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The effects associated with exposure to sunlight are

wel | known. Thus exposure of the skin to UVA and UVB
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spectrum with the result that if one is to obtain a screening effect covering the whole

UVA-UVB spectrum it is generally necessary to use a combination of different
organic sunscreen agents. Some organic sunscreen agents and other components of
sunscreen compositions are stable to UV light but others are photosensitive and/or
may after being excited by UV light degrade, and/or induce degradation of, another
. ingredient of the composition.

Titanium dioxide and zinc oxide are generally formulated as "micronised" or
"ultrafine" (20-50 nm) particles (so-called microreflectors) because particles whose
size is less than 10% of the wavelength of the incident light scatter light according to

Rayleigh's Law, whereby the intensity of scattered light is inversely proportional to
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wavel engt h. Consequently, they scatter UVB light (with

a, wavelength of from 280 or 290 to 315/ 320 nm and
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SHESEr & BoAE Bltgaﬁ{c sunscreen agents, and other components which are
susceptible to degradation, can be retarded if the compositions also have present zinc
oxide or titanium dioxide which has been doped with another element and/or
reduced zinc oxide. In other words by using, in a cosmetic or topical pharmaceutical
composition, these doped or reduced materials rather than ordinary titanium dioxide
or zinc oxide it is, for example, possible either to provide a composition which gives
better protection against UV light for the same quantity of organic sunscreen agent or
a composition having the same screening effect against UV light but containing a
smaller quantity of organic sunscreen agent. Indeed it is possible to provide all day

protection sunscreens by incorporating the doped and/or reduced materials.
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day protection sunscreens by incorporating the doped

and/ or reduced materials. WO 2004/ 058209

PCT/ GB2003/ 005658 .3 Accordingly the present

i nvention provides a cosnetic3zUV sunscreening

conposition suitable for cosnetic or topica

ppx@tfo%ﬁﬁlgtthe ﬁ!ese‘ﬁ? SrobBtGh Pﬁ)‘?ﬁ%ﬁ L$ES AR Hﬂstcre%ﬁmg%ﬁlposmon

or more~orga nponen I ch are photosensitirve

aguethble fortioshiedd & tdp@ﬁlqdﬁdna@ndéﬂ fusé Whishicommpeieg aadatduan of
i's induced by another ingredient of the conposition

amw OT TRTE ANGINIT COBTPOTETD 3¢ PHptosenkitivh apdyer Wyaish are degraded

R e Sar bon et by g oRE R O] ot Bstion and

Cﬁm&ﬁéﬁﬁﬂ RTIONMN/B97:O fich 12fs He8i5 8o W &b@&r@&ﬂe%@h@ﬂ
|'east 5%l ess’than that of a conposition having the

seemerfistppiklyi aosecandodahenthamd/ot redoes zimtoxidentthisotipesition
saldT|02ad/or&WZOV\h|ch51 %etfn oped wth

abyinget 136t efesstof ATRSGH 251648t DR jedethans %t qff«l Gopposition

rl‘ﬂv%l%{he sEme {oquu%oﬁl%§ thtBé)c t é(ﬁelé Gl %{n , and/or

["east a prop or ron o

SPROtWHItH hs Héeh H dtigh ansuet el@ﬁeﬁthﬁ: r@i’t@édh Imﬁc oxide. Thus if the
conponeni%y%v are photosen5|t|ve and/ or which are
aabﬁpmwnu(dgmerﬂxp@m Her 2idags6 8ipEgRsRtion of the

d
P5SEGr QvBRateh®af X et alouni tiEe Sretais afohed
aWH{cﬁrarezﬁlet@éEﬁﬁﬁ{?e 51%}*&’10@1‘?&5 'af@dé%ﬁd@@ by 8HSIEESinERGient Bf the

rate of Toss fromY to X. The present invention al so
pcavpaamntjossesssea efid zatel opless FiYoRheta ® ipgrented ttmdX by hnleast 5%,

e ESng R GO0 A PHERO st SREBAE f Bade reduces the
ig&{ﬁlégp%mgémkqﬁ&gglent whi ch is degraded by anot her

I ngredi en e COﬂpOSItIOﬂ in a cosnetic W

scr eeniThg pfREmanvenition akd pilidesale i of adlvped Tf@z/Zﬁ(D @r reduced
of loss in UV absorption of a sunscreen co sition

c@ne axide ﬁ@redn@e e copeantratigniof ene @vn@n@rogm a@l@mrgen or other

| o BEeRPRRR sy pether i St R 60 Clet e gme of

OfheAdnRoSiABA tn § HORS RN "s‘&e&ﬁﬂ? @&{\}\%dsﬁfbn WelRis to reduce the rate
conpr.i ses one or nore conponen ar e
pbﬁbsssarﬁﬁv’ absweptmcdf arsumtresh campositeycerdeidirgohear nare organic

radatio | s i nduced by ther jngredient of
s 4EREN |H§PF686HWF?%‘€§€1F‘%%PTBB st + Agth thagf increasing

t B.‘% %QM{EES H’HPI%VQ %es%b-ﬁllt%zéfziﬁ%rgamc sunscreemng composmon

which comprises one or more components which are photosensitive and/or which are
degraded and/or in which degradation is induced by another ingredient of the
composition which comprises incorporating into the composition a doped TiO,/ZnO
and/or reduced zinc oxide. Sometimes the degradation products (breakdown
chemicals) are toxic. Accordingly, the present invention also provides a method of
reducing the production of toxic compounds in a UV sunscreening composition
which comprises incorporating therein a doped TiO,/ZnO and/or reduced ZnO.

