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absorbance of personal care products containing UV actives.
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Use of SunSpheres™ technology to increase the effective SPF and UVA absorbance
of personal care products containing UV actives.

UV radiation can be harmful to the skin. UVB radiation has
an immediate effect of causing erythema, while UVA radiation is
suspected of causing long-term damage (loss of elasticity of the skin)
and possibly melanoma. Not only sunscreen products, but many
other personal care products have been incorporating UV actives to
mitigate this damage.

As consumers become more concerned about the deleterious effects
of UV exposure, higher SPF products are sought. In some cases it is
difficult for the formulator to incorporate high levels of actives to
achieve high SPF values (SPF>30)and still make an aesthetically
acceptable product, either because of excessive whitening from high
levels of inorganic actives (Ti02 or Zn0), excessive irritation from high
levels of organic actives, or an unacceptably heavy feel on the skin.
Additionally, globally, many products containing recognized UV actives
are regulated as to types of actives which can be used, and sometimes
level allowed, putting further restrictions on the formulator.

SunSpheres technology can provide more options for the formulator.
By incorporating this technology into a film on the skin containing
UV active ingredients, the UV light is scattered within the film,
achieving greater absorbance of the harmful radiation, and
consequently, a higher SPF value for a given amount of UV actives.
Because the SunSpheres product is supplied as a liquid or solid,
incorporation into all product types is possible. For oil-in-water
emulsions, the liquid version is optimal. For solid products, such as
sunscreen sticks, which do not contain water, or reverse emulsions
(water dispersed in a continuous oil phase), the solid version of the
technology is readily adaptable.

The absorbance spectra of all recognized UV actives have been
shown to be increased with the SunSpheres technology. In vivo SPF
data demonstrates that the SunSpheres technology can boost the
SPF value for a given level of ingredients by 50 to 75%, depending on

the level of SunSpheres polymer incorporated. Additionally, when
UVA ingredients such as avobenzone, are included in the formulation
with the SunSpheres polymer, the UVA absorbance is enhanced and
the critical wavelength is increased for the personal care products
containing UVA actives.

Initially, SunSpheres polymers for personal care products were
introduced by Rohm and Haas in 19941. However, some of the
ingredients commonly used in sunscreens and other personal care
products containing UV absorbers, had ingredients, which over time
decreased the effectiveness of the SunSpheres polymer. More
recently a research program was undertaken to solve this stability
problem. Data will demonstrate the effectiveness of the new
generation SunSpheres polymer is now maintained when formulated
with UV actives and in a variety of formulations. These improvements
in the polymer are the subject of more pending patents.

SunSpheres technology is used commercially in a number of
industrial applications. This is the first time that this technology has
been specifically designed for use in suncare applications. When the
liquid dispersion version of the SunSpheres polymer is manufactured,
the center of the spheres are filled with water. They are stable in this
form, and remain so throughout processing and after incorporation
into a finished formulation. The following transmission electron
micrograph of only the dried polymer shows the hollow centers of the
polymer particles (lighter shades of gray), which are key to the
polymer’'s mode of action and resulting performance enhancement in
sunscreen films. The relatively uniform distribution of the particle size
can also be observed.



Transmission Electron Micrograph of Dried Polymer Particles

The polymer is depicted in the model below. The exterior size of the particle has an influence on the visibility (opacity) of the polymer in the
sunscreen film. With an external size of approximately 400 nm the particle is nearly invisible and cannot be felt during the rubout of the

sunscreen. The interior is maximized to allow for the most efficient scattering of light, while still leaving the shell wall thick enough to allow for
particle integrity to remain intact.




SunSpheres Polymer Model

When the liquid version of the SunSpheres polymer is manufactured, the spheres are water-filled. When the polymer is applied to the skin, in
a finished formulation, this internal water migrates irreversibly out of the particle to leave behind a voided sphere, filled with air. It is this air
void that is critical to the optimum performance of the polymer. The process of water migration is rapid, and in most cases is completed in ten
minutes at room temperature. It would proceed somewhat faster at body temperature.

