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ABSTRACT

This work focuses on simple methods that allow comparison of the photoprotective
effects of sunscreens. One such method described by Mansur and colleagues relies on
the spectrophotometric measurements of the organic filters extracted with ethanol. The
extracts are subjected to absorbance measurements in the of 290 to 320 nm range, with 5
nm intervals. The sunscreen sun protection factor (SPF) is estimated with an equation that
relates each absorbance value with their respective erythemal effect, at the wavelength used
for each measurement. In the current work, three commercial sunscreens were assayed using
this method, which produced SPF values that were markedly lower than those declared by
the manufacturers. These results prompted a more thorough analysis, which concluded
that the Mansur method is not suitable for assaying sunscreens with SPFs above 15. The
analysis included a survey of the data previously reported by several authors that had used
the same method. On the other hand, this report also includes the optimization of a yeast
serial dilution assay that allows reliable comparison of the photoprotection levels conferred
by sunscreens. Importantly, this yeast assay could be applied to compare the photoprotective
effects of products with a wide range of SPFs, including sunscreen lotions, filter suspensions
or solutions, natural product extracts, efc.
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COMPARACION DE LOS EFECTOS FOTOPROTECTORES
DE LOCIONES BLOQUEADORAS USANDO MEDICIONES
ESPECTROFOTOMETRICAS O LA SOBREVIVENCIA DE

CELULAS DE LEVADURAS EXPUESTAS A RADIACION UV

RESUMEN

Este trabajo reporta la optimizacion de ensayos simples para comparar los efectos
fotoprotectores de bloqueadores solares. Uno de estos métodos es el de Mansury colaboradores,
que se basa en mediciones espectrofotométricas de los filtros organicos extraidos con etanol.
Las absorbancias de los extractos son medidas en el rango de 290 a 320 nm con intervalos
de 5 nm. En este método el factor de proteccion solar (FPS) es calculado con una ecuacion
que relaciona los valores de absorbancia con los respectivos efectos eritémicos a la longitud
de onda utilizada en cada mediciéon. En este trabajo se analizaron tres bloqueadores con
el método Mansur, obteniéndose valores de FPS mucho menores a los declarados. Este
resultado motivé un analisis mas minucioso que determiné que el método Mansur no es
adecuado para bloqueadores con FPS mayor a 15. El analisis incluyo revisiones de los datos
de FPS reportados por diversos autores usando el mismo método. Este trabajo también incluye
la optimizacion de un ensayo simple que usa diluciones seriadas de cultivos de levadura para
comparer, muy eficientemente, los efectos fotoprotectores de los bloqueadores solares. Este
ensayo con levaduras permite comparar los efectos fotoprotectores en un amplio rango de
FPS y puede incluir lociones comerciales, soluciones de extractos naturales, y activos en
suspension o solucion.

Palabras clave: Factor de proteccion solar, FPS, radiacion UV, ecuacion Mansur.

INTRODUCTION

The demand for topical sunscreens increases each year as the recommendations to protect our
skin from sun exposure become more widespread. These recommendations are based on the
demonstrated correlation between extended exposure to the solar ultraviolet (UV) radiation
and the occurrence of skin damage, premature aging, and skin cancer'. This problem is
particularly critical in countries located close to the equator like Peru, and this was one of the
main motivations for this work.

The UV radiation that reaches the earth surface is composed of 95% UVA (320 - 400 nm) and
4% UVB (280 - 320 nm) radiations. UVB is the predominant cause of erythema or sunburn
and DNA damage, due to the formation of pyrimidine dimers. On the other hand, UVA is
more related to tanning and photoaging but can also cause DNA damage indirectly through
the formation of reactive oxygen species. UVC radiation (200 - 280 nm) is not normally
present on the earth surface, except at regions of very high altitude.
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Because of their increasingly important functions, it is critical that the general public
understands the degree of protection against UVA and UVB that sunscreens are able to
provide. Currently, nearly sixty active compounds are allowed in the making of sunscreen
products. These are divided into two main categories, depending on their physicochemical
properties and mechanisms of action: The organic filters act by absorbing the UV radiation;
and the other group mainly formed by inorganic compounds, act by reflecting or dispersing
itl’3‘4.