By "UV sunscreening composition suitable for cosmetic or topical
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region whereas an organic sunscreen agent is generally more wavelength specific it
can be seen that the UVA/UVB absorption ratio may increase over time. When a
doped TiO4/ZnO is used rather than the same quantity of undoped TiO,/ZnO the rate
of change is reduced. This is because the doped material will enhance the
performance of the organic sunscreen agent over time. Thus with a UV A sunscreen
the loss of UVA absorption over time is reduced (i.e. the UVA response is more
stable when the doped material is present) so that the ratio of change of the rates is

| X-x

T , where x

reduced. Thus if the initial ratio of absorption is %, it becomes
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formulat1ons are advantageous. In skin lightening compositions in Japan, a pink
colouration is useful in masking uneven colouration of the underlying skin. In
Indonesia a yellow colouration can be seen as attractive. If, though, colour is to be
minimised this can be achieved by coating the particles and/or by controlling the
concentration of doping, both as discussed below.
The optimum amount of the other element in the host lattice may be
‘determined by routine experimentation and in some embodiments is preferably low
enough so that the pa;ticles are not coloured. Amounts as low as 0.1 mole % or less,
for example 0.05 mole %, or as high as 1 mole % or above, for example 5 mole % or

10 mole %, can generally be used. Typical concentrations are from 0.5 to 2 mole %

by weight.
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Doped TiO, or doped ZnO can also be obtained by flame pyrolysis or by
plasma routes where mixed metal containing precursors at the appropriate level are
exposed to a flame or plasma to obtain the desired product.

The rutile form of titania is known to be more photostable than the anatase
form and is therefore preferred.

Reduced zinc oxide particles (i.e. particles which possess an excess of zinc
ions relative to the oxygen ions) may be readily obtained by heating zinc oxide
particles in a reducing atmosphere to obtain reduced zinc oxide particles which

absorb UV light, especially UV light having a wavelength below 390 nm, and re-emit



material is obtained. Further details of preparation

can be found in the aforesaid patent specifications.
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nanoparticles are frequently used. However, in one embodiment slightly larger

particles for example from 100 to 500 nm, typically 100 to 400 or 450 mm especially
from 150 to 300 nm and particularly 200 to 250 nm, can be employed. These provide
good coverage of, for example, skin imperfections without unacceptable skin
whitening.

Where particles are substantially spherical then particle size will be taken to
represent the diameter. However, the invention also encompasses particles which are
non-spherical and in such cases the particle size refers to the largest dimension.

The oxide particles used in the present invention £nay have an inorganic or

organic coating. For example, the particles may be coated with oxides of elements
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particle size is preferably chosen to avoid

colouration of the final product. Thus nanoparticles

are frequently used. However, in one enbodi nent
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may be employed as any conventional formulation providing protection from UV
light. The compositions may also be pharmaceutical compositions suitable for topical
application. Such compositions are useful, in particular, for patients suffering from
disorders of the skin which are adversely affected by UV light such those giving rise to
polymorphous light eruptions.

~ Organic sunscreen agents which can be used in the compositions of the
present invention include any conventional sunscreen agent which gives protection |
against UV light while if there is no other photosensitive component the sunscreen

agent is photosensitive and/or is degraded by another ingredient of the composition.
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vol . 5, Sunscreens, published by the International
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i ncl ude: Par a- am nobenzqi ¢. aci ds ( PABA), B,
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d
met hoxyci nnhRedibydioret4'-dimerhars-; dek pilmerorydymethoxy-;' 2,2',4,4'-
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D

(e) 2-phenylbenzimidazole-5 sulfonic acid UVB and
phenyldibenzimidazole sulfonic acid and their salts;

6)) alkyl-B,B-diphenylacrylates (UVB) for example alkyl a-cyano-p, B-
diphenylacrylates such as octocrylene; \

(g) triazines (UVB) such as 2,4,6-trianilino-(p-carbo-2-ethyl-hexyl-1-
oxy)-1,3,5 triazine as well as octyl triazone e.g. ethylhexyltriazone and
diethylhexyl butamido triazone.

(h) camphor derivatives (generally UVB) such as 4-methylbenzylidene

and 3-benzylidene- camphor and terephthalylidene dicamphor



et hyl hexanoyl) -glycerin, as well as diisopropyl
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butyl net hox enzoyl nethane, especiall
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1, 3,5 (Dri azilisenebased bunsersejng geents jush g dinethicodiethyl benzal
~et hyl hexyl tr ilazone and di ét hyl hexyl butam do

triazone. (M°%Rfiphor derivatives (generally UVB) such
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-agents such as et "bi s- benzotriazol e
t et rangt hyladebitantiplee (IOVA) 6ich Sinhérehylentasnithte
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and 2,2'2"- nitrilotris (ethanol));

anisotriazine, methylene bisbenzotriazolyl tetramethylbutyl- phenol and drometrizole
trisiloxane (Mexoryl XL).

The organic sunscreen agent(s) are typicallyApresent in the compositions at a
concentration from 0.1 to 20%, preferably 1 to 10%, and especially 2 to 5%, by
weight based on the weight of the composition.

In the compositions, which are generally aqueous, the metal oxides are
preferably present at a concentration of about 0.5 to 20 % by weight, preferably about
1 to 10 % by weight and more preferably about 3 to 8 % by weight, in particular
about 4 to 7%, such as 4 to 6% for example about 5%, by weight.

