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Field of the invention This invention relates to formul ations
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prevent the transm ssion of pathogens through nmucosae and/or skin, nore
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- disease and iii) to prevent and/or treat any other pathogen of
mucosae and/or skin including any infection, cancer, inflammtory process
or any ot her di sease. Background of the invention 15

As there is no truly effective treatnent or vacci ne agai nst Al DS,
preventive 3 me only tools that can presently reduce the
transm ssi on of humanThis inventitAVesistds fto Cormiiations Eormprisiftg/film-fontingdumpinents,
and careful use Bgrtigﬁglrlf%r tiosllcgl fSé?ﬂlﬂéiiB%s. and more particularly to topical formulations i) to
prevent the transmission of pathogens through mucosae and/or skin, more particularly
those useful to prevent the sexual transmission of human immunodeficiency virus and
10  other sexually transmitted diseases, ii) to treat lesions of mucosae and/or skin caused
by pathogens or any other disease and iii) to prevent and/or treat any other pathogen
of mucosae and/or skin including any infection, cancer, inflammatory process or any

other disease.
B nd of the i
15 As there is no truly effective treatment or vaccine against AIDS, preventive

measures are the only tools that can presently reduce the transmission of human
immunodeficiency virus (HIV). The consistent and careful use of appropriate condoms
represents an effective barrier to prevent HIV transmission. However, condoms should
be used for aimost all sexual intercourses to significantly reduce the probability of
20  acquiring infection. In Africa, the most intensive prevention programs were only able -
' to increase condom use to approximately 70% of all sexual intercourses in female
prostitutes. Thus, doubts arise about the possibilities of condom promotion in
controlling the AIDS epidemic in high risk groups. In situations where heterosexual
transmission of HIV is important, preventive measures that depend on female
25 behaviour would be an additional tool to control the epidemic. Since the women's
compliance to preventive interventions for sexually transmitted diseases (STDs) is
superior to that of men, regular use of such a preventive measure may be possible.
This is reinforced by the fact that the introduction of different products into the vagina
is a common pracfice in developing countries. Such a protective too! may aiso be
30 useful in male homosexual relations as it could provide additional protection under the
control of the receptive pariner.

The development of microbicides to prevent the sexual transmission of HIV in

humans constitutes actually one of the most important research areas in the field of

HIV prevention. One of the major difficulties with this approach is that drugs used to

35  control HIV transmission, including spermicides such as nonoxynol-9, have been
shown to induce local inflammation and ulcerations which might favour the entry of
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I ncl udi ng sperm ci des such as nonoxynol 9, have been shown to induce
| ocal inflammation aHuiped sigipiixi vimas tygel Z (HSV-ghis drevafithe hivst eorhmpnETDs. An
animal model of intravaginal HSV-2 infection represents an interesting approach to
evaluate the efficacy of our gel formulations to prevent the sexual transmission of that
pathogen. Another important herpes virus infection is herpes simplex virus type 1
15 (HSV-1 ) which is a neurotropic virus that infects principally the neuroectodermal
tissues including the skin, the peripheral nerves and the central nervous system.
Recurrent HSV-1 cutaneous infections are frequently observed in
immunocompromised patients. Zoster is clinically characterized by an unilateral
dermatome distribution and by the occurrence of neuralgic pain both as a result of
20 peripheral nerve involvement. Although, it is a mild disease, cutaneous HSV infections
can be troublesome, especially for patients with frequent episodes. Foscarnet and
acyclovir are both antiviral agents active against all types of herpes viruses. However,
the currently available treatments, either topical or systemic, have only a limited
efficacy particularly for the treatment of symptomatic recurrent herpes. Therefore, there
25 is a need to develop new topical formulations of antiviral agents which could improve
the efficacy of drugs.

Liposomes are microscopic vesicles composed of one or several lipid bilayers
separated by aqueous compariments in which a variety of drugs can be incorporated.
Numerous studies have shown an improved therapeutic index and a reduced toxicity

30 for drugs entrapped in lipopsomes. We have aiready demonstrated that the
encapsulation of anti-HIV agents into liposomes allows high cellular penetration, good
in vitro antiviral activity against HIV, efficient targeting of macrophage-rich tissues and
a marked improvement of the pharmacokinetics of drugs (Désormeaux et al., 1994,
AIDS 8:1545-1553; Makabi-Panzu et al., 1994, AIDS Res. Hum. Retroviruses

35 10:1463-1470; Dusserre et al., 1995, AIDS 9:833-841; Harvie et al., 1985, AIDS
9:701-707; Harvie et al., 1996, Antimicrob. Agents Chemother. 40:225-229). To our
knowledge, liposome-encapsulated drugs have never been used to prevent the
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Foscarnet and  BYRiddtiona gatdi idabRsatibly W@ 95210268 Heseribes e egrapasitional |
types of he&ges t\:/olrﬁ;yrf'sﬁ\% pc'o_llg)\caa'err\\/e?r407 gel (18% w/w) containing cysteamine to prevent HIV
infection. This reference indeed teaches that poloxamer 407 gel can be used as a
vaginal gel, but it does not suggest that the poloxamer itself might be used as a
physical barrier to prevent the transmission of a pathogen and its permeation through
the membrane of mucosa. Furthermore, this reference does not teach that the gel -
20 formulation could act as a pharmacological barrier to prevent the infection of host cells.
in addition, this reference does not show any in vitro and in vivo evidence that the gel -

formulation might be efficient to prevent the transmission of pathogens.

There is, therefore, still a need for a method and compositions for preventing
transmission of pathogens through the membrane of mucosae and/or skin which
25 compositions and method would result in the creation of a physical barrier to -
permeation of pathogens, and optionally in the further creation of a chemical or
pharmacological barrier to pathogen transmission.

Sum of the inventi
It is an object of the present invention to provide a method i) to prevent the
30 transmission of pathogens through mucosae and/or skin, more particularly those useful
to prevent the sexual transmission of human immunodeficiency virus and other
sexually transmitted diseases, ii) to treat lesions of mucosae and/or skin caused by
pathogens or any other disease and i) to prevent and/or treat any other pathogen of
mucosae and/or skin including any infection, cancer, inflammatory process or any
35  other disease.
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In preferred embodiments, the above method and formulations are effective to

10 prevent the transmission of STDs, more particularly HIV, by acting as a physical,
chemical and/or pharmacological barrier. The physical barrier comprises a film-forming
component which is applied te the surface of mucosa or skin, preferably in the form of

gel, cream or ointment. Most preferably, a thermoreversible gel is applied in a liquid

form, spreads on this surface and forms a semi-solid coating after it reaches the

15 temperature of this body surface. In a more preferred embodiment, the
thermoreversible gel is composed of poloxamer 407. Similar polymers like
poloxamines can also be used. The semi-solid gel alone acts as a mechanical
(physical) barrier which blocks access of either free or intracellular pathogen to the
mucosa or skin. The chemical and/or pharmacological barrier comprises a microbicide,

20 a spermicide and/or any other drug. For the purpose of the invention, the term
"microbicide" is intended to cover any agent effective against pathogens. A chemical
barrier comprises free microbicide(s), spermicide(s) and/or any other drug entrapped

in gel, which chemically destroys pathogens coming into contact with the mucosa or

skin and also reduces or eliminates toxicity of the microbicides, spermicides and/or

25  otherdrug to epithelial cells. Microbicides, spermicides and/or any other drug may be
released from the gel or they may get in situ on pathogens or infected cells. In a more
preferred embodiment, the chemical barrier is intended to be used in gel applicable on

the vaginal, cervical and/or ano-rectal mucosae, and is a compound such as
nonoxynol-9. A pharmacological barrier may comprise a microbicide, a spermicide

30  and/or any other drug effective against the pathogen such as an adsorption inhibitor
which prevents pathogén's entry into a target cell, an inhibitor for an enzyme necessary

for the replication of the pathogen or a metabolic poison for the pathogen. In a more
preferred embodiment, the pharmacological barrier is intended to be used in gel
applicable on the vaginal, cervical and/or ano-rectal mucosae to prevent the sexual

35 transmission of HIV and comprises inhibitors of HIV protease and reverse transcriptase
(alone or in combination). These inhibitors are preferably encapsulated within drug
carriers such as liposomes, hanoparticles or cyclodextrins, which encapsulation resulis

in the concentration of the inhibitors within the HIV target host cells, preventing either
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15 polyethylene-glycol (DSPE-PEG) in a molar ratio of 10:3:1.45 within which ddl is
entrapped as antiviral drug. in another preferred embodiment, the gel formulation is
composed of poloxamer 407 (19.5% w/w) and contains liposomes composed of
dipalmitoylphosphatidyicholine (DPPC):dicetylphosphate (DP): cholesterol (CHOL) in
a molar ratio of 4:1:5 within which 2*-3'-dideoxycytidine (ddC) is entrapped as antiviral
20  drug. Yet in another preferred embodiment, the gel formulation is composed of
poloxamer 407 (19.5% w/w) and contains liposomes composed of
DPPC.dipalmitoylphosphatidylglycerol (DPPG) in a molar ratio of 10:3 within which -
foscarnet is entrapped as antiviral drug.

