WD 01/ 35927 PCT/ USOQ 31416 TOPI CAL APPLI CATI ON OF MUSCARI | C ANALGESI C
DRUGS SUCH AS NECSTIGM NE This application is continuation-in-part of U S
Serial No. 09/083,431, filed My 21, 1998, which. clainms the benefit of .
U S. Provisional Application Serial No. 5 60/076,582, filed March 3, 1998,
al | of whi ®ewssnzher eby i ncorporated by reference in thepér/Bsdosifky-
Background of the Invention Peripheral opiold anal gesia Mirphine is the
prototype of the class of opioid anal gesic drugs which exert 10 their
effects by activating opioid, receptors within the brain. Wen norphine is
referred to individually in this application, this reference is neant to
enconpass other opioid drugs and is not neant to be norphi ne excl usively.
Hi storically, nar- cotics have been used since the 18th century in the
forns of oral or injectable nor- phine or opiumin order to acconplish pain
relief. Morphine is-considered to be 15 unsurpassed as an anal gesic for
severe pain. Unfortunately, norphine and other opioid drugs have a nunber
of severe side effects which hanper their wi de spread use and acceptance
by both physicjans and patients..These side effects include: addiction,
nausea, i nhi bi ?‘%@,{C&L APEBRIGATION Ofo MHIS GARENIGHANALGESIG BRUGS SHCHwi ch.
are.nmed’' i ated by norphine's acti opgWHDSTIGRAINEE brain. It is still the
current belief that narcotics ingested or injected will cross to the bl ood
streamand fromthere go to the brain where there are norphine receptors.

At that time, the Tigs agliceondis ComtBlherisil-paft oR UL §.C8kriaP NoNES/083TRE PHIAE
receptors and with all of the side

create a dull ness of t ip but, I« I
effects descrM3EdlabtiPe .Wq‘ﬁh clagy %&en{}ﬁé’?&bg-s& oKisioas} Applicationclerial Not he
addi cti &n t ha60/026)58%; dlléd Mearch!B; 1098, plliofevhich 22&heteBOinbayoRtkdDy RIrdRYS OF
weeks on a co tt'gnug s _basis. Because of the fear of addiction, the use of
nor phi ne as a 5 ﬂggﬁyc has been restricted. In addition, major research
efforts have been directed toward the WO 01/ 35927 PCT/ US00/ 31416 2

devel opnment of norphine-1ike drﬁga that1 g@t }vvithi n the brain but are devoid
of the side effects. The nmarke rugs has. never fully
mat eri al i zed Periphesd opioid analgesia

Morphine is the prototype of the class of opioid analgesic drugs which exert

10 their effects by activating opioid receptors within the brain. When morphine is
referred to individually in this application, this reference is meant to encompass
other opioid drugs and is not meant to be morphine exclusively. Historically, nar-
cotics have been used since the 18th century in the forms of oral or injectable mor-
phine or opium in order to accomplish pain relief. Morphine is considered to be

15 unsurpassed as an analgesic for severe pain.

Unfortunately, morphine and other opioid drugs have a number of severe
side effects which hamper their wide spread use and acceptance by both physicians
and patignts. These side effects include: addiction, nausea, inhibition of breathing,

| _ _s‘_bmnolénce and dysphoria, all of which are. mediated by morphine's action within _

20 the brain. It is still the current belief that narcotics ingested or injected will cross to
the blood stream and from there go to the brain where there are morphine receptors.
At that time, the narcotics are believed to attach to these morphine receptors and
create a dullness of the pain but with all of the side effects described above. Of
course, the worst potential effect is the addiction that can occur if the morphine is

25 used beyond a few days or weeks on a continuous basis.

Because of the fear of addiction, the use of morphine as an analgesic has
been restricted. In addition, major research efforts have been directed toward the
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the risk that the patient can stop breathing and there have been a number of cases of

respiratory arrest after the administration of narcotics using the intraspinal tech-
nique. Further, the intraspinal technique of administering narcotics creates difficul-
ty with male patients and especially with elderly male patients in that there can be

25 problems with urination and with consequent problems of urine retention. Finally,
this intraspinal technique produces a significant itching problem as a side effect.

In recent studies, it was discovered that opioid receptors may also be located
in other peripheral tissues. This was reported in Stein, C. et al., Peripheral effect
of fentany! upon nociception in inflamed tissue of the rat. Neurosci. Lett.

30 84:225-228 (1988), and in Stein, C. et al., Antinociceptive effects of mu- and
kappa-agonists in inflammation are enhanced by a peripheral opioid receptor-speci-
fic mechanism of action. Eur. J. Pharmacol. 155:255-264 (1988). Subsequently,
animal experiments were performed in Dr. Stein's laboratory characterizing peri-

pheral opioid receptors and their activation by morphine and other opioid drugs.
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76:182-191 (1993), and in Stein, C., Lehrgerger, K, Yassouridis, A, 5
Khoury, G : Opioids as novel |ntraart|cul _3r_agents in arthritis. In:
Progress in Pain Research and Managenent. Fields, H. L., Liebeskind, J.C,
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amount of norphi ne In the systémc circulatiorm
Al ternativel y,bark optganons primarily using mechamcal methods of enhancing skin penetration

20 and absorption of the morphine (ultrasound, massage, heat) as well as by the use of
the occlusive topical vehicle Aquaphor (F. Tennant et al., Topical morphine for per-
ipheral pain. Lancet 342:1047-1048 (1993)). Some improvement in pain relief was
noted, and the authors speculated that it was due to binding of the morphine to peri-
pheral opioid receptors in inflamed (presumably myofascial) tissue directly under

25 the skin to which the morphine was applied, and absence of morphine in the sys-
temnic circulation was claimed. This result is scientifically questionable, however,
based on the data of the present invention: there had to be sufficient transdermal
transport to carry the morphine completely through the skin and into the underlying
inflamed myofascial tissues, which would almost certainly result in a detectible

30 amount of morphine being carried in the systemic circulation. Alternatively, it is
possible that the pain relief noted was not reproducible. It is notable that no further
reports of this type of administration have been reported since, either by that group
or any others.
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beyond 12 hours or at most the next day after surgery. The patients who received .

20 Marcaine plus one mg of morphine in the knee had much better relief extending for
at least twice as long as those that received Marcaine alone. See Stein et al. (1991).