The compositions may be in the form of, for example, lotions, typ'ically with a
viscosity of 4000 to 10,000 mPas, e.g. thickened lotions, gels, vesicular dispersions,
creams, typically a fluid cream with a viscosity of 10,000 to 20,000 mPas or a cream

of viscosity 20,000 to 100,000 mPas, milks, powders, solid sticks, and may be

optionally packaged as aerosols and provided in the form of foams or sprays.
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Preegppracaited/ éar itssipdrtiaslappiriil Yol u@xhe AEPHOBLR R3/R 700 and/or
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« s@aﬁ@ﬁlt _ Hits sughhsunsereense dihivia becausry hi@yeine 210 do generally have
aﬂ?&%%rw\? aBs%lr i et Thus by using the doped TiO, and/or ZnO and/or

reduced ZnO it may be possible to use less antioxidant or make the formulation

longer lasting.

The organic solvents are typically from lower alcohols and polyols such as
ethanol, isopropanol, propylene glycol, glycerin and sorbitol as well as methylene
chloride, acetone, ethylene glycol monoethyl ether, diethylene glycol monobutyl
ether, diethylene glycol mono-ethyl, ether, dimethyl sulphoxide, dimethyl formamide
and tetrahydrofuran.

The fatty substances may consist of an oil or wax or mixture thereof, fatty

acids, fatty acid esters, fatty alcohols, vaseline, paraffin, lanolin, hydrogenated lanolin



m xtures thereof, propellants, alkalizing or

aci di fying agents, colorants and powders, i ncluding
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about equal weight proportions.

Suitable emollients include stearyl alcohol, glyceryl monoricinoleate, mink oil,
cetyl alcohol, isopropyl isostearate, stearic acid, isobutyl palmitate, isocetyl stearate,
oleyl alcohol, isopropyl laurate, hexyl laurate, decyl oleate, octadecan-2-ol, isocetyl
alcohol, eicosanyl alcohol behenyl alcohol, cetyl palmitate, silicone oils such as
dimethylpolysiloxane, di-n-butyl sebacate, isopropyl myristate, isopropyl palmitate,
isopropyl stearate, butyl stearate, polyethylene glycol, triethylene glycol, lanolin,
cocoa butter, corn oil, cotton seed oil, olive oil, palm kernel oil, rapeseed oil, safflower

seed oil, evening primrose oil, soybean oil, sunflower seed oil, avocado oil, sesame
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oil, safflower seed oil, evening prinrose oil,
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I am@llféatqeup tol 3046 }typxtﬂhﬁalbé,o%nbv iveluyde. Bpentifat @nuldﬁay IWthh can
| ant s

et P Sl st su bl ppopelfante
S P e BB, B, i
guontsitan monostearate, polyoxyethylene (2) stearyl ether, polyoxyethylene sorbitol
beeswax derivative, PEG 200 dilaurate, sorbitan monopalmitafe, polyoxyethylen (3.5)
nonyl phenol, PEG 200 monostearate, sorbitan monostearate, sorbitan monolaurate,
PEG 400 dioleate, polyoxyethylene (5) monostearate, polyoxyethyene (4) sorbitan
monostearate, polyoxyethylene (4) lauryl ether, polyokyethylene (5) sorbitan
monooleate, PEG 300 monooleate, polyoxyethylene (20) sorbitan tristearate,
polyoxyethylene (20) sorbitan trioleate, polyoxyethylene (8) monostearate, PEG 400
monooleate, PEG 400 monostearate, polyoxyethylene (10) monooleate,
polyoxyethylene (10) stearyl ether, polyoxyethylene (10) cetyl ether, polyoxyethylene
(9.3) octyl phenol, polyoxyethylene (4) sorbitan monolaurate, PEG 600 monooleate,
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(3. 5€dti phenol PEG 200 nonost earate, sorbitan
Wn%?‘iﬁsste&n m)nol aur at e, PEG 400 di ol eat e,

ol yox t ] eth ene

e B B A B
etitaeium giokidexy eibbykids eat(léfa)st oY &fivkladh is raaﬁapdneﬁ{ e BEGf zinc
300 non Ieate Eolyoxyethylene (20) sorbitan

1 9% & Pd) It b@@) 9@@&1 ag e 20 emsidsidyi lB spregd omHhead it has
D B R b R B SRl f e (ho (IR RGoH saniptates
Pl )b‘ﬂ)‘(ﬂ@fem’dl@gﬁuﬂ@:@‘)vﬂﬂeﬁé hy he gl r011¥ 81%%{ et fe[‘a]b%g%?eeas

(10) cetyl pol-yoxyet hyl ene henol ,

p‘éﬂp}@wy@dh Vihéman (bé evaided by h:nmng)bmhéwdﬁiphxhc REGHfp hob1c
nnnoa eat 2004/ 058209 PCT/ GB2003/ 005658 -14 PEG

10560°165 Pabie aRulsiopsp et seme prereeaingst ibi hygrophilisaireas and others in

dké‘;?htob\é ol yoxyet hyl ene (12) lauryl ether, PEG
q%o di o Zag?ag pol yoxyet hyl ene (14), |aurate,

pol yoxWetdndigesitlefirticleOed BealhdoBRA Dt 8&ted fith a material to
pol yoxyet hyl ene (20) sor bi tan nonool eat e,

pBIReEA sidrgahdlisesurfaganropersatoythe eaﬂue}eg Emdrmdxg/ceﬂsbg}h sneerials
(iA0%hdS ALRkAR IR oxi fn%l a%rtmar}u?ﬁ si 1cat e %tlspersﬁ)li]e particles which

exhibit a hydrophobic surface property, are su1tab1y coated with metal soaps such as

aluminium stearate, aluminium laurate or zinc stearate, or with organosilicone

compounds.

The following Examples further illustrate the present invention.

