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ABSTRACT

Need for a well-balanced sunscreen to protect
human skin from both Ultraviolet A and Ultraviolet B

Skin exposure to sunlight can cause many adverse effects. It is now recognized that both
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Ultraviolet A (UVA) and UVB wavelengths are responsible for the detrimental effects of solar
radiation on skin. With our increasing knowledge on the harmful effects of UVA, the need
for effective, well-balanced photoprotection has become more crucial. Numerous clinical
studies showed that well-balanced sunscreen, with a SPF/UVAPF ratio < 3, provide the

most effective protection against pigmentation (especially on dark skin), DNA damage, UV-
induced skin immunosuppression and photodermatoses. The calculation of UVA protection
required in Asia revealed its particular importance in India, and gives clear evidence that the
SPF value alone is not sufficient to evaluate the efficacy of a sunscreen.
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INTRODUCTION

Solar UV radiation reaching the earth is a
combination of UVB (290-320 nm) and UVA (320-
400 nm) wavelengths. Acute as well as chronic
sun exposure is well known to induce biological
and clinical damage, such as sunburn, photoaging,
skin immunosuppression, photodermatoses and
photocarcinogenesis. UVB rays, which include
most energetic photons reaching the earth’s surface,
participate in all of this damage. Although UVA rays
are less energetic than UVB rays, they play a significant
role in skin immunosuppression, photoaging, and
mutagenesis.["®! Further, UVA accounts for at least
95% of the solar UV irradiance received at ground
level. Hence, sunscreens should effectively protect
against UVB as well as UVA radiation!®
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The efficacy of a sunscreen is assessed primarily by its
sun protection factor (SPF)./” Since, by definition, the
SPF measures the protection against erythema, which
is mainly induced by UVB wavelengths; it does not
provide information on UVA photoprotection. Indeed,
UVA contributes only a small percentage of the skin
erythemal response. Therefore, the SPF does not reflect
the efficacy of protection against all biological end-points,
induced by the entire solar UV spectrum.”” SPF is not a good
measure for broad spectrum protection. Nevertheless,
an effective, well-balanced photoprotection against
UVB and UVA radiation seems more crucial because
of our increasing knowledge of the harmful effects of
UVA. I8!

The different aspects of UVA induced damage
discussed in this article are summarized in Table 1.

Because of the link between amount of products applied
and efficacy, it is important to ensure by consumer
education that a sufficient quantity is applied on the
skin. To reach the expected protection, the quantity
should be 2 mg/cm?. Lower amount of product applied
should be compensated by re-application.
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METHODS OF ASSESSMENT AND CRITERIA FOR UVA
EFFICACY

Despite the availability of reliable methods, there is no
worldwide consensus on how to measure and label the
level of protection against UVA. The Persistent Pigment
Darkening (PPD) method is probably the most widely
used method to determine UVA protection factor
(UVAPF)®  gsince persistent pigment darkening
is induced by UVA radiation and not by UVB.
The UVAPF is determined similarly to the SPF on
human volunteers, with the following differences:
Volunteers will have a phototype, able to develop an
immediate pigmentation (phototypes III and IV), a
UVA source will be used instead of a complete solar
simulated radiation, and PPD will be the endpoint
instead of erythema. The higher the UVAPF value,
the better the UVA protection. The UVAPF can be
also determined using an in vitro method, which
has been developed to give equivalent results to the
in vivo method."™ Another approach is the
measurement of the absorbance broadness (also called
the critical wavelength method)."" This method only
relies on the shape of the UV absorption spectrum
and not on its amplitude. Consequently, it does not
evaluate the level of UVA protection: It ensures that
products absorb in the long UVA waveband.

In 2006, a minimum requirement for UVA efficacy of
sunscreens was chosen in Europe.'? A UVAPF of at
least 1/3 of the SPF of the product is now required,