At this point, it was still thought that it was necessary to keep the morphine

in a closed space, such as in a knee, and the results of such controlled clinical stud-
ies reporting analgesia produced by morphine injected into the knee joint were

25 reported in Stein et al., N. Engl. J. Med., 325: 1123-1126 (1991); Comment in N.
Engl. J. Med., 325:1168-1169 (1991) and Khoury et al., Anesthes. 77:263-266
(1992). These studies have been replicated by several other groups throughout the
world, but this application of morphine was relatively restricted to the practice of
orthopedic surgeons using the morphine injected into a joint after arthroscopic sur-

30 gery and further progress was restricted because it was thought that the morphine
had to be contained in the closed space so as to keep the medication in close contact
with the inflamed area.
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tive pain, skin lesions, etc. The work disclosed in U.S. Patent 5,589,480 demon-
20 strated that extremely small systemically inactive doses of both conventional opioid
drugs such as morphine, as well as other opioid agents, can produce potent analge-
sic effects after local application to inflamed skin in peripheral tissue. U.S.
5,589,480 discloses a method and preparation for a topical application of an opioid
drug, such as morphine, for a direct activation of the peripheral opioid receptors on
25 the surface of inflamed skin, without any substantial transdermal or transmucosal
systemic delivery of the opioid.

Without wishing to be bound by theory, it is believed that the inflammatory
process in peripheral tissue is associated with an increase in sensitivity to the antino-
ciceptive effects of opioid agents, perhaps by activation of opioid receptors Iocated

30 on primary afferent neurons. This may occur by one or more means, €.g., de novo
synthesis of opioid receptors which increases the number of receptors; axonal trans-
port of pre-existing receptors 1o peripheral nerve terminals increasing their concen-
tration and thus sensitivity; some other means of activation of pre-existing neuronal

opioid receptors by the inflammatory process. See, e.g., Stein, C., Peripheral and
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20 mucosal tissue, _w1thout effecting syste-mic delivery of the opioid agents.
As expected, application of the pharmaceutical preparatioﬁs in accordance

with those disclosed in 5,589,480, which comprised, e.g., morphine sulfate in a
simple pharmaceutically acceptable topical excipient, e.g., water, saline or hydro-
philic gel such as KY Jelly, when applied to intact, non-inflamed skin in a patient

25 suffering from non-inflammatory skin pain such as peripheral neuropathy, did not
work. However, when skin-specific penetration enhancers are added to the topical
formulation, it was found that even pain arising in non-inflamed skin could be suc-
cessfully treated with topical, local analgesic agents which affect peripheral musca-
rinic receptors in the absence of delivery of clinically effective central nervous sys-

30 tem levels. Moreover, these skin penetration enhancers were surprisingly shown to
improve the effectiveness of local opioid analgesic agents which bind to opioid
receptors in the treatment of pain in inflamed skin or mucosal tissue without the
concomitant delivery of substantial amounts of the analgesic agent into the systemic
circulation. This invention is fully disclosed in U.S. Ser. No. 09/028,117. The



wi th those disclosed in 5,589,480, which conprised, e.g., norphine sulfate
in a sinple pharmaceutically acceptable topical excipient, e.g., water,
saline or hydro- philic gel such as KY Jelly, when applied to intact,

non-i nfl anesvoski3ss2rn a patient 25 suffering from non-infl apepiuSsosigi N pai n
such as peripheral neuropathy, did not work. However, when skin-specific
penetration enhancers are added to the topical formulation, it was found

t hat even paln ar|5|ng in non-inflaned ski'n coul d be suc- cessfully treated

wi th topical, esc er al sca- .rinic
recept olros in t?’f@ %ggﬁ%é bt ﬂﬁ‘élpggeg %e%?y gqpllc fl%gﬁ?r%‘m% F%n |a\P§“€l§ﬁ‘E pegd
nervous sys 30oftsach treammbrst.a thpicaltyveffectivehasauns bfmmtg‘smagemnwhmhamomts wer e
surprisingly s : i g anal gesic
agents which b{g(r%#??’ﬁ&‘%} HP%&ereer(f:Je}g %{cé&?%f%’xﬁ%@ﬁﬁ Q{m&&f@ ?ggié@ng’. n infl amed
skin or nucosamucdsa-spesifitipehesration leahancern swaki as a 8- dedithing agd o fpharmiaceutinali al

vent 1 of i s 1Ty PO PeRRat for Bl ARG oA Rt o 7

PCT/ USOQ/ 31416ges1a1n feanogdnflamesk skircor ma@salnusaepammdamhb sipstagtigl cal | y

adm ni stering ective
anount of an aénbg?&gg ?Erhlgﬁ%rrﬁa'i‘ opﬁﬂwg%ﬁﬁ?ﬂef%%@%d?ﬁ&sélf %%én&)?{]lé ve for
i nducti on of aﬁi’a%@ma&% xed with a skin- or nucosa-specific
penetration enhancer, such as, e.g., lecithin, and a pharmaceutical 5 |y
accept abl e EXCI p| ent for tqpj cal adm ni stration, preferably whereby

ef fecti ve anal Peripheral myscarinic 293leesia| aned skin or nucosal tissue is induced

in the ggbstantial L@byqﬁ@a A, Arlean&siogEss: qs4issammmisabsedeﬂduv@gy of the
opi oi d anal gesic ag‘_ant to, t ebYAa/{stem %qc%gu ation.. Perjpheral rmscarl ni c

anal gesi a 10 LPOStopszaHyF analggsia BsUHE gistgationpf neostig Wé’? @S cl oses
i nduci ng  postgaergaing\iReeNMoKDPA dsmgl aflddilﬂteﬁp’a'i'u afuhsinehdddidisciotddain iSein of

of "t he et hod ARG Elkg NebPtaRtt s i acdyiennsdih RRluot. 31 Pk ebiigl 6 o

acetyichol i nesmeiuaesmalgckla by taorarietytof \pathwaps tpudsamably tvia indwctidn o penighlerpdsi a by

' f
choti netbgtc APk albGLERN by YRl ibdcB e RAb BEA Alkatheto peri-
avai |l abl e to prhefal rmlla@rmlc msl ﬁys;em@@épmmstsauosyénmlgmmarwrnum hat i on of
neostigm ne t %ﬂiﬁggr ifural Sr?ht@% a&’:ﬁgl?s?t'aﬂb‘ﬁ Rds deol kol 103V Bdse rEiadel Side has

been shown to Khave ddse-relate
effects similar to opioids, such as nasuea, vomiting and pruritus.