Example 1

The degradation of sunscreen formulations was assessed as follows:



(20) cetyl ether, polyoxyethylene (25) oxypropyl ene

nonost ear ate, pol yoxyet hyl ene (20) sorbitol
woremalosazoat e, pol yoxyet hyl ene (23) |auryl et hePCT/GB2003/005658

pol yoxyet hyl ene (50) nonostearate, and PEG 4000

nonostearate. Alternatively the enulsifier can be

silicone surfactant, especially a dinethyl

pol ysi | oxane wi th pol yoxyet hyiene and/ or

pol yoxypropyl ene side chains, typically with a

nefedsadsar wei ght of 10,000 to 50,000, especially

g%clo-nethicone and di net hi cone copol yol. They nmay

TSP f sapiplied in the form of vesicul ar di spersions

of. i onic.or .noni,oni ¢ anphiphilic,|jpid repared
a@lééotf”vé): Sglépstoépi?g’lg}ﬁﬁggpg@g§gg@lm ‘Iﬁd Lzlaglnﬁ‘%‘)‘_gﬂ p. -ageous

t Dayuhie pBI9tHana s Rk 20me SRR G %Je%eﬁt?g £ L?alrlz'sﬂaéper sible
titani um di oxi de or zinc oxl de, a Pea one of which

i Bipettope droprof aboutti0en] chsmsaberz pRearaddh Beto the deg@dof thh slide.
QZS P%§? found that when an enulsion is spread on the
Sk ey Acsecond qaga slide erotoprot shke wowle anst squedzt yheglides

. S wat er._evapor at e t he, . ‘
oFpeBlt <BE Rpehett ok 1 o ERRRIEMD 2 Sbinhisk Tl core
atoeasidtdiisibbRavi ng areas unprotected. This can be
avoi ded by havi ng both hydrophilic and hydrophobic
particles in the enulsion so that sone are retained in

“h jlic areas and others in hydrophobic areas. 4
“V%Qéggg*@persible particles can be uncoated or coated
Widn Hedtat I8 Hiteted withR @Eﬁot@\)\m{%’m@r led Garg)ﬁ&fltqgﬁmina ions.
property to the E;rtlcles. Exanpl es of su maenafs :

i helerdwseteadingiof lighdudmtasitig alspedtrouadishbtet edldrated between 290
OI-é? zpersible particles which exhibit a hydrophobic
salﬁ’ldf 9 “broperty,' are suitably coated with netal soaps

MeLyuSthe @ib%&'nﬁmé ?2;92@4’0@5?1') tﬂlloﬁg?.l gis n‘p%llﬁ a g é/_gge?. ﬁcg lse’ds 3 blank

stearate, or wt Nnosi cone

f(@d)l Mierigtemsiangilee shef tang290 i 400ush P BichlNE 1§ in moderate
' Exanpl e 1 The degradati on of sunscreen

|1n\/§at ion..
iRt EPHp Tl summRETrassessed as fol | ows: WO 2004/ 058209

[ Q0 - thods: .Preparatign of sapple
S GOy R S B0 P e
rals ¢ i9 pet drltle€ Khe light - and then every 10 minutes for 1 hour.

At the end of the experiment take another base reading of light output to ensure that

the light source has remained steady.

Calculations

Calculate the transmission (K) of the sunscreen film at each individual wavelength:
K=1It/Iqg
This can be used to plot wavelength vs transmission at each timepoint and shows the

Increase in transmission of an individual sunscreen during illumination.

The loss of light absorption (D) by the sunscreen at each individual wavelength is

calculated as the proportion of the absorption of the sunscreen at T=0 still remaining -

at T=t:



Lay the polythene strips 20mm apart on the centre of a
gquartz slide. Pipette a drop of about 30nl of

waagoseen preparation onto the centre of the BCT/A82003/005658
Carefully lay a second quartz slide on top of the
sanpl e and squeeze the slides together at the
pol yt hene strips thus providing a specinen 12.5m

thick. Take care to avoid aifg.bubbles. Illum nation
Use a Xenon lanp filtered with a Schott W3320 filter
to carry out illumnationp = gghg.a base reading of

i ght output using a spectroradioneter calibrated
bEhiseanbea@d plmdvazﬂrﬁ@ngth\vs Measiiight tb@rptioph Thismfierdliotry
(290-400nm th h a sa le of water to use.as a
bqoalm@mqr}say ﬁ'i""@ﬁ% tr&}r%\lié\dmﬁ?@nrpa@@@t@% - 400 nm

| By xtn)éﬁ)sluﬁﬁ% a@f b Dbk Qlﬁig g\l VR nggc rahe ?1519{%%3&%86%%@ of the

m d- asure t nt ens

t doed WHNA tabsorseadiidag alsdothe clculsdkd® O - as soon as it is
put under the light - and then every 10 mnutes for 1
hour. At the end of the experinent take another base
r Oadl ng.Q light output to ensure that the |ight
sour¢é Wﬁs remai ned steady. Cal culations Calculate

t OSmbde AN M teRRs F4Ctorof aﬁJ‘Fac%W rﬂ?e@%flé\}e"fhéﬁc lﬁ%{k

- i ndividual wavel engt h: I't 'S can e used
tingptentswavel engt h vs transn1SS|on at each tinmepoint
and shows the increase in transm ssion of an
i ndi vi dual sunscreen during iIIunination The | oss of

- 1ight 'ﬂ?eS {%Hie 3%3}11@’ arglg Fﬁ%{lr?sgﬂeegta cagh

|nd|V|dua Shavelen fie proportion

of theThdss ﬁfrﬁhld@i@n@ﬁvefehﬁocﬁﬂét’éB @eAn@irpdralos bff ddped and undoped
renalnln at T=t: WO 2004/058209 PCT. ?GBZOO3/08%658

i§:padKokin verioys cansen@aticns dng compaved sfidngmodiged oss
off rmulggt absorption. This plot allows conparisons to
be Yot ween different sunscreen preparations. By
measuring the area under this curve at each tine point

