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Synopsis

P. J. Matts, V. Alard, M. W. Brown, L. Ferrero, H. Gers-Barlag, N. Issachar, D. Moyal, R. Wolber

There is a continuing need to measure and communicate reliably the UVA protection offered
by commercial sunscreens. To that end, the COLIPA (European Cosmetics Trade Association)
‘In Vitro Sun Protection Methods’ group has developed a new in vitro method for measuring
UVA protection in a standardized, reproducible manner. The method is based on in vitro UV
substrate spectrophotometry and convolution of resulting absorbance data with the action
spectrum for the in vivo Persistent Pigment Darkening (PPD) endpoint to provide an in vitro
UVA protection factor (UVAPF) which is correlated with an in vivo measure. This method has
been published as a COLIPA guideline, used currently in European geographies for testing
and labelling sunscreen products.

This article summarizes two ‘ring’ studies, involving eight separate testing laboratories,
which both defined critical parameters for the method and validated it. In Ring Study 1, eight
laboratories tested the in vitro UV transmission of a total of 24 sunscreens and, from the
data, a unit dose of UVA (D  of 1.2  J  cm ) was defined to provide a single irradiation step
which, by taking into account potential sunscreen photo-instability, gave the closest

0
−2

EN FR

  Back

3/14/25, 2:41 PM The COLIPA in vitro UVA method: a standard and reproducible measure of sunscreen UVA protection - Matts - 2010 - International …

https://onlinelibrary.wiley.com/doi/10.1111/j.1468-2494.2009.00542.x 1/25

https://ssai.onlinelibrary.wiley.com/r?e=&s=jFuxJa-yDqj6vTkycVYASOhB4HE
https://ssai.onlinelibrary.wiley.com/r?e=&s=jFuxJa-yDqj6vTkycVYASOhB4HE
https://onlinelibrary.wiley.com/journal/14682494
https://onlinelibrary.wiley.com/toc/14682494/2010/32/1
https://doi.org/10.1111/j.1468-2494.2009.00542.x
mailto:matts.pj@pg.com
https://onlinelibrary.wiley.com/authored-by/Matts/P.+J.
https://onlinelibrary.wiley.com/authored-by/Matts/P.+J.
https://onlinelibrary.wiley.com/authored-by/Matts/P.+J.
https://onlinelibrary.wiley.com/authored-by/Alard/V.
https://onlinelibrary.wiley.com/authored-by/Alard/V.
https://onlinelibrary.wiley.com/authored-by/Alard/V.
https://onlinelibrary.wiley.com/authored-by/Brown/M.+W.
https://onlinelibrary.wiley.com/authored-by/Brown/M.+W.
https://onlinelibrary.wiley.com/authored-by/Brown/M.+W.
https://onlinelibrary.wiley.com/authored-by/Ferrero/L.
https://onlinelibrary.wiley.com/authored-by/Ferrero/L.
https://onlinelibrary.wiley.com/authored-by/Ferrero/L.
https://onlinelibrary.wiley.com/authored-by/Gers%E2%80%90Barlag/H.
https://onlinelibrary.wiley.com/authored-by/Gers%E2%80%90Barlag/H.
https://onlinelibrary.wiley.com/authored-by/Gers%E2%80%90Barlag/H.
https://onlinelibrary.wiley.com/authored-by/Issachar/N.
https://onlinelibrary.wiley.com/authored-by/Issachar/N.
https://onlinelibrary.wiley.com/authored-by/Issachar/N.
https://onlinelibrary.wiley.com/authored-by/Moyal/D.
https://onlinelibrary.wiley.com/authored-by/Moyal/D.
https://onlinelibrary.wiley.com/authored-by/Moyal/D.
https://onlinelibrary.wiley.com/authored-by/Wolber/R.
https://onlinelibrary.wiley.com/authored-by/Wolber/R.
https://onlinelibrary.wiley.com/authored-by/Wolber/R.
javascript:void(0)


agreement with in vivo UVAPF values. In Ring Study 2, eight laboratories tested the in vitro UV
transmission of a total of 13 sunscreens using this single irradiation step and established a
very good correlation (r   =  0.83; slope  =  0.84, P  <  0.0001) between resulting in vitro
UVAPF values and corresponding values derived from the in vivo PPD method. This new
method, therefore, can be used to provide a reliable in vitro metric to describe and label UVA
efficacy in sunscreen products, in line with the EU Commission recommendation
2006/247/EC.

