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therapeutit hieng concemtratipnd at the target site and depends among other things on drug

potency and the extent of skin penetration. For topical regional purposes, diclofenac, ketorolac
and ketoprofen are preferred; in particular, the efficacy index for diclofenac is greater than that
for piroxicam by a factor in the order of 10° demonstrating the importance of correct drug
selection. Diclofenac and ketoprofen are parﬁcularly preferred on the basis of their more rapid
systemic cléérance compared with other drugs. Overall, diclofenac is the preferred NSAID for
topical regionai application. Trials of a 1% dicléfenac sodium gel for use in freating
ostheoarthritis have demonstrated efficacy and safety, although other diclofenac formulations
show efficacy which is inferior to that derived from oral therapy. One 'curr'cntly-available
formulation is marketed as “Voltarol Emulgel P”, containing 1.16% of diclofenac

diethylammonium, equivalent to 1g of diélofenac sodium per 100g of gel.
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Carrara (US2005/0244522) describes the use of natural (plant derived) skin permeation
enhancers in combination with a diethyiene glycol ether and, oi')tionally, propylene glycol to
deliver a range of drugs including diclofenac diethyl ammonium in cream form. Diclofenac in
vitro penetration is approximately twice that of Voltarol gel. Bauer (EP1588697) describes
acrylate hydrogels containing an oxyethylene or oxypropylene emulsified lipophilic phase
.. optionally containing propylene glycol and isopropyl myristate to deliver a range of drugs

including diclofenac acid and lysine salt in cream form.

Previous studies by Obata et al (Int. J. Pharm; 89 (32), 191-198 (1993)) have taught that
diclofenac salts are capable of delivery of more active 'ingredient transdermally than diclofenac
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delivery 604 WS AID, especially dlclofenac acid, in an effectlve amount to a target site.

In one aspect, the present invention provides a composition for topical application of an NSAID,
the composition comprising a solution or suspension of the NSAID as active ingredient in a
carrier system comprising a polyhydric alcohol, a glycol ether and an ester of & higher fatty acid,

the carrier system being present as a single phase at ambient temperatures.

In compositions according to the present invention, water is essentially absent from the carrier
system except in impurity amounts, although the compositions are water—miscible. The presénce
of water in amounts above impurity levels has been found to have an adverse effect on skin
penetration since it militates against a single-phase system. Compositions according to the
invention, when applied topically to the skin over an infected or injured target site, become
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or isopropyl palmitate. The glycol ether, referred to for convenience as a co-solvent with the

polyhydric alcohol, is preferably a diethylene glycol ether, for example diethylene glycol
monoethyl ether (Transcutol®).

Compositions according to the present invention may have the following amounts of the carrier

systém ingredients, percentages being given by weight:-

" polyhydric alcohol 5 - 70%
glycol ether 20 - 60%
ester 2 -70%



or gel and include further excipient ingredients as
requi red. The NSAJD which is preferred for use as the
w@eisae7engr edi ent i n compositions accordi ng tRCT/G82008/000540
invention is diclofenac, due to its cycl o- oxygenase
activity in relation to pain and inflammuation and
with the pheviss et 'tHeScamimysi;temlis pasem aoh siiglapiesnat ambieohtetiperatures. By
ot enc §su erior to nost if not al

“ambient fsgest TR0t BOBHERPFETE saagshoclimptin Senditony; Sayetrom 5°C

to 40°C, Bﬁf’ it dﬁ??@hé‘ é@ﬁnﬁ@a&f’ tePe@AFBO Abivh ABSORC RS HIING bP refrigerator
the 1 nvention, the acid has a significantly higher

storage. menbr ane per meabi | i ty than salt forms, thus
conpensating for its relatively Iom1so|ubi|ity. O her
possi bl e NSAIDs for use in the present invention

The amoﬁxﬂfdfttﬁs NeeA®y A e&nﬁ&%dﬁgta@%@ﬁ%% &k ihheties rm@nsatﬁ@ 8f10% by

the carrier system of conpositions according to
. weight, piefireblyiuprip SVhlky peigihgrinets pagfershly up for s Yrtabveicht.
gl ycol, renders the active ingredient soluble in the
stratum corneum barrier and al so i ncreases the
As prevmﬁglytétutéd e @bfeilee NSHIBY is didMFesd Rid ahefeeablly a pol ar
l'ipid, has the effect of increasing diffusivity or
transport rate through the stratum corneum barrier.