The air, which is in the void, has a refractive index of 1.0. Because this refractive index is different than the refractive index of dried
sunscreen film, where the Rl is generally ~1.4-1.5, and is different than the polymer shell refractive index (Rl= ~1.6), the void acts as a
scattering center for UV light.
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Light Refraction via SunSpheres Technology

Polymer Shell
RI=~1.6
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Physics teaches us that radiation going from one refractive index to a different refractive index will be bent, or scattered. Consequently, having
a large number of these scattering sites in a film would lead to efficient scattering of radiation. A rough calculation demonstrates that because
of the particle size and density there are about 10-20 trillion particles (scattering centers) per weight percent of solid polymer product added to
a sunscreen formulation. Having this large number of particles in the sunscreen film (concentrated 4-5 times as the film dries) allows for
efficient scattering of the UV radiation through the film at angles, thereby increasing the pathlength and by Beer's Law, the absorbance of the
radiation, which increases the SPF value of the sunscreen film. This would be depicted by the following model:

Model for UV Scattering by the SunSpheres Polymer
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A similar mechanism was proposed by Sayre2 as the effect of the
vehicle. When a clear, non-emulsion sunscreen is formulated, such
as an alcoholic based product, the dried film contains only active
ingredient to protect the skin. When the active is formulated into an
emulsion product, the effectiveness of a given level of active
ingredient is increased because of the increased pathlength of the
UV light and the more effective use of the active ingredient due to
scattering by the emulsion droplets and regions with dissimilar
refractive indexes. With the addition of the polymer, even more
scattering sites are added. Previously published datal indicates that
the inclusion of 5% solids of the SunSpheres polymer almost doubles
the apparent thickness of the film when Beer's Law is applied to the
absorption.

It is important to note that the polymer itself does not absorb UV
radiation and therefore is not an “active” sunscreen agent. Rather,
the spheres are efficient scattering centers that optimize the
absorption of organic and inorganic sunscreens in the film by
increasing the probability that UV radiation will contact the UV active
ingredients that are present. To confirm that the polymer itself is not
an active ingredient, the spheres were formulated into a sunscreen
base without any UV active ingredient. The SPF of the product was
then measured in vivo according to the US FDA final tentative
monograph. With 5% solids of the spheres in the formulation, but no
UV active ingredient, the SPF was <2.0, which by definition confirms
that the polymer is not an active ingredient.

In vivo measurement of the SunSpheres polymer was made in two
different sunscreens. Screening Formulation A is a relatively simple
formulation containing low-oil and utilizing an anionic emulsion
system. The expected SPF of the formulation would be about 8.
Screening Formulation B is a more complex formulation with a
nonionic emulsifier and an expected SPF of about 15. Each
formulation was made without SunSpheres polymer (control) and
with 5% solids SunSpheres polymer. In both cases the polymer was
added to the formulation at the end during the cool down phase after
the emulsion was formed. Neither of these formulations was
optimized for use with the SunSpheres Polymer. Rather both
formulations had been chosen as they previously demonstrated
formulation and SPF stability for three months at 45°C.

Both screening formulations (and their non-SunSpheres polymer
controls) were tested for static SPF using the in vivo protocol
specified in the FDA's Final 0TC Monograph. As shown in the graph
below, even in the non-optimized polymeric systems, 5% (solids) of
the SunSpheres polymer clearly boosts SPF by 60-72%.



Screening Formulation A with 6% Octylmethoxycinnamate and 1% Oxybenzone

Control Test

Phase Ingredients % w/w
Water, DI Q.S. to 100%

A Acrylates Copolymer 3.33

A Glycerin 1.00

A Tetrasodium EDTA 0.10

B Octyl methoxycinnamate 6.00

B Oxybenzone 1.00

B C12-15 alkyl lactate 2.00

B PVP/eicosene copolymer 1.50

B Cyclomethicone 2.00

B Stearic acid 1.50

C Triethanolamine, 99% 0.85

D SunSpheres™ Polymer (27%) 0.0 18.50

Screening Formulation B with 7.5% Octylmethoxycinnamate,
2% Oxyhenzone and 3% Octyl salicylate

Control Test

Phase Ingredients % w/w
A Water, DI Q.S. to 100%
A PVM/MA decadiene crosspolymer 0.50
A Butyl glycol 3.00
B PEG-20 Stearate 1.50
B Glyceryl stearate & laureth-23 2.00
B Octyldodecyl neopentanoate 1.00
B Octyl palmitate 2.00
B Glyceryl dilaurate 0.50
B Octyl methoxycinnamate 7.50
B Oxybenzone 2.00
B Octyl salicylate 3.00
C Sodium hydroxide 10% 1.30
C Glyceryl polymethacrylate & propylene glycol 3.00
C Glyceryl polymethacrylate & propylene glycol 0.50
& PVM/MA copolymer
D Diazolidinyl urea & iodopropyny! butylcarbamate 0.30
Methylparaben 0.20

SunSpheres™ Polymer(27%) 0.0 18.50




Screening Formulations: In Vivo Results

m Control m 5% SunSpheres

25.6
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Final Monograph Protocol

Both screening formulations were evaluated for stability both at room temperature and 450C for three months, and gave similar results.