In another more preferred embodiment, the gel formulation is composed of
25 poloxamér 407 (18% w/w). In another preferred embodiment, the gel formulation is
composed of poloxamer 407 (18% w/w) and contains foscarnet as a microbicide. In still
another preferred embodiment, the gel formuliation is composed of poloxamer 407
(18% wi/w) and contains acyclovir as a microbicide. In still another preferred
embodiment, the gel formulation is composed of poloxamer 407 (18% w/w) and
30  contains liposomes composed of DPPC:DPPG in a molar ratio of 10:3 within which
foscarnet is entrapped as antiviral drug. In still another preferred embodiment, the gel
formulation is composed of poloxamer 407 (18% w/w) and contains liposomes
composed of DPPC:DPPG in a molar ratio of 10:3 within which acyclovir is entrapped

as antiviral drug.
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ophthalmic uses. The gel formulations can be combined with microbicides and/or
antimicrobials and/or chemotherapeutic agents and/or antiinflammatory agents and/or

10 any other drug and/or spermicides and/or liposomes (or other drug carriers).

Furthermore, microbicides and/or spermicides can be combined with liposomes (or
other drug carriers) to prevent or treat any disease of mucosae and/or skin. In addition,
our gel and/or liposome (or other drug carriers) formulations can also be used as

carriers of vaccines against infections caused by pathogens or any disease.

15  Brief description of the drawings '

Figure 1 shows the cytotoxicity of the paloxamer 407 gel (19.5 % w/w) when
applied to human cervical (ME-180) and colon {(HT-29) epithelial cells.

Figure 2 represents the viability of human cervical cells following incubation
with different concentrations of nonoxynol-9 either as free drug or incorporated into the

20  poloxamer gei (19.5 % wiw).

Figure 3 represents the efficacy of the poloxamer 407 gel (19.5 % w/w)} as a
physical barrier against HIV.

Figure 4 shows the efficacy of the poloxamer 407 gel (19.5 % wiw) to prevent
infection of Sup-T1 cells with HIV.

25 Figure 5 shows the effect of daily intravaginal application for two weeks of
poloxamer gel (19.5 % w/w) and/or nonoxynol-9 to rabbits.

Figure 6 shows the corresponding histopathology of cervix after daily
intravaginal application for two weeks of poloxamer gel (19.5 % w/w) and/or
nonoxynol-9 to rabbits.

30 Figure 7 represents the efficacy of the poloxamer gel (19.5 % w/w) to prevent
the genital transmission of an Herpes simplex virus type 2 in mice.

Figure 8 shows the efficacy of poloxamer gel alone (18% w/w) and of the gel
containing 3% foscarnet to treat HSV-1 cutaneous lesions in mice.

Figure 9 represents time evolution of the mean lesion score of HSV-1 infected

35 mice without any treatment or treated with the poloxamer gel (18% w/w) alone or with
the gel containing 3% foscarnet.
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20 ointment or thermoreversible substance inciuding other poloxamers, poloxamines or
chemicals.

A

Microbicides, spermici o
Any microbicide which is effective against pathogens (viruses, bacteria, fungi,
parasites, ectoparasites and mycoplasmas) is under the scope of this invention.
25 Particularly those which are effective against HIV, HSV or other microbial diseases,
and more particularly sexually transmitted diseases are preferred. Included in this class
are spermicides (such as nonoxynol-9, benzalkonium chioride and menfegol), inhibitors
of HIV adsorption (such as dextran sulfate), inhibitors of HIV protease (such as
saquinavir, indinavir and ritonavir), inhibifors of HIV reverse transcriptase (such as
30 AZT, ddC, ddl, 3TC and foscarnet) and other antivirals (such as ribavirin, acyclovir and
ganciclovir) and any antimicrobial agent including antibiotics, antifungals, antivirals,
antiparasitics and chemotherapeutic agents, antiinflammatory agents, antitoxins,
immunotherapeutic agents to control any disease of mucosae and/or skin. It is
important to mention that microbicides and/or spermicides can be used alone or in
35 combination with any other drug. This invention also covers any combination of gels
and/or microbicides and/or spermicides.



30 and/ or any other drug effective against the pathogen such as an

adsor ption inhibitor whi ch prevents pathogen's entry into a target
cell, an inhibitor for an enzynme necessary for the replication of

t he pathogen or a netabolic poison for the pathogen. In a nore

preferred enbodi nent, the pharmacol ogical barrier is intended to be used in
gel apYR 97¢48¥2e on the vaginal, cervical and/or ano- P& AMMYsae to
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preferred enbooé'g‘éy ,sgim'gd o (ifd melprgatic @ngipgpetwean dP:1apddxHivherein the
acyl chains are either saturated or unsaturated and have between 14 and 18 carbon

10 atoms in length or i) a mixture of diacylphosphatidyicholine:dicetylphosphate:
cholesterol, wherein the acyl chains of phosphatidyicholine are either saturated or
unsaturated and have between 14 and 18 carbon atoms in length. However, it is
deemed that a family of liposomal formulations can be easily derived therefrom,
without affecting the valuable properties thereof. Therefore, this family of compounds

15  comprises other acyl chains of given phospholipid formulations that have been tested
in the practice.

The liposomes of the present invention also include sterically stabilized
liposomes, defined herein as, lippsomes which are modified by the incorporation of
polymers, such as poloxamers and poloxamines, or of amphipathic lipids derivatized

20  with a polymer, such as DSPE-PEG or dioleoylphosphatidylethanolamine-PEG
(DOPE-PEG), or of any molecule which prolong the circulation time of liposomes. The
liposomes of the present invention alsc include immunoliposomes, defined herein as,
liposomes which are modified by the coupling of antibody molecules which enhance
the targeting of specific cells. The liposomes of the present invention also include

25 pH-sensitive liposomes, heat-sensitive liposomes, target-sensitive liposomes and any
other types of liposomes that could be used for this purpose. This invention also covers
any combination of gels and/or microbicides and/or spermicides and/or any other drug
and/or liposomes and/or vaccines.

The preparation of lipasomes in the present invention can be done by a variety

30 of techniques such as those described in the literature (e.g. Szoka and

Papahadjopoulos, 1980, Ann. Rev. Biophys. Bioeng. 9:467-508; Nassander et al.,

1990, Liposomes in biodegradable polymers as drug delivery systems. p.261-338).

Formulations of liposomes of the present invention include those having a mean

particle diameter of any size prepared with any drug/lipid molar ratio. Incorporation of

35  drugs into liposomes can be achieved by one or more methods of active and/or

passive loading such as those described in the literature (e.g. Mayer et al., 1986,
Chem. Phys. Lipids 40:333-345).



In a nore preferred enbodi nent, the pol oxamer 407 concentration is 19.5%

(Ww. In anot her preferred enbodi nent, the gel fornmulation is
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the microbicidal gels could also be applied to the skin of health professionals who may
get accidentally exposed to HIV or any other pathogen. Beside prevention of the
20 transmission of infections, they may be used to treat these infections and to prevent
or cure any pathology of mucosae and/or skin including cancer, inflammatory process
or any other disease process.

Even though the description of this invention is limited to specific cases, any
film-forming component and/or microbicide and/or spermicide and/or any other drug
25  and/or liposomes (or other drug carriers) or any combination of the above are
considered as potential candidates for the development of these topical presentations
and are under the scope of this invention. The formulations aiso include any
film-forming component and/or microbicide and/or spermicide and/or any other drug
and/or liposomes (or other drug carriers) or any combination of these products at any

30  suitable concentration.

EXAMPLE 1
Pre jon_of the bicidal gel

The thermoreversnble gels are prepared by adding an appropriate volume of

distilled water, acetate buffer (0.2 M, pH 4.6), phosphate buffer (0.2 M, pH 6), HEPES

35  buffer (0.02 M, pH 7.2) or any other suitable aqueous solution to the poloxamer 407
to obtain the desired ratio (w/w). The solution is then stirred at 4°C to ensure complete
dissolution and is let stand to allow sfabilization of the gel matrix. An appropriate



foscanet is entrapped as antiviral drug. In still another preferred

enbodi nent, the gel formul ation is conposed of pol oxanmer 407 (18%
w w) and contains |iposones conposed of DPPC.DPPG in a nolar ratio
of 10:3 within which acyclovir is entrapped as antiviral drug.
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ot her drug carr.l
instance, if a formulation is to be used to coat vaginal mucosa, a slightly acidic pH will

be used. The percentage of polymer may be adjusted accordingly to obtain an
10  adequate transition temperature from liquid to solid state.