2

Introduction
While sunlight provides genuine benefits to human health and well-being, there is no longer
any doubt that wavelengths in the ultraviolet radiation (UVR) waveband of the solar spectrum,
comprising both ultraviolet B (UVB; 290–320  nm) and ultraviolet A (UVA; 320–400  nm)
radiation, represent a significant risk in the etiology of carcinogenesis and photoageing [1, 2].
While there is consensus that UVB wavelengths are responsible for the majority of the
deleterious effects of UVR exposure, both acute and chronic, research in recent years has
provided an accumulation of evidence for a role by UVA wavelengths also. For example, solar
UVR climatology demonstrates the disproportionate ground-level dose of UVA vs. UVB [3], UVA
wavelengths are scattered to a greater depth in human skin [4], UVA can promote generation of
reactive oxygen species which are known to damage lipid, proteins and DNA [5], UVA is a known
agent of immune suppression [6] and is a suspect in cutaneous carcinogenesis [1, 7].

In recent years, therefore, there have been concerted efforts around the globe to incorporate
UVA protection into commercial sunscreens, to develop methods to measure the
photoprotection afforded by these products and clear, intuitive means to communicate such
protection to consumers via labelling. The COLIPA (European Cosmetics Trade Association) ‘In
Vitro Sun Protection Methods’ group was given the remit to develop an in vitro measure of
protection from UVA wavelengths, correlated with an in vivo measure of the same. The result is
the now-published COLIPA technical guideline, ‘Method for the in vitro determination of UVA
protection provided by sunscreen products’ [8].

The test is based on the measurement of UV radiation (UVR) transmission through a thin film of
sunscreen sample spread on a UVR-transparent roughened substrate, before and after
exposure to a controlled dose of UVR from a defined source of solar-simulated radiation (SSR).
By convoluting the ensuing transmission data with the action spectrum for in vivo Persistent
Pigment Darkening (PPD; an in vivo UVA endpoint used by the Japan Cosmetic Industry
Association [9, 10] for testing and labelling sunscreen products) and with the emission
spectrum of the filtered solar simulator used for the in vivo PPD test, an in vitro UVA-Protection
Factor (UVAPF) is provided, which is correlated with its corresponding in vivo PPD value.
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In developing this method, the COLIPA In Vitro Sun Protection Methods group had to overcome
two significant issues. First, there is an inherent lack of both intra-laboratory repeatability and
inter-laboratory reproducibility in the amplitude of absolute in vitro UV protection factors (e.g.,
in vitro estimates of in vivo SPF), principally because of the difficulties in achieving homogeneous
distributions of sunscreen samples across the substrate. Taking a lead from the work of Wendel
et al. [11], this issue was addressed by adjusting mathematically each set of sunscreen
absorbance data (both before and after UVR exposure) by a correction factor coefficient, C. This
coefficient is determined iteratively from the non-exposed sample’s absorbance data
(calculated from the original transmission data) such that the calculated in vitro SPF value is now
matched to the sunscreen’s labelled (i.e., in vivo) SPF.

Secondly, to account for potential photo-instability of the sunscreen sample (which would be a
potentially significant factor in in vivo testing), the In Vitro Sun Protection Methods group
developed an irradiation step in which the sample is exposed to a dose of SSR proportional to
the initial UVA protection factor UVAPF , calculated from the adjusted absorbance data of the
pre-SSR-exposed sample. For each sunscreen sample, the total irradiation dose delivered to it is
calculated by multiplying UVAPF  by a unit dose D . The final UVA protection factor, UVAPF, is
calculated from the C-adjusted absorbance data of the SSR-exposed sample.

As In Vitro Sun Protection Methods group is formed of industry members actively involved in
the development and testing of sunscreens, it is able to design and execute technical ‘ring
studies’, in which up to eight separate laboratories participate in running the same protocol.
Ring studies are an essential part of the development of pan-geography test methodologies as
they test both the ‘repeatability’ (i.e. the utility of a method in returning the same results in the
same laboratory, with the same operator and equipment, etc.) and the ‘reproducibility’ (i.e. the
utility of a method in returning the same results in different laboratories, with different
operators and equipment, etc.) of the method. By comparing these data with known reference
standards (in this case, in vivo PPD), the ‘accuracy’ of the method can be determined also.