- the rate of change of the
- Commercial Factor 5

Aqua

C12-15 alkyl benzoate

Glycerin

Butylene glycol dicaprylate/caprate
Ceteareth-20

Glyceryl stearate

Ehylhexyl triazone

Butyl methoxydibenzoylmethane
Disodium phenyl dibenzimidazole tetrasulfonate
PVP/hexadecane copolymer
Tocophenylacetate

Cetyl palmitate

Cetearyl alcohol

Ceteareth-12



total UVA absorption can al so be cal cul at ed.
Formul ati ons Commerci al sunscreens Factor 5 and
wo-20u058200. These have the follow ng ingredi ePCBFGBII08/005658

ingredients in italics are the active sunscreen

agents. These formul ations were nodified by the

i ncorporation of doped and undoped TiQ2 and ZnO in
various concentrations and cpppared with unnodified

fornmul ati ons. Commercial Factor 5 Aqua Cl2-15 al kyl

?ggﬁg&é@ﬁng ycerin Butyl ene glycol dicapryl ate/caprate

eareth-20 dyceryl stearate Ehyl hexyl triazone
Bdthylparabdioxydi benzoyl net hane Di sodi um phenyl

~ di benzi m dazol e tetrasul fonate PVP/ hexadecane
Edpdhepsiglycerbcophenyl acetate Cetyl palmitate Cetearyl
allfggélg‘lﬁl earet h-12 WD 2004/ 058209 PCT/ GB2003/ 005658

et hanol Met hyl paraben Ethyl hexyl gl ycerin
BolimadéitmeEDTA Sodiumcitrate

Citric acid

PEG-4 lauratePEG-4 dilaurate
PEG-4 .
Iodopropynyl butylcarBamate |

. Perfume

Commercial Factor 10

Aqua

Ethyl hexyl methoxy cinnamate
Glycerin

Ceteareth-20

Butylene glycol dicaprylate/dicaprate
C12-15 alkyl benzoate
Glycerol stearate

Ethylhexyl triazone

Butyl methoxydibenzoylmethane
Phenoxyethanol |

Cetyl palmitate
Cetearylalcohol

Ceteareth-12
PVP/hexadecane copolymer
Phenyl/benzimidazole sulphonate
Tocophenyl acetate

Methyl paraben
Ethylhexylglycerin



Citric acid PEG 4 |auratePEG 4 dilaurate PEG 4
| odopropynyl butyl carbamate Perfune Commercial Factor

waoo4Asg2e0 Et hyl hexyl nethoxy cinnanmate G ycePCTIGB2003/005658

Cetearet h-20 Butylene glycol dicaprylate/dicaprate
C12- 15 al kyl benzoate dycerol stearate Ethyl hexyl
triazone Butyl nethoxydi benzoyl net hane Phenoxyet hanol
Cetyl palmtate Cetearylalcoppl Ceteareth-12

PVP/ hexadecane copol ynmer Phenyl /benzi m dazol e

R A Car I n Wb 2004/ 056209 PT/ G003/ 005658
- IBG-4Tiusesi um EDTA PEG 4 |aurate PEG 4 dilaurate
PEG 4 ‘

PEG-4 dilaurate

PEG-4 -

Iodoproﬁynyl butylcarbamate

BHT

Perfume’ (

- The results are shown in the attached Figures in which:

Figure4 1 shows the effect of time on absorption in UVA for a sunscreen
formulation of factor 10 to which titanium dioxide, undoped or doped with 1% -
vanadium or manganese has been added.

Figure 2 gives the average percentage 1qss for several formulations.

Figure 3 shows the loss in absorption of a commercial factor 10 formulation in
the UVA region at time = 0 up to t = 60.

Figure 4 shows the degradation of a factor 5 formulation to which has been
added titanium dioxide doiaed or undoped.

Figure 5 shows the proportion of protection remaining for 2 commercial factor
10 formulation to which zinc oxide, undoped or doped with 1% manganese or iron
has been added.

Figure 6 shows the average change in UV A absorption of a commercial factor
10 formulation to which has been added zinc oxide undoped or doped with
manganese or iron. | |

Figure 7 shows the average change in UVA absorption for the same
composition to which has been added TiO, which has been doped with manganese or
coated; and |

Figure 8 compares absorption as a function of wavelength for the invention
with that for two commercially-available cdmpositions.

It can be seen that the addition of TiO, and ZnO reduces the rate of degradation,
this being due partly to scattering and partly to additional absorption. TiO, or ZnO

which is doped with manganese and vanadium, in particular, has a significantly greater



| odopropynyl butyl carbamate BHT Perfune The results

are shown in the attached Figures in which: Figure 1
wGebhames2he ef fect of tinme on absorption in UVAPEDGB2003/005658

sunscreen formulation of factor 10 to which titanium

di oxi de, undoped or doped with 1% vanadi um or

manganese has been added. Figure 2 gives the average

percentage | oss for several fgrnulations. Figure 3

shows the loss in absorption of a commercial factor 10

f&fe@i@&ﬂa@& rQrﬁ, s LMAVI R Gefors réd\g@d Cleﬁﬁelrcﬁ Factor 10 was

60. |gure ows the degradation o factor

f mod‘nﬁhdiby tre iherpdratdn biasdinesror redided ZHOtod similar ﬂh}@iéhkiﬁopernes
dop g or . undope Figure 5 shows the_ proportion o
| p?‘tog b fomppargilni Heese dPatﬁn%lé rwpé¢ élif%dla‘ﬁéo%sodeSCflb?d The UVA