Another key concern about the polymer technology was whether the SunSpheres polymer would interfere with or disrupt the formation or
adherence of a water-resistant film because of imperfections in the continuous coating. An answer to this question was determined using
another screening formulation based on a lamellar gel system, which has proven through testing to be very water-resistant. The control (no
SunSpheres polymer) and the test sample (5% solids of SunSpheres polymer) were tested using the in vivo protocol defined in the Final 0TC
Monograph.

The control, as expected, exhibited an excellent result with the static result (prior to immersion) providing an SPF of 17.4, and the very-water-
resistant result of 17.1 (post-immersion). The sunscreen with the SunSpheres polymer gave a pre-immersion SPF of 27.6 (59% boost over
control), and a post-immersion result of 25.5, a 49% boost over the post-immersion control.



Water-Resistance Screening Formulation: In Vivo Results

30- 27.6

Final Monograph Protocol

Water-Resistance Screening Formulation

B Control- Prelmmersion
B Control- PostImmersion

H 5% Polymer- Prelmmersion
0 5% Polymer- Postimmersion

Control Test

Phase Ingredients % w/w
A Water, DI Q.S. to 100%
A Magnesium aluminum silicate 1.00
A Carboxymethyl cellulose 0.50
A Disodium EDTA 0.10
A Butyl glycol 3.00
A Glyceryl polymethacrylate & propylene glycol 0.75

& PVM/MA copolymer
B Glyceryl stearate & behenyl alcohol & palmitic 4.00

acid & stearic acid & lecithin & lauryl alcohol &

myristyl alcohol & cetyl alcohol
B PVP/eicosene copolymer 1.00
B Octyl palmitate 2.00
B Octyl methoxycinnamate 7.50
B Oxybenzone 2.00
B Octyl salicylate 3.00
B Tridecyl neopentanoate 3.00
B Glyceryl dilaurate 0.50
B Phenyl trimethicone 0.30
B Cyclomethicone 3.00
C Diazolidinyl urea & iodopropyny! butylcarbamate 0.30
C Methylparaben 0.20
C SunSpheres™ LCG (27%) 0.0 1850




This experiment provides additional data that the SunSpheres polymer significantly boost the SPF over the baseline performance, and
additionally does not significantly interfere with the water-resistant film that can be an integral part of many sunscreen products. In systems
where the product is formulated around the SunSpheres polymer, even better results may be expected.

Studies were also performed with the SunSpheres polymer in a sunscreen that only had titanium dioxide as the UV active ingredient. The
formulation that was used in the testing is listed below. First this formulation was tested in the laboratory using the Optometrics® SPF 290
Analyzer. When it was determined that the formulation could give a boost to the in vitro UV protection, the same formulation was tested in vivo.
The formulation with SunSpheres polymer (and its non-polymeric control) was tested for static SPF using the in vivo protocol specified in the
FDA's Final 0TC Monograph. This formulation contains 5% titanium dioxide, added as a pre-dispersed material obtained from Kobo Products.
The level of SunSpheres™ LCG Polymer used was 11.11% as a liquid, which equates to 3% as solids.

Sunscreen Formulation with 5% Titanium Dioxide

Control Test

Phase Ingredients % w/w
A Water, DI Q.S. to 100%
A Glycerin 2.00

A Tetrasodium EDTA 0.10

B Titanium dioxide& isononyl isononanoate & 10.00

polyglyceryl-6 polyricinoleate & stearic acid &
aluminum hydroxide

B Stearyl alcohol & ceteareth-20 1.00
B PEG-20 stearate 0.50
B Glyceryl stearate 1.00
B C12-15 alkyl benzoate 3.00
B Octyl palmitate 3.00
B Sorbitan oleate 1.00
B Dimethicone 1.00
B Stearic acid 1.50
B Triethanolamine 0.40
C Aculyn%o 44 (35%) 2.00
D SunSpheres%. Polymer (27%) 00 1.1

The in vivo results from the test laboratory on a 5 person panel yielded a in vivo SPF for the formulation without SunSpheres polymer of 11.5.
For the SunSpheres polymer formulation containing 3% solids of the SunSpheres polymer, the in vivo SPF label claim was 17.3. This is a boost
of 50% in the SPF, proving that the SunSpheres™ polymer can also boost the performance of inorganic UV actives as well as the organics.
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The powder version of the SunSpheres technology was used in a sunscreen stick type product that contained only waxes and oils, no water.
The formulations with and without the SunSpheres™ Powder are contained below.

