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(57) ABSTRACT

The present invention relates to new formulations, particu-
larly usetul in the topical treatment of skin and orormucosal
wounds. Formulations can be either a solution or a gel form
consisting of a Polyhexamethylene biguanide as an antimi-
crobial agent, purified water and a tri-blockcopolymer, par-
ticularly a triblockcopolymer of polyethylene oxide and
polypropylene oxide, and more particularly a poloxamer.
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FORMULATION FOR TOPICAL WOUND
TREATMENT

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention particularly relates to gel and
solution formulations contaiming polyhexamethylene bigu-
amde (PHMB), purified water and tri-blockcopolymers of
polyethylenoxide and polypropylenoxide, which are used
for wound treatment.

PRIOR ART

Wound Treatment

[0002] The integrity of the structures forming the skin and
mucosa deteriorates due to various reasons. A wound 1s a
lesion that occurs as a result of a disruption of the damaging
of tissue 1ntegrity of the body due to an external trauma. Soft
tissue defects or open wounds may result from a variety of
events including, but not limited to trauma, burns, diabetic
ulcers, severe infections, such as necrotizing fasciitis,
venous stasis disease, and pressure ulcerations. Microorgan-
isms are present in all type of wounds, although number,
virulence, species and mixture can vary.

[0003] Today, various topically applied solutions and gels
are used for disinfection through cleaming of wounds and
body surfaces. The formulations used 1n the prior art contain
Polyhexamethylene biguanide (PHMB) and excipients such
as surtace active agents and/or gelling agents. However,
such antiseptic components contribute to wound healing
only by cleansing and protecting the wound from pathogenic
microorganisms.

[0004] Hereinatfter
reterred to as PHMB.

[0005] The effectiveness of the existing products is clean-
ing the layers on the wound surface particularly at the
chronic wounds and ensuring wound antisepsis. The wound
surface contains layers such as wound exudate, excised and
thickened fibrin layers, necrotic tissue and cell debris, eftc.
Such layers provide a suitable medium for the pathogenic
microorganisms to infect the wound. Even 1n the absence of
infectious microorganisms, removal of the layers on the
wound surface and cleaning and disinfection of the wound
1s an extremely important factor for accelerating recovery
process.

[0006] In the mixtures used for the treatment of the wound
in the prior art, PHMB 1s a suitable compound as a micro-
bicide substance with good tissue tolerance. Wound treat-
ment products contaimng PHMB and a surface active agent
in liquid or gel formulations are present [1, 2]. However,
those products might produce cases such as failure to ensure
satisfactory protection, to cleanse the wounds from harmiul
substances, to ease the pain, to accelerate cell reproduction
and cell regeneration, incompatibility with supporting treat-
ments, and 1nability to provide enough moisture [3].

[0007] It 1s observed that the active ingredients or excipi-
ents from fully synthetic ornigins are used 1 wound treat-
ment. Taking into consideration the fact that the acute or
chronic wounds might be a systemic disease, hence, intake
ol another synthetic substance might pose an extra risk for
the patient. Povidone-iodine might be a good example for
such subject matter. Povidone-iodine 1s used as a pharma-
ceutical antimicrobial and antiviral agent against microor-
ganisms aflected by 1odine. It 1s readily absorbed by the

Polyhexamethylene biguanide 1s
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tissue and contains 1odine at a rate that might disturb the
thyroid function tests. Another example to this subject
matter 1s chlorhexidine gluconate. Chlorhexidine gluconate
1s also readily absorbed by tissues and affects all cells
without any discrimination. Moreover, 1t accumulates 1n the
livers and might affect the liver functions. Such formulations
with synthetic content aflect the body functions and might

lead to problems that have a negative impact on human
health.

Formulations with PHMRB

[0008] One of the patents 1n the literature concerning this
subject matter 1s the patent EP1404311 B1 [1]. The appli-
cation enfitled “Wound treatment agent” 1s formulated for
use as a washing or shower gel, as a moisturizing gel or as
a moist wound covering, as a dissolving gel for dissolving
incrustations or scabs from body surfaces or wounds or for
removing dressings and for changing moist dressings. Said
formulation contains PHMB, minimum one unbranched
fatty acid derivative surfactant and hydroxyethyl cellulose.
However, the application does not contain any compound
that accelerates cell reproduction, cell regeneration; pro-
vides anfti-inflammatory eflects, or enhances collagen for-
mation at the wound. Such an 1ngredient does not have any
direct contribution to the healing process of the wound but
may have indirect contribution by protecting and cleaning
the wound. Besides, EP1404311 B1 teaches the synergistic
cllects of Polyhexanid and betaine type amphoteric surfac-
tants 1n wound treatment [1]. However, a recent publication
showed that use of said formulation may have negative
eflect on the further treatment of wounds [3].

[0009] DE 100 12 026 B4 discloses a gel containing
PHMB, glycerin and hydroxyethyl cellulose. It has been
recognized that PHMB has microbicidal activity as well as
distinctive conserving activity. A cytotoxic activity, as e.g.
known for chlorhexidine was not observed. However this
formulation does not include a surface active agent, which
1s 1mportant for a formulation that 1s claimed to be used as
a washing or shower gel, as a moisturizing gel or as a moist
wound covering, as a dissolving gel for dissolving incrus-
tations or scabs from body surfaces or wounds or for
removing dressings and for changing moist dressings.

Formulations with Surfactants

[0010] As mentioned above, EP1404311 B1 [1] discloses

a formulation containing PHMB, and minimum one surfac-
tant, which 1s stated to be a derivative of an unbranched fatty

acid, and overcomes the problem of DE 100 12 026 B4.

[0011] Surfactants are commonly added to cleaning and
healing formulations 1n view of their surface activity. Sur-
factants are compounds that lower the surface tension (or
interfacial tension) between two liquids or between a liquid
and a solid. Surfactants may act as detergents, wetting
agents, emulsifiers, foaming agents, and dispersants.

[0012] It 1s emphasized that the surfactants preferred in
combination with PHMB are amphoteric or non-1onic sur-
factants, because of the structural property of PHMB, which
1s neutralized by amonic surfactants. Thus, when anionic
surfactants are used, the microbicidal activity of PHMB 1s
aflected, which 1s undesirable.

[0013] The surfactant in the EP1404311 B1 1s preferably
selected from a glycine denivative and/or a sulfosuccinate
and/or an amide based on an unbranched fatty acid. Fur-
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thermore, 1t 1s stated that the preferred surfactant for this
formulation 1s a betaine and, in particular, an amidoalkyl
betaine of a fatty acid.

[0014] Sulfosuccinate derivatives of fatty acids are present
at a specific pH (1soelectric point) 1n a nonionic form and 1n
this way they are used 1n the patent EP1404311 B1, although
they are structurally anionic molecules. The nonionic struc-
ture, however, 1s not a structural form but a physical state
that changes according to the environmental conditions and
can be described as a pseudo-nonionic state. Therefore 1t 1s
not comparable to real non-1onic surfactants, which do not
carry any negative (—) or positive (+) charge 1n any case.
[0015] Betaines are zwitterion chemical compounds with
a positively charged cationic functional group such as a
quaternary ammonium or phosphonium cation (generally:
onium 1ons) which bears no hydrogen atom and with a
negatively charged functional group such as a carboxylate
group which may not be adjacent to the cationic site.

[0016] It 1s disclosed that fatty acid sulfosuccinate and
tatty acid amides can also be used in the formulation either
together with glycine derivatives of fatty acids or as an
alternative to them. Fatty acid amides are nonionic mol-
ecules. They are synthesized through an amidization reac-
tion of a fatty acid and an amine.

[0017] Thus, none of the above surfactants commonly
used 1n combination with PHMB 1s non-1onic independent
of the surrounding pH. The surfactants thus may interact
with PHMB and alter 1ts eflicacy. Further formulations with
PHMB and betaine type amphoteric surfactants may have
negative eflect on the further treatment of wounds [3].

Formulations with Polymers

[0018] The patent application DE 10 2010 013 075 Al
discloses antimicrobial wound dressings comprising a poly-
meric substrate and a composition with an antimicrobial
active agent (in particular PHMB) and a cytotoxicity reduc-
ing agent selected amongst others from betaine-derivatives.
The preferred polymeric substrates are polyurethanes due to
theirr high liquid-absorbing abilities. The application thus
uses the well-known formulations containing PHMB and
betaine-derivatives for producing wound dressings. The
polymers disclosed 1n the application are used 1n order to
produce the polymeric substrate into which the active ingre-
dient and surfactant are incorporated and hence the formu-
lation comprises wound dressings but no wound treatment
agents. Additionally, the application areas, 1.€. as a washing
or shower gel, as a moisturizing gel or as a moist wound
covering, as a dissolving gel for dissolving incrustations or
scabs from body surfaces or wounds or for removing dress-
ings and for changing moist dressings, which are claimed 1n
the patent EP 1404311 B1, are not mentioned or claimed in
the patent application with the number DE 10 2010 013 0735
Al. Therefore, said patent deals only with a wound dressing
formulation but not a wound treatment agent formulation.