This article, therefore, describes and summarizes the methods and results from the two ring
studies critical in the development of the published COLIPA In Vitro UVA Test Method [8]. We
demonstrate through these data that this new method can be used to provide a reliable in vitro
metric to describe and label UVA efficacy in sunscreen products, in line with the EU Commission
recommendation 2006/247/EC [12].

0

0 0

Materials and methods
Materials
UV spectrophotometer
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1

2

Test laboratories used a variety of different UV spectrophotometers to conduct the
transmission measurements, but it was ensured that they all conformed to minimum
requirements, as outlined below (and as reflected in the published COLIPA In Vitro UVA Method
[8]).

All UV spectrophotometers used spanned the primary waveband of interest, 290–400  nm,
with a spectral resolution of at least 1  nm. Device detectors were capable of collecting both
the direct and diffuse portions of UVR transmitted through the roughened PMMA substrate,
either with or without applied sunscreen. The wavelength accuracy of the devices was > 
±0.5  nm (as checked using a mercury spectral standard lamp or a xenon lamp with a specially
doped filter) and the dynamic range of the device detectors was at least 2.2 absorbance units.
The maximum measured absorbance was <90% of the dynamic range of the device used.

Lamp sources used by the spectrophotometers emitted continuous radiation with no peaks
within the 290–400  nm waveband and total dose was low (<0.2  J  cm  per measurement
cycle), so that photo-stability of the sunscreen did not become a factor during
spectrophotometric measurement. Xenon flash lamps were, therefore, an ideal solution and
used in many of the devices used in the studies reported herein (e.g. Labsphere 1000S).

Monitoring of the UV spectrophotometer

UV spectrophotometers were tested at regular intervals (on a monthly basis) by the
measurement of reference samples. A two-fold test was performed as recommended:

Monitoring the instrument’s response and dynamic range with standard PMMA plates (see
Appendix IIA in the published COLIPA In Vitro UVA Method [8]).

Checking wavelength accuracy with an approved standard material (e.g. holmium
perchlorate, as recommended in Appendix IIB of the published COLIPA In Vitro UVA Method
[8]).

Source for SSR irradiation

The spectral irradiance of the artificial UVR source (at the sample plane) that was used for
irradiation of product samples was as similar as possible to the irradiance at ground level under
a standard zenith sun as defined by COLIPA (2006) [13] or in DIN67501 (1999) [14]. Target UV
irradiance was set within the following acceptance limits (measured at the sample plane):

Total UV irradiance (290–400  nm) 50–140  W  m

Irradiance ratio of UVA (320–400  nm) to UVB (290–320  nm) 8–22

−2

−2
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The reference standard sun has a total irradiance of 51.4–63.7  W  m  (COLIPA 2006
[13]/DIN67501 [14]) and a UVA:UVB irradiance ratio of 16.9–17.5.

Devices used had the ability to maintain a temperature of <40°C at sample level. An example of
a device meeting these specifications (and indeed, all laboratories taking part in these studies
used these devices) is the Atlas Suntest™ insolator (Atlas Material Testing Technology GmbH,
Linsengericht, Germany), type CPS/CPS+ or XLS/XLS+, fitted with the UV short cut-off filter and
IR dichroic mirror (Atlas part references: 56052371 and 56052059 respectively).

Monitoring of the SSR source

The emission of the SSR source was checked by a suitably qualified expert using a calibrated
spectroradiometer for compliance with the given acceptance limits. On an on-going basis, the
SSR source emission was also monitored using a radiometer. All spectroradiometers and
radiometers were calibrated according to COLIPA recommendations in the Guideline
‘Monitoring of UV light sources’ (2007). The importance of this monitoring cannot be over-
emphasized as it provides a coefficient of correction between radiometry and
spectroradiometry that helps ensure that all laboratories are applying the same UVR dose [15].

Substrate

The test sunscreen was applied to a substrate which was UVR-transparent, non-fluorescent,
photo-stable and inert to all potential sunscreen formulation ingredients. Furthermore, the
substrate needed to have a roughened topography on its upper surface to reflect the textured
nature of human skin. Taking these requirements into account, polymethylmethacrylate (PMMA
or Plexiglas™) was chosen as a suitable test substrate. Plates made of PMMA were >16  cm²
and square in shape (as per the now-published COLIPA In Vitro UVA Method [8]).