It would be therefore desirable to provide an additional analgesic in the phar-
20 maceutical arsenal of antinociceptives, by providing an effective topical method of
treating pain via the muscarinic receptor pathway of analgesia, without the negative

effects of systemic neostigmine administration.

Summary of the Invention
This invention provides a method of inducing analgesia in intact, inflamed or

25 non-inflamed skin or mucosal tissue, comprising topically administering to a patient

in need of such treatment a topically effective amount of an analgesic agent which

affects peripheral muscarinic receptors, which amount is systemically ineffective for

induction of analgesia, optionally admixed with a skin- or mucosa-specific penetra-

tion enhancer, e.g., lecithin, and a pharmaceutically acceptable excipient for topical
30 administration, preferably whereby effective analgesia in the inflamed or non-

inflamed skin or mucosal tissue is induced in the substantial absence of transdermal

or transmucosal delivery of the analgesic agent to the central nervous system.
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a unit dosage amount of the admixture contains a systemically ineffective
20 amount of the analgesic agent and, optionally, an effective amount of a skin-
or mucbsa—speciﬁc penetration enhancer, such as, e.g., lecithin, and

neither the optional skin- or mucosa-specific penetration enhancer nor the

excipient substantially enhances transdermal or transmucosal transmission of

the analgesic agent into the central nervous system,
25 with the proviso that, when the admixture is a liquid, it further comprises a com-
pon-ent that is pharmaceutically unacceptable for parenteral administration.

The pharmaceutical composition, and method of use thereof, can further
comprise an externally-applied wound dressing, or the like, for placing on the
exterior of the body to facilitate intimate contact with an area to be treated.

30 Upon further study of the specification and claims, further objects and
advantages of this invention will become apparent to those skilled in the art.
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12. The neosti
.0168 mg/cc. The specific application may result in approximately .1 mg of

neostigmine in solution to cover approximately a 6 x 6 square inch area.
Figure 2 illustrates the same patient 10 with a painful area 14 with an
20 analgesic agent which affects muscarinic receptors, such as neostigmine, optionally
admixed with lecithin, and applied topically in either a gel or a cream. _

As a specific example, 2 mg of neostigmine and 2700 mg of lecithin may be
mixed with 120 cc of a topical gel. Again the neostigmine/lecithin is initially provi-
ded in solution as .0168 mg/cc and with the resultant mixture 16 comprising 2 mg

25 of neostigmine in a total of 120 cc. The resultant set or cream is applied to the
painful area 14 whereby .1 mg of neostigminé covers an area of approximately 6 x 6
square inches.

Detailed Descrintion of the lnventi

Surprisingly, it has been found that, analogously to the topical effectiveness
30 of opioid analgesic agents disclosed in U.S. Patent 5,589,480, topical application to
skin and mucosal tissue of local analgesic agents which bind to muscarinic receptors
is effective in treating pain in a patient suffering from inflammatory pain, in the
absence of delivery of clinically effective central nervous system levels. These



15 provided as a solution of 16.8 ng/cc, whereby the final spray solution
contains 2 ng in a total of 120 cc. Thus, the final concentration of
neostigmne in the spray is .0168 ng/cc. The specific application my
result in ¥ePF¥P®Rhately .1 ny of neostignine in sol uti onPCH/USUVIRIG
approximately a 6 x 6 square inch area. Figure 2 illustrates the sane
patient 10 with a painful area 14 with apg20 anal gesic agent which affects
muscarini ¢ receptors, such as neostignmne, optionally adm xed with

| ecithin, an aﬂ&g\ ecific
exanple, 2 ng%a&m&giggﬁegﬁggtﬁy rgcr?%&% ? ?‘?glﬁqlﬁ i) thﬁ?ﬁnf(hegpw th 120
cc of a topiciaflaged tlSSA@alaWQP@Sﬁé@lelaéﬁﬂmegq eoppidpying thet mmltnamﬂll)comhew ded
in solution atsonsq;@&saaéts@wancﬂnm&tmefa&mbenw&xwﬁﬁnslﬁraseﬁppas%' ng 2

ng 25 of neostigmne jn a total of The resultant set or cteamis

applied to t HPETAIHE pA Skip dasions. sihe M BpYork divglossd indbSt Pajeatie58t8) s an area
of apprexi mat @nmnﬁra@e&maseu@hely ﬁﬁdl'les?ste%aﬁz ﬁ&n@@&@sreg Bf bRA cBhvehfibnal

| nvention Surprisingly, been found anal ogously to the topical
ef f ect i venessoPiaid dE‘ngo*BFlb?sanSWB}“@e%ﬁ welhasother Qﬂlglélag%‘ﬁ CAR prdgce peferint

5,589, 480, t ofanpRbic @Rl Sﬂérll@dﬁl hpplic@kdntoaRfriRCREPin Jekiphetal @sué. OOREx-

anal gesi ¢ agent s gm ch b| gu ni ¢ receptors S effective in
treating pai PScHd ﬁﬁ?‘}aéﬁ %?‘F 'f“ﬁ’g‘[’f Fpial HPAESRERTIRIADYRAATY pain tvik
absence of dednalgeslyagénts:Whnheaidltynmfséa@nﬁd peee;stexrsta@alelmer vous system | evels.