Drug release experiments
The poloxamer gel could act as a sustained-drug release system which prolong
the local microbicidal activity of the incorporated active agents. We have studied the
release of antiviral agents (AZT, ddC, ddl, foscarnet, acyclovir) from our poloxamer ge!
15  formulations using radiolabelled drugs and a diffusion cell made of two compartments
separated by a dialysis membrane. Results showed that the release of drugs was
increased at body temperature when compared to 4°C, although the viscosity of the
gel is increased (data not shown). This is explained by the creation of large openings
in the intermicellar network of the gel at high temperature which in turn increase the
20  release of the incorporated active agents.

The cytotoxicity of the poloxamer 407 gel formulation (19.5% w/w) was

evaluated in both human cervical (ME-180) and colon (HT-29) epithelial cells. Briefly,

a semi-confluent monolayer of cells has been deposited on cell culture inserts in

25  24-well plates containing McCoy 5a medium and the gel was deposited on top of the

cells. After an incubation of 24 hours, cells were washed with PBS to remove the gel

and 500 pi of fresh medium with 50 pl of MTS solution (2 mg/mi in PBS) were added

to each weli. Plates were then incubated at 37°C in a CO, incubator for 1 hour. The

medium was then transferred into a 96-well plate and the optical density was read at

30 420 nm. Resuits showed that our gel formulation is non-cytotoxic when applied on the
cell lines (figure 1).

Figure 2 shows the viability of human cervical cefls following incubation with
different concentrations of nonoxynol-9 either as free drug or incorporated into the
poloxamer gel (19.5% w/w). As expected, nonoxynol-9 was highly toxic to the human

35 cervical cells in a dose-dependent manner with a toxicity starting at 150 pg/ml. Of



Furthernore, mcrobicides and/or spermcides can be conbined with |iposones

(or other drug carriers) to prevent or treat any di sease of nucosae

and/or skin. In addition, our gel and/or |iposone (or other drug

carriers) fornulations can al so be used as carriers of vacci nes

agai nst infectjo used by pathogens or any di sease. 15 19
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alone or with he ge T cells

Similar type of studies were carried out by adding at the bottom of each well an
15 indicator cell line known to be highly susceptible to HIV-1 infection. The human
CD4-positive T lymphoid cell line Sup-T1 was used for these experiments. Briefly,
Sup-T1 cells were first seeded in 24-wel) plate (1.25 x 10° celis/well). Next, cell culture
inserts were placed in each well and, above the membrane, 100 pl of the gel (19.5 %
wiw in pH 7.2 HEPES buffer) was added prior to the addition of HIV-1i18 (multiplicity
20  ofinfection of 0.01; infectious viral particle per target cell). After 48 h of incubation at
37°C, inserts were removed and cells were washed to remove uninternalized viruses.
Cells were maintained in complete culture medium and reverse transcriptase activity
was determined in cell-free culture supernatants. As depicted in figure 4, virus
replication is abolished by the presence of the gel. Results from the above experiments
25 thereby suggest that the effect of the gel is either by physically biocking HIV particles
and/or by negatively affecting viral infectivity. This experiment was repeated several
times and gave similar resuits.

In vivo toxicity expetiments
Studies have been performed to evaluate the tolerance and toxicity of the
30 poloxamer 407 gel (19.5% w/w) when applied locally once daily for two weeks to the
vaginal and cervical mucosae of New Zealand rabbits. The gel was applied in its fluid
state to allow a good penefration into the irregularly shaped surfaces of the mucosae.
Biopsies of the vaginal and cervical mucosae were performed on days 0, 4, 7 and 14
for histological examinations. Figure 5 shows the effect of intravaginal application of
35 gel and/or nonoxynol-9 on the vaginal and cervical mucosae of rabbits. Results
showed that animals treated with the gel alone did not show signs of toxicity to vaginal



the gel containing 3% foscanet. WO 97/ 42962
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t he invention The present invention is described herein bel ow
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when applied topically in their fluid state to the nmucosa, the gel
formulations will frgife@ shows the corresponding histopathology of cervix after intravaginal
application once daily for two weeks of poloxamer gel (19.5% w/w) and/or nonoxynol-9.
No major histology modifications was observed to the cervical mucosa of rabbits after
the application of the gel alone (figure 6b) when compared to control (figure 6a). In
10  contrast, optic microscopic examination of the cervical mucosa treated with
nonoxynol-9 showed a large accumulation of eosinophiles in the sub-mucosa and
induce a major loss of integrity of the epithelial cells (figure 6c). On the other hand,
application of the same amount of spermicide incorporated into the gel showed no
signs of toxicity (figure 6d) and was comparable to that observed with the gel alone.

i5 In vivi rimen

The efficacy of the poloxamer gel (19.5% wiw) to prevent the genital
transmission of HSV-2 was evaluated in mice. In brief, female Balb/c mice aged 4
~ weeks were used for this study. To increase susceptibility of mice to herpes, 2.5 mg
of progesterone (Depo-Provera) was administered subcutaneously to each mouse 7
20 days prior to and on the day of inoculation with HSV-2. Anesthetized mice were
' inoculated with 10 pt of 2.4 x 107 pfu/ml of HSV-2 strain 333 after swabbing the vagina
with a calcium alginate thin tipped swab premoistened with culture medium. To
determine the efficacy of the poloxamer gel (19.5% w/w) to block the herpes infection,
10 yl of the gel was delivered with a pipette tip into the vagina a few minutes prior to
25 the inoculation. The pipette tip was moved in and out four times to simulate stirring
action of sexual intercourse while being cautious not to cause any bleeding. Four days
post-infection, control infected animals demonstrated perineal oedema and redness
and by 6 to 9 days, most of them died of encephalitis (figure 7). In contrast, no-animal
pretreated with the gel died (i.e. 100% survival) O days post-infection. These results
30 clearly indicate that the use of our gel preparation could represent an innovative

preventive measure to reduce the sexual transmission of STDs (including HIV).

The efficacy of poloxamer gel (18% w/w) alone and of the gel containing 3%
foscarnet to treat HSV-1 cutaneous lesions in mice has also been investigated. in brief,
hairless mice (SKH1, 35-42 days old) were anesthetized by intraperitoneal injection of

35 a ketamine (70 mg/kg)/xylazine (11.5 mg/kg) solution. The virus (HSV-1, strain F;
isolated from human facial vesicles; ATCC VR-733) was inoculated on the lateral side



artificial barrier which could resist to biological fluids. Because of the

extrenely | ow 15 toxicity and irritancy of our gel formulations, they
represent an attractive approach for topi cal drug delivery systens.
Details for the preparation of the gel fornulations are provi ded in

Exanmple 1. This invention covers gel fornulations of pol oxa any
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and/ or mi crobi ciuging acdtton tippes applicatos saturated with cold water. 15 pi of the gel with or
15  without foscamet was applied onto the scarified area. The aperture of the corn cushion
was then closed again with surgical tape. Mice were examined twice daily for survival
as well as for the evaluation of the lesion score according to the criteria presented in

table 1.
Table 1: Criteria for scoring herpetic cutaneous lesions
20 Score Clinical manifestation
0 No sign of infection
1 infection visible at the inoculation site only
2 Infection visible at the inoculation site along with swelling, crust
and erythema
25 3 Infection visible at the inoculation site along with lesions forming
away from inoculation site. Erythema in about haif-body
4 Vesicular rash about half-body but not yet confluent
5 Vesicular rash totally confluent but not yet necrotic or uicerated
6 Vesicular rash totally confluent but also necrotic or
30 ulcerated. Hind limh paralysis, bloating and death

Figure 8 shows the survival of mice infected cutaneously with HSV-1, without
any treatment, treated with the poloxamer gel (18% w/w) alone or with the gel
containing 3% foscarnet. In untreated mice, the lethality of the infection was 33%. In
mice treated with gel alone, we observed a mortality of 50% suggesting that the gel

35 - exert no therapeutic effect by itself in this herpes model. However, for mice treated
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largely similar to that seen with untreated mice suggesting that the gel alone has no
therapeutic effect on the development of herpetic skin lesions. Of prime importance,
we observed a marked reduction of mean lesion score in mice treated with the gel
15  containing 3% foscarnet compared to untreated mice demonstrating a good efficacy
of the drug incorporated into the gel. Therefore, the formulations properly performed
drug delivery. Since they have also been shown to inhibit permeation of pathogens
from an infected environment to a non-infected one (previous example with HSV-2),
the present formulafions have a dual purpose to act as drug delivery systems and as
20  a barrier to contagion from external pathogens or to contagion from an infected subject
to non-infected ones. Any adjuvant medication may be added to the formulations. For
example, antihistaminics could be added to a formulation comprising a poloxamer and
acyclovir when the intended use is for treating Herpes virus infections, where inhibition
of itching and scratching is desirable to provide more comfort to the patient and to
25  avoid spreading of infection.