1%[ %)ln%{‘l L2 retcgrd\/\@ hsci]fuﬁhpgn et fg &38%?8@% grﬁlrnggeg pg?]c rmulatlon'

t &tﬁmﬁlﬁ&fg&&ﬁm@@ anadiriafy 4AoABS HdwedeBoR 2% tSANHBSSH & time zero. -
factor 10 fornulatlon to which has been added zi nc

o?Zh@iée petbpierioxide kivprydr shiowied amredigad eate obloss of &RV A Bbgption as a

wz:s%lﬂ?&g% GRPSR e IER A et e SLRoR R SR PR e oxide

hﬁ?d REEH 198RS B ﬁ?%@?@cﬁﬁn@&xﬁ&oat ed, and Figure 8

conpares absorption as a function of vvavel ength for

the invention wth that for two

ﬁggerczally-available conpositions. It can be seen
addition of Ti02 and ZnO reduces the rate of

d ' ' t
ORI g ARSI R SO A e
doi@dinsbipbrai@d) gasiesfodatcdmaatiel Meabtedar t i Cul ar , has

‘a significantly greater WD 2004/ 058209

PCT/ GB2003/ 005658 -19 effect in that the rate of | oss

tection i duced ial Factor 1 |
bt 1 TR ChERARD T BrReg OB ﬁ%g‘%t"‘oi’éd §ilFy Black
ZRW R {sbRCREbAIT oY BRI FedbreRECTIZ0Y.I €5

Phase A
% wiw

Water : 80.35
Propylene Glycol ‘ 2A.00
Methylparaben 0.15
Aloe Vera Gel x1 0.10
Phase B

Lexemul 561 (Glyceryl Stearate, PEG-100 5.00

Stearate) |

Lexemul GDL (Glyceryl Dilaurate) 1.50
Stearyl Alcohol NF 0.30

Lexol IPM (Isopropyl Myristate) 1.00



at 5% and conpared. These materials were irradi ated as
descri bed. The UVA absorption was recorded as a
wo aovaosgme of time to a total of 60 m nutes. Ear€I/GB2003/005658

fornmul ation' containing reduced or ordinary zinc

oxi de showed about 2% transm ssion at tinme zero. The
reduced zinc oxi de however showed a reduced rate of

| oss of UVA absorption as a .founction of UV |ight

exposure with a rate of |oss of about 12% for ordinary

Z] K% eXPd®ctyd Piniighé Of 1 0ss of aboupo§% for reduced
zi nc oxi de. "Exanpl e "2 A conparison. was nade between

fBowﬂcmniinﬁﬁo dfid 200esgDimbthiopne)n t he0.f8t ure of the
%2 i ncorporated; their absorbance mg t hen neasur ed.
PERHEEFEen fornul ations were base®!Bn a procedure

by, g;lqryg ﬁ]%ﬁ (www. sbl ack. com Fos gyl a Reference
16212r . Pﬁg%e flf/ovvlw Wat er 80.35 .Propyl ene d ycol
2T idhivdviBibyidpar aben 0.15 Al oe Vera &80 xI 0.10 Phase

B Lexenmul 561 (dyceryl Stearate, PEG 100 5. 00
Stearate) Lexemul GDL (dyceryl Dilaurate) 1.50

I 0O Lexol IPM (Isopropyl
%ﬁ%%%??&ﬁ%&gﬁsy@l%M 058209 PCT/ GB2003/ 005658 - 20
LE¥&lphkddPA ¢z3od. Pal mtate) 2.00 Dow Coming 200 Fluid

200cs (Dinethicone) 0.50 Propyl paraben 0.10 Parsol
1Heg phewDMo 230 Ti t ani um Di oxi de 5. 00

Add phase A to phase B with vigorous stirring.

Cool to room temperature with stirring.

The TiO, was as follows:

A. TiO, doped with manganese to a level of approximately 1 mole %; primary
particle size 20-30 nm; crystal form 99% rutile; no coating

B.  Uvinul from BASF

Primary particle size — about 21nm

Crystal form - 75% Anatase/25% Rutile

Coating - Trimethylcaprylylsilane at 5%

C. MT100AQ from Tayca Corp

Primary particle size - 15nm

Crystal form - ¢.100% Rutile

Coating - Alumina/silica/alginic acid at up to 30%

The results obtained are shown in Figure 8 which‘gives the degree of absorbance at
different wavelengths for the 3 compositions. It is noticeable that the doped TiO, results
in a significant increase in absorbance at around 360nm, i.e. in the UVA region as
compared with the two commercial undoped materials. In consequence by using such a

doped TiO; it is possible to reduce the concentration of UVA sunscreen, organic or



They were prepared as foll ows: Heat phase A to 75C.
Heat phase A to 75C. Add phase A to phase B with
wQ2@ans8289 stirring. Cool to roomtenperature BET/IEB2003/005658
stirring. The TiO2 was as follows: A Ti 02 doped with
manganese to a level of approximately 1 nole %
primary particle size 20-30 nm crystal form 99%
rutile; no coating B. Winul .fr.om BASF Primary
particle size - about 21nm Crystal form- 75% -
Pi&l@igg@ﬁi%/ 2Pt ReirhhBtioRRd/bN® mcrkhéd b Mesmés\/&%le %‘x‘?nulatlon
% C. MI100AQ from Tayca Corp Primary particl
siilgzl@lstU"l@nmd@tljmt al form- c.100% Rutile Coating -
Alumina/silical/alginic acid at up to 30% The results
obt ai ned are shown in Figure 8 which gives the degree
of absorbance at different wavel engths for the 3
conpositions. It is noticeable that the doped Ti 02
results in a significant increase in absorbance at
around 360nm i.e. in the UVA region as conpared wth
the two commerci al undoped materials. In consequence
by using such a doped Ti0O2 it is possible to reduce
t he concentration of UVA sunscreen, organic or WD
2004/ 058209 PCT/ GB2003/ 005658 -21 inorganic, in the
formul ation and/or to increase the effectiveness of
the formul ati on against UVA radiation. WO 2004/ 058209
PCT/ GB2003/ 005658 -22- CLAIMS 1. A UV sunscreening
conposition suitable for cosnmetic or topical
phar maceuti cal use which conprises an anount of one or
nor e organi ¢ components