Table 1: Summary of UVA radiation effects? on aspects
discussed in the article

Related to pigmentation
Induction of immediate pigment darkening (IPD) not persistent
Induction of immediate persistent pigment darkening (PPD)
Induction of new melanin
Related to DNA damage
Induction of P53 protein
Induction of pyrimidine dimers
Induction of 8-OXO-2'-deoxyguanosine (8-oxodG)
Related to photoimmunosuppression
Langerhans cells morphology alteration
Langerhans cells functionality alteration
Delayed type hypersensitivity (DTH) response suppression
Contact hypersensitivity (CHS) elicitation phase suppression
Urocanic acid isomerization
Related to photodermatoses
Polymorphous light eruption
Solar urticaria
Drug phototoxicity
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which is equivalent to a ratio SPF/UVAPF <3. This
criterion has also been recently adopted by Australia
and the Mercosur countries (viz. Argentina, Brazil,
Paraguay and Uruguay). This value has been chosen
based on the calculations presented in Table 2,
linking real UV exposure to related visible biological
phenomena. In humans, a UVA dose of 15 J/cm? can
induce several biological signs of acute or chronic
damage,*? implying that this dose should not be
attained. Indeed, UVA radiation at 15 J/cm2, which is
reached in about 45 minutes of sun exposure, is able
to induce the persistent pigment darkening (PPD)
phenomenon, which is an oxidation of the melanin.
This PPD is induced very easily on dark skin (III, IV, V).

Since most Indians have Fitzpatrick skin phototypes
IV to V¥ these calculations suggest that the SPF/
UVAPF ratio of a sunscreen should be < 3 in India
too. It is also important to note that UVA damage can
occur after an acute or repeated UVA exposure below
15 J/cm2.

PREVENTION OF EXCESSIVE PIGMENTATION INDUCED BY
UV EXPOSURE

Sun exposure induces the UVA and UVB pigmentation
phenomena. UVA-induced changes begin with
immediate pigment darkening (IPD), which fades
rapidly. However, residual pigmentation, called
persistent pigment darkening (PPD), may persist for
many weeks depending on the UVA dose and skin type.
Neo-melanization or delayed pigmentation, which is
a long-lasting (several months) tan, starts some days
after UVA exposure. It is due to an increased melanin
synthesis in response to intense UVA exposure or
repeated suberythemal doses.!

UVB-induced tanning is a delayed pigmentation due
to melanin synthesis. It generally appears 2-3 days
after sunburn and usually disappears with epidermal

Table 2: Calculation of MED/MPPD ratio depending on skin
phototypes, considering a zenithal sun exposure and a MPPD

of 15 J/lcm?
Fitzpatrick Time to UVA dose Equivalent Ratio
Skin achieve received of UVA MED/MPPD
Phototypes 1 MED during MPPD

1 MED time during

1 MED time

11 15 min 5 Jlcm? 1/3 MPPD 3
1 30 min 10 J/lem*  2/3 MPPD 1.5
v 45 min 15 Jiem? 1 MPPD 1

MED: Minimal erythemal dose, MPPD: Minimal persistent pigment dose
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turnover after 1 month. It results in a homogeneous
color, which can provide some natural protection.
However, and particularly in Asian skin, sun exposure
can induce irregular pigmentation, hyperpigmented
areas and contribute to melasma. Pigmentary changes
are observed as the major sign of skin photoaging in
Asians.*% In darker-skinned individuals, UVA has
greater pigmenting effects than UVB.I'”!

The use of sunscreens or daily protection products
can prevent hyperpigmentation. Well-balanced
photoprotection has been shown to prevent
hyperpigmentation in Asian skin (phototypes III,
IV, V). In one study, 6 different sunscreen products,
containing UVA + UVB absorbers with different
SPF/UVAPF ratios, were tested!® on volunteers’ skin
exposed to solar radiation mimicking standard daily
UVR.[¥1'The jn vivo protection against UVB- and UVA-
induced pigmentation was assessed by determining
the Pigmentation Protection Factor (PPF).*”! The SPF
was determined using the international SPF test
method,” and the UVA protecting factor (UVAPF) was
measured by the PPD method." The results [Table 3]
showed that products having well-balanced UVB and
UVA protection [SPF/UVAPF (PPD) < 3] provided
higher protection against pigmentation in Asian skin.
For the same level of SPE products having the highest
UVAPF had the highest PPE, and products having a
SPF/UVAPF ratio below 3 were more effective than
those with a ratio above 3 [Figure 1].

