
ous and as such result in adverse health outcomes [1].  UV-light
may  be subdivided into the following regions: UVC (100–290 nm);
UVB (290–320 nm); UVAI (320–340 nm)  and UVAII (340–400 nm).
While the UVC-light is filtered to a large extent by the atmosphere
and thus does not reach the surface of the earth [2],  UVB-light,
although mainly restricted to penetration of the upper layers of
the skin, can cause DNA-damage and sunburn. Since UVA is not
absorbed by the DNA molecule to any great extent, damage caused
by UVA-light is largely attributed to photosensitized oxidation,
which may  occur by two different mechanisms, Type 1 and 2:
Type I process results in the substrate reacting with the excited
state of the sensitizer to yield radicals or radical ions, by hydrogen
atom or electron transfer, while the Type II process occurs when
an excited sensitizer reacts with oxygen to form singlet molecular
oxygen. UVA-light does penetrate to the deeper skin layers caus-
ing photoageing and DNA-damage mainly by generation of reactive
oxygen species (ROS) [3,4]. However, DNA damage has also been
shown to occur by a Type 1 mechanism involving an intramolecu-
lar electron transfer in folic acid and its photodegradation product,
pterine-6-carboxylic acid [5].

Although skin cancer is the worst outcome of excessive exposure
to UV-light [6,7], sunburn, eye conditions such as cataract or ocu-
lar melanoma, premature skin ageing such as wrinkles or irregular
pigmentation of the skin and a compromised immune system may
also result from this exposure [8].  It is noteworthy that Australia
and New Zealand have the highest rates of skin melanoma in the
world [9].

Sunscreens are photochemical systems containing UV-filters,
which absorb or reflect light and can be divided into two types:

chemical and physical UV-filters. The chemical UV-filters can be
further subdivided into UVA-filters which only absorb UVA-light,
UVB-filters (only absorbing UVB-light) and broad spectrum filters
which absorb both UVA- and UVB-light. The available physical UV-
filters are broad spectrum filters, which absorb and reflect UV-light.
Besides these UV-filters, sunscreens may  contain other additives
such as antioxidants, which are also thought to play a role in pro-
tecting the skin from the effects of exposure to UV-light [10].

Regular application of sunscreens to the skin is the most effec-
tive protection against the dangerous effects of UV-light. The first
modern sunscreens merchandised in the 1930s [11] were charac-
terized by the Sun Protection Factor (SPF), which is a laboratory
measure of the effectiveness of a sunscreen. The higher the SPF, the
more protection the sunscreen offers against UVB radiation [12].
The SPF-testing method is an in vivo method, where protected and
unprotected skin-areas of subjects are exposed to artificial sunlight
for various time periods. The SPF is defined as the minimum ery-
themal dose (MED = UVB-dose when redness of the skin is visible)
on protected skin divided by the MED  on unprotected skin (Eq. (1))
[13].

SPF = MEDprotected

MEDunprotected
(1)

Since the harmful and photoageing effects of UVA have been
reported, UVA-filters are now included in sunscreens, which are
classified as broad spectrum [6,14–17]. The UVA-protection fac-
tor (UVA-PF) can be measured in vivo or in vitro. The in vivo
test-method, also called the Persistent-Pigment Darkening (PPD)
method was  developed by the Japanese industry and modified
by the French health agency (Afssaps = Agence franç aise de sécu-
rité sanitaire des produits de santé) and measures the minimal
darkening effect of UVA-radiation on the skin before and after expo-
sure to UVA-light. The UVA-PF is defined as minimal pigmenting
dose (MPD = UVA-dose when darkening of the skin is visible) on
protected skin divided by the MPD  on unprotected skin (Eq. (2))
[18,19].

UVA − PF = MPDprotected

MPDunprotected
(2)

Because of their role in protecting the skin from the harmful effects
of UV-light, sunscreens are required to be regulated. The regulation
of sunscreens differs, depending on the particular country and/or
the requirements of the relevant regulatory agency. These regula-
tions include in general a list of approved UV-filters, the appropriate
labelling of sunscreens and requirements for the measuring of SPF,
UVA-PF and water resistance.

In Australia, although most sunscreens are ‘listed’ medicines
under the Therapeutic Goods Act 1989, some can be ‘exempt’ and
others are required to be ‘registered’ [19]. In the USA, sunscreens are
regulated as over-the-counter (OTC) drugs under the supervision
of the FDA (Federal Drug Administration). The Federal Register of
1999 contains the final monograph with regulations for sunscreens,
entitled: Sunscreen drug products for over-the-counter human use.
Besides the list of allowed sunscreen active ingredients (UV-filters),
their required maximum concentration and the allowed combi-
nations of UV-filters, this monograph contains requirements for
labelling and testing of the SPF and water resistance, but not for
UVA-protection. In contrast to Australia and the USA, in Europe
sunscreens are regarded as cosmetics. The European Commission
publishes a Commission Recommendation on the efficacy of sun-
screen products, where they provide advice regarding the hazards of
UV-radiation, the need of sunscreens and recommendations about
labelling and testing. An industry association, namely Colipa (Euro-
pean Cosmetic, Toiletry and Perfumery Association) was founded to
develop the industry standards on testing, labelling and consumer
education [18,20].
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