Within the e\f@‘ieovgr Egﬁr gg% ¥£}}é@§ e l C@%&Jr% g JIHhE rcalq‘fe? system the ratio of

m’TISCI e an do no onogeneous

polyhydn&l aﬂ@i}@i fh @Sfot athet & preRailamih alie thigeaBt2V & BOg’Oﬁdloecﬂtpreferably
ycol ether is |ncluded as a co-solvent and

70:30 to %%rw@/ theeesigs apnginpgiions2 tondd éomywarﬁfeéabé}/ édn &IO"/fahH Wwelght. By
st er 1 and
way of degfipfs ok, APl Plbiihe § 8 HTHCh ok Bhopyione glyeol an
Transcutddrao¥ ra® By weigh@éies0 mt]cﬂsm’;gbleyl mingsstate air 3-B P by swe@ht
The polar |ipid, as an exenplary sub-class of the
esters of a higher fatty acid, nmay conprise a
hr&eam%h?ﬁﬁgﬁgcﬁﬁﬁ&. s-al kyl ester of a Cl2 to C2 saturated
iC ac d such as isopropyl nyristate or
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Figure 2 fshaeba% agEa[ 1{1ustrat1ng the solubility of diclofenac acid in various carrier systems;

Figure 3 is a bar graph illustrating predicted skin permeation of diclofenac acid from various

carrier systems; and

Figure 4 is a graph showing human skin penetration results for compositions according to the

invention compared with Voltarol.

Referring to Figure 1, which is a phase diagram showing the effect of addition of a co-solvent
(Transcutol) to mixtures of propylene glycol and isopropyl myristate (polar lipid), the phase
boundary is represented by the curve joining the points of the single-phase system where the
polar lipid is at unit, saturated thermodynamic activity. The area to the left of the phase
boundary relates to single-phase systems and, as can be seen on following jthe phase boundary
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topical‘ forfRdhak typically applied, compositions according to the present invention can be
formulated to provide a target in vivo flux of between 5 and 25, preferably 10-204, ],Lg/cm2 /hr
which, assuming a twice daily (12 hours) dosing regime, requires a concentration of diclofenac

“acid of around 2.5% by weight, within a broader range of from 1 to 5% by weight.

Optionally, compositions according to the invention also include a volatile solvent which, n
conjunction with the other components of the carrier system, solubilizes the active ingredient at
saturation levels and evaporates on application to the skin, thus driving the active iﬁgredient to
supersaturation in the residual phase, resulting in enhanced flux of active ingredient. Volatile
solvents suitable for use in the present invention includes lower alcohols containing up to 5

carbon atoms, for example ethanol, and liquid-phase ketones.

By “liquid phase” in relation to ketones in this specification is meaﬁt a ketone having the
formula R-C(O)-R which is liquid at ambient temperatures and in which the R groups are the
same or different and are alkyl groups optic;nally substituted by OH, halogen, acetyl (whereby
the ketone is acetyl acetone), or other group which, by virtue of its chemical nature or its effect
on electron dist:tibution, enhances the solubility properties of the solvent or its rate of
evaporation in use. Thus, although higher hémologues than acetone, for example,
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preferred to employ carrier systems on or close to the phase boundary and relatively rich in

glycol, that is, those systems which lie in the upper part of the phase diagram of Figure 1.

In order to predict in vivo rates of human skin penetration, in vitro experiments are generally
used, since there is an established correlation between in vitro and in vivo performance. Such
systems, as shown in Figure 1, have been found to provide optimised levels of flux aciross'
human skin, and very signiﬁéant enhancement of flux compared with Voltarol as control, as

shown by the results presented in the following Table 1:



conjunction with the other conponents of the carrier
system solubilizes the active ingredient at
waamena7eon | evel s and evaporates on appl i cat i PCT/GB2G0R©00540
skin, thus driving the active ingredient to
supersaturation in the residual phase, resulting in
enhanced flux of active ingredient. Volatile solvents.
—suitable for use in-the present—inventpn—t+pctude
Fpapelation cohol s cont ai ni ng upStads %ﬂ?béwxaﬁgﬁg;%F§¢ -
exanpl e et hanol, and Iiquid-@gﬁﬁghhpgpaﬁém1gysgjhﬁ@hy
phase" in relation to ketonges I'h"this specification 13
meant a ket one having the fpnomadized GAH%RPWM-ch is
liammid at amhi ant + anner at 1r ac nnlnl : A \vnm.'_e_h__f_h-e—R-——
—1T oo T XTToT OTIic C \Illw‘ AT U .
F4c ipS are the same or di £ f pLeht0-2Ad are al kyl groups
pth-gpal Ty substituted by O ofahegen, acetyl (whereby
F?héed)'&lzgtone is acetyl acetone), or other group which,
Fay4o:60t ue of its chenmical npdBie0.6d4 its effect on
el ectron distribution—enhahcesthe—soelubity
FdrdpéPties of the sol vent of 1i10£01Gt ¢ of evapor at i on
FouseThus, —at though i ghep eRp[j0gues than acetone,
\io(‘;trar%xanple,matfiylethylketJg'é)rioerjr"‘6 i et hyl ket one, may
be used, acetone is considered to be especially useful
because of its ability to undergo keto-enol . - .
1t is belicye b ORIPSFAIORECErAPR OgHp PP I B P paltnged results for skin
iop" i o%flgrn&ﬁﬂzagét?v HRREe%9bREac acid as a
pawumukeﬁgz3%5@9?%%#%§%f§§ﬁfﬁg§+s S substaﬁﬁfglly as the
saturated @R Glupéedtoratcio seintian cesutiahin iinoredsad dhwsy phe shilily atfede glycol to