Herbal Ingredients

[0019] The medicinal properties of many plants have been
identified with specific chemical compounds which have
been 1solated, purified and, 1n many cases, synthetically
reproduced. Many well-known drugs were originally
derived from plants. Salicylic acid the precursor for aspirin,
was originally 1solated from White Willow bark and the
Meadowsweet plant. Quinine, which 1s used to treat malana,
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was derived from Cinchona bark. Vincristine, which 1s used
in cancer treatment, comes from Periwinkle. Perhaps most
famous are morphine and codeine, which are derived from
the Opium Poppy.

[0020] Modern physicians, particularly i the United
States, tend to rely on treatments using synthetic or chemi-
cally manufactured drugs. Rather than using whole plants or
plant extracts for treatment, pharmacologists tend to 1den-
tify, 1solate, extract and synthesize the active compounds
from plants for use 1n treatment. This approach, however,
has drawbacks. In addition to individual physiologically
active compounds present 1n a plant, there are also minerals,
vitamins, glycosides, oils, alkaloids, bioflavonoids, and
other substances which can be important 1n supporting the
medicinal properties of a particular plant. These additional
substances can provide a synergistic eflect which 1s absent
when purified or synthetic physiologically active com-
pounds are used alone. Additionally, the toxicity of purified
physiologically active compounds 1s generally higher than
when the physiologically active compounds are present with
the other plant substances. The ellicacy of various herbal
remedies, extracts, potions and treatments 1s well known,
and therapeutic herb products are increasingly recognized as
desirable alternatives. U.S. Pat. No. 4,886,665 teaches the
use of a pharmaceutical preparation of oats and nettle
extracts. U.S. Pat. No. 4,671,959 discloses the use of mix-
tures of natural oils for stress reduction. U.S. Pat. No.
5,064,675 relates an herbal extract composition, which
provides a calming effect. U.S. Pat. No. 5,407,675 discloses
an herbal extract used for scalp treatment. U.S. Pat. No.
5,178,865 discloses an herbal extract mix, which inhibits
infection of human immunodeficiency virus or HIV 1n vitro.
[0021] U.S. Pat. No. 5,500,340 and U.S. Pat. No. 5,294,
443 disclose the use of herbal extracts for immunosuppres-
sion and treatment of autoimmune disorders.

[0022] One patent 1n the literature concerning this subject
matter 1s the patent application No. WO 2009106963 A2
entitled Dental composition for preventing and treating
stomatitis and mouth ulcers. Said composition comprises
Myrrh resin as fluid extract and chloride or other soluble
zinc salt; wherein a glycyrrhetic acid 1s added to the Myrrh
resin, to the disinfecting substance and to the soluble zinc
salt. However, said formulation includes Myrrh fluid extract,
which was not prepared as tincture by apple cider vinegar.
[0023] The present invention deals with the drawbacks of
the prior art, 1.e., amongst others, 1) the relatively high
toxicity of commonly employed surfactants, in particular
betaine-derivatives; 11) the regularly observed inactivation of
microbicidal agents such as PHMB by commonly employed
surfactants, 111) the pH-dependent surface activity of com-
monly employed surfactants, 1v) negative effects of ampho-
teric surfactants on further treatments.

[0024] In conclusion, the technique of the prior art men-
tioned above fails to provide solutions to the existing
problems, and thus an improvement in the concerned tech-
nical field 1s required.

OBJECTIVE OF THE INVENTION

[0025] The present invention relates to a formulation used
for wound treatment which meets the aforementioned
requirements, eliminates all disadvantages and introduces
some additional advantages.

[0026] The preferred objective of the invention i1s to
develop a formulation used topically for treatment of
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wounds, thus preventing any negative outcomes that might
allect human health when compared to formulations of the
prior art by virtue of the fact that the formulation contains
the tri-blockcopolymers of the present which are amphiphi-
lic, non-toxic and have non-ionic properties and thus have
beneficial effects on the treatment of wounds, as will be
described below. Such tri-blockcopolymers are preferably
tri-blockcopolymers from polyethylene oxide and polypro-
pylene oxide and more particularly poloxamers.

[0027] Another objective of the present mvention 1s to
support the healing process under an acidic pH medium or
basic pH medium by using said tri-blockcopolymers.
Chronic wounds have alkali environment and wound healing
starts 1n acidic environment [4]. Therefore said compounds
tacilitate the healing process by providing surfactants that
work independent of the surrounding environmental pH.
[0028] Another objective of the present invention is to use
the formulation for treatment of acute or chronic oromucosal
wounds through topical applications as being produced in
liquid and gel form.

[0029] Another objective of the present invention 1s to
treat patients suflering another systemic disease by virtue of
the tri-blockcopolymers without any toxic eflect on the
body. In this manner, any risks on health are prevented.
[0030] A similar objective of the present mvention 1s 1ts
use for the treatment of the wounds through topical appli-
cations as the formulation 1s produced 1n solution and gel
form.

[0031] Another objective of the present invention 1s 1ts use
as a bath or shower gel for cleaning body surfaces from
harmiul materials by virtue of microbicide etfect. Besides,
its use 1 wound dressing as a gel and solution form which
tacilitates removing and changing the bandage 1s also pres-
ent.

[0032] In order to fulfill the aforementioned objectives;
the present invention comprises a solution formulation con-
taiming PHMB, purified water (e.g. distilled water or deion-
1zed water), and tri-blockcopolymers used for topical treat-
ment of skin and oromucosal wounds.

[0033] In order to fulfill the aforementioned objectives,
the present invention provides a production method of the
liquid formulation for topical treatment of skin and oromu-
cosal wounds comprising the process steps of adding and
mixing polyhexamethylene biguanide (PHMB) and purified
water (Solution A), and adding and mixing solution A to
tri-blockcopolymers to get the end product.

[0034] In order to fulfill the aforementioned objectives,
the present invention provides a gel formulation containing
PHMB, purified water, tri-blockcopolymers, and a gelling
agent used for topical treatment of skin and oromucosal
wounds.

[0035] In order to fulfill the aforementioned objectives,
the present invention provides a production method of the
gel formulation for topical treatment of skin and orornucosal
wounds comprising the process steps of adding gelling agent
to purified water and mixing thereof by heating, followed by
adding PHMB, cooling the mixture obtained to room tem-
perature (Solution B), and finally adding and mixing solu-
tion B to tri-blockcopolymers to get the end product.

[0036] The structural and characteristic properties of the
invention and all advantages introduced shall be understood
more clearly by virtue of the detailed description given
below and therefore evaluation should be performed taking
this detailed description 1into consideration.
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DETAILED DESCRIPTION OF TH.
INVENTION

L1

[0037] In this detailed description, the preferred embodi-
ments of the formulation used for wound treatment of the
invention are described for a better understanding of the
invention without any limitations.

[0038] The present invention relates to a wound healing
formula comprising at least one antimicrobial active sub-
stance and at least one triblockcopolymer, which 1s amphi-
philic, non-toxic and has non-ionic properties.

[0039] The present mvention pertains to the use of tri-
blockcopolymers that have amphiphilic properties and are
non-ionic, 1 particular amphiphilic tri-blockcopolymers
from polyethylene oxide and polypropylene oxide, more
particularly to poloxamers and even more particularly to
poloxamer 188 1n combination with PHMB for the treatment
of persons and animals suffering from acute or chronic
wounds, for example, 1n wound antiseptics, wound irrigation
solutions, ointments, creams, gels, solutions and wound
dressings.

[0040] Products containing such active substances do not
have a harmiul effect on human tissue. This 1s of even
greater importance 1f such products come 1nto contact, not
only with healthy skin, but especially for products used 1n
wound treatment.

[0041] The invention has two different fields of applica-
tion as gel and liquid formulations. The main ingredients
commonly used 1n said gel and liquid forms are as follows:

MAIN INGREDIENTS

Polyhexamethylene Biguanide (PHMB) (Cas No:
32289-58-0)

[0042] Polyhexamethylene biguanide 1s a powertul cat-
ionic antiseptic derived from biguanide with wide spectrum
polymeric structure showing high tissue compatibility. It has
strong antimicrobial eflect due to 1ts selective binding prop-
erty to acidic lipids on bacterial cell membranes. PHMB has
a broad spectrum of activity against Gram-positive and
Gram-negative bacteria, fungi, yeasts, viruses and biofilms.
It 1s widely used for the treatment of local infections. The
tissue compatibility of PHMB based on its activity against
the acid lipids contained within the bacterial cell membranes
and minor effect on the neutral lipids of human cell mem-
branes. This helps to prevent damage to the surrounding
healthy tissue. Therefore 1t can be applied over a long period
of time due to 1ts low toxicity. In addition, PHMB 1s less
likely to cause allergic reactions, sensitization or resistance.

[0043] EP 1404311 B1 teaches the synergistic effects of

Polyhexanide and betaine type amphoteric surfactants in
wound treatment [1]. However, a recent publication showed
that use of said formulation may have negative effect on the
further treatment of wounds [3].