This invention has been described hereinabove and it will be readily apparent to the
skilled reader that variations could be brought to the embodiments described, without
departing from the above teachings. These variations are under the scope of this
invention, as defined in the appended claims.



pol ymers, ilﬂ _ .s and poloxam nes, or of anphipathic |ipids
derivatize _ yner, sudhtag Q&P
di ol eoyl ph Em m am ne- PEG %’5%%?‘ {or of any nol ecul e

whi ch prolong the circulation tine l'i posormes of the
present invention also include inmmunoli posorres def| ned her Ry

| i posones whi Y0 &¥42%%odi fied by the coupling._of antibody nolecul'es oW ch
enhance the targeting of specific cells. The |iposones of the present
_invention al so iwHATIS GLAIMBEBHSSensitive |iposones, heat-sensitive

| i posonmes, target-sensitive |iposomes and any ot her types of

| i posones that could be used for this purpose. This |nventign als ovess
any conbi nation of gdl A aehfermviatiande greventsiseassrpaysed %Vﬁ'i“’(ﬁ"ﬂggle Qﬁﬁ’Pg?“dey

ot her drug a patieft éﬂmd)rismg%)gm Sompovient capable m‘%preadmg and formlng a pratective

preparation of osorre n t
570" ot Fechni dAES o8 gaRents skl o B3 bei 0Y Yook BAg Babebitf of odentgl I ¥
and Paparmgsgmm said pegg@ens\frem a@mfets%ﬁny'sonﬂmn&éiﬂgugm -infegted
Nassander et al. enwronment\ﬂlﬁﬂ@garﬂlt@ﬁﬁﬁlﬁﬁﬁeﬂt’sshihmﬂﬁﬂfcaﬁb.bl e polymers as drug
delivery systens. p.261-338). Formul ati ons of |iposones of the
present invention |nclude t hose having a nean particle dianeter of
any size prepared w th Agel farmylation accarding to clgimol. WhﬂEQJP faidagelspraponsst is
drugs into |iposgpeknoreddtsBfR. achi eved by one or nore nmethods of active

and/ or passive |oading such as those described in the literature

(e.g. Mayer et "al., 1986, Chem Phys. Lipids 40: 333-345).
3.A gel formulation according to claim 2, wherein the thermoreversible gel

10  comprises a poloxamer.

4. A gel formulation according to claim 3, wherein the poloxamer is poloxamer
407.

5. A gel formulation according to claim 4 wherein poloxamer 407 is present in
a concentration of about 10 to 50% (w/w).

15 8. A gel formulation according to claim 5 wherein poloxamer 407 is present in
a concentration of about 18% (wi/w).

7. A gel formulation according to claim 5 wherein poloxamer 407 is present in
a concentration of about 19.5% (w/w).

8. A gel formulation according to any one of claims 1 or 7 further comprising
20 microbicide, antimicrobial, chemotherapeutic, antiinflammatory,  antitoxin,
immunotherapeutic, antihistaminic, spermicide agents, a vaccine against a patient's

tissue component or against said pathogens, each alone or in combination.

9. A gel formulation according to claim 8 wherein the microbicide or spermicide

is selected from the group consisting of dextran sulfate, saquinavir, indinavir, ritonavir,

25  AZT, ddC, ddl, 3TC, foscarnet, ribavirin, acyclovir, ganciclovir, nonoxynol-9,
benzalkonium chioride and menfegol.

10. A gel formulation according to claim 8 or 9 wherein at least a part of said

microbicide or agents is entrapped in liposomes, nanoparticies or cyclodextrins.
\
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WD 97/ 42962

PCT/ CA97/ 00319 ”mmwmmmmﬂm fol I ovi ng GREres=—=rs dto
denonstrate the f ol ;; ﬁﬁ%g Id be very
efficient for the preventlon of the sexual {lcansnfEEFAH f HV and
for the treatnent of cutaneous | esions caused by herpes virus infections,

but are in MOWUPSPntended to linit the ggope thereof. CuFCFEAPRUI ations
could be 5 applied to prevent the transm ssion of several other sexually

~transnitted di seasqs. Aufel formulatnoﬁ%c&é’tﬁﬁ\@ 16 fhirh 01 0Vivhare@Sat(1B&8t REBart o Bhig X

virus, human pa munodef i ci ency virus, Ml luscum
cont agi osum WE@%S&B%@PFWE s ﬂg&PB?qlmBﬁ'?qs"meﬁus hepatitis A B, C
and ), bacteria (Neisseria gonorrhoeae, Treponena pallidum Chl anydi a

trachomatis, Gardngped {:,:é\ fAfAdlidh aécordiftg 1 EBRPPARAGRINUHR %o%BHe@%Hp?use 40

Haenophi | us ducre ¥e bfds Mlageﬁée%afdwrﬁgﬁag ter r&lélblg_ molar ratio

Prevotel | a bi Vi
Bact er oi d&s S’mmg betweenut isand 1:1, whereire theb acyl sshaimsecare, eithec lsatusatetiiarel | a

spp. , Sal monelyngataRited AMtfh v%%@@é@ﬂ‘ﬁfand 18 carf61 %H%‘?ﬁ%}\gfh”ywp' asmas

(Mycopl asma_homi ni's, Ureaplasna ureal yticum asma genitalium,
parasites (Tri chom)nas vagi nali s, Entanpeba histolytica, 15
Crypt ospodi ri um En8eAcgel liermmm(acbandirfg, toGlaimd i 2 whardin the ligdsbimes rfaniser,

ber mat ophyt e o § BBt EaRifota ARt PR Gafivs, o

Pedi cul us capitis, Sarcoptes scabiei. In addition, the m crobi ci dal
gel s could al Iso be 18ppPl gedformukation akcording toeethinh 1prwhaemi thealiposohesnang f
get acci ta /O on o
Phe 20 df@ansér%ﬁggé’@ %?% hﬂﬁﬂ?’é of Jlaéﬂ%ﬁ?g Rl IQ@JIJHQ gﬁ%tylﬁ‘a?ﬁﬂ'ﬁ? Q{uﬂtgﬁ@;&l

i nf ecti ons andvheseipheacytchains are either safut rﬂf Uﬂﬁt!’i@!eé‘g%ﬂdd?v?r’%w&é 14ramdor
ski n i ncl udi ngi8osansay atoms fint RAYERL Or y process or any ot her disease
process. Even though the description of this invention is

limted to specific _cases, any
15. A gel formulation according to claim 14 wherein the liposomes further

comprises a polyethyleneglycol derivative of a diacylphosphatidylethanclamine.

15 16. A gel formulation according to claim 12 wherein the liposomes are
composed of distearoylphosphatidyicholine: distearoylphosphatidylglycerol in a molar
ratio of 10:3 and the entrapped drug is dd!.

17. A gel formulation according fo claim 13 wherein the liposomes are

composed of distearoylphosphatidyicholine: distearoylphosphatidyiglycerol:

20  distearoylphosphatidylethanolamine-polyethyleneglycol in a molar ratio of 10:3:1.45
and the entrapped drug is ddl.

18. A gel formulation according to claim 14 wherein the liposomes are
composed of dipalmitoylphosphatidylcholine: dicetylphosphate:cholesterol in a molar
ratio of 4:1:5 and the entrapped drug is ddC.

25 19. A gel formulation according to claim 12 wherein the lippsomes are
composed of dipalmitoylphosphatidyicholine: dipalmitoylphosphatidyiglycerol in a molar
ratio of 10:3 and the entrapped drug is foscarnet.