Plate roughness is a critical parameter [16] and parameters for this are described in Appendix
III of the published COLIPA In Vitro UVA Method [8]. For reference, the average roughness value
(S ) of the PMMA plates (supplied by Schönberg GmbH, Hamburg) used in all studies described
in this article was approximately 2  μm (S  defined by EUR 15178 EN [17]) and they were of
dimensions 50  ×  50  ×  2.5  mm.

To help keep absorbance of tested sunscreens below 2.0  units within the 290–400  nm
waveband, an application rate of 0.75  mg  cm  was chosen and used in all studies reported
in this article.

Common study procedures
Control plates

−2
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Reference plates that controlled for the substrate characteristics were produced by spreading a
few microlitres of glycerine or another appropriate UVR-transparent substance on the
roughened side of the plate, using just enough to thinly coat the entire plate surface
(approximately 15  μL for a 50  ×  50  mm plate).

Sample application

Sunscreen product was applied at an application rate of 0.75  mg  cm  to the roughened side
of PMMA plates as a large number of small droplets of approximate equal volume, distributed
evenly over the whole surface of the plate. Positive-displacement automatic pipettes were
found to be ideal for this purpose. To check for the correct application rate, pipettes and/or
plates were weighed before and after dispensing the product.

After application and check-weighing, the sunscreen product was spread immediately over the
whole surface using light strokes with a naked fingertip (i.e., no finger-cot) ‘pre-saturated’ with a
small amount of the product. Spreading was completed in two phases: (a) the product was first
distributed over the entire plate using light pressure, in <30  s and (b) the distributed sample
was then rubbed into the rough surface using stronger pressure over a period of 20–30  s.

Treated samples were then allowed to equilibrate in the dark, at ambient temperature, for at
least 15  min to help facilitate formation of a stabilized product film.

Transmission measurements through product-treated plates

The UV transmission (monochromatic absorbance data over 290–400  nm with 1  nm steps)
of at least three PMMA plates, treated with product in the manner described above, was
measured using a calibrated UV spectrophotometer. Each plate was measured at a number of
different sites to ensure that an area of at least 2.0  cm  was measured in total. Single spot
sizes were >0.5  cm  (so that, for example, if a spot size of 0.6  cm  was used, then at least
four separate measurements on different areas of the plate were required so that the total
measurement area exceeded 2.0  cm ). As far as possible, it was ensured that exactly the same
location on the plates was measured before and after SSR exposure. This was to help reduce
variability in measurement because of inhomogeneity of sunscreen distribution across the
plate. Practically, this re-alignment can be achieved through the use of custom templates, etc.

Exposure to SSR

Care was taken to ensure that samples were not exposed to temperatures of >40°C during
irradiation. In the Atlas Suntest™ insolators, for example, air-conditioning units or water-cooled
trays were employed for this purpose. PMMA plates were also fixed in place using suitable
means (e.g., double-sided tape or the use of a template with wells in the surface to
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

accommodate the plates) and placed against a dark background to minimize reflection of UVR
back through the sample.

Ring study 1

The purpose of this study was to select a suitable unit dose of UVA (D ) for the SSR step (the full
dose D calculated by D   ×  UVAPF ), to take into account the important aspect of sunscreen
photo-stability and, thus, achieve the closest possible agreement between in vitro UVAPF and in
vivo UVAPF values (as determined by the PPD method).

In 2004, therefore, a ring test was performed by eight laboratories (L1–L8) on 24 commercially
available sunscreen products from major European geographies, comprising products
containing organic filters only and a combination of both organic and mineral filters. SPF values
were taken from product labelling, but in vivo UVAPF values were determined by the PPD
method (using n  =  5 subjects each) across four separate contract clinical test institutes, some
products being tested more than once (Table I).