[0044] In another formulation a mixture of polyhexanid,
various surfactants and some excipients such as allantoin
that may present in the comirey extract used as wound
dressing formulation. In fact said study deals with a wound
dressing formulation and does not take the synergistic eflect
ol other biomolecules that present 1n the extract of comirey
such as rosmarinic acid, mucilage, tannins and 1nulin with

allantoin 1n to consideration [5].
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Emulsifying Agent (Surfactant)

[0045] As surfactant, tri-blockcopolymers are used 1n the
formulation as emulsifying/wetting/surface active agent.
Said tri-blockcopolymers are preferably amphiphilic and
have non-ionic properties.

[0046] In a preferred embodiment, the tri-blockcopoly-
mers are tri-blockcopolymers of polyethylene oxide and
polypropylene oxide. Tri-blockcopolymer of polyethylene
oxide and polypropylene oxide are amphiphilic, non-1onic
and relatively non-toxic surfactants. Due to these properties,
they are particularly preferred in the present invention. Due
to the amphiphilic property, they have superior cleanming
elliciency on the wound to be treated. Because of their
surface active nature they reduce the surface tension on skin,
hence they minimize the adhesion of microorganisms on
wounds thus prevent development of infection. Due to the
non-ionic property, they do not interact with PHMB and
alter 1ts ethicacy, compared to other surfactants that are
anionic or change their charge depending on the surrounding
pH. Due to the non-toxicity, they are beneficially used in
formulations for wound treatment i combination with
PHMB.
[0047] A particularly preferred kind of tri-blockcopolymer
ol polyethylene oxide and polypropylene oxide are polox-
amers described below.

[0048] Poloxamers are amphiphilic, non-ionic and rela-
tively non-toxic surfactants. Poloxamers are synthetic tri-
blockcopolymers of polyethylene oxide and polypropylene
oxide, and have the following chemical structure (I) and
general formula (II) (FIG. 1).

(D

Ho/f\/Ot\L/LO:b/f\/OL\H

HO(CyH40),(C3Hg0)(CoH40),— H.

(1)
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TABLE 1

(a) and (b) values 1n various poloxamer types:

Poloxamer a b
124 12 20
18% R0 27
237 64 37
338 141 44
407 101 56

[0050] Poloxamers generally occur as white, waxy, free-
flowing prilled granules, or as cast solids. They are practi-
cally odorless and tasteless. Poloxamers are stable materials.
Aqueous solutions are stable in the presence of acids,
alkalis, and metal 1ons. They are nonionic polyoxyethylene-
polyoxypropylene copolymers used primarily in pharmaceu-
tical formulations as a dispersing agent, emulsitying agent,
solubilizing agent, tablet lubricant, wetting agent, gelling
agent and thickener. The polyoxyethylene segment 1s hydro-
philic while the polyoxypropylene segment 1s hydrophobic.

[0051] The chemical name of poloxamer 1s a-Hydro-m-
hydroxypoly(oxyethylene)poly(oxypropylene) poly-(oxy-
cthylene) block copolymer.

[0052] All of the poloxamers are chemically similar 1n
composition, differing only 1n the relative amounts of pro-
pylene and ethylene oxides added during manufacture. Their
physical and surface-active properties vary over a wide
range and a number of diflerent types are commercially
available. Poloxamers are used as emulsitying agents 1in
intravenous fat emulsions, and as solubilizing and stabiliz-
ing agents to maintain the clarity of elixirs and syrups.
Poloxamers (Cas No: 9003-11-6) may also be used as
wetting agents; 1n ointments, suppository bases, and gels;
and as tablet binders and coatings.

[0053] Chemical properties of poloxamer types included
in the PhEur 6.0 and USP32-NF27 are shown in Table 2.

TABLE 2

Chemical properties of most known Poloxamers are as follows:

Poloxamer Physical Form

124
188
237
338
407

FIG. 1: Molecular structure and general formula of polox-
amer

[0049] Various grades of poloxamer are included in the
PhEur 6.0 and USP32-NF27. The PhEur 6.0 states that a

suitable antioxidant may be added. Poloxamer types differ in
the number of ethylene oxide (a) and propylene oxide units
(b). Generally, ‘a’ 1s 1 between 2 to 130 and ‘b’ i1s 1n
between 15 to 67, although it will be appreciated that: other
values for ‘a’ and ‘b’ are also possible. (a) and (b) values in
several poloxamer types are listed 1n table 1.

pH, 2.5% Cloud Cloud

Molecular Pour/Melting aqueous point, 1% point, 1%

Weight Point solution  Solution  Solution

Ligiud 2390-2363 16° C. 5.0-7.5 65° C. 71-75° C.
Solid 7680-9510 52° C. 5.0-7.5 >100° C. >100° C.
Solid 6840-8830 49° C. 5.0-7.5 >100° C. >100° C.
Solid 12700-17400 57° C. 5.0-7.5 >100° C. >100° C.
Sol d 9840-14600 56° C. 5.0-7.5 >100° C. >100° C.

[0054] Poloxamers are amphiphilic molecules. The Poly-

propylene oxide center consists of the hydrophobic core,
whereas polyethylene oxide chains consist of the hydro-
philic part of the molecule. Because of their surface active
nature they reduce the surface tension on skin, hence they

minimize the adhesion of microorganisms on wounds thus
prevent development of infection.

[0055] Poloxamers may also be used therapeutically as
wetting agents 1n eye-drop formulations, in the treatment of
kidney stones, and as skin-wound cleansers.
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[0056] Particularly preferred poloxamers used 1n the pres-
ent mvention can be selected from poloxamer 124, polox-
amer 188, poloxamer 237/, poloxamer 338 and poloxamer
407, whose properties are summarized in Table 2 above.
Among these poloxamers, poloxamer 188 1s particularly
preferred.

[0057] Poloxamer 188 has been used as an emulsiiying
agent for fluorocarbons used as artificial blood substitutes,
and 1n the preparation of solid-dispersion systems. More
recently, poloxamers have found use 1n drug-delivery sys-
tems.

[0058] Therapeutically, poloxamer 188 i1s administered
orally as a wetting agent and stool lubricant in the treatment
ol constipation; 1t 1s generally used 1n combination with a
laxative.

[0059] The addition of the non-toxic surfactant poloxamer
188 to a fine-pore-size sponge minimizes the tissue damage,
while maintaiming the bacterial removal efliciency of
mechanical cleansing. Its mnocuous property prevents 1rri-
tation of patient’s conjunctiva. This wound cleanser does not
alter the wound’s resistance to infection and healing, nor the
cellular components of blood. Although, it exhibits no
antibacterial activity, 1t mimimizes the adhesion of microor-
ganisms on wounds thus prevents the development of infec-
tion.

[0060] Other poloxamers that may be used in the present
invention are Poloxamer 338 and 407. Poloxamer 338 and
407 are used 1n solutions for contact lens care. Studies on
poloxamer 407, which shows thermoreversibie properties,
for optimizing drug formulation temperature have demon-
strated 1mmunomodulation and cytotoxicity promoting
properties.

[0061] Poloxamers are branded under two categories by
BASF Corp., namely Pluronic and Kolliphor. Pluronic brand
1s for use 1n the cosmetic industry as oi1l-in-water emulsifiers,
cleanser for mild facial products, and dispersing agent,
whereas Kolliphor brand 1s for use as medical instrument or
drug excipient.

[0062] Poloxamers are used 1n a variety of oral, parenteral,
and topical pharmaceutical formulations, and are generally
regarded nontoxic and non-irritant materials. Poloxamers
are not metabolized in the body. Amimal toxicity studies,
with dogs and rabbits, have shown poloxamers to be non-
irritating and non sensitizing when applied 5% w/v and 10%
w/v concentration to the eyes, gums, and skin. In a 14-day
study of intravenous administration at concentrations up to
0.5 g/kg/day to rabbits, no overt adverse eflects were noted.
A similar study with dogs also showed no adverse eflects
dosage levels up to 0.5 g/kg/day. In a longer-term study, rats
ted 3% w/w or 5% w/w of poloxamer 1n food for up to 2
years did not exhibit any significant symptoms of toxicity.
However, rats recerving 7.5% w/w ol poloxamer 1n their diet
showed some decrease in growth rate. No hemolysis of
human blood cells was observed over 18 hours at 258 QC,
with 0.001-10% w/v poloxamer solutions.

[0063] Included in the FDA Inactive ingredients Database
(IV injections; inhalations, ophthalmic preparations; oral
powders, solutions, suspensions, and syrups; topical prepa-
rations).

[0064] Included in non-parenteral medicines licensed 1n
the UK. Included 1n the Canadian List of Acceptable Non-
medicinal Ingredients.
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FURTHER EXCIPIENTS

Purified Water

[0065] In the present invention, purified water 1s prefer-
ably used 1n the formulations. Purified water can 1n particu-
lar be obtained by distilling water or deionizing water. Thus
purified water 1n the present application relates to water that
1s mechanically filtered or processed to be cleaned. Daistilled
water and detonized (DI) water are the most common forms
of purified water, but water can also be purified by other
processes 1ncluding reverse osmosis, carbon filtration,
microfiltration, ultrafiltration, ultraviolet oxidation, or elec-
trodialysis.