These 01/ 35927 PCT/ USOQY 31416, sca |c rec ef fects, which
are mord pronouncedS? PR 8“’[‘1%}’1‘9%‘”%%‘ 15 ﬂre?fP?lgggg,lggsxc agegisy

consi der abl e applienioagé anzﬂgmmentsl g/hidmaﬁndmsmumtmﬁ: wbcep@idlin-infatAsnar e

opor at  ve. pa R=Ef AR IS pibor offeriBk AR fon RAREeior L oty en iy %
5, 589, 480 5 dehemalsievrepably ismtcntated bypehe ussrodlskinspadificrpaetirhyor ¢rhaiideys doses
o o SRR add 8Pl P Ror o8 S IRER IR pafloariielin By "'

opi oi d agents, can ana
appl i cdbi on tioflamed maarslm wcmsfpléy trp¢te¢ wiithttopical clocdliapalgesieageatti whictsi i | ar
effects are f
nal gesi o agearet pfibelafinGni EQpIECn AL obEheAPRIOLY SRl Sl
surprisingly,ti %mralrneyvqu@ system fexels) Morﬁ@mdthbmsmpmaﬁ@atmaﬂngmm agent s,
appl i cati on Ofureidh e thiroRd R leBredVefidts BE Mlal MalBesiC 35dntl Whibh GO N

i ntact, non-
pheral muscarinic receptors in the treatment of pain in inflamed skin or mucosal

'20 tissue without the concomitant delivery of substantial amounts of the analgesic agent
into the central nervous system. The analgesic effect is thus potentiated by topically
administering to a patient in need of such treatment a topically effective amount of
an analgesic agent, which amount is systemically ineffective for induction of anal-
gesia, admixed with a skin- or mucosa-specific penetration enhancer, such as, e.g.,

25 lecithin, and a pharmaceutically acceptable excipient for topical administration, pre-
ferably whereby effective analgesia in the inflamed or, in particular, non-inflamed,
skin or mucosal tissue is induced in the substantial absence of transdermal or
transmucosal delivery of an effective amount of the analgesic agent to the central
nervous system.

30 By “a skin-specific penetration enhancer” is meant an agent which enhances
the penetration of an analgesic agent which affects peripheral muscarinic receptors
through the uppermost layers of non-inflamed skin to the skin layers in which the
peripheral nerves are located that are involved in the painful condition, e.g., inflam-

matory conditions such as burns, herpetic lesions, acne, as well as peripheral nerves
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20 forth in the Examples. In particular, patients for whom various types of non-in-
flamed skin conditions, both acute and chronic, were causing intense pain which

was not sufficiently alleviated by systemic administration of opioids were treated
topically with various formulations of neostigmine, even without skin penetration
enhancers.

25 The results were accomplished with the use of only 0.05 or 0.1 mg of the
analgesic agent which affects peripheral muscarinic receptors, such as neostigmine,
diluted to be sprayed or applied to a relatively large area of skin such as six inches
square and without any side effects such as nausea, vomiting or itching. All of this
was accomplished without any significant absorption of the neostigmine into the

30 CNS, since the neostigmine was merely applied topically to the skin or mucous
membranes alone, or with a transdermal or transmucosal penetration enhancing
agent effective only to substantially transmit the neostigmine into, rather than

through, the skin or mucosa.
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t he agent may usi ng vari Ical formul ations
such as gels, cr earis boétraethod;ecrf@nplnqagommownenEagqrftswmﬁr therelieffis sub-

inflammatory Ofar@Nadd ViR EHRneEdYapplitdlion on a periodic basis to continue this relief
without any of the typical side effects such as nausea, vomiting and itching which

20 would typically result if neostigmine were received by the brain. The quantities of
the applied analgesic agent described above are illustrative only and it is to be
appreciated that lesser and greater quantities may be used, which can be routinely
optimized by the skilled worker. In general, amounts analgesically equivalent to
0.05 to 0.1 mg of neostigmine applied to an area of 6 in?, or 0.005 mg/kg of body

25 weight, are preferred. However, the quantity of analgesic agent used in the topical
application of the present invention is typically a small fraction of the typical dosage
used in other methods of treatment using these agents, e.g., intravenous administra-
tion for the reversal of muscle relaxant, e.g., curare, paralysis during surgery.

It is to be appreciated that all the present invention has been described pri-

30 marily with reference to the use of neostigmine. Other analgesic drugs may be used
to interact with the peripheral muscarinic receptors which are present in peripheral
tissues in various areas of the body and the invention is not to be limited specifically
to neostigmine.



5 lesion, the topical application will reduce pain in |esions such as
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anal gesi c agents 1 nc ds whi ch have an anal gesi ¢ effect
drocodone, oxycodone propoxyphene, buprenorphine, butorphanol pentazocine

[

20 and nalbuphine. As used herein, "pharmaceutically acceptable salts, prodrugs and
derivatives" refers to derivatives of the opioid analgesic compounds that are modi-
fied by, e.g., making acid or base salts thereof, or by modifying functional groups
present on the compounds in such a way that the modifications are cleaved, either in
routine manipulation or ir vivo, to produce the analgesically active parent com-

25 pound. " Examples include but are not limited to mineral or organic salts of acidic
residues such as amines, alkali or organic salts of acidic residues such as carboxylic
acids, acetate, formate, sulfate, tartrate and benzoate derivatives, etc. Suitable opi-
oid analgesic agents, including those specifically mentioned above, are also
described in Goodman and Gilman, ibid, chapter 28, pp. 521-555.

30 In addition, other active agents may be included in the pharmaceutical com-
position, e.g., topically-effective anaesthetics such as xylocaine, cocaine, lidocaine,
benzocaine, etc., which may provide a more immediate, if less effective in the long
run, level of pain relief until the analgesic agent becomes fully effective. Other
active agents which may be present in the pharmaceutical preparations include, e.g.,



t hrough binding to any muscarinic receptor, whereby antinociceptive
properties of the agent are functional at the site of pain, as well as
agents whi ch enhance the anti- nociceptive properties of other agents which
bind to mu¥@MPMRT receptors. These. 5 include, e:g., thePOwASE/31Ai6C
receptor agonists (e.g., acetylcholine and synthetic choline esters, and
cholinom netic al kal oids, e.g., pilocarpijge, nuscarine, and arecoline and
their synthetic congeners), and the anticholinesterase agents disclosed in
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posi tion, ctive anaesthetics such as xyl ocai ne,
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anal gesi ¢ agepr%ns?rﬁgs?orrrleasnd lllsl tXe Sff;e?gxtc(ia ggtbvegl ;r)]r%[viding transdermal or
transmucosal delivery and not doing so will lie in the selection of the amount of
enhancer used, the intactness of the skin, the type of skin or mucosal tissue which is
being treated, the nature of the analgesic agent, etc. However, these are routinely

25 determinable parameters which can be optimized for a particular condition by one of
ordinary skill in the art.