Table I. In vivo UVAPF values (derived from the PPD method, n  =  5 each) reported from four
separate measurement laboratories, for sunscreen products used in Ring Study 1

0

0 0

S1 25 4.1       4.1

S2 40 4.6       4.6

S3 20 3.8       3.8

S4 20 11       11.0

S5 20 15.8       15.8

S6 30 12       12.0

S7 20 4.4       4.4

S8 20 3.4       3.4

S9 20 3.4 2.2     2.8

S10 20 4.5 3.2     3.8

S11 25 4.0 5.8     4.9

Sunscreen

sample

SPF PPD in vivo

Institute A,

n  =  5

PPD in vivo

Institute B,

n  =  5

PPD in vivo

Institute C,

n  =  5

PPD in vivo

Institute D,

n  =  5

PPD in vivo

mean of

means
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

The 24 sunscreens were distributed among the eight different test laboratories according to a
balanced randomization scheme, such that all sunscreen products were tested by four separate
laboratories. First of all, in vitro transmission measurements were made for each sunscreen
product, prior to exposure to SSR, to acquire initial A (λ) data. These data were then adjusted
using a coefficient C to achieve an in vitro SPF equal to the labelled in vivo SPF (see Equations 1
and 2 in Appendix 1). This coefficient is applied to overcome the inherent lack of intra- and
inter-laboratory reproducibility in the amplitude of absolute in vitro UV protection factors. Initial
UVAPF  values were then calculated (see Equation 3 in Appendix 1).

The sunscreen samples were then exposed to progressive increments of SSR using Atlas
Suntest™ insolators in all laboratories. All such instruments were measured
spectroradiometrically by an independent expert, (UV-Technik-Hanau). This enabled the
calculation of specific exposure times at a defined irradiance for each laboratory to achieve
standardized, accurate doses of UVA (see Table II for individual laboratory data). For each
sunscreen sample, a nominal maximal ‘100%’ UVA dose was derived from the following
calculation, SPF   ×  2.0  J  cm  UVA. Ideally, as many dose increments as possible
between 0% (initial) and 100% would have been applied to each sunscreen, with measurements
of UVR transmission performed immediately afterwards. This, of course, was simply not
practical and so each laboratory performed at least three dose increments, namely 12.5%, 25%
and 50% (although some laboratories also included 75% and 100% increments). The irradiation
time needed for each individual Suntest™ instrument was calculated from values found in
Table II.

Table II. Spectroradiometric data for the Atlas Suntest  insolators used in each of the eight
participating test laboratories (data for test laboratory four not available)

0

0

labelled
−2

TM

Lab1 100.7 96.4 84.1 12.3 4.3 0.0000 17.28

Lab 2 104.6 98.2 84.3 13.8 6.5 0.0000 16.98

Lab 3 105.8 99.5 86.0 13.4 6.3 0.0000 16.75

Sunscreen

sample

SPF PPD in vivo

Institute A,

n  =  5

PPD in vivo

Institute B,

n  =  5

PPD in vivo

Institute C,

n  =  5

PPD in vivo

Institute D,

n  =  5

PPD in vivo

mean of

means

Test

site

UV (W 

m )−2

UV-A

(W  m )−2

UV-A1

(W  m )−2

UV-A2

(W  m )−2

UV-B

(W 

m )−2

UV-c

(mW  m )−2

Time to reach 100 

kJ  m in UV-A (min)−2
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After each dose increment, in vitro UVR transmission measurements were again performed and
UVAPF  values (i.e., UVAPF values after a respective irradiation) were calculated, each adjusted
by coefficient C (see Equation 4 in Appendix 1).

As only a limited number of UVAPF  values could be derived from each assay, a mathematical
model describing the relationship between UVAPF  and UVR dose was therefore developed to
interpolate and provide predicted values lying between measured values. A mathematical
inverse exponential model was found to be very suitable to represent the variation in UVAPF
throughout continuous UVR exposure, taking into account UVAPF :

Where, D is UV dose in J  cm  such that UVAPF   =  UVAPF  when D  =  0 and, as a
prerequisite, where UVAPF   ≥  1 such that UVAPF – a  ≥  1 when D  =  ∞

Determination of the function parameters a and b was achieved for each in vitro measurement
using Excel Solver (Microsoft Corporation, Redmond, Washington, USA) with the final fit to
actual UVAPF  data being determined by least-square error assessment (minimum square
biases). The model satisfactorily predicted actual study data as can be seen in Fig. 1 for a
particular sunscreen sample where the model curve and the actual observed UVAPF  data,
plotted against UV dose, are in very good agreement.