_ - residual phase. which may haye a.tendency t _

increase the,aqluBiEy by the ciclplenoread gl Bemolar LI Bim it sprmgrgpend the

effect of the @'oié? I fcf‘%itﬁiﬁtthé‘ Eﬁ%tﬁ&;do?&uﬁg%@timcréééhfg SIERWRAYRT diclofenac acid.
recryst t u

Isation o e drug conponent, which would
Since eacheafitiese lfantes isnmiepesdentiof gheavtietsatahy ifereasgpimagee of them has a
. .. Nucl eation and recrystallisation are |ikely to be nost
mmﬁphcap?ﬁ’b%&?ﬁﬁ?iﬁt%ﬂe ® hi gher degrees of supersaturation
are experienced in the residual phase. Antinucleating
agents nmay conprise antinucl eant polymers, including .
Tables 2 gizks firpwiations fordhkepgstier W@n@mpq;pmsrﬁ;ﬂjﬁyhl foamplatigge containing

aetorena Y bEE LSRR I SEVBLGRK PR P R e st v
adjusted Robrwmhaye, pyrrolidones, for exanple

pol yvi nyl pyrrol i done and pol yvi nyl pyrrolidone vinyl
acetate copol yner; and acryl at es/ met hacryl at es.

Table 1

U7

Table 2
Formulation —Excipients only

F1:70-30 F2: 60-40 F4: 40-60 F6: 30-70 F7:25-75
Propylene | 67.56 57.25 34.72 | 18.18 8.33
glycol
Transcutol | 28.96 3836 52.09 42.43 25.00
IPM 3.48 4.39 13.19 39.39 06.67
Total 100.00 100.00 100.00 100.00 100.00




Conpositions according to the invention may al so
i ncl ude sensory signals, for exanple nenthol and
weomahypsus oil. Al nost i medi ately after appl PCHGB08/000540

{ hese ent.s.qlV ol | S I on: K : .
s b SRS 000 5870 PGB DR o i
give resulidi Or eide@iial fehftedtionpdvieiade peripydedipetot 34 haws kvtnuin atensuperior to
the art, may be added to conpositions according to the
Voltarol by, ¢ daate1d¥f upge 19 Fimes 8 M9F-pur poses dependi ng on t he
i ntended node of application, including thickening or
gelling agents, propellants for spray fornulations and
The accosfpanying BigrraBlshowe pprdviédimean sahuiptve penetreti@l ofodiclofenac per unit
diicl of enac acid in the range of. approxi.na 1.0%t Q.
area Over g0 BHESARE &F he,wsblgowi @%qnosfgwapcgata%%g hSvdof igieht dctofenac,
compare@lx%]ﬁp hyoaEb1 POTRL d!lﬂapihdF%@fg)Qr\@ calbillated ﬁ&%ﬁﬁﬁﬁﬂm&q and 2 as
enpl oy carrier systens on or close to the ase
follows:-boundary and relatively rich in glycol, that is, those
systenms which lie in the upper part of the phase
diagram of Figure 1. In order to predict in vivo rates
Equationdf human skin penetration, in vitro experinents are
generallyﬁ;iggﬁAsggﬁf tgezzdugmgn eiégw BShed
- correl ati wekshilitnof edchdommdation (Véw/wv)per f or mance
Adﬁmun@ﬂgﬁm§§§tens, as §hoeNadR 2Heg/R) L, have been found to
provi de optim sed | evels of flux across hunman skin,
and very significant enhancenent of flux conpared with
. Voltarol as control, as shown by the results presented
Equation 2, { e followng Table 1:Table 1 It is believed that
conpositions accqrding to the present jnvention yield
Predicte®piiafansh £€sHPHEUT AN AR ROIFEREA PRI due to the
factors of high theAdin tiFact@cti vity of the
di cl of enac acid as a saturated or supersaturated
solution, resulting in increased flux; the ability of
A P T RoRTio R bl £h (41 of diclofonac, are et
out in the Grllveung Tabrid 31 trenefréewith Moltatrd. @bk frndullgsiod i is basedtdmel1 with