[0066] In the present invention, distilled water i1s prefer-
ably used.

Co-Surfactants
[0067] The formulation may additionally contain further

co-surfactants to improve the solubility of any herbal ingre-
dients that may be added (ct. description below) or to further
reduce the cytotoxicity of the formulation.

[0068] The patent EP1404311 B1 teaches synergistic
ellect of PHMB and some amphoteric surfactants, which are
to be glycine, sulfosuccinate and Amide derivatives of an
unbranched fatty acid. Said patent claims a formulation
including PHMB and an unbranched fatty acid derivative
surfactant. Additionally, the patent claims that unbranched
fatty acid derivative has to be glycine, sulfosuccinate or
amide derivative. The surfactants described in EP 1404311
B1 can also be used in the present invention as co-surfac-
tants 1n combination with the tri-blockcopolymers. How-
ever, the surfactants described in EP 1404311 B1 may not
always be preferably for wound treatment formulations.

[0069] It has presently been found that amphoteric surfac-
tants other than the unbranched {fatty acid derivatives
described 1n EP 1404311 Bl1, present at least the same

synergistic eflect.

[0070] Such surfactants are described 1n the following and
are particularly used in the present formulations.

[0071] When a surfactant exhibits both anionic and cat-
ionic groups, 1t 1s called amphoteric or zwitterionic.
Although they carry positive and negative charges on dif-
ferent atoms 1n an aqueous solution at their 1soelectronic
point, they are electrically neutral. Depending on the com-
position and conditions of pH value, the surfactants can have
anionic or cationic properties. However, some amphoteric
surfactants are resistant to pH and their net charge 1s not
aflected by pH change. Amphoteric surfactants can be
classified mainly 1 3 groups, betaine, amine oxide and
imidazolium derivatives. Betaines on the other hand can be
divided 1n three subgroups, namely glycine betaine, sultaine
and phostaine. Glycine betaine 1s the natural form of betaine
and bears a carboxylic group (FIG. 2a), whereas sultaine
bears a sulfopropyl group (FIG. 2b).
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-continued

FIG. 2: General structure of alkyl betaines (a) and alkyl
sultaines (b). R: long chain branches of an unbranched alkyl
(saturated) or alkenyl (unsaturated) group.

[0072] The co-surfactants according to the present inven-
tion are preferably selected from glycine, sulfosuccinate and
amide derivatives of an unbranched {fatty acid, alkyl
betaines, alkyl sultaines, alkyl amine oxides, alkyl imidazo-
lium dernivatives and panthenol derivatives. Among these,
the co-surfactants according to the present invention are
more preferably selected from alkyl betaines, alkyl sultaines,
alkyl amine oxides, alkyl imidazolium derivatives and pan-
thenol derivatives. Amine oxide and imidazolium surfac-
tants can also be an unbranched fatty acid derivative. On the
other hand, betaines type surfactants can be selected from
tatty alcohol or amine derivatives. The antimicrobial activity
ol said surfactants 1s well known [6-8].

[0073] Of said co-surfactants, alkyl betaines, alkyl sul-
taines, alkyl amine oxides, alkyl imidazolium derivatives
and panthenol derivatives are pretferred as the co-surfactants
for the present formulations. The alkyl group 1n either case
can be branched or unbranched having 8-18 carbon atoms,
preferably 10-16 carbon atoms and most preferably 10-14
carbon atoms. Moreover the alkyl group can be either
saturated or unsaturated carbon chain. Preferred alkyl
betaines include Lauryldimethylbetaine (Cas No: 683-10-3),
Cocobetaine (Cas No: 68424-94-2), Myristyl betaine (Cas
No: 2601-33-4), Decyl betaine (Cas No: 2644-45-3), Lauryl
sultaine (Cas No: 14933-08-3), Oleyldimethylbetaine (Cas
No: 871-37-4), Dodecylbetaine (Cas No: 55142-08-0),
Caprylyl betaine (Cas No: 27593-14-2), and Behenyl
betaine (Cas No: 26920-62-7). Preferred amine oxides
include Lauramine oxide (Cas No: 1643-20-5), Laurami-

dopropylamine oxide (Cas No: 61792-31-2), Cocamine
oxide (Cas No: 61788-90-7), Cocamidopropylamine Oxide

(Cas No: 68155-09-9), Myristamine oxide (Cas No: 3332-
2'7-2), Soyamidopropylamine Oxide (Cas No: 223707-70-
8). Preferred imidazoline surfactants include Disodium
cocoamphodiacetate (Cas No: 68650-39-5), Disodium lau-
roamphodiacetate (Cas No: 14350-97-1), Sodium lauroam-
phoacetate (Cas No: 26837-33-2), Disodium cocoamphodi-
propionate (Cas No: 68604-71-7), Sodium
cocoamphoacetate (Cas No: 68334-21-4).

[0074] Furthermore, panthenol derivative cationic surfac-
tants can also be used 1n the formulation. An example of this
type of cationic surfactants i1s panthenyl hydroxypropyl
steardimonium  chloride (Cas No: 132467-76-6) and
depicted 1n FIG. 3.

OH

H
R“w/\[/\o AP
/ \

H;C CH; O H;C  CHz 0

Aug. 16, 2018

FIG. 3: Structure of Panthenyl hydroxypropyl steardimo-
nium chlornide. R 1s CH,(CH,),—

[0075] Panthenol (Cas No: 81-13-0) 1s the alcohol deriva-
tive of pantothenic acid (vitamin B5), and 1s thus a provi-
tamin of B5. Panthenol improves hydration, reduces 1tching
and inflammation of the skin, and accelerates the recovery of
epidermal wounds. Besides being a derivative of Panthenol,
panthenyl hydroxypropyl steardimonium chloride carries a
quaternary ammonium group, which may present additional
antimicrobial activity to the formulation.

[0076] It 1s noted that panthenol derivative surfactants are
particularly preferred as the co-surfactants for the present
formulations.

[0077] However, the selection of the co-surfactant 1s not
limited as long as 1t 1s suitable for contact with the skin and
wounds and, exclusively, does not cause any increase in
cytotoxicity and induce any damage to the wound.

Gelling Agents

[0078] Gelling agents, usually polymers are used 1n the gel
formulations to decrease the mobility and increase the
viscosity of a product. They build a three-dimensional
network 1n a formulation so that intermolecular forces bind
the solvent molecules to the polymeric network, and thus the
reduced mobility of these molecules results 1 a structured
system with 1ncreased viscosity [9].

[0079] Gelling agent used 1n the gel form of said formu-
lation can be etther a cellulose derivative or another com-
mercially available gelling agent. Preferred gelling agents
are cellulose derivatives (e.g. methyl cellulose, hydroxypro-
pyl methyl cellulose, carboxymethylcellulose, hydroxyethyl
cellulose) and/or modified acrylic acid polymers (e.g. car-
bopol), either alone or 1n combination.

[0080] Cellulose, a p-glucose polymer 1s a major constitu-
ent of the plant cell wall. It 1s a linear condensation homopo-
lymer consisting of p-1,4 linked D-anhydroglucopyranose
units (AGU). Cellulose derivatives are obtained by adding
functional groups to cellulose polymer through a chemical
or enzymatic process. There are many cellulose derivatives
commercially available and used 1n formulations for several
purposes (1.e. gelling agent, thickener, binder, film former).
The preferred cellulose derivatives and CAS numbers are
listed 1n table 3. However any other cellulose derivative may
also be used 1 order to get gel form of the present invention
cither alone or in combination with other gelling agents.

TABLE 3

Examples to commercially available cellulose derivatives

Cellulose Derivative CAS NO

Methylcellulose 9004-67-3
Hydroxypropyl Methylcellulose 9004-65-3
Hydroxyethyl Methylcellulose 9032-42-2
Hydroxyethyl cellulose 9004-62-0
Carboxymethylcellulose 9000-11-7
Sodium Carboxymethylcellulose 9004-32-4

[0081] Other preferred gelling agents are known under the
trade name POLYOX™, which are non-1onic poly (ethylene
oxide) polymers that form hydrogels that initiate and regu-
late release of active ingredients. Because of their non-1onic
structure no interaction between the active ingredients of the
formulations and the POLYOX 1s to be expected.
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[0082] Another preferred gelling agent 1s carhoxypolym-
cthylene (CAS No: 9007-20-9), also known as Carbopol,
which 1s a modified acrylic acid polymer. In the molecular
structure of carbomer, there are many carboxyl groups, a
property that allows increasing the volume in the presence of
water. When dissolved 1n water, carbopol molecules change
their configuration and increase the viscosity of the liquid,
resulting 1n the formation of a gel. Although there are several
subtypes of the said carbomer, they are available under the
trade name Carbopol®. Some carbopol types that can be
used 1n the formulation of the present mvention and their
CAS numbers are given 1n table 4.