Lab 5 99.9 95.1 82.4 12.7 4.8 0.0000 17.52

Lab 6 114.9 110.1 96.9 13.2 4.8 0.0000 15.14

Lab 7 102.6 95.5 82.2 13.3 7.1 0.0000 17.45

Lab 8 100.1 93.4 80.1 13.3 6.7 0.0000 17.85

i

i

i

i

0

−2
i 0

i 0

i

i

Test

site

UV (W 

m )−2

UV-A

(W  m )−2

UV-A1

(W  m )−2

UV-A2

(W  m )−2

UV-B

(W 

m )−2

UV-c

(mW  m )−2

Time to reach 100 

kJ  m in UV-A (min)−2
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Figure 1

Open in figure viewer PowerPoint

Comparison of actual data (solid points) and modelled data (continuous line) from the
mathematical inverse exponential model used to predict variation in UVAPF  throughout
continuous UVR exposure, taking into account UVAPF  (data selected from one
representative test product).

i

0

Ring study 2
The purpose of this study was to validate the choice of a single unit dose value of 1.2  J  cm
UVA and, thus, finalize the UVA In Vitro Method.

In 2004, therefore, a second ring test was performed by eight laboratories (L1 –L8 – note
different coding and assignment to Ring Study 1) on 12 commercially available sunscreen
products from major European geographies and one laboratory sample from Japan. This
selection included products containing organic filters only and a combination of both organic
and mineral filters. Once again, SPF values were taken from product labelling, and in vivo UVAPF
values were determined by the PPD method (using n  =  10 subjects each) in a single contract
clinical test institute (Table III).

Table III. In vivo UVAPF values (derived from the PPD method, n  =  10 each) reported from a
single measurement laboratory, for sunscreen products used in Ring Study 2

−2

2 2
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1

2

3

4

5

The 13 sunscreens were distributed among the eight different test laboratories according to a
balanced randomization scheme, such that all sunscreen products were tested by four separate
laboratories. Each laboratory then tested each of the four sunscreen samples assigned to it
according to the following procedure (with detailed procedure and manipulation as described
above):

Standardized sunscreen film application on roughened PMMA plates (0.75  mg  cm ).

Transmission measurement with a UV spectrophotometer.

Iterative adjustment of the absorbance values by coefficient C such that in vitro SPF now
equals in vivo SPF.

Calculation of UVAPF  from the corrected spectra.

Determination of the irradiation dose D; D  =  UVAPF   ×  1.2  J  cm .

RRT01 60 14.2 1.5

RRT02 60 12.5 2.6

RRT03 40 22.3 3.3

RRT04 60 13.0 2.2

RRT05 25 8.8 0.6

RRT06 30 7.9 0.8

RRT07 60 25.5 3.5

RRT08 25 10.5 2.0

RRT09 25 8.0 1.4

RRT10 25 10.4 2.9

RRT11 30 7.6 1.2

RRT12 15 7.8 1.2

RRT19 30 6.6 1.1
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6
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8

Irradiation of the sunscreen samples with dose D.

Calculation of UVAPF (in vitro UVAPF) from the absorbance values after irradiation,
adjusted by coefficient C.

As a final step, calculation of the ratio of labelled in vivo SPF to in vitro UVAPF.

Results
Ring study 1

Comparison of initial UVAPF  values from non-irradiated sunscreen samples to corresponding
known in vivo UVAPF values determined by the PPD method gave only a relatively poor
correlation of r   =  0.3 (bilateral Pearson test) and a slope of 1.29 (Fig. 2).

Figure 2

Open in figure viewer PowerPoint

Comparison of in vivo UVAPF (as derived from the PPD method) and in vitro UVAPF  values
(no irradiation) in Ring Study 1.

The inverse exponential model was able to predict an infinite number of UVAPF  values across
the 0–100% dose range for all 24 sunscreen samples. The square value of the mean of the
biases (i.e., the difference between measured in vivo PPD and in vitro UVAPF) of 28 predicted
values were used to calculate the value of D  where mean bias approached a value of zero (i.e.,
the closest prediction of actual in vivo UVAPF). The result can be seen in Fig. 3; note the
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increased number of predicted value pairs as mean bias approaches zero, to help ensure an
accurate estimate of the desired unit dose D . From these data, therefore, it was found that the
best prediction of in vivo UVAPF occurred for total irradiance doses that were calculated by
multiplying UVAPF  by a unit dose D  value of 1.2  J  cm .

Figure 3

Open in figure viewer PowerPoint

A plot of Unit UVA Dose (J  cm ) against the square value of the mean of the biases (i.e., the
difference between measured in vivo PPD and in vitro UVAPF) of 28 predicted values (paired
data derived from the inverse exponential model).