whi ch are photosensitive and/or which are degraded
and/ or in which degradation is induced by another
WO pgrosizent of the conposition, and an anount PET/GBR®3/005658
and/or ZnO whi ch has been doped with one or nore
ot her elements and/or reduced zinc oxide, this
conposition having a rate of |oss of UV absorption at
least 5%l ess than that of gconposition having the
sanme fornul ati on except that it does not contain the
ALAMSE 02 and/ or  ZnO whi ch has been doped w th anot her
el enent or the said reduced zinc oxide. 2. A
conmposli-t i orA &8¢ surdimegning cahposinich sufitipbla forscosmetiadd epicalr
cosneti c use. g A conposition according to claim1l
AEMTHEFAL M AICHSOMPYEES FRAMOINE oD TRPFS REERHROmponents
R S e Rt SRR i AR oA ARG B g
rahgad &$ anothanagiddiant ob fenriotpodtion, 200 . anmdint of TiO, and/or
co ogiti on_according to claim4 wherein the dopant is
r@xﬁw ich/hag bagrodenedovithaersordnorg other glepeptseanglfortrhduced zinc

precedi.ng cl ai ns ;wherein the d t is.present N an
ARG EiT P BB e riges s 65 B ebrorpgfip A [Egst gre 1S5 than
ahs0sfal ddehpositibh %ﬂihg MBRR f&nﬁtﬂ@ci&P@é@%t thiit RAB&EMt cbAtain
an anobunt fromO0.5 to 2 nole % by weight. 8. A

aberpaid O pmdloctu@iwhgcht basdeyn dogedofith amothersdedéntgr the said
.cl ai na whi ch, conprises doped titaniumdioxide. 9. A
68‘%‘&8 AREGRdSccording to any one of the preceding

cl ai mg wher £i-Brynbifod ilécaﬂ:iiﬁng 9% O§hich i ghitraHlteiff Feosmetic use.
form 10. A con‘805|t| on according to any one of clains
1 to 3.whi ch comppsitisesccorditii@adhizi her Diwhitd. cohdainsAiO, and/or

o osition according_ to any one of the preceding

cfr&r?pwgl 38 ROt besmytapse st Bdscads 20 nol e % by wei ght of

t he doped TA%ZmorS.%nOa%rrc%edyced Zn0Q, ; 12, ? . herei
conposi'ti o “accordr Ny 1o any one of Ofﬂ}? pesding; dlpjms wherein
cthadppanthen Shginkfe vaRRa Mt QhrdRdHc&drgxi de has a

particle size from1l to 200 nm WO 2004/ 058209

PCT/ GBR003/De6BHSsition 3cchBlingtoodaimosivhemrin the copatitrigMnd®.
any ong of chgtinggsit]iortl gcc%%dir\{\g tec)raeriy%n% ig? the preceding claims wherein
the dopant is present in an amount from 0.05% to 10 mole %.
1. A composition according to claim 6 wherein the dopant i§ present in
an amount from 0.5 to 2 mole % by weight. | A
8. A c:omposition according to any one of the preceding claims which
comprises doped titanium dioxide.
9. A composition according to any one of the preceding claims wherein
the titanium dioxide is in rutile form. |
10. A composition according to any one of claims 1 to 3 which comprises

reduced zinc oxide.
11. A composition according to any one of the preceding claims which
comprises 0.5 to 20 mole % by weight of the doped TiO, or ZnO or reduced ZnO.

12. A composition according to any one of the preceding claims wherein

the doped or reduced oxide has a particle size from 1 to 200 nm.



doped or reduced oxide has a particle size from 100 to

500 nm 14. A conposition according to any one of the
w@e@aosi2ng cl ains wherein one or nore of the BEi/GB2003/005658

organi c conponents is a UV sunscreen agent. 15. A

conmposition according to claim 14 wherein the organic

sunscreen agent absorbs WV light in the UVA region.

16. A conposition according hg.claim14 or 15 wherein

the organic sunscreen agent 1Is a paraam nobenzoic

acid, @ster r

ci nnarrlg’t e e%%érpggglﬁ e%dzC éﬁwlﬁe%%nagg A° gfgignz;)ﬁ( %6rr%31t %‘ﬁgl,n the

afoped kiyted(&d(kidd eyl paatﬁ‘dley tindfeom 180 k6 b@hime, a canphor

derivative, an organic pignent, a silicone based ;

sunscr]éen aﬁ@ﬁmpomloma%ﬁ @e&mlmﬁ atthe PIEC@mgpﬂi@miS wherein

di,benzi. m dazo acid, 17.
i Sl S R R R e OV TR bRt ng
C' ai ”Blﬂmer&'cﬂmpBﬁﬁ‘or?ﬁ’dc@r&ﬁé & Qi Pﬁ@h&EmLﬂ'{e 3B2AIRUheen
is arate of loss of UVA absorption. 18. A composition

agewtrabisorys 1Y bahy imde GV At tegiopr oceedi ng cl ai ms wher ei n
the r of change of the rathof thegosof UVA
| absorg]t G on 4 6ompesifieraccarding s clajmsks o §2owhersin the graapign