Various methods have been used to increase skin permeation of drugs in-
clude penetration enhancers, prodrugs, superfluous vehicles, iontophorosis, phono-
phoresis and thermophoresis. In particular, penetration enhancers are preferred.

30 Ideal penetration enhancers have no irritancy or toxicity to the skin, as well
as high enhancing effects. Enhancers themselves should be physiochemically stable
and not have pharmacologic effects and preferably should not have smell, color or
taste.
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are preferred.
tical Sciences, Vol. 18, Mack Publishing Co., Easton, PA (1990), in particular

20 Chapter 87. For example, suitable enhancers for transdermal absorption include

ethanol, propylene glycol, water, sodium oleate, leucinic acid, oleic acid, capric
acid, sodium caprate, lauric acid, sodium laurate, neodecanoic acid, dodecyl-amine,
cetryl lactate, myristyl lactate, lauryl lactate, methyl laurate, phenyl ethanol, hexa-
methylene lauramide, urea and derivatives, dodecyl N, N-dimethylamino acetate,

25 hydroxyethyl lactamide, phyophatidylcholine, sefsol-318 (a medium chain glycer-
ide), isopropy! myristate, isopropyl palmitate, several surfactants, including poly-
oxyethylene (10) lauryl ether (Brij 361 R), diethyleneglycol lauryl ether (PEG-2-L),
laurocapram (Azone; 1,1-dodecylazacycloheptan-2-one), acetonitrile, 1-decanol,
2-pyrrolidone, N-methylpyrrolidone, N-ethyl-1-pyrrolidone, 1-methyl-2-pyrroli-

30 done, 1-lauryl-2-pyrrolidone, sucrose monooleate, dimethylsulfoxide (DMSO) about
80% concentration required, decylmethylsulfoxide (n) enhances primarily polar or
ionic molecules (soluble in ethanol), acetone, polyethyiene glycol 100-400 MW,

dimethylacetamide, dimethylforamide, dimethylisosorbide, sodium bicarbonate,



30 I deal penetration enhancers have no irritancy or toxicity to the skin,
as well as high enhancing effects. Enhancers thensel ves shoul d be
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Edition, Chapter 105, “Surgical Supplies,” 1990. Such medical dressings can

20 comprise any effective material, including, e.g., textile and fabric materials, cotton,
gauze, polyester, rayon, nylon, alginate, cellulosic and cellulose materials, acrylic,
synthetic and non-synthetic materials, water-soluble materials, hydrophilic materials,
water-insoluble materials, hydrophobic materials, elastomeric materials, absorbent or
non-absorbent materials, etc., and combinations thereof. Patches and other sustained-

25 delivery devices can also be used in accordance with the present invention. A dressing
can comprise an agent or pharmaceutical composition in accordance with the present
invention in any manner which is effective for it to treat the target area. Thus, the
agent and compositions thereof can be associated with the dressing in various ways,
including, but not limited to, impregnated, absorbed, adsorbed, ionically applied, etc.,

_ 30 in the dressing material.
The foregoing and other objects of the present invention are achieved by the
provision of a method of inducing analgesia, comprising delivering for a period of time
via an externally-applied wound dressing, a therapeutically-effective amount of an
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dressings can 20 conpri se any effective material, including, e.g., textile
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pathway for polar compounds

Polyols (e.g., propylene giycol)

. Solubilize alpha-keratin and occupy hydrogen bonding sites, thus reducing
drug-tissue bonding sites and promoting permeation
25 Fatty Acids (e.g., lauric, myristic, palmitic, stearic)
. Disrupt membrane lipid packing by selective perturbation of the intercellular

lipid bilayers present in the stratum corneum
Esters (e.g., isopropyl palmitate, isopropyl myristate)

. Increase lipid fluidity by forming a solvation shell around polar head groups
30 which leads to a disruption of lipid packing
. Permeation into liposomal bilayers, thus increasing fluidity and promoting

permeation of drug molecules
. Increasing diffusivity of the stratum corneum and the partition coefficient
between the stratem corneum and vehicle of both drug and solvent



non- absorbent materials, etc., and conbinations thereof. Patches and ot her
sustai ned 25 delivery devices can al so be used in accordance with the
present i L.on, A dressing can conprise an agent or pharnaceuti cal
conposi ti B%a%:\b%&or dance with the present invention in ZRVUSBMHEIS which
is effective for it to treat the target area. Thus, the agent and
conpositions thereof can be associ ated wiB8hR the dressing in various ways,
including, but not limted to, inpregnated, absorbed, adsorbed, ionically
applied, etc. Ami®3 (exg, ufe@) dressing material. The foregoi ng and ot her
objects of thg present | t] are _achi eved by the provision of a nethod
of i nducing anal gegnl%léﬂasec@r%{rair%ﬁﬂ@eaglﬁ vering for a period of tinme via an
ext ernal | y- appl i edAwoasnalmild desatolgtic saroughr ampability ¢a lsphit-lyiif egeh iboadsolsaprwedn of an
WO 01/35927 PCT/ USQQY 31418 aiud/ (m.{ carinic anal gesic, wherein delivering
the muscarinic anal'gesic is neftecti ve for producti on of

cent r al I5- | oc SuefaterActiveAigernts (e © ¢ Burenic F12%, sérburn Iavirghsulfgtet tecikinpdemesatey

t heory, the fQli.qwi je sets forth pro- posed nmechani sns of action of
comon chem cg(%dugwhgﬁlr/%ﬁ%éﬁ?enhance_rs which can be 5 used in accordance
with the present iAbsrbpointerfcesinddmeracowish biddgicaémembiranet he subst anti al
absence of 1! ansdeRBBbvabf WiRASHNEE 3gn Rl Nitokny 85 Aipfitispaqd above, the
amounts effective to achi eve such an anpbunt can be sel'ected routinely:

Sul f oxi des (e®g., Emulsifyyebugy thegshyrahanoipgdie theprepdypamis apyvitigoetficients) of
Reduces)g esi st anceggbst he skin to the drug nol ecule 10 Pronotion of drug
partitioning fromthe dosage form Elution of lipid, |ipoprotein and

nucl eopr ot ei n®st r uEXEAcHEN §F lipis from e SHRUBIFOMSYM | ncrease lipid fluidity

by di sruptinget i ghpénérriisksT Suifhcint! it e Rsrerobilutdt HpREmhdi& dgﬁ’he @nifisd gy&ction

bet ween pol ar _head grou of the lipids via hydrogen bonding 15 rotein
i nteractions %I(Pg‘iji‘&“?“i a change in protein conformation, thus creating

a passage of aqueoas‘;seha{enrmF@fﬂ{&&;y,rﬂeae}&eﬁse pol ar drugs nore effectively
t han noppol ar drug cohol s et hanol ) . Incr.easehaol uhi lity of drug

Al 0.
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subst ances, t laer ef hiceeasy tha ténfi@raug@or Ous
. Increase lipid fluidity and disorder
. May induce lipid phase separation by altering the equilibrium interaction
between water and intercellular lipid domains
20 . Prevent evaporation of transpirational moisture
The choice of topical excipient as a vehicle for the analgesic agent, while
routine, is an important aspect of the claimed invention. The most important criterion
for selecting a suitable topical excipient is that it does not enhance delivery of the
analgesic agent to the systemic circulation or to the central nervous system by
25 substantial transdermal or transmucosal transmission. For example, in general, it is
preferred that the topical excipient not have substantial occlusive properties, which
enhance percutaneous transmission of the analgesic agent through the skin or mucosa
into the systemic circulation. Such occlusive vehicles include hydrocarbon bases such
as white petrolatum (e.g., Vaseline); anhydrous absorption bases such as hydrophilic
30 petrolatum and anhydrous lanolin (e.g., Aquaphor); and water-in-oil emulsion bases
such as lanolin and cold cream.
More preferred are vehicles which are substantially nonocclusive, and generally
include those which are water-soluble, such as oil-in-water emulsion bases (creams or
hydrophilié ointments) and water-soluble bases such as polyethylene glycol-based



pat hway for pol ar conpounds poly 1s (e.g., propylene glycol) Solubilize
al pha-keratin and occupy hydrogen bonding sites, thus reducing drug-tissue

bonding sites and pronoting perneation 25 Fatty Acids (e.g., lauric,
tnyristic, walowsseer, stearic) Disrupt nenbrane |ipid packp&g'up()b,ﬁﬁkem ive
perturbatlon of the intercellular lipid bilayers present in the stratum
corneum Esters (e.g., isopropyl palmtate, .isopropyl nyristate) I|ncrease

lipid fluidity by for ni ng a sol vation shelll9 “around pol ar head groups 30
which leads to Perneation into |iposonal
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the tenperat ur g4apted to such use by one of ordinary skill in the art.
By "mucosal tissue" is meant tissue comprising a superficial epithelial

membrane which is lubricated by mucus. This includes, inter alia, the lining of the
mouth, throat, nose, tympanic membrane, external female genitalia, vagina, urethra,
15 rectum and anus. It does not include the conjunctiva of the eye.

By "directly activate peripheral muscarinic receptors in the skin or mucosal
tissue, but not sufficient to activate central nervous system muscarinic receptors” is
meant that the analgesic action of the analgesic agent is mediated through interaction
with peripheral muscarinic receptors, e.g., and not through interaction with CNS

20 receptors. See, e.g., Stein (1993), supra, which sets forth criteria for evaluating
peripheral opioid receptor antinociception, as an example for such evaluation.

By "substantial absence of" or "does not enhance" transdermal or transmucosal
delivery of the analgesic agent is meant that upon the induction of analgesia, less than
25%, preferably less than 10%, more preferably less than 5%, still more preferably

25 less than 1% and most preferably none of the analgesic agent has passed through the
stratum corneum into the systemic circulation. In particular, an insufficient amount for
induction of systemic analgesia is delivered to the systemic circulation.

Without further elaboration, it is believed that one skilled in the art can, using

the preceding description, utilize the present invention to its fullest extent. The

30 following preferred specific embodiments are, therefore, to be construed as merely
illustrative and not limitative of the remainder of the disclosure in any way whatso-

ever. In the foregoing and in the following examples, all temperatures are set forth
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general |y i nedferdscet hose which are water-sol uble, such as oil-in-water
enul si on bases (creans or hydrophilic ointnents) and water-sol ubl e bases
such as pol yet hyl ene gl ycol - based WD 01/ 35927 PCT/ US00/ 31416 -19 vehicles
and aqueous solutions gelled with various agents such as nethyl cel | ul ose,
hydr oxyet hyl cellul ose, and hydroxypropyl nethylcellulose (e.g., K'Y Cel).
Suitabl e topical excipients and vehicles can be routinely selected for a
particul ar use by those skilled in the art, and especially with reference
to one of many standard 5 texts in the art, such as Rem ngton's :
Phar maceuti cal Sciences, Vol. 18, Mack Publishing Co., Easton, PA (1990),
in particular Chapter 87. O her additives, e.g., for enhancing the adherent
properties of the pharmaceut- ical preparation to various special- skin
areas, e.g., the axillar, plantar and pal mar skin, and nucosal tissues,

e.g., in the nouth, on the throat, on the genitalia, particularly the 10
external female genitalia, can be simlarly routinely selected and the
preparation adapted to such use by one of ordinary skill in the art. By

"mucosal tissue" is meant tissue conprising a superficial epithelial
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Example 2: Cold Sores in the Mouth
The patient is a 31-year-old female with painful cold sores in the mouth, and
she had been treated with the usual anti-viral medication without much relief. The
patient was offered with topical 30 cc of K-Y Gel with 500 mcg of neostigmine which
20 was used in an amount to cover the area of irritation. The patient stated that within 15
min. The pain was less, and that by the next day she had full relief of her pain. She

only had to use it about three times that day.

Example 3: Gout
The patient is a 71-year-old male with a history of gout. He was referred to the
25 pain clinic because of acute exacerbation of the gout in his big toe, and the patient was
unable to control his pain with the usual oral pain medication he had been receiving and
the gout medication he was taking. The patient was provided with 30 cc of K-Y Gel
with 500 mcg of neostigmine, and directed to cover the area of pain with the
medication, and to repeat every three to four hours as needed. The patient stated that
30 by the next morning his pain was fully gone, and he did not need any of the other pain

medications.