TABLE 4

Some Carbopol tvpes and their CAS numbers

Carbopol Type CAS No
Carbopol 940 9003-01-4
Carbopol 934 [USAN:NF] 9007-16-3
Carbopol 907 82642-95-3
Carbopol 941 9062-04-8
Carbopol Ultrez 10 195739-91-4
Carbopol 5984 139637-85-7

[0083] Although preferred gelling agents are to be 1n
non-1onic form, anionic molecules (1.e. carboxymethylcel-
lulose and carbopol) can also be used 1n the formulation 1n
the presence of a cationic excipient, which may be a
co-surfactant (e.g. Panthenyl hydroxypropyl steardimonium
chloride, Cas No: 132467-76-6). In fact a study showed that
negatively charged polysaccharides as carboxymethylcellu-
lose, bind growth factors, which are important 1n wound
recovery |10, 11].

Humectants

[0084] Skin dryness 1s an additional limiting factor in
wound healing. Humectants (also named Humudifiers or
Moisturizing agents) are molecules used 1n formulations to
increase the moisture content of the skin. Heremnafter such
components will be referred to as humectant. Humectants
prevent skin from drying by binding moisture. Humectants
can be chosen form commercially available humectants.
Preferable humectants are beta-sitosterol, inositol, glycerin,
urea, glyceryl stearate, panthenol, propylene glycol, poly-
cthylene glycol and 1ts dertvatives (i1.e. methyl gluceth 10
and methyl gluceth 20), and Xylitol.

[0085] Another preferred humectant 1s hydroxyethyl urea
(Urea, NN-(hydroxyethyl)-; Cas No: 1320-51-0), which 1s
for example available under the trade name Hydrovance®.

Herbal Excipients

[0086] The World Health Organization has estimated that
about 80% of the world population relies on herbal medi-
cines for their primary health care needs. Since botanical
medicine 1s the most frequently encountered of these thera-
peutic agents, it 1s sale to say that the majority of the people
in the world rely on plants as medicine. During the past 25
years, about 25% of all prescription drugs 1n the U.S. contain
active constituents obtained from plants.
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[0087] Extract and tincture obtained from following plants
are used 1n the formulation as herbal content:

Comirey (Symphytum officinale L.) Herb Extract
(Cas No: 84696-05-9)

[0088] Comirey herbs are perennial herbaceous plants that
can grow 30-120 cm, that has a body structure covered with
hard hair and that blooms white, purple and rarely pink
flowers from mid of June to end of September. The roots of
said plant contain pyrrolizidine alkaloids. Pyrrolizidine alka-
loids (PAs) are capable of generating some side eflects on
the human health [12]. Therefore, said formulation 1s pro-
duced with the extract obtained from the aerial part of the
plant.

[0089] Comirey has a centuries-old tradition as a medici-
nal plant. Today, multiple randomized controlled trials have
demonstrated the eflicacy and safety of comirey prepara-
tions for the topical treatment of pain, intflammation and
swelling of muscles and joints 1 degenerative arthritis,
acute myalgia 1n the back, sprains, contusions and strains
after sports injuries and accidents, in adults as well as 1n
chuldren aged 3 or 4 and over [13].

[0090] The extract 1s used 1n the formula as an agent that
reduces the cytotoxic effects of antimicrobial active ingre-
dients. Moreover, therapeutic properties ol the Comirey
plant based on anti-inflammatory and analgesic effects, 1t
induces granulation and 1s used for wound treatment as 1t
supports tissue regeneration [14]. The German Commission
E positively assessed compounds containing Comirey (Sym-
phytum officinale L.) herb 1n treatment of wounds. European
Medicines Agency approved the use of this plant on skin.
European Scientific Establishment i1ssued an availability
report for Comirey herb 1in Phytotherapy Monographs [15].
In addition, Comirey 1s also described 1n Hager Monographs
[16].

[0091] The therapeutic properties of comirey are based on
its anti-inflammatory and analgesic effects [17]. Comirey
also stimulates granulation and tissue regeneration, and
supports callus formation. However, the key activity-deter-
mining constituents of comirey extracts and 1ts molecular
mechanisms of action have not been completely elucidated.
Allantoin and Rosmarinic acid are probably of central
importance to its pharmacodynamic eflects [18].

[0092] Heremafter Comirey (Symphyvtum officinale L.)
herb extract referred to as herbal extract or herbal substance
or herbal excipient.

Myrrh (Commiphora Molmol) Tincture (Cas No:
84929-26-0)

[0093] Myrrh (Commiphora molmol) 1s the aromatic resin
of a number of small, thorny tree species of the genus
Commiphora, which 1s an essential oil, termed as an oleo-
resin. The tincture 1s used 1n the formulation as a natural
anti-bactericide and anti-fungicide with limited bioavailabil-
ity [19].

[0094] In pharmacy, myrrh 1s used as an antiseptic 1n
mouthwashes, gargles, and toothpastes for prevention and
treatment of gum disease. Myrrh usage 1 oromucosal
wound treatment as tincture 1s demonstrated in the clinical
studies. Myrrh 1s currently used i some limiments and
healing salves that may be applied to abrasions and other
minor skin ailments. Myrrh has also been recommended as
an analgesic for toothaches, and can be used 1n liniment for
bruises, aches, and sprains. The oleo gum resins of a number
of other Commiphora species are also used as perfumes,
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medicines (such as wound dressings), and 1incense mgredi-
ents. Other fields of use include wound, abscess and dermal
inflammation treatment.

[0095] Gum resin of Commiphora molmol Engler and/or
other species of Commiphora, complying with the mono-
graph of the European Pharmacopoeia (01/2008:1349) 1is
used for tincture production. Sesquiterpenes that present in
myrrh are furanodesma-1.3-diene, curzarene, furanodiene,
furanodiene-6-one and metyhoxylfuranoguaila-9-ene-8-one.
It 1s reported that they have antibacterial, antifungal, anal-
gesic and local anesthetic efiects.

[0096] The current use of myrrh 1n the form of tincture for
oromucosal treatment of minor ulcers and inflammation 1n

the mouth (stomatitis and gingivitis) 1s well documented in
recent handbooks [20].

[0097] Another current use of myrrh tincture 1s the topical
application to minor wounds, abrasions, furuncles and skin
inflammations [20]. Despite the extraction solvent of myrrh
tincture according to Ph. Eur. Monograph (01/2008:1877) 1s
90% (v/v) ethanol, 1n this formulation the solvent i1s prei-
erably apple cider vinegar.

[0098] FEthanol has a tendency to denature some organic
compounds, rendering them ineflective. This 1s one reason
why ethanol 1s an antimicrobial agent. This tendency can
also have undesirable eflects when extracting botanical
constituents, for instance, polysaccharides. Certain other
constituents, common among them proteins, can become
irreversibly denatured, extracted for highly complex aro-
matic components that are denatured by alcohol’s intrinsic
cleaving action upon an aromatic’s complex structure into
simpler 1ert-rendered compounds. A basic tenet of organic
chemistry teaches that denaturation of biologically viable
component will reduce or negates 1ts prior biological viabil-
ity. This fact must be considered by the clinician and/or
consumer from both the standpoint of eflicacy and dosage
when choosing ethanol-based botanical tinctures.

[0099] FEther and propylene glycol based tinctures are not
suitable for internal consumption, although they are used 1n

preparations for external use, such as personal care creams
and ointments [21].

[0100] During the past 50 years there have been tremen-
dous advances in cultivation and extraction techniques that
have resulted 1n improvements in the quality of botanical
substances that are available. Research 1s demonstrating that
crude extracts oiten have greater therapeutic benefit than the
isolated ‘active’ constituent. An extract 1s a concentrated
form of the herb obtained by mixing the crude herb with an
appropriate solvent and then removing the solvent.

[0101] The strengths of herbal preparations are expressed
in two ways. In terms of concentration, a 4:1 concentration
means that one part of the herbal extract 1s equivalent to or
derived from four parts of the crude herb.

[0102] A tincture usually has a concentration of 1:10 v/v
(herb/solvent) or 1:5 v/v (herb/solvent); while a fluid extract
1s usually 1:1 v/v (herb/solvent). In this formulation, how-
ever, the tincture concentration 1s 1:3 v/v (herb/solvent).

[0103] For the competence concentration of an extract,
there may be great vanation 1n the quality of an herb from
batch to batch and 1n extraction techniques that may cause
turther variation from the standard. If the most important
plant constituent 1s known, an extract can be assayed for
standard amounts of that constituent. This method 1s gen-
erally accepted in Europe, where crude botanical extracts
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have been used and standardized 1n this way for many years.
With this method dosages are based on active constituents.

[0104] Hereinatter Myrrh (Commiphora molmol) tincture
referred to as herbal extract or herbal substance or herbal
excipient.

FORMULATIONS ACCORDING TO TH.
PRESENT INVENTION

(L]

Formulations According to the Present Invention
Comprising PHMB and Tri-Blockcopolymers

[0105] The formulation 1s preferably provided i two
forms, which are gel and solution:

[0106] The formulation used for topical and oromucosal
treatment of wounds according to the present invention
comprise polyhexamethylene biguanide (PHMB) as active
agent, purified water as solvent and at least one tri-block-
copolymer according to the present invention.