Rk e T R
CONPOEitt E0er, abeRiophagrieps dibansylokkthviel gh alkt,lh;zq Brphikgylabrylate,

change of the ratio i.s greater because the rate of
| 90‘737@216?’ ASFNRAIST Betbiative, ansorganivpigareny @ silisorehgsed Furiseigen agent

ol el@ﬂ%@ﬂ%&%&é’%@}ﬁ%ﬁl S5 Byl Culanc e

ag € nt (B).. 24 -cofpeQB® gddob Ry REGR e B9 tHeOprBP IR Rihs wherein
t he precedi ng clpal ms whi ch “contains one or nore of a

fhe 53id satb of boscef, Udrebsomptiorsis kwatetof loss of [d¥Aesbsodpiokener ,

denul s t B sunscreen ent, antifqam ng .
moi st ul i rrg\é%‘@ﬂim%é?cp QAR PhE eroceed s wherein

AhE 'rﬁ’t@tof %ngb of B raﬁg gf‘&étl(?s@ Bt UV@P&I%BQ‘E og;‘t?ttlll@f&gscof UVB

noni oni ¢ or - anphoteric polynmer, prop

adbks@rptisn bdess thacibat bfd agnm@Ridh,of €itd rRTbrilatidt élcept that the
oxide pigment. 22. A conposition according to any one
ofiQ:pad frdeddpreserd lisnorsionpd.c h |s a sunscreen. WO

2004/ Ofgg.zogA%glypgsBl 18r(1) géc%? 1r§g5 t80 C:lalm 17 wherein the rate of change of

the ratio is greater because the rate of loss of UV A absorption is reduced.
20. A composition according to any one of the preceding claims which
_comprises 0.1% to 20% by weight of organic sunscreen agent(s).

21. A composition according to any one of the preceding claims which
contains one or more of a fatty substance, organic solvent, silicone, thickener,
demulsant, UVB sunscreen agent, antifoaming agent, moisturising agent, perfume
preservative, surface activation filler, sequestrant, anionic, cationic, nonionic or
amphoteric polymer, propellant, alkalising or acidifying agent, colorant or metal oxide
pigment.

22. A composition according to any one of the preceding claims which is a

sunscreen.



23. A conposition according to any one of the

preceding clainms which is in the formof a |lotion,
w@edod/osi28per si on, cream mlk, powder or soli dPGT/GBR003/005658

24. A conposition according to claim22 or 23 which

conprises a water- dispersible and '"an oil-dispersible

Ti Oz and/or ZnO. 25. A conposition according to any

one of the preceding clains wherein the Ti02 and/or

ZnO is coated with an inorganic or organic sol vent.

26. A-gonpogitian. o.cl ai iral Yook 3
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[ hqtosensi tive an .AS aded and/or in which
a@ﬂﬁgﬁﬁ&? PREhaR Qllidﬁgﬁfég)geot@%ﬁgfogzp&rngr edient in a
cosnetis: UVASEHSSALNE acoRIROE drdyUhe o2 Ehe Me€edMy @aifBRARrein
or reduced Ti O2/Zn0O as defined in any one of clainms 1
athe TA04 end7ot tn@dslcmeed Wich pairerginid oswgamic veatisor pt i on
of a sunscreen conposition, 29. Use of a doped. or,
r educed® Ti CfF SHRPAREIBACFTEES;th cmqéﬁéstaft@m hgreipbefore

0 7 to reduce the rate of change of the ratio
%q%rﬁjeehl oss of UVA absorption to the | oss of UVB
absor p27.on Use ¢ Ccdspad bt fedubedSTiICEATDgs defitied $h bhyodhe of claims 1
whi ch conpri ses one or nore. organic conponents which
aansl Dot esteduce thesonerntigtionsf enf errreoggganiedV Sypscreen agents

BB BB Rb sClp O SREREY bR Bel B e
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A met hod of increasing the effectiveness of an organic

Wompgitioor eeni ng conposi tion, which conprises one or

nore c onent s ich ar t itive and/or ar X
degr adedl antPopt piEE: Fﬁ%ae%ff@?frgﬁ a3 éeﬁ_eq?aa% B oF of claims 1
et DY 7 tNAGEA SR QTof IS ICOTRBSS ﬁ&(‘oﬁ(’jﬂ‘étﬁﬁc&@d‘w fion.
~incorporating into the conposition a doped or reduce

Ti 02/ 28D asUsedf nésbed or sddyic @ Ei@FZcD as dafinkd an enylorieoof Elaims 1
31. A nethod of reduci n% the production of a toxic

cHfrbimAtq reduca e raterpf changgioh ghe mtisofithe toss oty éA. absorption to
i i rating therein doped Ti Q2 and/ of. :
SBT3 e EIAREATR AL 10 2B, o P g

akikk & thée brganic components which are photosensitive and/or which are degraded

by another ingredient of the c'omposition in a relation a composition of the same
formulation except that the TiO, and /or ZnO present is not doped-or reduced.

30. A method of increasing the effectiveness of an organic UV
sunscreening composition, which comprises one or more components which are
photosensitive and/or are degraded and/or in which degradation is induced by
another ingredient of the composition which comprises incorporating into the
composition a doped or reduced TiO,/ZnO as defined in any one of claims 1 and 4 to
7. |

31. A method of reducing the production of a toxic compound in a UV
sunscreening composition which comprises incorporating therein doped TiO, and/or

doped or reduced ZnO as defined in any one of claims 1 and 4 to 7.