.. S tum caorn of increasing diffusivity of
addmon&%é?"o‘%‘ﬁg@ aggﬁgg.%g}l??é@t%%\%‘i of these factors is
I ndependent of the others, any increase in one of them
has a nmultiplicable effect on the renai nder. Tables 2

Table 3 gi ves fornul ations for the carrier system conponents
only. I'n formul ati ons contai ni ng

Formulation Flux (t=6 h — 24h) },Lg/cmz/h‘(mean + SE, n=6-7)

F1: 70-30 221+ 0.24

F2: 60-40 1.90 +0.11

F4: 40-60 | 0.61 +0.04

F6: 30-70 |  1.90%0.16

F7: 25-75 _ 1.19+0.16

FS: 70-30 + Sensory ‘ 1.64 +£0.11
Voltarol 0.010.00




di cl of enac and ot her excipients the ratio of the three
cosol vents is mai ntai ned but absolute |evels adjusted
waewsndi7agl y. Table 21t has been found in expePCTBB2@B/000540
invitro udle hat .co 05|t|o EN
Figure 4 ShOWRAT O DRkt PR BRan i Ol arorp e 198 hEES,
compared ttd Ff? (@i@ﬁdu@ Q&SHBI) ta8d bl centydll A1 dBs® showekhpdigiificantly
tarol by a factor of up to 100 tines or nore. The

superior slan (p@lmqmna;wmg) Woljmoke@itrohdughase Eumadasignpraiisora anii-tack god HPC

R P T A S

these gels B walhh Tablelabgsmac, conpared with Voltarol. The data
in Figure 3 was cal cul ated using Equations 1 and 2 as

follows:- Equation 1 . , . Saturated solubility of

Table 4: fa%ﬁlagl%g%‘mﬁmsﬁ%q@a/%&%\%@qg ?tenggtr ?nreat:| ;mTar get

Cumul ati ve anount per unit ar ea (/ /gl cnR) Adjust nent

Eactor A nrerh r‘flnn nf thl_e_r_e_l__afl ve—f 1 ux 'Frr\m

FOYmulaf@QﬂTpBECAl corkt ai ni @NQ Mentholy Eve | Disethispng | BRG | total
t t i I ble 3, d with
set| out i n(T}ﬂg f(gQJ oxn(?%n [abl e conmpared Wi t HF

Vol t ar ol . F8 is bpsedion FI with
addj ti on jof 3% meaiahol and 1.5% eucal \yptus oil. Table
3Einure 4 shows humam skin penetr tion of thran

(AC T _OT \W | LLLLEA YA Y

DCL100G onf bfit r alt 1% | 38-3di ¢ Betlenac) aci d| i1 R8> conpar e¢ 1o | 100-01

1% +S FI (w thout sensory) [and Voltarol |contirol. Al doses
show very| signilfi cantly superior skin |penentration to
Vol tarol icontral. In|thesg fornul ations silicone

aht=tack—and HPC HEChydrexypropy Hi-ese)—get I g
DCL100Gageh-Sher &> ata el nitndr |exei pi ewtlé. 14h f or mul &di%ong 1000
2.5%+s Of
DCL100C 5.0 56.82 1 27.27 | 341 |3.0 15 115 1.5 100.0
5.0% +S
DCL100C . |2.50 |61.36 |29.46 |3.68 |- - 1.5 1.5 100.0
2.50% -S |
Gel
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these gels are shown in Table.4 bel ow. Table 4:
Formul ation of Fl: (70-30). Aka DCLI OOC gel sCLAI M5 1.
wo@enposgi tion for topical application of an NSA/BGB2G08600540

CLA]MSconposition conprising a solution or suspension of the
=== NSAI D as active ingredient in a carrier system

conprising a polyhydric al cohol, a glycol ether and an

ester of a higher fatty acid, the carrier system bei ng

present as a S|ngle phase at anbi ent tenperatures.