20. A gel formulation according to claim 11 wherein the liposomes are
conventional, sterically stabilized liposomes, immunoliposomes, pH-sensitive

30 liposomes, heat-sensitive liposomes or target-sensitive liposomes.
i ﬁﬁlfﬂfflllﬁmed




filmformng conponent and/or m crobi ci de and/ or sperm ci de and/ or any

ot her drug 25 and/ or IiH drug c -

conbi nati on of the above mmmnmmmgmaed as ”pg'ﬁ@{%*ﬁ%ﬁT ‘dap BEENL s for

t he devel opment of these tOpical® pfeséntations aR8PAPrEERNder [ he
A o

scope of this Jayention. The formulations also include any
filmformng conponéent and/or m crobicide-gpd/ or sperm cide ‘an

PCT/CA97/00319
roan

ot her drug and/or |iposones (or other drug carriers) or any
- conmbi nati on of these%rﬁd;_&fmmalatiamyc@ﬂding $oianyabhesotclaioent ta20 ahich is to be
EXAMPLE 1 apPliePéy Akt §bed BEmMULSdaaoRipHsthg 984iRal, cervical, apﬁ-rrr%ctal;rgf‘e,

t her nor eversi bl e s are prepared.by addjng.an appropriate vo 0
distilled water ,"‘%@%t"é??% "BEP?% of gs"zxw ??)LF E‘J%}%d 'Bﬁ&gg RY¥e EOFGBW@F“'G gse v

pH 6), HEPES 3 5 buffer (0.02 M pH 7.2) or any other suitabl e aqueous
solution to the polo : | ' ' .~pThe
solution is then, sti E?ﬁﬁ‘gfhgé&f ?rgv%nggg&equg%ﬁég{og%f gﬁﬁbé&git@@g#ﬁg&%@gﬁ& S
let stand to al IS5 WPighFPTBises e epsiqf@apphing agel fosmulalionasdefped ixany one of
WO 97/ 42962 claims 1 to 21 to the skin or mucosae dPa patient susceptible to infection by said
PCT/ CA97/ 00319 pathogens.

23.  Amethod of treating a disease affecting skin or mucosae while avoiding

transmission of pathogens therethrough, which comprises the step of applying a gel

10  formulation as defined in any one of claims 7 to 20 to the skin or mucosa of a patient
in need for such a treatment.
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anount of m crobicides, either as free or entrapped into drug carriers, are
t hen added to the cold pol ynmer solution. Exanpl es i nvol vi ng
our gel formulations . For the purpose of testing the in vitro
toxicity of our gel formulations on cell 5 | i nes, the solutions were
repared with _a pH near neutrality, to be conpatible with t

Eongitions mhéyggﬂnggll l'i nes areyviable. ThgppH can be adj Usted o neet

t he requi renents of each target tissue to be coated with the present
. fornmul ati ons. For i nstance, if/®@fornmulation is to be used to coat
vagi nal nucosa, a slightly acidic pHw I be used. The percentage of
pol ymer may be adjusted accordingly to obtain ate transition
tenperature fromliquid to solid state. Drug rel eas¢ experiﬁayts

h

The pol oxa gel could act as a sustained-drug rel ease sysfyem whic

pr ol ong the local microbicidal activity of the incorpgrated agtive
agents. W ve studied the rel ease of antiviral agenys (AZT, {gdC,
ddl, -foscarnet, acyclovir) from our pol oxamer gel 15 fornﬂlations i ng
radi ol abel | drugs and a d ‘made of two conpargnents
separated byl a di algstserreneTTientts sttt gl ease ofllgr ugs
was I ngreased: R ¢r &2 C,  allghough
the viscosit 2 - . . ~Ni S

expl ai ned by : A L0 - i cel |
network of the RS STt S e : bhke 2 0

rel ease Of t ................................................... XiCity

experiments : : o R
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The cytotoxicity of the pol oxamer 407 gel fornulation (19.5% ww was
eval uated in both human cervical (Me-180) and col on (HT-29) epithelial

cells. Briefly, . a sem -confluent nonol ayer of cells has been
deposited on cell culture inserts in 25 24-wel | pl ates cont ai ni ng McCoy
5a nmedi um and was deposited on top of the cel} an
I ncubati on of ‘&ang‘géz cells were washed with PBS to renove lcﬂﬁoﬁ:{w

and 500 [err]l of fresh mediumwith 50 [err]1 of MIS solution (2 rrg/m in

- PBS) were added to each well. Plates were then incubated at 37[err]C
in a CJerr] incubator for 1 hour. The medi um was then transferred
into a 96-well plate and the optical deng(y was read at 30 420 nm
Results showed that our gel fornulation is non-cytotoxic when applied on
the . ce-l-—l-n-n-e-s—(—ﬂ-g-u-pe—l,. Frgurc Z=shows t he
viability of human cervicaf : TOR- W 114
different congentration no-no-x.ynol~ 9 emhe.r as f‘ree d-r'. 'q or
into the pol oxamj b - '(19 59 wa). ASae-Xpected- no:

I ncor porated
nol -9 wasl

highly toxic Jo the human & = cedoar@ent nanfer
with a toxicify starting at 150[err]g/m O Q F7 42962
PCT/ CA97/ 0031p — - 11 -
prinme interesf, we have denonstrated that the incg of that
sperm cide info our N
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gel formul ation was not toxic under the same experinental conditions.

Effi cacy of the gel as a physical barrier against HV The
ability of the poloxaner gel to block the passage of H V-1 has also been 5
nonitored. In brief, cell culture inserts (0.4 ,um nenbrane pore size) were

pl aced in yell plate. Thereafter, above the nmenbrangerdQ3ebfs’ ]!

of the gel (19vyg;'ég in pH 7.2 HEPES buffer) was added prior to the

addition of H V-1[err] (5000 pg of p24). . Diffusion of viral particles
. through the gel and the nmenbrane was eval gat@d over tinme by

monitoring levels of p24 with a commercial enzymatic assay (Organon

Tekni ka, 10 Durham NC). Results fromthis set Qf xperimentspi‘ndiﬁte
t hat the gel TS as a pnysical barrier téﬁﬁﬁck t he phsBage ‘'of
H V-1 particlag by greatly reduci ng the anount of viral partifcles
passi ng through t gel and nenbrane (figure 3). Ef fi gacy of],the
gel to prevent] H Vabnfection of T cells Simlarjtype
studi.es were rri @t by addi ng at the bottomjoff each well jan 15
i ndi cat or cel g;i ng kna@n to be highly susceptiblje jto H V-1 i pfecti
human - itetve T lynphoid cell Iine Sgp4T1l was use ér t
experinments. Hiefly, = Sup-T1 cells were fifr¢t seeded i -
plate (1.25 x fO[er®] ®el Is/well). Next, cell cuftfre nserts
pl aced in each well and, above the nmenbrane, 100j[prr]l of th¢ gel
wWwin pH 7.2 HEPE$ buffer) was added prior to thg addition of H V-1[etr]
(multiplicity RO of jnfection of 0.01; infectipys viral parg§icle per
target cell). jAft A@h of incubation at $7[err]C, ingerts were
renoved and cejls ref washed to renove uninter i zed viruses.
Cells were maiptained 1 n conplete culture nmediu nd reverse scriptase
activity was determined in cell-free cul tjuRe supernatapts. As
depicted in fipure 4, virus replication ils\abolished by the presence
of the gel. Repults fromthe above experinments 25 t her eby s{ggest that
the effect of fhe gel is either by physically bljocking HV paticles,\
and/ or by negafjively affecting viral infectivity Yhis experifent wag&
repeat ed severhl ~
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times and gave simlar results. In vivo toxicity experinments
St udi es have been perforned to evaluate the tol erance and toxicity of the
30 pol oxamer 407 gel (19.5% ww) when applied locally once daily for two

weeks to the vagi nal and cervi cal nucosae of New Zeal and rabbits.
The gel was applied in its fluid state to allow a go ion
into the irredﬁ?gvvynshaped surfaces of the mucosae. q&?@%@ﬁééﬁ%f t he
vagi nal and cervi cal nucosae were perfornmed on days 0, 4, 7 and 14