Taking this D  value of 1.2  J  cm , UVAPF  values for all 24 sunscreen samples were
calculated. When these were compared with their corresponding in vivo UVAPF values
determined by the PPD method (Fig. 4), a very good correlation was found (r   =  0.75;
bilateral Pearson test) with a significant (P  <  0.0001) slope of 0.98 (indicating a high degree of
accuracy in prediction of absolute in vivo UVAPF values).
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

Figure 4

Open in figure viewer PowerPoint

Comparison of in vivo UVAPF (as derived from the PPD method) and in vitro UVAPF  values
(after irradiation by a UVA dose, calculated using D   =  1.2  J  cm ) in Ring Study 1.

The full results of Ring Test 1 can be seen in Table IV.

Table IV. A comparison of SPF, in vivo UVAPF (derived from the PPD method) and in vitro UVAPF
values, both before and after irradiation (with a UVA dose calculated using D   =  1.2  J 
cm ), in Ring Study 1

i

0
−2

0
−2

S1 25 4.1 7.3 5.4

S2 40 4.6 8.6 5.4

S3 20 3.8 5.3 4.6

S4 20 11.0 9.2 8.5

S5 20 15.8 14.7 13.5

S6 30 12.0 15.0 13.3

S7 20 4.4 6.4 2.8

Sunscreen sample SPF PPD in vivo UVAPF in vitro0 UVAPF in vitroi
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Ring study 2

Comparison of in vitro UVAPF values with their corresponding in vivo UVAPF values measured by
the PPD method yielded a very good correlation (Fig. 5), with r   =  0.83 (bilateral Pearson test)
and a significant (P  <  0.0001) slope of 0.84 (indicating a good prediction of absolute in vivo
UVAPF values). Furthermore, the range of in vitro UVAPF data (spanning 3.7–18.1) indicated that
the method was able to measure and distinguish across a broad range of efficacy. Inter-
laboratory error was low [the mean coefficient of variance (CoV) between laboratories, taking
into account all samples, it was <15%].

Figure 5

Open in figure viewer PowerPoint

S8 20 3.4 5.2 4.4

S9 20 2.8 3.2 3.1

S10 20 3.8 5.2 5.0

S11 25 4.9 4.1 4.0

S12 20 8.7 9.5 8.6

S13 12 2.3 2.8 2.0
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Comparison of in vivo UVAPF (as derived from the PPD method) and in vitro UVAPF values
(after irradiation) in Ring Study 2.

Figure 6 shows UVAPF  and UVAPF values plotted one against the other for all sunscreen
samples, providing an indication of relative photo-stability. Five of the 13 sunscreen samples
(RRT02, RRT06, RRT08, RRT11 and RRT19) showed minimal reduction in UVA protection (1–8%
only). Inspection of the spectra of two sunscreens (RRT06 and RRT11, both with a labelled SPF of
30) indicated that they contained only a small effective amount of UVA filter. While a moderate
decrease in UVA protection (17–32%) occurred for RRT01, RRT03, RRT04, RRT05, RRT07 and
RRT12 when irradiated, a dramatic reduction in UVAPF (32–69%) was noted for two sunscreens
in particular (RRT09 and RRT10).

Figure 6

Open in figure viewer PowerPoint

Comparison of in vitro UVAPF values before and after irradiation in Ring Study 2 (mean  ± 
SD).

Finally, Figure 7 shows the values for the ratio of labelled in vivo SPF to in vitro UVAPF for all
sunscreens tested. The higher the value, the less UVA protection is afforded, relative to
protection from erythemally effective wavelengths (weighted towards shorter, UVB
wavelengths) [18]. Ratio values of between 2.4 and 8.2 were recorded, indicating the method
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has the ability to discriminate a broad range of relative UVA protection indexes. The full results
of Ring Test 2 can be seen in Table V.

Figure 7

Open in figure viewer PowerPoint

Ratio of labelled (in vivo) SPF to in vitro UVAPF values in Ring Study 2 (mean  ±  SD).