Regarding the parameters used to measure and define sunscreen efficiency, the term “sun
protection factor” (SPF) is the most widely known and applied. The SPF of a sunscreen
is measured in a laboratory. It is defined as the amount of UV radiation (exposure time)
needed to produce a sunburn (erythema) on skin protected with a sunscreen, relative to that
of unprotected skin'*.

The standard method for SPF determination is based on the in vivo measurement of the
minimal erythemal dose (MED) on volunteers with and without sunscreen application.
However, this method is not devoid of flaws since some reports have demonstrated that it is
unreliable to determine an SPF on the basis of a single assay. For example, a study performed
on sixty different sunscreen products found that the discrepancies in the found and claimed
SPFs were significantly greater when testing products of higher SPFs’. Furthermore, the
standard in vivo assay is not only difficult and costly to implement but also and importantly,
requires irradiation of small areas of the skin of volunteers. This fact raises some ethical
implications that need to be considered.

There are several in vitro methods that have proved efficient and are widely used, but
require specialized equipment and materials. Most of these methods are based on the
spectrophotometric analysis in the 290 - 400 nm range of solid artificial substrates on which
the sunscreen is spread. The substrate most favored is made of polymethylmethacrylate
(PMMA)S. This method cannot be applied without these substrates and a specialized
spectrophotometer. For this reason, it has been important to count on more simpler methods
to quantify the photoprotective capabilities of sunscreens for research, regulatory, or
consumer information purposes. One such method was reported by Mansur et. al. in 1986,
which involves a simple UV-spectrophotometric assay of alcohol extracts of commercial
sunscreens’, and has been used in several studies®!>.

The yeast Saccharomyces cerevisiae has long been used to study the responses to DNA
damage caused by UV irradiation. Yeast cells can be easily cultured and therefore, offer
multiple advantages as a testing system for the photoprotection capabilities of sunscreens.
For example, yeast has been used to demonstrate the significant higher protective effects of
the widely used sunscreen benzophenone, over its deleterious effects due to production of
reactive oxygen species elicited by UV irradiation'.

The aim of this work was to compare the photoprotective effects of commercial sunscreens
using two methods: The spectrophotometric assay proposed by Mansur ef al., and one based
on the survival rates of yeast cells upon exposure to UV radiation. The latter, while not
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a quantitative assay, could be used to simply and accurately compare the photoprotective
effects of commercial sunscreens in their terminated form, filter solutions or lotions, and
natural product extracts.

EXPERIMENTAL PART

Sunscreens and control lotions and gels. Four lotions were purchased in different stores in
the city of Lima. One is a moisturizing lotion (used as a control, “LC”), and the other three
were sunscreens with claimed SPF values of 50 or 60 (“L1”, “L2”, “L3”). The declared
lotion compositions are listed in Table 1.