EFFICACY AGAINST DNA DAMAGE

UV-induced DNA damage activates the p53
tumor suppressor gene, which produces a very
important protein that protects cells from malignant
transformation. Thus, p53 protein expression following
UV exposure is a sensitive biological endpoint for the
evaluation of sunscreen efficacy against damage that
may lead to skin cancer. It has been demonstrated

Table 3: Summary of SPF, UVAPF, PPF, SPF/UVAPF ratio and
PA values of 6 sunscreen products tested in Asian skinl®

Products SPF UVAPF  SPF/UVAPF ratio PPF
A 19 8 24 17.2
B 19 4 4.8 1.7
C 30 15 2 18.9
D 30 9 3.3 9

E 50 21 24 58.9
F 50 13 3.8 22.3

SPF: Sun protection factor, UVAPF: UVA protection factor, PPF: Pigmentation
protection factor
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that p53 can be induced after a single solar simulated
radiation (SSR) dose of 0.5 MED or after a single UVA
dose of 30 J/cm2.[2' Multiple UVA exposure at 12.5 J/cm?
(about 1 hour under zenithal sun exposure conditions)
also induced p53 protein,?!! demonstrating the
contribution of UVA radiation into the DNA damage.
One study compared the level of protection against
p53 accumulation by 2 sunscreen products having
the same SPF (25) but different UVAPF in human
volunteers under outdoor sun exposure conditions.!®
One product contained a potent UVA filtering system
(Mexoryl® SX, Mexoryl® XL, Avobenzone) providing
a UVAPF of 14, measured by the PPD method while
the other had a UVAPF of 6. The volunteers applied
a realistic amount of product (0.8 mg/cm? and were
exposed to the sun daily for 6 days with a duration
of exposure and UV dose increasing from 3 hours (6
MED, 40 J/cm? of UVA) to 6 hours (10 MED, 70 J/cm2).
Although both sunscreens provided a similar level of
protection against erythema, the sunscreen with well-
balanced UV protection (SPF 25/UVAPF 14 = 1.8)
was much more effective in protecting against p53
accumulation, demonstrating the importance of UVA
protection [Figure 2].

PROTECTION OF THE SKIN IMMUNE SYSTEM

Exposure of human skin to UV radiation induces
local immunosuppression. Both UVA and UVB are
immunosuppressive.®??24 The process is thought to
involve Langerhans cells (LC), the epidermal dendritic
cells that are pivotal in antigen presentation.

Figure 1: Efficacy of two sunscreen products with the same SPF
but different UVA PF in the prevention of pigmentation induced by
UV light (a: product with SPF 50 UVAPF 13; b: Product with SPF
50 UVAPF 21). Product a with a well-balanced photoprotection is
clearly more efficient

S26 Indian Journal of Dermatology, Venereology, and Leprology | 2012 | Vol 78 | Supplement 1



Moyal

Need for well-balanced sunscreen

3.50

p53-Positive
Nucle¥100 Cells
O = N OO A~ O

iE
0.12 | 142 |
Control Sunscreen E

Sunscreen F

Figure 2: p53 accumulation after repeated sun exposure of human
skin protected by sunscreen E (SPF 25 UVA-PF 14, ratio=1.8) and
sunscreen F (SPF 25 UVA-PF 6, ratio = 4.2).°1 Results are means
+/-SEM. UV: Ultraviolet, SPF: Sun protection factor, UVAPF: UVA
protection factor

The protective effect of sunscreens on UV-induced
immune suppression has been demonstrated, and
the importance of an effective protection against
UVA has been stressed. The protective potential of
2 sunscreens, having the same SPF (25) but widely
different level of UVA protection (UVAPF 14 vs. 6),
mentioned above for the prevention of DNA damage,
has been compared in vivo in conditions of outdoor
exposure.l The results showed that both sunscreens
only partially prevented the reduction of LC density
and morphological alteration induced by repeated
solar-simulated radiation exposure [Table 4]. However,
a significantly lower level of LC damage was seen
in the area protected by the sunscreen with higher
UVAPE. This again demonstrates the need for effective,
balanced protection with a SPF/UVAPF ratio < 3 to
prevent the impairment of immune competent cells.

The delayed-type hypersensitivity (DTH) response
to recall antigens was also studied as an endpoint
to assess the protective role of sunscreens against
skin immunosuppression, induced by UV exposure.
An acute and repeated exposure to UVA induced a
significant decrease in DTH response. The efficacy of
sunscreens with different levels of UVA protection has
been evaluated under both solar-simulated radiation
and outdoor real-life exposure conditions.?*?% The
results confirm the importance of well-balanced
photoprotection using the SPF/UVAPF ratio < 3
criterion. When products with same SPF have been
compared, the product with the higher UVAPF and

Table 4: Alteration of Langerhans cell density and morphology
after cumulative SSR exposure of human skin and protection
afforded by sunscreens!®!