Exanpl e 1: Acute Herpes The patient is a 71 year old female with a history
of acute herpes attack. The |esion was at the | evel of the cervical area
in the back of the neck and enconpassing 5 the back of the head and the
neck. The BS¥58i%7was treated with anti-viral nedications,PoIgseosscodi n
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application the pain was significantly less than before, and he was very excited about
it as he was able to stop all his anti-inflammatory medications, which were causing him
a lot of gastrointestinal side-effects.

Example 6: Sprained Ankle

20 A 45-year-old gentleman with a sprained ankle, who was in severe pain,
unresponsive to the oral anti-inflammatory he was receiving, and the hot and cold packs
applied to his ankle. The patient was provided with 30 cc of K-Y Gel and 500 mcg of
neostigmine, and was directed to use it every three to four hours. After a half hour of
using it, the pain started subsiding, and after three applications, the patient was

25 definitely in significantly less pain than before. The patient was excited about this, as
it was providing him with much more relief than the other treatment he had received
thus far.

Example 7: Second Degree Burn
The patient is a 50-year-old- female with severe pain in her hand, resulting from
30 a second degree burn of her hand. The patient has blisters and was unable to mobilize
the fingers because of pain. She was provided with 30 cc of K-Y Gel and 500 mcg of



Exanpl e 4: Broken Wist The patient is a 70-year-old male with a broken
wrist, who was conpl aining of severe pain with swelling and redness of the
wrist. The patient was being taken to the operating roomfor closed
reducti on owahgssracture. The patient was supplied w th 5p8rustidsis
neostigmne in 30 cc K-Y CGel and directed to apply the m xture to his wi st
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15 Example 8: Severe Knee Pain
The patient is a 58 year old gentleman with severe pain in his knee. He

underwent arthroscopic surgery of the knee, but the pain stayed the same. The patient
was referred for further treatment and the patient was given topical neostigmine to
apply on his knee on his follow-up visit, and he was provided with 120 cc of K-Y jelly
20 with 2 mg of neostigmine mixed together. The patient was instructed to cover the area
of pain every three to four hours. The patient was using approximately 2 to 3 cc of the
mixture and was applying the mixture every three to four hours. At the follow-up visit,
the patient stated that he had excellent relief of his pain which was lasting for close to
three to four hours. The patient states that because of the use of this cream, he did not
25 peed to use any further oral medication to control his pain. He even stopped his anti-

inflammatories.

Example 9: Severe Shingles Of The Chest
The patient is an 81 year old female with severe shingles on her chest. She has
used oral narcotics and antiviral medication without success. The patient was referred
30 to the clinic about two weeks after the onset of the pain and was complaining of severe



- 23 neostigmne, and was directed to use it every three to four hours.
The patient applied the creamon her burn, and within 10-15 mns the
patient started seeing a change in the quality of her pain, and within the
next few h®@r@352he pain had significantly subsided. Examerfséisiqis
Conposition 5 A An exenplary conposition according to the invention
conprises: Neostigmne: 500 ncg K-Y Gel 2430 cc B. A second exenplary
conposition according to the invention conprises: --Neostigmne: 500 ncg 10
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3 cc of the mxture and was applying the m xture every three to four
hours. At the followup visit, the patient stated that he had excellent
relief of his BamploAdcSevere LowsBackPainr close to three to four hours. The

patient states thatrngqaaeias a45tyasr 418 erdile whssecé@qmv bQék gm RBL haPriAped to
use any further oral medication"to control his pain. en stoppe IS
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was conpl ai ni pgovidedseie120 ddOf KLY JEB2WitlPC Mg 5i@Xbstighdifie to be applied every three

to four hours as needed. On her first follow-up visit, the patient stated it was the best

relief she ever had. She stated that the pain goes away within five to ten minutes after
15 applying the topical neostigmine and said the relief will last three to four hours. Her
intake of pain medications dropped by almost half, and now she is contemplating not
undergoing any further surgery because of the pain relief she is getting with the cream.

Example 11: Arthritis Of The Hands
A 43 year old female with arthritis of the hands was unable to extend her fingers
20 because of pain. The patient was supplied with 120 cc of K-Y jelly with 2 mg of
neostigmine and was instructed to use it every three to four hours as needed. The
patient stated that she used about 2-3 cc per treaument which was enough to cover her
hand and fingers and after using it, within a few minutes, she was able to extend her
hands fully and the pain had completely disappeared.

25 Example 12: A Horse With Severe Back Pain
The horse was unresponsive to the usual anti-inflammatories. Because of pain,
the horse was unable to be saddled and because of his pain, he would be unable to
make any turns or twists. The horse trainer was provided with 120 of K-Y jelly with
2 mg of neostigmine and started to use it every three to four hours. Ten minutes after
30 using it the first time, the horse was walking as if nothing were wrong with him and
was able to be saddled and taken on a ride for a couple of hours.



-24 pain unrelieved with any kind of treatnment. The patient was given 120
cc of K-Y jelly with 2 ng of neostigmne m xed together and instructed to
use enough to cover the area of pain and to repeat it every three to four
hours if neasi@dseakhe next day the patient called statingptipaisodsisies t he

best relief that she ever had, that the pain had gone away and 5 she does
not need to use any other sort of pain j cati on and she uses close to 4
to 5 cc to cover all the area of her chest and her arm She reported no

side effects. Exanple 10; Sever Back Pai.n The patie i 45 vear
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pati ent was cdﬂ‘(‘%ﬂﬁ Yoidbin d%"i?@c “fgrﬁxra’;psurgery to control her pain.
The patient was prmymctﬂdfomegdmg]&@cmxonf otie skifleel inyhemrt bareasily ascenainshe gni ne
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t opi cal neosti.gm ne. and ief will last three to four hours. Her
i ntake of pai rfg %98?]"%%@ %P&gg%ég%y al nost half, and now she is

contenpl ati ng not undergoing any further surgery because of the pain
relief she is getting with the cream Exanple 11: Arthritis O The Hands A
43 year old female with arthritis of the hands was unable to extend her
fingers 20 because of pain. The patient was supplied with 120 cc of K-Y
jelly with 2 ng of neostigmne and was instructed to use it every three to
four hours as needed. The patient stated that she used about 2-3 cc per
treat nent whi ch was enough to cover her hand and fingers and after using
it, within a few mnutes, she was able to extend her hands fully and the
pain had conpl etely di sappeared. 25 Exanple 12: A Horse Wth Severe Back
Pai n The horse was unresponsive to the usual anti-inflamuatories. Because
of pain,  the horse was unable to be saddl ed and because of his pain, he
woul d be unable to make any turns or tw sts. The horse trai ner was
provided with 120 of K-Y jelly with 2 ng of neostigmne and started to use
it every three to four hours. Ten mnutes after 30 using it the first tine,
t he horse was wal king as if nothing were wong with himand was able to be
saddl ed and taken on a ride for a couple of hours.




