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Noninvasive In-Vivo Determination of Sunscreen-UVA Protection Factors

Introduction

The development and evaluation of UVA
(320—400 nm) sunscreens is important because
UVA sunlight can penetrate deep into human
skin and cause severe internal damage, besides
erythema and photoaging. Human phototesting is
usually used for determining the sunscreen pro-
tection factor (SPF), which is defined as the abil-
ity of a sunscreen to prevent a threshold ery-
thema from solar radiation. The SPF definition is
now considered as the tentative final FDA stan-
dard for measuring SPF. The SPF measured with
this method, however, results primarily from
UVB (280-320 nm) and not from UVA. Pho-
totesting has proven unsuitable for the evaluation
of UVA protection factors (PFA) because of the
extremely long exposure time necessary to gen-
erate erythema from UVA radiation and the con-
cerns of reciprocity. Recently, several i n vi vo
and in Vvitro methods using animals have
been proposed. However, none of the methods is
capable of measuring the efficacy of UVA sun-
screens i N Vi vO on human skin.

The SPEX® SKINSCAN®, however, can be
used for noninvasive i N- vi vo determination of
sunscreen UV A protection factors (PFA) via dif-
fuse-reflectance spectroscopy. This fiber-optic-
based fluorometer is specifically designed for the
measurement of cutaneous fluorescence and re-
flectance. The SKINSKAN® is composed of
double grating monochromators for both excita-
tion and emission. Because of the extremely low
level of stray light that these monochromators
allow, SKINSKAN® is capable of measuring
highly scattering samples, such as human skin,
with excellent sensitivity and precision. Diffuse-
reflectance spectra of human skin both with sun-
screen and without can be directly measured i n
Vi vo and differentiated within minutes using the
SKINSKAN®. The ratio of spectra with and
without sunscreen results in transmittance spec-
tra of sunscreens, which allows the calculation of
PFA values. This non-invasive method provides
an alternative diagnostic tool for quick and accu-
rate determination of PFA of sunscreen products.
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Experimental

The diffuse-reflectance (DR) spectra with
sunscreen and without sunscreen were measured
by synchronously scanning both excitation and
emission monochromators at the same wave-
length. First, the light from a xenon lamp was
passed through a double-grating monochromator
and then was focused into one arm of a random-
ized, bifurcated fiber-optic bundle. This light
then was transmitted to the common end of the
fiber to irradiate the skin. The backscattered light
was collected by the emission fiber, passed
through another double-grating monochromator,
and finally went to the photomultiplier-tube de-
tector.

A 5-cm x 5-cm area on the arm was initially
marked and checked under a Wood’s lamp (UV
light). DR spectra without the sunscreen product
were measured on at least four different spots.
The same area was then applied with 50 mg of
product (2 mg cm*) and viewed by a Wood’s
lamp for uniformity of the coverage. After air-
drying for 20 minutes, the DR spectra were
measured again at the same spots. The average of
four spectra for each measurement was used to
calculate the PFA values. The active ingredients
in the sunscreens were oxybenzone and Parsol.

Results and Conclusions
The PFA value of a sunscreen product is de-
fined in the following equation:1
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where S(J) is the source spectrum,” A(1) is the
reference action spectrum® for ultraviolet-
induced erythema in human skin, and T(4) is the
calculated transmittance spectrum of the sun-
screen product obtained on human i n vi vo.
The function T(4) can be found using
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where the Iyim(4) and Lyimou(4) are the re-emitted
intensities at wavelength 4 from the skin, with
and without sunscreen product, respectively. A
software program was specially developed to cal-
culate the PFA values from these parameters.

The typical transmittance spectra of sun-
screen products are shown in Figure 1.
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Figure 1. Sunscreen transmittance spectra
for human skin: (1) with vehicle, but no ac-
tive ingredient; (2) with 1% oxybenzone; (3)
with 1% Parsol.

Inthe USA:
Jobin Yvon Inc.
3880 Park Avenue In France:

Edison, NJ 08820 Jobin Yvon S.A.

Tel: 1-732-494-8660 16-18, rue du Canal

Fax: 1-732-549-5157 91165 Longjumeau cedex
E-Mail: fluorescence@jyhoriba.com

1-800-533-5946 Fax: (33) 1/69.09.93.19

Table 1 summarizes the PFA values calcu-
lated for three sunscreen products." The Table
also lists the PFA values reported by the manu-
facturers via the phototesting method.” The cal-
culated PFA values through DR method show
good agreement with the stated values for all
three products. The discrepancies at the higher
PFA arise from the inverse relation of the meas-
ured transmittance to the calculated SPF value.
The accuracy of PFA values can be improved for
high-PFA products by using thinner films and
correcting for the standard film thickness.*

Sunscreen PFA PFA (by
(by DR)  manufacturer)

Shade 15 3.1 29

Shade 45 4.5 5.3

Photoplex 6.5 8.3

Table 1. PFAs for several sunscreens measured
by DR compared to values reported by the
manufacturers
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