Sunscreen Stick Formulation with SunSpheres™ Powder

Control Test

Phase Ingredients % w/w
A Mineral Qil 38.00 34.67
A Ozokerite 18.00
A Paraffin 14.00
A Octocrylene 8.00

A Octinoxate 7.50

A Oxybenzone 5.50

A Octisalate 2.00

A Candelilla Cera 5.00

A Zinc Oxide 2.00

A SunSpheres™ Powder (90%) 0.0 333

Once again, even though this system contains no water, the SPF is increased. The product measured in vivo on a five person panel without
SunSpheres™ Powder had an average SPF of 45.6 and a label claim of 44.3, while the same formulation measured in vivo on a five person panel
with SunSpheres™ Powder had an average SPF of 57.3 and a label claim of 55.3. This is an increase of about 25% in the SPF due to the
SunSpheres technology operating in the waxy film.

The ability of the SunSpheres particle to provide enhancement of the SPF with various active ingredients was determined utilizing Design-
Expert software. The SPF was measured in vitro using an Optometrics® SPF 290 Analyzer and 3M Transpore” Tape as the support using the
spreading rate of 2 ml/cm2. The measurements were made between the wavelengths of 290 nm and 400 nm. As one can see from the plot, 1.00%
of Octinoxate (OMC) in the formulation with 4% SunSpheres polymer (solids) gives an SPF of slightly over 12, which is better than 7.5% OMC in
the same formulation.



SunSpheres Performance with Octylmethoxycinnamate
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Similar tests were performed with octyl triazone. In this case, the result was not a series of straight lines, indicating diminishing returns at the
higher levels of SunSpheres polymer. However, 3% of SunSpheres polymer with 1% octyl triazone performs equivalently with 5% of just the octyl
triazone in the same base formula.

SunSpheres Performance with Octyl Triazone
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SunSpheres Performance with Methyl Benzylidene Camphor
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With the methyl benzylidene camphor, an active ingredient approved for use outside the United States, a relationship similar to the OMC holds
true with the SunSpheres polymer.

For one of the newest UV active ingredients, Avobenzone, the SPF was actually determined as a UVA performance score between the same
wavelengths of 290 nm to 400 nm and the UVA performance was determined directly by the Optometrics® SPF 290 Analyzer. The linear
relationship also holds true for the UVA value, and it appears that 0.50% avobenzone with 4% (solids) of the SunSpheres polymer will outperform
1.75% of the avobenzone in the same base for the UVA determination. In any case, the data also demonstrates that the SunSpheres polymer
functions equally well with UVA active ingredients.



SunSpheres Performance with Avobenzone
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This fact becomes apparent when one observes a complete scan from the Optometrics® SPF 290 Analyzer, which is shown below. The
absorption spectrum output is uniformly increased across the entire scan, from 290 to 400 nm, indicating that the SunSpheres polymer uniformly
boosts the performance of both the UVB as well as the UVA active ingredients. In one case the active ingredients are organic and in the other
case the active ingredient is the inorganic zinc oxide, which also has an appreciable absorbance in the UVA region of the spectrum. One will
also observe that the critical wavelength is increased when the SunSpheres polymer is incorporated into the formulation.
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5% OMC / 2% Avobenzone Optometrics® Scan
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This polymer is safe to use in personal care formulations. In addition to having non-BSE components, the polymer has the following safety
data contained below:

Animal Tests Results (performed with a compositionally
similar product)

Oral LD50, rat >5000 mg/kg

Dermal LD50, rat >5000 mg/kg

Skin Irritation, rabbit PIl=0

Eye Irritation, rabbit non-irritating

Ames Mutagenicity negative

Human Tests (performed with SunSpheres™ LCG Polymer)

Repeated Insult Patch non-irritating
Phototoxicity/Photosensitization non-toxic & non-photosensitizing
Analytical

Residual monomers <200 ppm

Approved INCI Name

Styrene / Acrylates Copolymer

SunSpheres polymer performance and stability has been demonstrated in a number of sunscreens, with a number of UV actives. It has also
been shown to be compatible with a range of emollients (including silicones, oils and esters) and other ingredients such as emulsifiers,
thickeners and DEET. SunSpheres polymer has been found to enhance the SPF performance on a consistent basis.

1 Jones, Charles E., “A New Polymeric Additive for Sunscreens.”; SOFW-Journal, 121.Jahrgang, (August 1995): 561-565.
©1996 Rohm and Haas Company

2. Robert M. Sayre, Ph.D., “In Vitro Sunscreen Testing: The Vehicle Effect”, Cosmetic & Toiletries, Vol 107, pp 105-112 (1992)
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