WO 01/ 35927 PCT/ USOQ 31416----25 The, d| ng exanpl es can be repeated with
sifm | ar success by subs N‘ r| cally or specifically described
reactants and/ or operatl ‘\& o*f this invention for those used in
t he precedMPI8RRBApI es. om t he foregoi ng descri ption, oweTalsbddacs in the
art can easily ascertain the essential characteristics of this invention,
and wi thout departing fromthe spirit angg_scope thereof, can neke various
changes and nodifications of the invention to adapt it to various usages
and conditions. i | ,~111~111111~~ 1~11~~111~~111 ~ s WD 01/35927 * ¢

PCT/ USO0/ 31416 -26- What is clained is: 1. A device for external
application, conprising a nedical dressing and an adm xture of an

anal gesi ¢ agent which affects peripheral nmuscarinic receptors, a skin- or
mucosal - specific penetration enhancer and a pharnaceutically acceptable
excipient for topical admnistration to inflamed or non-inflanmed skin or
mucosal tissue, wherein a unit dosage anount of the adm xture contains a
systemcally ineffective anount of the anal gesic agent, and the anount of
penetration enhancer is effective to enhance penetration of the analgesic
agent into the skin or nucosal tissue, and the penetrati on enhancer and
exci pient do not enhance transdermal or transnucosal transm ssion of the
anal gesic agent to the central nervous system wth the proviso that, when
t he adm xt ur e Wisatds tlaipeddis: it further conprises a conponent that is
pharmaceutically unacceptable for parenteral adm nistration. 2. A device of
claim1, wherein a unit dosage anount of the anal gesic agent 1is

anal gesi cal | y eqU| l/.alﬁeﬂevxca)foi(lﬂtem ap;ﬁhmﬁmﬁtdogm-mmgraemecﬁcamﬂes@hgsa'ﬁﬂ An 3. A

device of cla re t he a e i S, neost.i . A device
of claim 1 whEr Pl el Py e et oneraL AESRaH A Teiore, Siine o m
1, in a unit domagxsalfspcmﬁtapﬁkgmomaihhgcceqmd ¥ pharmiacduticAlly acceptable excipient

for topical administration to inflamed or non-inflamed skin or mucosal tissue, wherein

a unit dosage amount of the admixture contains a systemically ineffective

amount of the analgesic agent, and

the amount of penetration enhancér is effective to enhance penetration of the

analgesic agent into the skin or mucosal tissue, and

the penetration enhancer and excipient do not enhance transdermal or

transmucosal transmission of the analgesic agent to the central nervous system,
with the proviso that, when the admixture is a liquid, it further comprises a component
that is pharmaceutically unacceptable for parenteral administration.

2. A device of claim 1, wherein a unit dosage amount of the analgesic agent
is analgesically equivalent to 100 mcg of neostigmine per 6 in® of skin.

3. A device of claim 1, wherein the analgesic agent is neostigmine.
4. A device of claim 1, wherein the excipient is a gel or cream.

5. A device of claim 1, in a unit dosage form analgesically equivalent to 50 -
100 mcg of neostigmine.



dis lecithin. 7. A device for
external apwoiggetsepn, conprising a nedical dressi ng and anpcr@shosi4se of an
anal gesi ¢ agent which affects peripheral muscarinic receptors, optionally
a skin- or nucosal - penetrati on enhancer a a pharmaceutically acceptabl e
exci pient for topical admnistration, whefeéin the enhancer and the

exci pient do not suybstantially enhan [ or. t nucosa
transni ssi on of thegaé?@%ﬁ%éuﬁﬁﬁr#%pﬁ%né%gn@gﬁf %hﬁgﬂpvtégg?ﬁgy%rtrgﬁfos?]
unit dosage f ospaciHiglegersitioalehaneepus pedsemitand & 18660thin. 100 ntg of neostigm ne
8. A pharmaceutical conposition of claim7, wherein the skin- or nucosal -
specific penetration enhancer is present and is lecithin. 9. A device for
external applicati o, Adenied ﬁirmgtemahemliﬁaﬂiom“mrisigg armdedacal dzessing and en of
neosti gm ne, I t
phar maceut i cal Pé/ﬁlg‘?:%%p a@ %hélgcsllcg%% or tagﬁgg eﬁg% ni s?%gl or& %fel n
t he enhancer apiibnalijea elﬂmqsummsai@emmngm@gmmuaad ayhmw:mgalmmsmdﬂml or .
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system in a unit dosa or m anal gesl nt to
neosti g ne. 1s»bste\nwaremﬁtra@émr@b%@@smuwabﬁrar@msﬁsm@f Wgﬁﬁc @gﬁéﬂ Skl n-

or nucosal - Spgfhé béntREREFJuS by s, SR BIE EsadeSoRh 88LstsicaAequivaleBCib iSO L R00

mcg of neostigmine.

100 ntg of neostignine. TL S W AD 01/ 3 CT/ US00/ 31416 -27- 6. A
pharmaceutical conpositi Oﬂclﬂl“ﬂm;l ein the skin- or nucosal
specific penetration enha

8. A pharmaceutical composition of claim 7, wherein the skin- or mucosal-

specific penetration enhancer is present and is lecithin.

9. A device for external application, comprising a medical dressing and an
admixture of neostigmine, optionally a skin- or mucosal-penetration enhancer and.a
pharmaceutically acceptable excipient for topical administration, wherein the enhancer
and the excipient do not substantially enhance transdermal or transmucosal transmission
of the analgesic agent to the central nervous system, in a unit dosage form analgesically

equivalent to 50 - 100 mcg of neostigmine.

10. A pharmaceutical composition of claim 9, wherein the skin- or mucosal-

specific penetration enhancer is present and is lecithin.