[0107] The tri-blockcopolymers according to the present
invention are amphiphilic. They further are non-toxic and
thus can be added to formulations for wound treatment. The
tri-blockcopolymers further are non-1onic, such that they do
not interfere with the active agent PHMB, as compared to
amonic surfactants that reduce the bactericidal activity of
PHMB due to reacting with 1t. Furthermore the tri-blockco-
polymers are non-ionic, imndependent from the surrounding
pH. Thus the tri-blockcopolymers can be used for the
treatment of open wounds that often have a basic environ-
ment or 1n combination with acid components that are used
to generate an acidic environment on the wound, such that
wound healing can start.

[0108] Particularly preferred tri-blockcopolymers are tri-
blockcopolymers of polyethylene oxide and polypropylene
oxide. Said tri-blockcopolymers of polyethylene oxide and
polypropylene oxide are amphiphilic, non-toxic and non-
10niC.

[0109] One kind of tri-blockcopolymers of polyethylene

oxide and polypropylene oxide are poloxamers, which are
particularly preferred in the present invention. Particularly
preferred poloxamers used in the present invention can be
selected from poloxamer 124, poloxamer 188, poloxamer
23’7, poloxamer 338 and poloxamer 407, whose properties
are summarized 1n Table 2 above. Among these poloxamers,
poloxamer 188 1s particularly preferred. However, several
different tri-blockcopolymers of polyethylene oxide and
polypropylene oxide or some other co-surfactants (1.e. Pan-
thenyl hydroxypropyl steardimonium chlornide, Cas No:
1324677-76-6) described above may be used in combination.

[0110] In a preferred aspect, the formulation 1s a solution
comprising 0.05-10.0% Polyhexamethylene biguanide
(PHMB) by weight, 0.1-40% tri-blockcopolymer by weight
and completed to 100% by adding purified water 1n order to
act the final wound treatment solution.

[0111] In yet another preferred aspect, the formulation 1s a
gel comprising 0.05-2.0% Polyhexamethylene biguanide
(PHMB) by weight, 0.1-40% tri-blockcopolymer by weight,
1.0-10.0% Humectant by weight, 0.5-5.0% gelling agent by
weight and completed to 100% by adding purified water in
order to get the final wound treatment solution.

[0112] In another preferred aspect, the humectant 1is
selected from glycerine and hydroxyethyl urea.

[0113] In another preferred aspect, the formulation com-
prises at least one co-surfactant. Such co-surfactants may
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improve the solubility of any herbal ingredients that may be
added or to further reduce the cytotoxicity of the formula-
tion.

[0114] The preferred concentration of co-surfactants in
any formulation 1s 0-2% by weight, more preferably 0.01-
2% by weight, even more preferably 0.05-1% by weight and
most preferably 0.1% by weight.

[0115] The co-surfactants according to the present inven-
tion can be chosen freely, as long as they are suitable for
contact with the skin and wounds and, do not cause any
increase in cytotoxicity or induce any damage to the wound.

[0116] The co-surfactants according to the present inven-
tion are preferably selected from glycine, sulfosuccinate and
amide derivatives of an unbranched fatty acid, alkyl
betaines, alkyl sultaines, alkyl amine oxides, alkyl imidazo-
lium derivatives, unbranched fatty acid derivatives of amine
oxide and unbranched fatty acid derivatives of imidazolium.
Among these, the co-surfactants according to the present
invention are more preferably selected from alkyl betaines,
alkyl sultaines, alkyl amine oxides and alkyl imidazolium
derivatives. On the other hand, betaines type surfactants can
be selected from fatty alcohol or fatty amine derivatives. The
alkyl group i said compounds can be branched or
unbranched having 8-18 carbon atoms, preferably 10-16
carbon atoms and most preferably 10-14 carbon atoms.
Moreover the alkyl group can be either saturated or unsatu-
rated carbon chain.

[0117] Of said co-surfactants, alkyl betaines, alkyl sul-
taines, alkyl amine oxides, alkyl imidazolium derivatives
and panthenol derivatives are preferred as the co-surfactants
for the present formulations. The panthenol derivative sur-
factants are particularly preferred as the co-surfactants for
the present formulations.

[0118] The alkyl betaines are preferably selected from
Lauryldimethylbetaine, Cocobetaine, Myristyl betaine,
Decyl betaine, Lauryl sultaine, Oleyldimethylbetaine, Dode-
cylbetaine, Caprylyl betaine, and Behenyl betaine. The alkyl
amine oxides are preferably selected from Lauramine oxide,
Lauramidopropylamine oxide, Cocamine oxide, Cocami-
dopropylamine Oxide, Myristamine oxide, and Soyami-
dopropylamine Oxide. The imidazoline derivatives are pret-
cerably selected from Disodium cocoamphodiacetate,
Disodium lauroamphodiacetate, Sodium lauroamphoac-
ctate, Disodium cocoamphodipropionate and Sodium coco-
amphoacetate. The panthenol derivative 1s preferably
selected from Panthenyl hydroxypropyl steardimonium

chloride.

[0119] In a preferred aspect, the formulation may further
comprise a substance substances obtained from herbs, as
described above. Such substances obtained from herbs may
have the beneficial properties described above 1n the accord-
ing section.

[0120] Thus, 1 a preferred aspect, the formulation 1n form
of a solution or a gel further comprises a substance/sub-
stances obtained from herbs. The substance/substances
obtained from said herbs 1s/are preferably Comirey (Sym-
phyvtum officinale L) herb extract and/or Myrrh (Commi-
phora molmol) tincture. It 1s noted that the formulations
according to the present invention also has beneficial effects
compared to those commonly used when no such substance/
substances obtained from said herbs i1s/are used. However,
the addition of substance/substances obtained from said
herbs may further improve the effect of the formulations
according to the present ivention.
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[0121] The substance/substances obtained from herbs
1s/are preferably Comirey herb extract and/or Myrrh tinc-
ture. The Comirey herb extract 1s preferably obtained from
the leaves of comirey herb.

[0122] However, the formulations according to the present
invention do not require the presence of substances obtained
from herbs. Also a formulation 1n form of a solution or gel
as described above, not containing any substances obtained
from herbs can have the desired efiect for the treatment of
wounds. In this respect 1t 1s noted again that the tri-
blockcopolymers, 1n particular poloxamers according to the
present invention, are amphiphilic, non-toxic and non-ionic
surfactants and thus can be used in combination with PHMB
for the treatment of wounds with the desired beneficial

cllects.
[0123] The use of additional substances obtained from
herbs may thus simply further increase the beneficial effect
already obtained by using PHMB with tri-blockcopolyrners
according to the present invention.

[0124] Accordingly, in one aspect, the formulation 1n form
ol a solution or a gel thus does not contain any substance/
substances obtained from herbs. As described above, sub-
stance/substances obtained from herbs may have beneficial
ellects for the treatment of wounds. However 1t has been
recognized that also PHMB with poloxamer alone (i.c.
without any substance/substances obtained from herbs) can
have the desired eflect on wounds. Thus, a formulation
comprising PHMB and poloxamer in addition with other
excipients such as purified water, co-surfactants, humectants
and gelling agents may be used, without adding any sub-

stance/substances obtained trom herbs.

[0125] Thus, 1n a preferred aspect, the formulation 1n form
of a solution only consists of polyhexamethylene biguanide
(PHMB) as active agent, purified water as solvent, at least
one tri-blockcopolymer and at least one co-surfactant chosen
among those described above.

[0126] In yet another preferred aspect, the formulation 1n
form of a solution only consists of polyhexamethylene
biguanide (PHMB) as active agent, purified water as solvent
and at least one tri-blockcopolymer.

[0127] The formulation may thus consist of 0.05-10.0%
PHMB by weight, 0.1-40% tri-blockcopolymer by weight
and completed to 100% by adding purified water 1n order to
get the final wound treatment solution. The formulation 1n
form of a solution may thus consist of 0.1% PHMB by
weight, 1.0% tri-blockcopolymer (such as poloxamer 188)
by weight and 98.9% purified water by weight.

[0128] Thus, 1n a preferred aspect, the formulation 1n form
of a gel only consists of polyhexamethylene biguanide
(PHMB) as active agent, purified water as solvent, humec-
tant, gelling agent, at least one tri-blockcopolymer and at
least one co-surfactant chosen among those described above.

[0129] The formulation may thus consist of 0.05-10.0%
PHMB by weight, 0.1-40% tri-blockcopolymer by weight,
0.01-2% co-surfactant by weight and completed to 100% by
adding purified water 1n order to get the final wound
treatment solution. The formulation 1mn form of a solution
may thus consist of 0.1% PHMB by weight, 1.0% tri-
blockcopolymer by weight, 0.1% co-surfactant by weight
and 98.8% purified water by weight.