. for histol ogical exam nations. Figure 5 the effect of intravagi nal
application of 35 gel and/or nonoxynol-9 ©on the vagi nal and cervi cal
mucosae of rabbits. Results showed that aninmals treated with the ge
al one di d not gshew-si-gRre—gf—i-gi~ctty—t-o—vagtrret 2} é%/4 2
PCT/ CA97/ 00314 -2 -

and cervi cal rucozgg (figure 5b) as conpared to control (figufe 5a). I

contrast, n xynol -9. at a dose of 125 ng was very toxif as evjdenced
by the presenqe ofes = epithelial disruption, irritation crosi nd
bl eeding (figyre ).gbuch toxicity induced by nonogynd -9 m
favour the entjry [gghogens. However, the incorporati of
°» pd » pund H
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5 nonoxynol -9 into the gel conpletely resolved the toxicity of the

sperm cide (figure 5d). Figure 6 shows the correspondi ng

hi st opat hol ogy of cervix after intravagi nal application once daily

for two weeks of pol oxanmer gel (19.5% w w) and/or nonoxynol -9

maj or histol g nmodi fi cati ons was observed to the cervical

rabbits aft er‘gx 974236% e application of the gel alone (fi gur%‘g‘;&(ﬂﬁ%ﬁ

conpared to control (figure 6a). In 10 contrast, optic mcroscopic

- exam nation of the cervical nucosa treated wth nonoxynol -9 showed a

| arge accumul ati on of eosinophiles i Q?/Qf sub- nucosa and I nduce a

maj or | oss of integrity of the epitheTi cells (figure 6¢). On the other

hand, application of the sane anpbunt of spermcide incorporated into

t he gel showed no signs of toxicity (figure 6d) and was conparabl e

to that observed with the gel alone. 15 In vivo efficacy experinents

The efficacy of the pol oxaner gel (19.5%ww) to prevent the genital

transm ssion of HSV-2 was evaluated in mce. In brief, female Balb/c mce

aged 4 meeks'mere_used for thIS study. To inc a'eusagleb ity of
P(geera)

m ce to herpes,: ”Qf prognﬁgerone ( Depo- yﬁ
' t he

adm ni stered e 7 20 géys prlor {0 and

day of inocul SEEGHEED TR wrHeliized mce. MBrg TP N0C ted
with 10 [err] GET 70455 RO Hof HSV-2 sbr; w338 -aft'ér - bi ng
t he vagi na ‘ s wah i d
with culture gel
(19.5% wWw) tq was
delivered wt

the inocul ati & : 3 : - £

sinmulate stir E SR e _caufious
not to cause ' S T g : £r0

i nf ected ani ng . o C , nd by 6

to 9 days, nDS o . » | t , 7 no
ani mal R - ' ~ S
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pretreated with the gel died (i.e. 100% survival) 9 days post-infection.
These results 30 clearly indicate that the use of our gel preparation

could represent an innovative preventive neasure to reduce the
sexual transm ssion of STDs (including HV). The efficacy of
pol oxanmer gel % w w) al one and of the gel containing 3% car net
to treat HSV-vié'%ﬁ‘{zg ous lesions in mce has al so been inve%‘f?’ﬁﬁ”gﬁi’%l n
brief, hairl ess mce (SKHl, 35-42 days ol d) were anesthetized by

. intraperitoneal injection of 35 a ketam ne (70 ng/kg)/xylazine (11.5
mg/-kg) solution. The virus (HSV-1, stragyw B, i sol ated from human

facial vesicles; ATCC VR-733) was inoculated on the l|ateral side
WO 97/ 42962

PCT/ CA97/ 00319 - 13 - of
the body in the lunbar skin area. The skin was scratched 6 tines with a 27
gauge needl e hel d®er®tcal |y i'n@ crossed hatched patt®rn. S5Q [err]l

of viral suspension (hg&x 1Q[err] [n pfu/m) {8 }a*gg’l ied Eto t he
scratched skin area. The®viral suspengion was S»NMYWReLHN ghe‘: inwth
a cotton tipped applig"ftifr_' saturated | th the culgyite gdeisn S* | n which

-

the virus was suspendgGa@The scarifie
cushion (Schering PI oul whi ch was

surgi cal tape. R devel op vesi
coalesce to forma 4-3 WP des?
-, . .

ht ai ned on™t m,h cet hody wi
il ar cut aneous-¥ash, which r
e >

area was pFeboiedith a clirn
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band extending fromthe spine to the ventral mdline of the affected

dermatone sim | ar to zoster-like infections. Virus spreads eventually
to the central nervous system and 10 causes encephalitis and ultimtely

deat h. At 24 hours post-infection, mce were treated three
times daily for 4 days with the gel alone or with th o Rl N NY
3% f oscanet . EW?%M¢?¥ the surgical tape closing t he gﬁg&%Ure %? t he

corn cushion was renoved and the scarified skin area was cl eaned
-using a cotton tipped applicator saturated with cold water. 15 [err]| of
the gel with or 15 without foscanet g/ gpplied onto the scarified area.

The aperture of the corn cushion was then closed again with surgical
tape. Mce were exanm ned twi ce daily for survival as mgé& as for the
eval uation ' i ' ' ed
table 1. Table 1: Criteria for scoring herpetic
cut aneous | gsi ons 20 Score Cinical] mani fesft af i on
0 : No sign of infection: 1 | nf ecfyi on
visible at tlhe inocglation site only 2 .o I NnfH§tion
visible at tjhe inoclfation site along with swel g, crust
and erythe 25 3 I nfection/visible at t i nocul on
site al ong th I esippns formng away fr
i nocul ation site. Erythema in about half- y a
Vesi cul ar rash abouM@hal f - body but not y conf | uent = 00
Vesi cul ar rash totall]y confluent but yet necrotic or ul cerated
6 gsicularfjrash totally c | uent but al so necrotif or
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30 ulcerated. Hnd |inb paralysis, bloating and

death Figure 8 shows the survival of mce infected
cutaneously with HSV-1, w thout any treatment, treated with the
pol oxanmer gel (18% w w) alone or with the gel contai ning 3%
foscanmet. In untreated mce, the lethality of the infection 0 n
mce treated quﬁﬁg% al one, we observed a nortality of 50% sugé‘é?f@#g t hat
the gel 35 exert no therapeutic effect by itself in this herpes nodel.

. However, for mce treated WO 93‘}@62
PCT/ CA97/ 00319 -14- with

t he pol oxamer gel containing 3% foscarnet, all mce survived the infection

denonstr at i ng p—geet—eiifteaey—et—ife—titrg—rhermr—trcorporatred=Tt o t he | .
Figure 9 showd the tine evolution of nmean | esion score of micg infec
cut aneously wijt h V-1, without gny treaf ment, treated with the pol ojarger
gel (18% 5 w/ al one and w the g containing 3% foscajret. In
untreated mcq, no pat hol opi cal sijgns of cutaneous infeftion wgte
vi si bl e duri ng th?first 4 days -,"3
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post-infection. On day 5, herpetic | esions began to appear in sone mce in
the form of smal | vesicles distant fromthe inoculation site. On day
6, alnost all untreated mce devel oped herpetic skin |esions. Mximal
mean | esi on score was observed on day 8. 10 Mean | esi on score decreased
on days 12 to@&ﬁ&g%use of spont aneous regression of s S5ELQPRede Sonme
mce. In mce with the gel alone, we observed a pattern
largely simlar to that seen with untreated m ce suggesting that the gel
. alone has no t herapeutic effect on the devel opnment of herpetic skin
| esions. O prime inportance, we ob§er§d a marked reduction of nean
| esion score in mce treated wth the gel 1/5 cont ai ni ng 3% f oscar net
conpared to untreated mce denonstrating a good efficacy of the drug
i ncorporated i —to foroiil.add y perfo&ed
ation
|

drug delivery] Since they have al so been shown to inhibit per

pat hogens froman infected enyironnment to a ngn-infect one

(previous exafple with HSV-Q), -l t he present fo | at i onsf have a

purpose to acf}] as drug del ifvery syStens and as 20 a barrierfto cont

from ext ernal Jpat hogens opd 0 conthgi on from an i nf g ed subje
. ® o b h

non-i nfected ¢gnes. Any adjuvant T¥edi cati on may befdded to th

formul ati ons. }For ekanpl e, Janti hi st am ni cgcoul d be ded to a
formul ati on cqnpri si ng aCpol oxagey and awycl ovir whegntfie inten
use is for trdating Herpgs vipds infections, ere inhibitign o]
i tching and sqrat chi ngs i rable to provi degoore confort®th the pati
and to 25 ajoi d spreaqi n“of | nfection. Thi s inv%t on has bekn
descri bed herdi nabove an{ ft will be readily appgrent to t skilled
reader that vdriations cgfild be brought to the ef@odi me@s #efcri bed,
W t hout departing/ fromthe above teachingg. Thes® véri ptions are
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V\I‘m'mmmmmmm The use. of a therrmrever5| bl e gel
corrponen a rredl cation for preve g-—the transm ssion of
a pat hogen® t irodgh"a person's skin or nucasag wherg H .
contacting the skin or nucosa with the gel conpo i i o 7

all owi ng the gWHAO‘ BDISpread on the skin oOr A
conmponent solidifies to forma prot ective sem -solid Iayer effe
provi de a physical barrier agai nst passage of the pathogen through the skin
or ‘nmucosa. 2. Tha get formslation férqureventingdtamismidsiombia pathogérethyeligh a

conponent  furt Bgfiedtd k& macd¥aCb A fePtdrhufftibh EripPEIngH §8 component capable
of spreading and forming a protective semi-solid layer upon contact with said
patients skin or mucosa, said gel component comprising a poloxamer or any
eq unvalently protective compound.