Table 1. Composition of the commercial lotions tested

Name Flhntoactive compoumds Bases and excipients
Linole, eyl aleohol, eorcancth-6 and sicaryl sbeohol, cotemreih-22,
i s Pocvmay scnl, peralTinus hguiu, metbsturaben, propndparatben,
E wocopheryd acctaie, palyether: B, sodinm Mml‘ﬂ{.mh\l]ﬂh":rlﬂ.
Aragrasce, aqua
glvcrrm, dinicthicons, glyoey| stemate PEG N dearaty, veteand
al " i 3 wibiinal, | L ra.
el i e aleahal, scrylages copalymern, phenosyxibanal, inahasslan AT
Benpeplenone-d DN hepdmmtoin, acry laves'c |80 2o sorylate crosspodymer,
[B] i e fecithin, FIFEA, methy Iparmbes, peopy Ipanaben, phoogdealipids
Dl Nuimlos Koed i'“:f_":\:_"_l‘l'lu_“i hemrasae | vdrogenaled lecithin, iocepheryl scetibe, retiny] palmitmie, carbomer,
d 2 * - 3 st ium EDTA. magessian asoortn] plicphale, imsdasolidind wea
carragecnan, ethy|pasaben. butyiparaben. isohuty fraaben. agua
Detocrivkng eyclopmtaulaians, dicapivivl carbonats, glycerin, propyhepyl
lomosalwie capryhaie, silica, dimethicene, iricthanolimane, capryly| methicone,
Faty| methoxydibesioyimethane aylon: |2, poliecia cefy| phosphate, tracontanyd PVE
Lt Ethylhexy! sulicvlate (oo sabiedane eremetidsiloysilicate, phenouyethanal, acaryl disethicone, uaiham
Benzophenonc-3 (oayhemzone) g, acrylaies v 1030 alkyl serylaie crosspolymer, beesace haride gum-2,
Tatamsarm dioa b Bmcrons Barude gue. 3,00 ENTA, metkyd th <, BHT,
hethylamine hydeoxyheneoy] hexyl berroase | socopheryl, acetaie, camellin sinessis leaf exsrce, theobeoma cacao seed
Phevthenzimdarcts sulfonig sid i
ghveenm, aleohol desat, 1 215 alkyl Benasate, biss, dicaprylyl carsonase,
Dciooryione 4 2 p i
whicery] sleirate cilrase, hpdrogenalod cooosglveetndes, imvrisil fynsalg,
Pty ] mcthaosyghibemy lnegilane
AR socophend acctale. sicaryl slcohod, vphexadeome copofyme,
[ Bt lone glnod dnespey Lite diaprae e i s g nEr
Vitsmti dios ks ethyliexyglyoern, xanthan gum, mctonycapey by bsilane, maodiom
E EDTA, sodimn cirate. citric axid, sodisen sorvlbes'c 1030 alky | acrylaic
Etly By loxy phenal methoxyphenyl aurine
: ¥ erersfl yifie, adu

Additionally, two gels were manufactured for some of the yeast assays (see below), one was
a control (“GC”) and the other had an SPF of 30 (“G30”). “GC” included the base Gransil
EP-9® and excipients, while “G30” also included octocrylene, homosalate, benzophenone-3,
and avobenzophenone.

Spectrophotometric assays. The method described by Joao De Souza Mansur ef. al.
was used to determine the SPF values’, with a few modifications as described. Whenever
possible, all suspensions and solutions were kept protected from light until their immediate
use. For each lotion sample, 1,0 g was weighed, transferred to a 100 mL volumetric flask,
and mixed with 80 mL ethanol on a rotatory shaker for 45 min. Enough ethanol was added
to complete the volume and the suspension was well mixed. An aliquot of each suspension
was centrifuged at 13700xg for 5 minutes. 150 uL of the clear supernatant were diluted to
25 mL with ethanol, thus obtaining a lotion solution with a final concentration of 0,06 mg/mL.
This concentration is lower than that called in the original protocol of 0,2 mg/mL but was
preferred to allow absorbance readings below 0,800. Thus, to apply the denoted “Mansur
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equation” for the estimation of the SPFs, a dilution factor of 3,333 was applied on all the
absorbance values. A Biomate 3 spectrophotometer (ThermoFisher) was used to measure
absorbances in the 290 — 320 nm range (with 5 nm intervals), using ethanol as blank. All the
extractions and absorbance measurements were repeated independently at least three times,
and the averages were used to apply Mansur equation’:

320 nm

SPF = CF x Z EE(A) X I(1) X ABS(A)

290 nm

Where: CF is the correction factor (=10); “EE”, the erythemal effect of radiation at wavelength
A; “I7, the solar intensity spectrum; and “ABS”, the absorbance. “EE”, “I”, and “ABS” are
values obtained or applied for every wavelength (A). The values for each of the [EE(L)XI(X)]
products have been reported by the authors as normalized on the basis of the work by Sayre
et. al., and are: 0,0150 for 290nm; 0,0817 for 295nm; 0,2874 for 300nm; 0,3278 for 305nm;
0,1864 for 310nm; 0,0839 for 315nm; and 0,0180 for 320 nm™"*>,