[0130] In yet another preferred aspect, the formulation 1n
form of a gel only consists of polyhexamethylene biguanide
(PHMB) as active agent, purified water as solvent, humec-
tant, gelling agent and at least one tri-blockcopolymer.
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[0131] The gelling agents are preferably selected from
polymers usually used 1n gel formulations to decrease the
mobility and increase the viscosity of a product. Gelling
agent are preferably a cellulose denivative or another com-
mercially available gelling agent. Preferred gelling agents
are cellulose deritvatives (e.g. methyl cellulose, hydroxypro-
pyl methyl cellulose, carboxymethylcellulose, hydroxyethyl
cellulose) and/or modified acrylic acid polymers (e.g. car-
bopol), etther alone or 1n combination. Particularly pretferred
gelling agents are Methylcellulose, Hydroxypropyl Methyl-
cellulose, Hydroxyethyl Methylcellulose, Hydroxyethyl cel-
lulose, Carboxymethylcellulose and Sodium Carboxymeth-
ylcellulose. Other preferred gelling agents are non-ionic
poly (ethylene oxide) polymers. Another preferred gelling
agent 1s carboxypolymethylene, also known as Carbopol,
which 1s a modified acrylic acid polymer, preferably selected

from Carbopol 940, Carbopol 934 [USAN:NF], Carbopol
9077, Carbopol 941, Carbopol Ultrez 10 and Carbopol 5984.

[0132] Although preferred gelling agents are to be 1n
non-1onic form, anionic molecules (1.e. carboxymethylcel-
lulose and carbopol) can also be used 1n the formulation 1n
the presence of a cationic excipient, which may be a
co-surfactant (e.g. Panthenyl hydroxypropyl steardimonium

chloride.

[0133] The Humectants are preferably chosen from beta-
sitosterol, mositol, glycerin, urea, hydroxyethyl urea, glyc-
eryl stearate, panthenol, propylene glycol, polyethylene gly-
col and 1ts derivatives (1.e. methyl gluceth 10 and methyl
gluceth 20), and Xylitol. The humectants are even more
preferably selected from glycerin and hydroxyethyl urea.

[0134] The formulation consists in a preferred aspect of
0.05-2.0% PHMB by weight, 0.1-40% tri-blockcopolymer
by weight, 1.0-10.0% Humectant by weight, 0.5-5.0% gell-
ing agent by weight and completed to 100% by adding
purified water 1n order to get the final wound treatment
solution. The formulation 1n form of a gel may thus consist
of 0.1% PHMB by weight, 1.0% tri-blockcopolymer (such
as poloxamer 188) by weight, 8.6% glycerin by weight,
1.8% by weight hydroxyethyl cellulose by weight and
88.5% purified water by weight.

[0135] The formulation consists i1n another preferred
aspect of 0.05-2.0% PHMB by weight, 0.1-40% tri-block-
copolymer by weight, 0.01-2% co-surfactant by weight,
1.0-10.0% Humectant by weight, 0.5-5.0% gelling agent by
weight and completed to 100% by adding purified water in
order to get the final wound treatment solution. The formu-
lation m form of a gel may thus consist of 0.1% PHMB by
weight, 1.0% tri-blockcopolymer (such as poloxamer 188)
by weight, 0.1% co-surfactant by weight, 8.6% glycerin by
weight, 1.8% by weight hydroxyethyl cellulose by weight
and 88.4% purified water by weight.

[0136] Another aspect of the present invention 1s a method
for producing a topical and oromucosal treatment formula-
tion for the treatment of wounds, the method comprising the
process steps of adding water to the mixer, adding and
mixing polyvhexamethylene higuanide (PHMB) and purified
water (solution A) and adding and mixing said solution A to
tri-blockcopolymer to get the end product.

[0137] Another aspect of the present invention 1s a method
for producing a topical and oromucosal treatment formula-
tion for the treatment of wounds, the method comprising the
process steps of adding gelling agent to distilled water and
mixing thereot by heating followed by adding PHMB (solu-
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tion B), cooling said solution B and adding and mixing said
cooled solution B to triblockcopolymer to get the end
product.

[0138] The formulation according to the present invention
may only contain the above-described PHMB and tri-block-
copolymers, purified water, humectants (e.g. glycerin, 1nosi-
tol, panthenol, xylitol . . . etc.), gelling agents (e.g. carbopol,
carboxymethylcellulose, hydroxyethyl cellulose, methyl
cellulose . . . etc.), 1.e. without any additional compounds
such as substance/substances obtained from herbs.

EXEMPLARY FORMULATIONS

Formulations A, B and C Containing PHMB and
Tri1-Blockcopolymers

[0139] In the {following, two exemplary formulations
according to the present invention, one in the form of a
solution and one 1n the form of a gel are described. These
formulations are also compared later to commonly known
formulations in the experimental section.

Exemplary Formulation A of a solution according to the
present mvention:

Component Content (g) Function

Active substance
Auxiliary substance
Solvent

PHMB*
Poloxamer 188

Distilled water

0.1 g (=0.1 w.-%)
1.0 g (=1.0 w.-%)
Ad 100

*20% PHMB (0.5 g) are used; 0.5 x 20/100 = 0.1 g

Exemplary Formulation B of a gel according to the present
invention:

Component Content (g) Function

PHMB?* 0.1 g (=0.1 w.-%) Active substance
Poloxamer 188 1.0 g (=1.0 w.-%) Auxiliary substance
Glycerin 8.6 g (=%8.6 w.-%) Auxiliary substance
Hydroxyethyl cellulose 1.8 g (=1.8 w.-%) Auxiliary substance

Solvent

Distilled water Ad 100

*20% PHMB (0.5 g) are used; 0.5 x 20/100 = 0.1 g

Exemplary Formulation C of a gel according to the present
invention:

Component Content (g) Function

PHMB*

Poloxamer 188
Hydroxyethyl Urea
Hydroxyethyl cellulose
Distilled water

0.1 g (=0.1 w.-%) Active substance

1.0 g (=1.0 w.-%) Auxiliary substance

8.6 g (=8.6 w.-%) Auxiliary substance

1.8 g (=1.8 w-%) Auxiliary substance
Ad 100 Solvent

*20% PHMB (0.5 g) are used; 0.5 x 20/100 = 0.1 g

Formulations Comprising PHMB,
Tri-Blockcopolymers and Co-Surfactants

[0140] Formulations according to the present invention
may also include co-surfactants as an additional excipient
either to improve the solubility of any added herbal contents
or to icorporate additional synergistic effects to the formu-
lation. Following examples, one in the form of a solution and
one 1n the form of a gel, are describing the basic formulation
with co-surfactants.




US 2018/0228904 Al Aug. 16,2018

Example 1
Component Amount (wt. %)
[0141] By mixing the following ingredients listed in the I —
usual way a wound solution 1s made for cleaning and/or |
_ Poloxamer 1.0
treating wounds. Cocobetaine 0.1
Glycerin 8.6
Hydroxyethyl cellulose 1.8
Component Amount (wt. %) Purified Water 88.4
PHMB 0.1
Poloxamer 1.0
Cocobetaine 0.1
Purified Water 98.8 1o Example Sb
[0146] By mixing the following ingredients listed 1n the
usual way a wound gel 1s made for cleaning/treating
Example 2 wounds.

[0142] By mixing the following ingredients listed 1n the

usual way a wound solution 1s made for cleaning and/or Component Amount (wt. %)
treating wounds.

PHMB 0.1

Poloxamer 1.0

Cocobetaine 0.1

Component Amount (wt. %) Hydroxyethyl Urea 8.6

Hydroxyethyl cellulose 1.8

PHMB 0.1 Purified Water 88.4
Poloxamer 1.0
Lauramine oxide 0.1
Purified Water 08.8

Example 6a
Example 3 [0147] By mixing the following ingredients listed in the

usual way a wound gel 1s made for cleaning/treating
[0143] By mixing the following ingredients listed in the wounds.

usual way a wound solution 1s made for cleaning and/or
treating wounds.

Component Amount (wt. %)
PHMB 0.1
Component Amount (wt. %) Poloxamer 10
PIIMR 0.1 Lauramine oxide 0.1
Poloxamer 1 ' 0 Glycerin 8.6
Sodium cocoamphoacetate 0.1 Hydroxyethyl cellulose L8
purified Water P 0 8. o Purified Water 88.4
Example 4 Example 6b
[0144] By mixing the following ingredients listed in the [0148] By muxing the following ingredients listed 1n the
usual way a wound solution 1s made for cleaning and/or usual way a wound gel 1s made for cleaning/treating
treating wounds. wounds.
Component Amount (wt. %) Component Amount (wt. %)
PHMB 0.1 PHMDB 0.1
Poloxamer 1.0 Poloxamer 1.0
Cocobetaine 0.1 Lauramine oxide 0.1
PHSC* 0.1 Hydroxyethyl Urea 8.6
Purified Water OR .7 Hydroxyethyl cellulose 1.8
Purified Water 88.4

*Panthenyl hydroxypropyl steardimonium chloride

Example 5a Example 7a

[0145] By mixing the following ingredients listed 1n the [0149] By mixing the following ingredients listed 1n the

usual way a wound gel 1s made for cleaning/treating usual way a wound gel 1s made for cleaning/treating
wounds. wounds.
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Component Amount (wt. %)
PHMB 0.1
Poloxamer 1.0
Sodium cocoamphoacetate 0.1
Glycerin 8.6
Hydroxyethyl cellulose 1.8
Purified Water 88.4

Example 7b

[0150] By mixing the following ingredients listed 1n the

usual way a wound gel 1s made for cleaning/treating
wounds.