Unexposed Exposed with prior

protection by sunscreen

SPF 25 SPF 25
UVAPF 14 UVAPF6

671 +/- 85* 540 +/- 110*!

Number of HLA-DR*
cells

815 +/- 91

Average surface area 144 +/- 17 103 +/- 14* 89 +/- 14*

of cells (um?)

Number of sub subjects (N = 10). Data are mean +/- SD, *P < 0.005 versus
unexposed site, |P < 0.05 versus skin protected by the SPF 25 UVAPF

14 sunscreen, SPF: Sun protection factor, SSR: Solar-simulated radiation

with SPF/UVAPF ratio < 3 always afforded a significant
higher protection against photoimmunosuppression
compared to the product having the same SPF but lower
UVAPF (SPF/UVAPF = 3). It is also important to notice
that in this study, some products with insufficient UVA
protection level, had a critical wavelength value of at
least 370 nm. These results demonstrated that as the
sole criterion for UVA efficacy (as requested recently
by the US FDAP®), the critical wavelength of at least
370 nm is not sufficient, and only the criterion SPF/
UVAPF < 3 is a good indicator of an efficacy.®

PROTECTION AGAINST PHOTODERMATOSES

Photosensitivity is a general term that designates an
abnormal reaction to sunlight including phototoxicity,
photoallergy and photodermatoses. The wavelengths
that cause those skin abnormal reactions to sunlight
mainly lie in the UVA range.

The most common photodermatosis, polymorphous
light eruption (PMLE), has been particularly studied.
This eruption generally appears after 1 or 1 days of
sun exposure and consists of papules, reticulated
erythema, vesicles and pruritus. The preventive
efficacy of sunscreen products on PMLE has been
demonstrated.”*”! An outdoor study was performed to
compare the efficacy of 2 sunscreen products with a
similar high SPF (60) but with different UVA protection
levels (UVAPF 28 vs 17), and consequently, different
SPF/UVAPF ratios (2.1 and 3.5, respectively).l® It was
carried out under natural sunlight using realistic
conditions of exposure in 10 women prone to PMLE.
The UVAPF 28 sunscreen provided better PMLE
prevention than the UVAPF 17 one [Figure 3].
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Figure 3: Comparison of two high SPF 50+ products with different
level of UVA protection: UVA-PF 28 sunscreen (blue bar) vs.UVA-
PF 17 sunscreen (purple bar) in preventing PMLE reactions
(outdoor study). Number of patients experiencing PMLE according
to cumulative UVA dose. PMLE: Polymorphous light eruption
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CALCULATION OF THE UVA PROTECTION FACTOR LEVELS
NEEDED IN ASIA ACCORDING TO THE SEASON

The calculation of a UVAPF ‘cap’ has been based on
the level of protection needed to limit the effect of
UVA radiation on the skin to a level of one minimal
pigmenting dose (MPD), typically equivalent to a
dose of 15 J/cm? of UVA radiation. This UVA dose has
been demonstrated as the threshold of much UVA-
induced damage. The calculations have been made
based on meteorological daily dose according to the
season and weighed by different factors such as skin
type, anatomical skin area, realistic conditions of
sunscreen use and realistic duration of exposure to
UVR. The resulting figures indicate the high level of
UVA protection required in Asia [Figure 4]. In India,
the minimum UVAPF needed is 12-17 in winter, and

Figure 4: UVA protection level required in Asia in January (a), April (b), July (c), and October (d)
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the maximum is 29-30 in summer, which raises the
need for a well-balanced UVB-UVA protection.

The level of UVB/UVA protection should be adapted to
the consumers needs i.e. depending on the time spent
outdoor during the day.

CONCLUSION

Both UVB and UVA play a major role in the detrimental
effects of solar radiation on skin. An effective, well-
balanced photoprotection, combining high UVB and
UVA efficacy, appears pivotal because of increasing
knowledge of the harmful effects of UVA. This review
demonstrates the importance of UVA protection and
gives clear evidence that the SPF value alone is not
sufficient to evaluate the efficacy of a sunscreen in
protecting against all biological end-points, which
are the hallmarks of damage induced by the solar UV
spectrum. A well-balanced sunscreen, with a SPF/
UVAPF ratio < 3, appears to provide the most effective
protection against pigmentation (especially on dark
skin), DNA damage, skin photoimmunosuppression
and photodermatoses. This type of products should be
available for all consumers, and recommendations to
them should be done to use regularly these products
to be well protected against skin UV-induced damage.
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