Spectrophotometric assays using homosalate. Homosalate (Salisol®) was obtained from
“Salicylates and Chemicals” (Mumbeai, India). To apply the protocol described by Mansur
et al. and in order to obtain absorbance values within the acceptable range of 0,200 to 0,800,
the following modifications were adopted: An 8 % w/w homosalate solution was diluted
weighing 1,5 g and adding ethanol up to 50 mL. This solution was diluted again, measuring
200 pL and adding ethanol up to 25 mL. With this final dilution, the prepared solution
contains the original 8 % w/w standard solution with a concentration of 0,24 mg/mL instead
of 0,2 mg/mL, which is the concentration obtained when following Mansur’s protocol for the
sunscreen lotions. Therefore, the dilution factor 0,8333 was applied to all absorbance values
obtained before applying Mansur equation.

Yeast strains and culture conditions. The yeast Saccharomyces cerevisiae strain used for
all assays was of the W303 background (MATa leu2-3,112 trpl-1 canl-100 ura3-1 ade2-1
his3-11,15)16. Yeast cells were grown on YPD (1 % yeast extract, 2 % peptone, 2 % glucose)
broth, or solid media containing 2 % agar. All cultures were grown at room temperature, with
rotating agitation for liquid cultures, for 2 to 3 days.

In vivo photoprotection assays using Saccharomyces cerevisiae. Yeast cells were grown
on rich YPD broth with shaking and at room temperature for three days. Aliquots of these
cultures were spread onto YPD plates using sterile glass beads to obtain a uniform distribution
of cells. For the serial dilution assays, the three day cultures were briefly sonicated to disrupt
cell aggregates and serially diluted with sterile water to obtain 100, 500 and 2500 fold
dilutions. 4 pL of each dilution were spotted in two rows on sections of YPD plates, and the
spots were allowed to dry. Each plate was covered with a cellophane sheet similarly divided
in sections, each of which was covered with suspensions of the lotions or gels to be tested.
These suspensions were made weighing 2 g of the gel or lotion, and adding enough water or
alcohol as suitable to produce a suspension that is easily spreadable on the cellophane sheet.
The area of each cellophane section was estimated so that to have spread on it a volume of
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the suspension to produce a layer of 2 mg/cm? of the lotion or gel, to mimic the conditions
recommended for sunscreen application on the skin prior to sunlight exposition'.

For UVB irradiation, the source was a VWR transilluminator (VWR International, U.S.A.)
with four 8W light tubes that emit 302 nm radiation. The transilluminator was positioned
10 cm above the plate covered with the cellophane sheet so that the UVB radiation impacted
directly on it for 2 minutes, at maximum intensity.

For UVC irradiation (254 nm), the cellophane-covered plates were positioned at the base of
a wood chamber that included two GE G15T8 germicide lamps (UV radiance RG-3, 4,9W)
located 43 cm above. These exposures were for one minute.

RESULTS AND DISCUSSION

Spectrophotometric assays. The method described by Mansur et al., was applied to
determine the SPF values of three commercial lotions (denoted L1, L2, and L3) and the
results are shown in Table 2. Surprisingly, all found SPF values were markedly lower than
those expected (declared), ranging from 16,8 to 39,4 % (Table 3).

Table 2, Spectrophotometric determination of the SPFs of three commercial
lotions using the method developed by Mansur et al.”

Wavelength Absorbances® Products
(nmy) (ABS) |EE{R)xI{A)] x ABS

LI L2 L3 | [EEM)xI] L1 L2 L2
2 (4% | 0413 0,247 00]% 0007355 | 0006194 | 0003710
295 0574 | 0485 | 0,283 00817 0046923 | 0,039645 | 0023101
JM) 580 | D484 : 0 295 02874 0168345 | 0139173 | (084507
305 | 0601 | 0519] 0305 | 03278 | 0.196926 ] 0170019 | 0,099460
14 D613 | 0.50] 01]2 0,1 564 O V4 IRG | 00333T7) | 0058110
315 0,583 | 0471 | 0320 0, (k839 DO48879 | 0039545 | 0.026X76
120 457 u_4_‘14: 331 T H (AETHY | O00TSIL | 0005904