1. A coﬁ?ﬁ%ﬁéﬁ o DorCat a{é)ghgglotlloof gﬁC]](TS%I[r)] ! ﬁl@"‘@érﬁgoéﬁ'@n N@ﬁb@smg a

actirve I ngr I ent
solaBoip ossuspaisiccefaheNS@ D as abmamgxedlent inhd cawrieli sylstefeeraaprising a

resent as dic] of enac, aci d. Siti
polabﬁgwalﬁ@hqloa @}WOb?féerem%n Bgte Qﬁ fAﬂr&ﬁ% Hﬁnhe carrier system
col , preferably
bmﬁg%%%ég;sgﬂg&%g F%Pgﬁswﬁﬁﬁﬁgggﬁ¥lon according to any
precedlng claim in which the ester conprises a pol ar

pid. 6. Ac osi ti.on acco
2 9%?%11%1% SPSBHHE S b T B iR QS IS B p?y‘i“’e t effien is
did@fefaCl2 to C2 saturated car boxyl ic acid. 7.

conmposi tion according to any preceding claim |n whi ch
the gl ycol ether conprises a diethylene glycol ether,

5. A BLSHSLEBL LT GR 2Ly SRl BISBLIYL FLPRL 1 e i

t he follomnng amounts of the carrier system

i ngredi ents, percentages being ghzen by wei ght : - )
4. Amtrmmncacaprd@tgano BNy MmEoeddns chimetihathigh eamlifa]@@fléralcohol

0 d :
colpipty Y BSerinp SRR b RS BIFL s Y P ecedi ng

5. A composition according to any preceding claim, in which the ester comprises a polar

lipid.

6. A composition according to claim 5, in which the polar lipid comprises a branched-chain

alkyl ester of a C13 to Cy saturated carboxylic acid.

7. A composition according to any preceding claim, in which the glycol ether comprises a

diethylene glycol ether, preferably diethylene glycol monoethyl ether.

8. A .composition according to any preceding claim having the following amounts of the

carrier system ingredients, percentages being given by weight:-

polyhydric alcohol 5 -70%
glycol ether 20 - 60%
ester 2-70%

9. A composition according to any preceding claim, in which the amount of the NSAID is
up o 10% by weight, preferably up to 5% by weight or more preferably up to 2.5% by
“weight.
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up to 10% by wei ght, preferably up to 5% by wei ght or
nore preferably up to 2.5% by wei ght.10. A conposition
wa@ewendirmg to any preceding claim in which theECTaBR@S/000540
of pol yhydric al cohol to glycol ether is in the range
80:20 to 30:70 with the ester ranging from2 to 20% by
10. A vengsitionlabcordinpanpay tptacemngclam;hmnghmbﬂtﬁl rationof polyhytiric alcohol

which the ratjo of pol col
to o helpieis Aribe <rise 30 Ao tosts 6 TTa e ISR TR GOl 1 20% by
%Rge 3 to 10% by weight. 12. A conposition according
any preceding claim also including a volatile
solvent. 13. A conposition accor d| ng to claim12, in

whi ch .t he vo t|Ie sol yent Al r .alc
11, A Eompan e gt oot Y frihayi fie g S aihvadt RERE o alveol
etk iBinlthOHh&s P86 & kEkoRsd t}ﬂe%steﬁsqa AROBhEE 8o @@%Qiydmght
to any preceding claim also including an

antinucl eating agent. 15. A conposition accordlng to

12. A Pte B SHEReoRER Aoy ara ot yB B BRTRRlLe SHER Syes
a carrier systemconprising a poI yhydric al cohol, a

gl ycol ether and an ester of hlgher fatty acid in
13. Atchmppm@p@ragqqrdmg ¢¢ cdaimopl, dg|W1’§ qoi‘fent comprises a lower

sl.ra | g
i é%f%%ﬂ%’ Z’.C’tnf%lﬁfﬁ“‘*aﬁ?m ketone.
si ngl e phase at anbi ent tenperatures 17. A t opi ca
conposi tion according to _any_of cIa| to 15.for use
14. A pAMBOSHEQTheAGOTHIE wem'yw@fimﬁ&ﬂ%ﬁlw R 6%1%‘9{6%111% agent.

application to a target site of the human or ani nal
body.

15. A composition according to any preceding claim also including sensory signals, for

example menthol and eucalyptus oil.

16. The use of a carrier system comprising a polyhydric alcohol, a glycol ether and an ester
of a higher fatty acid in the preparation of a topical composition for administration of an
NSAID to a target site of the human or animal body, the composition being in a single

phase at ambient temperatures.

17.A topiéal composition according to any of claims 1 to 15 for use in a method for relief of

pain or inflammation by applicatioﬁ to a target site of the human or animal body.
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