2. A gel formulation according to claim 1, wherein said gel component
comprises a poloxamer.

3. A gel formulation according to claim 2, wherein the poloxamer is

poloxamer 407.

4. Agel formulation according to claim 3 wherein poloxamer 407 is present
ina concentration of about 10 to 50% (w/w).

5. Agel formulation-accordihg to claim 4 wherein poloxamer 407 is present
in a concentration of about 18% - 19.5% (w/w).

6. A gel formulation according to any one of claims 1 to 5 for preventing
transmission-of a pathogen through a mucosa, which further comprisesa
microbicidal amount of a spermicide.

7. A gel formulation according to claim 6, wherein said spermicide is

* nonoxynol-9.

-- 8. The use of a gel formulation as defined in any one of claims 1 to 7 for
preventing the-transmission of a pathogen through mucosae or skin, which

~ comprises the step of applying said gel formulation to the skin or mucosae of a
patient susceptible to infection by said pathogen.

9. A use according to claim 8, wherein said gel further comprises a
microbicide, an antimicrobial, a chemotherapeutic agent, an antiinflammatory agent,
an antitoxin, an lmmunotherapeutlc agent, an antihistaminic, a spermucnde a
vaccine agamst a patient's tissue component or against said pathogen, each alone

or in combination.
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|ng an agent effectlve agai nst saif It The
Use lmmn'“iﬂ”@[, ﬂmcl aim3, which results into a el |
as ah imn gi or pharnacol ogi cal ?grrl er . g_e=n
The use as set forth in claiml, whéergin said person's- micosa |s

Vég' nal or ano- rect g Angé)ﬁ@@urdmg@o clalrpBNﬁhéJrgﬁﬂ iz n§|§{ob ?cié cgr %oen%lcbde 5" The

wherein said person"s ano-T1 éct
use as set forselestad fom Wesgroum@tarcﬁlsﬂngaqfdemrm syifatal saquinavirviedinayir.citoranr,

conprises a m gZPRIAT dRl, I Ybdcaphetaritavird RicGElE@r, ganciclovir, nonoxynol-8,
benzalkonium chloride and menfegol.

11. A use according to claim 9 or 10 wherein at least a part of said
microbicide or agents is entrapped in liposomes, nanoparticles or cyclodextrins.

12. A use according to claim 11 wherein at least a part of said microbicide or
agents is entrapped in liposomes.

13. A use according to claim 12 wherein the liposomes comprise a mixture
of diacylphosphatidylcholine and diacylphosphatidyiglycerol in a molar ratio ranging
between’10:1 and 1:1, wherein the acyl chains are either saturated or unsaturated
and have between 16 and 18 carbon atoms in length.

14. A use according to claim 13 wherein the liposomes further comprises a
polyethyleneglycol derivative of a diacylphosphatidylethanolamine.

15. A use according to claim 12 wherein the liposomes are composed of a
mixture of diacylphosphatidylcholine:dicetylphosphate:cholesterol, wherein the acyl
chains are either saturated or unsaturated and have between 16 and 18 carbon

atoms in length.

16. A use according to claim 15 wherein the liposomes further comprises a
'polyethyleneglycol derivative of a diacylphosphatidyle'than_olamine.

17. A use according t'o claim 13 wherein the liposomes are composed of
- distearoylphosphatidylcholine; distearoylphosphatidylglycerol in a molar ratio of
10:3 and the entrapped drug is ddl.

18. A use according to claim 14 wherein the liposomes are composed of

distearoylphosphatidyichoiine: distearoylphosphatidylglycerol:
distearoylphosphatidylethanolamine-polyethyleneglycol in a molar ratio of 10:3:1.45

and the entrapped drug is ddl.

19. A use according to claim 15 wherein the liposomes are conﬁpose_d_ of

dipalmitoylphosphatidylcholine: dicetylphosphate:cholesterol in a molar ratio of

4:1:5 and the entrapped drug is ddC.
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Jﬂl’““ﬂ"llmm set forth in claim?7, wherefa=satd-pmicrohicide is
nonox ﬂ"mil'he use as set forth in clailf B"’SWE@HAsQﬁé'Qf nol -9 .
s present® i h ah ahount of about 125 ny per”dose |t RE&ﬂ.AC rplhe uge as

set forth in claim2, which further results in protectt d=persoft’ S

skin or nucosa aga| Qq‘tA hgga&c&r%g‘%bpéuﬁa\‘é%@ﬁ’e Pn’ﬁ tﬁé‘ggo%nrﬁ’éﬁg’gﬂlg nhﬁ(n gljeve

i ngredi ent. results

in protecting %‘E?’ﬂ"'ﬁ%lﬁi‘@ﬁpﬁat‘gkﬁcho@e ﬁw&g%pv&ymﬁﬂ@ﬂdv&mer@ldwm'yr Eigdd by

sai d bi ol ogi camga@qtthy@ntrgﬁy@mrggns foscdrdet. The use as set forth in claim
7, which further results in protecting said

21. A use according to claim 12 wherein the liposomes are conventional,
sterically stabilized liposomes, immunoliposomes, pH-sensitive Ilposomes
heat-sensitive liposomes or target-sensitive liposomes.

22. A use according to any one of claims 8 to 21, wherein said gel
formulation is to be applied on different types of mucosae comprising vaginal,
cervical, ano-rectal, eye, mouth, nose mucosae, or skin or is to be injected into the

eye for ophthalmic use.

23. A use as defined in any one of claims 9 to 22, which results in treating a
disease affecting skin or mucosae while avoiding transmission of pathogens
therethrough, which comprises the step of applying said gel formulation to the skin
or mucosa of a patient in need for such a treatment. o

24. A method for decreasing the toxicity of a spermicide through a mucosal
epithelium, which comprises the step of formulating said spermicide in a gel
formulation comprising a gel component capable of spreading and forming a
protective semi-solid layer upon contact with said patient's mucosa, said gel
component comprising a poloxamer or any equivaiently protective compound.

25. A method as defined in claim 24, wherein said spermicide is

nonoxynol-8,

- 26. A method as defined in claim 25, wherein nonoxynol-9 is present in
amount of abéut 125 mg per dose unit.

27. A method as defined in any one of claims 24 to 26 wherein said gel

component is poloxamer.

28. A method as defined in clalm 27, wherein sald poloxamer is

poloxamer 407

29. A method as defined in claim 29, wherein poloxarﬁer 407 is present in

a concentration of about 18% - 19.5% (w/w). L
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person s skin or rnucosa against local toxicity caused by said m crobicide.

13.]
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nonoxyn
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orth in claim8, which further results in protecting
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WHAT IS CLAIMED IS:

1. The use of a thermoreversible gel component in the making of a
medication for preventing the transmission of a pathogen through a person’s
skin or mucosa whereby,

upon contacting the skin or mucosa with the gel component in a liquid
state and allowing the gel component to spread on the skin or mucosa, the
gel component solidifies to form a protective semi-solid layer effective to
provide a physical barrier against passage of the pathogen through the skin
or mucosa.

2. The use as set forth in claim 1, wherein the gel component further
includes a biologically active ingredient.

3. The use as set forth in claim 2, wherein said biologically active

ingredient comprises an agent effective against said pathogen.

4, The use as set forth in claim 3, which results into a physical barrier as

well as an in situ chemical or pharmacological barrier against said pathogen.

5. The use as set forth in claim 1, wherein said person’s mucosa is

vaginal or ano-rectal mucosae.

6. The use as set forth in claim 4, wherein said person’s mucosa is
vaginal or ano-rectal mucosae.

7. The use as set forth in claim 3, wherein said biologically active
ingredient comprises a microbicidal amount of a microbicide.
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17 - 18. The use as set forth in claim9, wherein said pathogen is a
Vi rus. The use as set forth in claim 13, wherein said pat hogen is a
Vir us. mlmet forth in claim3, wherein said biologically
active i ngm“mm““ﬁ ed from saquinavir, indinavir, ritonavir, AZT,
ddC, ddl, 3FC, ¢foscdtnét, *ribavirin, acyclovir and ganciclovir. 21. The
use as set forth in claim2, wherein said biologically active ingredient is

encapsul ated in |iposones, nanoparticles or cycl odextrins. 22. The use
as set forth in claim3, wherein said biologically active ingredient is
encapsul ated in |iposonmes, nanoparti ébes or cyclodextrins. 23. The use

as set forth in claim?7, wherein said mcrobicide is encapsulated in
| i posonmes, nanoparticles or cycl odextrins.