Z{IEEMxIG)| xABSY 0591 | 0496 | 0302

SPF*% 19712 16,525 10,0067

* Averages of three independent assays
** Obtained after applying the correction factor of 10 and the dilution factor of 3,333
The deviation standard values for L1, L2 and L3 were 0,1; 0,2; and 0,2; respectively
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Table 3: Comparison of the found and
declared SPF values for the tested lotions

sample | Found SPF DE; |
L1 19.7 a0 394
L2 165 60 275
L3 10.1 60 16.8

% = (Found SPF/Declared SPF)*100

These findings prompted a more thorough analysis on reported studies that had used the
Mansur method to quantify the SPFs of commercial sunscreens 3% "3, and the results are
listed in Table 4. All reported results were compared with the respective declared SPF value
for each sunscreen lotion tested. While there was a good agreement for the lotions with SPF
15, the found values started differing considerably as the declared SPF values increase. For

lotions of SPFs higher than 50, the found values corresponded to only the 13,7 - 59,2 % of
those declared.

Table 4: Comparison of the found and declared SPF values from
reported studies using the method developed by Mansur et al.”

Declared | Found SPF |(Number of] .

SPF (average) [ samples St Devw, Ta™ Relerences
15 14,9 19 0.7 993 M
20 15.6 13 2,1 78,0 B3

30 | 22 1 | sa | na [3’5§i2?i3 i
50) 29.6 10** ¥ 59,2 [Pz
60 23.1 I NA, | 385 ["
9w | ‘Bx | 2 23 | 133 |?

*% = (Found SPF/Declared SPF) x 100
**Several of these indicated SPF values of "50+"

Altogether, these results suggest that the Mansur method is not suitable to assay sunscreens
of SPF values above 15. However, this easy and simple method has been used by several
investigators to determine the SPF values of extracts from natural products or lotions prepared
with these, and commercial sunscreens® 3.
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The list of standard sunscreen lotions recommended by the Food and Drug Administration
(FDA) and other international organizations includes 8% w/w homosalate, to provide an SPF
value 0f4,0". For this reason, Mansur et al. used this standard lotion to develop their equation.
Therefore, given the discrepancies in the results and to confirm the adequacy of the followed
procedure, the spectrophotometric assays were also run using an 8 % w/w homosalate
standard solution, and the results are shown in Figure 1. While the absorption spectrum
shows an optimum wavelength of 305 nm, similar to that reported by the manufacturer of
307 nm, the SPF value obtained was also significantly lower than the expected value of 4,0.
Nevertheless, the UV specific extinction value obtained was close to that reported in the
certificate of analysis received, proving that the absorbance readings and calculations applied
were correct.
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0.3% ; ; SPF 27
E 0.3 5t Dov, 0.04
2 0.2% r
£
g o2
=
0.1%
o1
0.08 o
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Figure 1. Absorption spectrum of an ethanolic solution of homosalate and the results of the
spectrophotometric determination of the SPF of an 8 % w/w solution. The spectrum shows
a peak at 305 nm, characteristic of homosalate. A lotion containing 8 % w/w homosalate is used
as the standard sunscreen for the recommended in vivo assays that follow the changes in the
minimal erythemal dose, with an expected SPF of 4. The SPF value obtained using the Mansur
method and equation was 2,7 (67.5 %).

One explanation for the discrepancy could be the fact that Mansur et al. used a homosalate
standard lotion for the development of their equation. It is then possible that one or more of
the excipients had been extracted into the ethanolic solution and contributed to the obtained
absorbances in the 290 — 320 nm range, thus causing the overestimation of the SPF values.
The concentrations of those excipients remain basically unchanged during the manufacturing
of higher SPF sunscreens and therefore, do not proportionately produce that overestimation.
Accordingly, when applying the Mansur method and equation to determine the SPFs of high
SPF sunscreens, the obtained values are lower.