Table V. A comparison of SPF, in vivo UVAPF (derived from the PPD method) and in vitro UVAPF
values, both before and after irradiation, in Ring Study 2

RRT1 60 14.2 22.5 16.5

RRT2 60 12.5 13.1 12.6

RRT3 40 22.3 18.9 16.9

RRT4 60 13.0 18.1 12.6

RRT5 25 8.8 7.4 4.6

RRT6 30 7.9 4.3 4.3

RRT7 60 25.5 28.0 19.6

Sunscreen sample SPF PPD in vivo UVAPF in vitro0 UVAPF in vitro
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RRT8 25 10.5 10.8 9.2

RRT9 25 8.0 22.1 8.6

RRT10 25 10.4 26.2 7.6

RRT11 30 7.6 3.9 3.7

RRT12 15 7.8 7.0 5.5

RRT19 30 6.6 5.3 5.1

Discussion
The two ring studies were designed both to finalize a unit dose of UVR for an irradiation step (to
account for sunscreen photo-instability) and also to validate the method incorporating this step.
In summary, the goals of each study were realized.

In the first ring test, it was recognized that, for some photo-instable sunscreen products, there
is a progressive deterioration in the absorption of UVA wavelengths and a concomitant
decrease in associated UVAPF values during irradiation with filtered UVA wavelengths in in vivo
PPD testing. The measured in vivo UVAPF value is actually, thus, an integration of all the UVAPF
values across the irradiation period. It was decided, therefore, to include an irradiation step into
the in vitro COLIPA method to reflect this phenomenon. The challenge lay in deciding which UVA
dose to use. This was approached by, first of all, taking a robust approach to calibration of the
irradiation sources in all laboratories, using a single spectroradiometer and expert practitioner.
These calibration data yielded, for each laboratory and device, irradiation times at a defined flux
to achieve a certain unit dose of UVA radiation. In designing the ring study, an innovative
approach was taken to the practical problem of modelling the progressive degradation of UVA
protection (for photo-instable sunscreen products) experienced during in vivo PPD testing. A
finite number of progressive total UVA doses were applied to sunscreen samples on PMMA
plates (using the calibrated irradiation devices) and an inverse exponential model was used to
predict UVAPF  values lying between these doses (each UVAPF  value being the product of a
given unit dose of UVA, D , and an initial pre-irradiation UVAPF ). It was found that a unit dose
of 1.2  J  cm  of UVA, when multiplied by a sunscreen’s pre-irradiation UVAPF , gave the most
accurate prediction of in vivo UVAPF (measured by the PPD method).

The second ring study employed this defined UVA unit dose and, across eight laboratories
testing 13 sunscreens of varying UVA protection and photostability, we achieved very good

i i
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Appendix

repeatability (intra-laboratory CoV values for UVAPF  < 10%), reproducibility (inter-laboratory
CoV values for UVAPF  <  15%) and accuracy (between UVAPF and in vivo UVAPF values, r  
=  0.82, slope  =  0.84, P  <  0.0001). Furthermore, when the results from both ring studies
were combined, providing a total of 37 in vivo/in vitro comparisons and spanning a wide range
of values, a strong correlation of r   =  0.81 with a slope of 0.78 was achieved (Fig. 8).

Figure 8

Open in figure viewer PowerPoint

Comparison of in vivo UVAPF (as derived by the PPD method) and in vitro UVAPF values (after
irradiation) when Ring Studies 1 and 2 are combined.

The validation of this in vitro method, which correlates with an in vivo UVA endpoint, fulfils the
remit given to the In Vitro Sun Protection Methods group and provides the European industry
with a repeatable, reproducible and accurate assay for measuring UVA protection.
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Appendix 1
Equations used in the method in this article:
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Calculation of the in vitro SPF

where:

E(λ)  =  Erythema action spectrum (CIE 1987 [18])

I(λ)  =  Spectral irradiance received from the UV source

A (λ)  =  Mean monochromatic absorbance of the test product layer before UV exposure

dλ  =  Wavelength step (1  nm)

Calculation of the adjusted SPF  and determination of the
coefficient of adjustment C
C is the coefficient of adjustment, iteratively determined to adjust the calculated in vitro SPF
value to the labelled (in vivo) SPF value. It is recommended that C ranges between 0.8 and 1.2.

where:

E(λ), I(λ), A (λ) and dλ are defined in equation (1).

Calculation of UVAPF
UVAPF  is calculated for each plate individually.

in vitro

(1)

0

in vitro,adj

(2)

0

0

0
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P(λ), I(λ), C and dλ are defined in equation (3).

A(λ) is the mean monochromatic absorbance of the test product layer after UV exposure.
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