8. The use as set forth in claim 7, wherein said microbicide is nonoxynol-
9.
9. The use as set forth in claim 8, wherein nonoxynol-9 is present in an

amount of about 125 mg per dose unit.
10.  The use as set forth in claim 2, which further results in protecting said

person’s skin or mucosa against local toxicity caused by said biologically
active ingredient.

11.  The use as set forth in claim 3, which further results in protecting said
person’'s skin or mucosa against local toxicity caused by said biologically
active ingredient.

12. The use as set forth in claim 7, which further results in protecting said

person’s skin or mucosa against local toxicity caused by said microbicide.

13.  The use as set forth in claim 8, which further results in protecting said

person’s skin or mucosa against local toxicity caused by said nonoxynol-9.
14.  The use as set forth in claim 1, wherein said pathogen is a virus.
15.  The use as set forth in claim 3, wherein said pathogen is a virus.
16.  The use as set forth in claim 4, wherein said pathogen is a virus.

17.  The use as set forth in claim 7, wherein said pathogen is a virus.
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24. The_u,se__a.s_s:ei——f—eH—hﬂ—n claim 20, wherein said biologically active

|ngred|ent IS encaisulate in |iposones, nanoparticles or cyclodextrins.

The mlm “ cl ai m 24 wherein the |iposones are conposed of a
m xture of | chol i ne: di cetyl - phosphat e: chol esterol, wherein

the acyl chdins are e|t er saturated or unsaturated and have between 16 and
18 carbon atons in | ength. 26. The use according to claim25 wherein
the |i posones are conposed of dipal mtoyl phosphati dyl choli ne:

di cet yl phosphat e: chol esterol in a notlr ratio of 4:1:5 and the entrapped
drug is ddC

18.  The use as set forth in claim 9, wherein said pathogen is a virus.
19.  The use as set forth in claim 13, wherein said pathogen is a virus.
20. The use as set forth in claim 3, wherein said biologically active

ingredient is selected from saquinavir, indinavir, ritonavir, AZT, ddC, ddl,

3TC, foscarnet, ribavirin, acyclovir and ganciclovir.

21. The use as set forth in claim 2, wherein said biologically active
ingredient is encapsulated in liposomes, nanoparticles or cyclodextrins.

22. The use as set forth in claim 3, wherein said biologically active
ingredient is encapsulated in liposomes, nanopatrticles or cyclodextrins.

23. The use as set forth in claim 7, wherein said microbicide is
encapsulated in liposomes, nanoparticles or cyclodextrins.

24. The use as set forth in claim 20, wherein said biologically active

ingredient is encapsulated in liposomes, nanoparticles or cyclodextrins.

25.  The use according to claim 24 wherein the liposomes are composed
of a mixture of diacylphosphatidylcholine:dicetyl-phosphate:cholesterol,
wherein the acyl chains are either saturated or unsaturated and have

between 16 and 18 carbon atoms in length.

26.  The use according to claim 25 wherein the liposomes are composed
of dipalmitoylphosphatidylcholine: dicetylphosphate:cholesterol in a molar
ratio of 4:1:5 and the entrapped drug is ddC.
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. 27.——The—tuse—aceording to claim 24 wherein the Ilposones are conposed
of a m xt i acyl hosphatldylchollne di acyl - phosphati dyl gl ycerol ,
wherein t 'ﬂ%{ﬂ Eu e either saturated or unsaturated and have
bet ween 1 tons in | ength. 28. The use according to claim
27 wherein the Ilposones are conposed of distearoyl phosphati dyl chol i ne:
di st ear oyl phosphati dyl gl ycerol in a nolar ratio of 10:3 and the entrapped
drug is ddi. 29. The use according to claim 27 wherein the |iposones are
conposed of di st ear oyl phosphati dyl chol i ne:
di st ear oyl phosphati dyl gl ycerol : 18
di st ear oyl phosphati dyl et hanol am ne- polyethyleneglycol in a nolar ratio of
10: 3:1.45 and the entrapped drug is ddi. 30. The use according to claim
27 wherein the_liposones are conposed of dipal mtoyl phosphatidyl choline:
di pal ni t oyl ph@€phatlihgyusglageesding to plaim 26 wherein thelindsor@saracdmposednt r apped
drug is foscar

| e| n said
t her mor ever si t?l?g Fndxet egb(])f rcrli?r }T Egos'@g%@?c&@gl{@e& S&l—pﬂogﬂh‘%ﬂm{%lycero wherein
the acyl chains are either saturated or unsaturated and have between 16 and
18 carbon atoms in length.

28.  The use according to claim 27 wherein the liposomes are composed
of distearoylphosphatidylcholine: distearoylphosphatidylglycerol in a molar
ratio of 10:3 and the entrapped drug is ddi.

29.  The use according to claim 27 wherein the liposomes are composed
of distearoylphosphatidylcholine: distearoylphosphatidylglycerol:
distearoylphosphatidylethanolamine-polyethyleneglycol in a molar ratio of
10:3:1.45 and the entrapped drug is ddi.

30.  The use according to claim 27 wherein the liposomes are composed
of dipalmitoylphosphatidylcholine: dipalmitoylphosphatidylglycerol in a molar
ratio of 10:3 and the entrapped drug is foscarnet.

31. The use as defined in claim 1 wherein said thermoreversible gel
comprises a poloxamer.

32. The use as defined in claim 31 wherein said thermoreversible gel is

poloxamer 407.

33.  The use as defined in claim 32 wherein said poloxamer 407 is present
in a concentration of about 10 to 50% (w/w).
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32. - The use as defined in claim31 wherein said thernoreversible gel is

poloxa

407 is
e

pr esent

=N

y m Iiconcentratlon of about 10 to 50% (W w).

“u" ined in claim32 wherein said pol oxanmer 407 is

on of about 18 to 19.5% (w w).

19

34. The use as defined in claim 32 wherein said poloxamer 407 is present
in a concentration of about 18 to 19.5% (w/w).

35. A barrier-forming composition which essentially consists of a
poloxamer and a buffer solution; wherein, when applied to the surface of a
person’s skin or mucosa, the composition solidifies to form a protective semi-
solid layer on the skin or mucosa, effective to provide a physical barrier
against the passage of a pathogen through the skin or mucosa.

36. A barrier-forming composition as defined in claim 35 wherein said
poloxamer is poloxamer 407. '

37. A barrier-forming composition which essentially consists of a
poloxamer, an effective amount of a microbicide and a buffer solution;
wherein, when applied to the surface of a person’s skin or mucosa, the
composition solidifies to form a protective semi-solid layer on the skin or
mucosa, effective to provide a physical barrier and a chemical barrier against
a pathogen.

38. A barrier-forming composition as defined in claim 37 wherein said
poloxamer is poloxamer 407.

39. A barrier-forming composition as defined in claim 37 wherein said
microbicide is nonoxynol-9.

40. A barrier-forming composition as defined in claim 38 wherein said

microbicide is nonoxynol-9.
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35.\'-.- A barrier-form ng conposition which essentially consists of a
poloxaner and—a—buffer sol ution; wherein, when applied to the surface of a

person' s i nucosa, the conposition solidifies to forma protective
sem - splﬁ”"ﬂj%' ﬂmu kin or nmucosa, effective to provide a physical
barrier agal Y ﬂl@e of a pat hogen through the skin or nucosa. 36.
A barrier-fornming corfpodition as defined in claim35 wherein said pol oxamer
i s pol oxaner 407. 37. A barrier-formng conposition which essentially
consists of a pol oxamer, an effective amount of a m crobicide and a buffer
sol ution; wherein, when applied to t2@ surface of a person's skin or
mucosa, the conposition solidifies to forma protective sem-solid |ayer on
the skin or nucosa, effective to provide a physical barrier and a chem cal
barri er against a pathogen. 38. A barrier-formng conposition as defined

in claim37 wiAdrei A Bafrigr-fosningeampasiiopasostefined in@laim 3Bgvhergin said
barrier-form BﬁclﬁBmsigtehggbsﬁfaté{?{ni Ifb%gor.h@s.d aim 37 wherein said ncrobicide

i s nonoxynol -

42. A barrier-forming composition as defined in claim 38, wherein said

microbicide is encapsulated in liposomes.
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40.

q
A barrier-form ng conposition as defined in claim38 whereij nsvgal d
Jrog o,

im cr obi ci de i s nonoxynol - 9.

41.

m crobicide is encapsulated in |iposones.

conposition as defined in claim 38, wherein said mcrobicide
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