On the other hand, the labels for the tested lotions L1, L2 and L3 indicated they all included
UVA and UVB sunscreen actives, as most modern sunscreens dol. In order to determine
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if these photoactive compounds were efficiently recovered with the ethanolic extractions,
the lotions were processed as described, and the absorbances of the final solutions were
measured in the 200 — 390 nm range. The absorption spectra shown in Figure 2 indicated
that both UVA and UVB filters were recovered for L2 and L3 but not for L1. The ethanolic
extract of the latter exhibited the highest absorbances in the UVB range but the lowest values
for wavelengths above 330 nm (UVA range). Accordingly, the found SPF for L1 was closer to
its declared value than for the other two lotions (Table 3), since only the absorbances for the
UVB range are taking into account for its estimation using the Mansur method. Therefore,
this simple spectrophotometric method is not only inaccurate and inefficient but also, does not
comprise the photoprotective effects of UVA actives such as butyl methoxydibenzoylmethane
(avobenzone, Parsol 1789), which is included in both L2 and L3'3#, Importantly, filters such
as titanium dioxide and zinc oxide are not soluble in ethanol and thus, their photoprotective
effects are also not taking into account when using the Mansur method.
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Figure 2. Absorption spectra of ethanol extracts obtained from three commercial
sunscreen lotions (“L1”, “L.2”, and “L3”) and a body lotion control (“LC”). The assays
were performed using three independent rounds of extraction and spectrophotometric
determinations in the 200 — 390 nm range, using ethanol as blank.

In vivo photoprotection assays using yeast cells. The results shown above prompted the
search for a more reliable, simple and efficient means to demonstrate and compare the
photoprotective capabilities of sunscreen lotions. Thus, a commonly used method based on
the survival rates of cultures of the yeast Saccharomyces cerevisiae was optimized and adapted
for this purpose. First, plates containing solid rich medium covered with homogeneous
layers of yeast cells were used. Before irradiation, each plate was covered with a cellophane
sheet divided in small sections on which, aliquots of lotion or gel suspensions had been
homogenously spread. Besides these and to serve as controls, parts of the cellophane sheet
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were covered with aluminum foil (to provide a shield against the UV radiation), and others
were left uncovered (unprotected control). The amount of suspension spread was estimated
so that to achieve layers of 2 mg of the gel or lotion per square cm (2 mg/cm?), the thickness
of sunscreens that is recommended for adequate protection of the skinl (Figure 3). The
cellophane-covered plates were irradiated with UVC radiation for 1 minute, as described.

Figure 2. Growth comparison of yeast exposed to UVC radiation directly or through a
layer of lotion or gel. A yeast suspension was homogeneously spread on a plate containing
rich medium. Before irradiation, a cellophane sheet with sections covered with lotions (LC,
L1, L2, L3), gels (GC, G30) or aluminum foil (Al). “LC” and “GC” are the lotion and gel
controls, respectively. “L1”, “L2”, and “L3” are commercial sunscreen lotions and “G30” is a
manufactured gel with a predicted SPF value below 30. All lotions and gels were suspended
in water or ethanol to facilitate their spreading on the cellophane sheet. Aliquots of each
suspension were taken so as to produce sections with 2 mg of the lotion or gel per square
centimeter.

This procedure allowed only a qualitative comparison of the photoprotective effects, but
it was possible to clearly distinguish between the sections that were left unprotected (no
growth) and those that were less or more protected (lotion and gel sunscreens and controls, or
aluminum foil). The SPF-30 gel (G30) allowed formation of a higher number of colonies than
its respective control (GC). It was also possible to clearly distinguish higher photoprotective
effects for the L1, L2 and L3 sunscreens than for the lotion control (LC).

In order to improve the resolution of the assay, the method was modified using small aliquots
of 5 fold serial dilutions of yeast cultures instead of the yeast layers (Figures 4 and 5). In
these assays, the rich media on the plates were spotted with the same three serial dilutions in
two identical rows, on each of four sections. On the other hand, a cellophane sheet divided in
four sections was also prepared to cover each plate. In each of the cellophane sheets, one of
the sections was covered with a piece of aluminum foil, a lotion or gel suspension to produce
a thickness of 2 mg/cm?, or left unprotected. The cellophane-sheet covered plates were then
irradiated as indicated.
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With this simple assay it was possible to efficiently compare the photoprotective effects of
the lotions or gels on the yeast cells spotted on the plate, within the range limited by the
totally exposed and unprotected sections (“—), and the fully protected ones covered with
aluminum foil (“Al”).

Figure 4 shows a representative set of results for an assay of photoprotection against UVB
radiation. Here, the lotion control provided no protection, with the spotted cells showing
lack of growth, similar to the unprotected section. Meanwhile, the photoprotective effects
of the L1, L2 and L3 sunscreens are evident since yeast cells are able to show robust growth
in the respective sections, while no colony was formed in the LC or unprotected section.
Comparing the UVB photoprotective effects of the lotions, it is possible to conclude that
L1>L3>L2>>>>>[.C. Under these assay conditions, yeast cells were not able to survive
when UVB irradiated under the sections covered with the G30 or GC samples. It is important
to note here that the SPF values obtained using the Mansur method (Table 2) are 19,7, 16,5
and 10,1 for the L1, L2 and L3 lotion, respectively. Similarly, the absorption spectra shown
in Figure 2 suggest that the UVB photoprotection effects for L3 are considerably lower than
L2. The yeast assay indicates the opposite, providing more evidence for the inadequacy of
the spectrophotometric method.

uvB

Figure 4. Photoprotection comparison assay using yeast cells and UVB radiation. Wild-type
yeast cell cultures were serially diluted 5 fold and the corresponding aliquots were spotted on
rich media, in two identical rows, in four sets. Each plate was covered with a cellophane sheet
divided in four sections, each of which was covered with: aluminum foil (Al), lotion or gel
control (LC or GC), the low SPF gel sample (G30) or one of the commercial lotions (L1, L2,
L3). For one of the plates, a section was left uncovered (“—”) as a control. The corresponding
cellophane sheets used in the assay are shown below each of the plates. The plates were
exposed to UVB radiation for 2 minutes as described. Upon exposure, the plates were incubated
at room temperature for 2 to 3 days.
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Figure 5 shows results obtained following the same procedure except that the cellophane-
covered plates were exposed to UVC. Here, lotions L1, L2 and L3 showed similar levels
of strong protection. On the other hand, a small number of colonies were able to form in
the areas covered with LC and G30 but no growth was evident in the GC and unprotected
sections. This high protection level correlates better with the declared SPF values for the
lotions. It is important to note that the protective effects of titanium dioxide and zinc oxide
filters are more evident against UVC, and this fact is probably the reason behind the robust
growth observed in the L1, L2 and L3 sections. The G30 gel lacks both of these filters.

Besides providing a very simple and efficient means to compare the photoprotective effects
of sunscreens, the described yeast assay offers the opportunity to show in a very didactic
manner, the benefits of sunscreen usage. More simpler versions of this assay have already
been implemented in school exercises in the U.S.A. that allow the students to learn firsthand
about the dangers of sun exposure without adequate photoprotection'®. Therefore, this yeast
assay could be efficiently used not only to compare sunscreens in an academic or regulatory
setting, but also to educate the general public about the imperative need to protect oneself
from the dangerous effects of UV radiation.

@
5

Figure 5. Photoprotection comparison assay using yeast cells and UVC radiation. Wild-
type yeast cell cultures were serially diluted 5 fold and the corresponding aliquots were spotted
on rich media, in two identical rows, in four sets. Each plate was covered with a cellophane
sheet divided in four sections, each of which was covered with: aluminum foil (Al), lotion or
gel control (LC or GC), the low SPF gel sample (G30) or one of the commercial lotions (L1, L2,
L3). For one of the plates, a section was left uncovered (“—"). The corresponding cellophane
sheets used in the assay are shown below each of the plates. The plates were exposed to UVC
for 1 minute as described. Upon exposure, the plates were incubated at room temperature for 2
to 3 days.
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CONCLUSION

This study demonstrates that the denoted "Mansur method" and "Mansur equation" should not
be used to assay sunscreens of SPFs above 15. Further, a yeast assay is described that could
be used to simply and reliably compare the photoprotection levels conferred by sunscreens.
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