Component Amount (wt. %)
PHMB 0.1
Poloxamer 1.0
Sodium cocoamphoacetate 0.1
Hydroxyethyl Urea 8.6
Hydroxyethyl cellulose 1.8
Purified Water 88.4

Example 8a

[0151] By mixing the following ingredients listed in the
usual way a wound gel 1s made for cleaning/treating
wounds.

Component Amount (wt. %)
PHMB 0.1
Poloxamer 1.0
Cocobetaine 0.1
PHSC* 0.1
Glycerin 8.6
Hydroxyethyl cellulose 1.8
Purified Water 88.3

*Panthenyl hydroxypropyl steardimonium chloride

Example 8b

[0152] By mixing the following ingredients listed 1n the

usual way a wound gel 1s made for cleaning/treating
wounds.

Component Amount (wt. %)
PHMB 0.1
Poloxamer 1.0
Cocobetaine 0.1
PHSC* 0.1
Hydroxyethyl Urea 8.6
Hydroxyethyl cellulose 1.8
Purified Water 88.3

*Panthenyl hydroxypropyl steardimonium chloride
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Formulations Comprising PHMB,
Tri1-Blockcopolymers and Further Substances
Obtained from Herbs

[0153] Further to the above-described compounds, the
formulations may contain substance/substances obtained
from herbs, as described above. Such substances obtained
from herbs may have the beneficial properties described
above 1n the according section.

[0154] However, the formulations according to the present
invention do not require the presence of substances obtained
from herbs. Also a formulation 1n form of a solution of gel
as described above, not containing any substances obtained
from herbs can have the desired eflect for the treatment of
wounds. In this respect 1t 1s noted again that the tri-
blockcopolymers, 1n particular poloxamers according to the
present invention, are amphiphilic, non-toxic and non-ionic
surtactants and thus can be used in combination with PHMB
for the treatment of wounds with the desired beneficial

cllects.
[0155] The use of additional substances obtained from
herbs may thus simply further increase the beneficial effect
already obtained by using PHMB with tri-blockcopolymers

according to the present mvention.

Formulations 1n Form of a Solution Comprising
PHMB, Tri-Blockcopolymers and Further
Substances Obtained from Herbs

[0156] The present invention thus further comprises a
solution formulation containing one or more herbal sub-
stance, PHMB, an emulsitying agent (a tri-blockcopolymer),
and purified water to use for the topical treatment of skin and
oromucosal wounds.

[0157] The solution formulation 1s intended to be used for
a mixture preparation composed of PHMB, purified water,
an emulsifying agent and/or Comirey (Symphyvtum officinale
L.) extract and/or Myrrh (Commiphora molmol) tincture,
and optionally a co-surfactant or a mixture of co-surfactants.

[0158] The preferred concentration of Comirey (Symphy-
tum officinale L.) extract in any solution formulation 1is
1.0-15.0% (w/w), more preferably 3.0-12.0% (w/w), and

most preferably 10.0% (w/w).

[0159] The preferred concentration of Myrrh (Commi-

phora molmol) tincture 1 any solution formulation 1s 1.0-
20.0% (w/w), more preferably 3.0-12.0% (w/w), and most

preferably 5.0% (w/w).

[0160] The preferred concentration of Polyhexamethylene
biguanide (PHMB) 1n any solution formulation 1s 0.05-2.0%
(w/w), more preferably 0.08-0.3% (w/w), and most prefer-

ably 0.1% (w/w).

[0161] The preferred concentration of emulsifying agent
in any solution formulation 1s 0.1-40.0% (w/w), more prei-
erably 0.5-20% (w/w), and most preferably 1.0% (w/w). The
preferred concentration ol co-surfactants in any solution
formulation 1s 0-2% (w/w), more preferably 0.01-2% (w/w),
even more preferably 0.05-1% (w/w), and most preferably
0.1% (w/w). The mixture prepared by mixing the ingredients
above listed 1s completed to 100% by adding distilled water
in order to get final wound treatment solution.




US 2018/0228904 Al

TABLE 3

Aug. 16, 2018

13

Usable and preferred quantities of ingredients in a solution formulation.

Usable
quantity by
Substance Function welght (%)
Herbal content 1 Anti-inflammatory and analgesic 1.0-15.0
Comirey (Symphyvium  eflects, 1t induces granulation and
officinale 1) Extract is used for wound treatment as it
supports tissue regeneration
Herbal content 2 Antibacterial, antifungal and local 1.0-20.0

Myrrh (Commiphora  anaesthetic eflects

molmol) tincture

Poloxamer Emulsifying agent; dispersing 0.1-40.0
agent; wetting agent; solubilizing
agent; lubricant, detergents

Polyhexamethylene Protective agent; algaecides, 0.05-2.0

biguanide (PHMB) bactericides/bacteriostatics,
fungicides/fungistatics,
microbicides/microbiostatics,
disinfectants, regulators, and

sanitizers.

Purified Water Diluting agent/supplementary 23.0-98.0
agent

Co-surfactant improve solubility of herbal 0.01-2.0

ingredients, reduce the
cytotoxicity of the formulation

[0162] In order to fulfill the atorementioned objectives the
production steps of the solution formulation 1s as follows:
adding and mixing herbal substance/substances, Poloxamer
and optionally a co-surfactant: or a mixture of co-surfactants
for providing Solution X, separately adding and mixing
polyhexamethylene higuanide (PHMB) and distilled water
for providing Solution Y and finally; adding and mixing
Solution X to Solution Y to get the end product. After that
the final solution obtained after the process, 1s objected to
filtration.

Production of various solutions formulations according to
invention further including substances obtained from herbs
1s described 1n detail as examples below:

Example 1

[0163] By mixing the following ingredients listed in the
usual way a wound solution 1s made for cleaning and/or
treating wounds.

Comfirey (Symphyium officinale 1) Extract 10.0

Myrrh (Commiphora molmol) Tincture 5.0

Poloxamer 1.0

Polyhexamethylene biguanide (PHMB) 0.1

Purified Water 83.9
Example 2

[0164] By mixing the following ingredients listed in the
usual way a wound solution 1s made for cleaning/treating
wounds.

Comfirey (Symphyitum officinale 1.) Extract 10.0
Poloxamer 1.0
Polyhexamethylene biguanide (PHMB) 0.1
Purified Water 88.9

Preferred
quantity by
welght (%)

10.0

5.0

1.0

0.1

73.5

0.1

Example 3

[0165] By mixing the following ingredients listed 1n the
usual way a wound solution 1s made for cleaning/treating
wounds.

Myrrh (Commiphora molmol) Tincture 5.0
Poloxamer 1.0
Polyhexamethylene biguanide (PHMB) 0.1
Purified Water 93.9

Formulations 1n Form of a Gel Comprising PHMB,

Tri-Blockcopolymers and Further Substances
Obtained From Herbs

[0166] The present invention further comprises a gel for-
mulation containing one or more herbal substance, PHMB,
an emulsiiying agent (a tri-block copolymer), a gelling
agent, a humectant and purified water to use for the topical
treatment of skin and oromucosal wounds.

[0167] The gel formulation 1s mtended to be used for a
mixture preparation composed of PHMB, purified water, an
emulsifying agent, a gelling agent, a humectant and/or
Comirey (Symphytum officinale L) extract and/or Myrrh
(Commiphora molmol) tincture, and optionally a co-surfac-
tant or a mixture of co-surfactants.

[0168] The preferred concentration of Comirey (Symphy-
tum officinale L.) extract 1n any gel formulation 1s 1.0-15.0%
(w/w), more pretferably 3.0-12.0% (w/w), and most prefer-
ably 10% (w/w).

[0169] The preferred concentration of Myrrh (Commi-
phora molmol) tincture 1n any gel formulation 1s 1.0-20.0%
(w/w), more preferably 3.0-12.0% (w/w), and most prefer-
ably 5.0% (w/w).

[0170] The preferred concentration of Polyhexamethylene
biguanide (PHMB) i any gel formulation 1s 0.05-2.0%
(w/w), more preferably 0.08-0.3% (w/w), and most prefer-
ably 0.1% (w/w).
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[0171] The preferred concentration of emulsifying agent
in any gel formulation 1s 0.1-40.0% (w/w), more preferably
0.5-20% (w/w), and most preferably 1.0% (w/w).

[0172] The preterred concentration of gelling agent 1n any
gel formulation 1s 0.5-5.0% (w/w), more preferably 1.0-3.
0% (w/w), and most preferably 1.8% (w/w).

[0173] The preferred concentration of a humectant in any
gel formulation 1s 1.0-10.0% (w/w), more preferably 5.0-9.
0% (w/w), and most preferably 8.6% (w/w). The preferred
concentration of co-surfactants m any gel formulation 1s
0-2% (w/w), more preferably 0.01-2% (w/w), even more
preferably 0.05-1% (w/w), and most preferably 0.1% (w/w).
The mixture prepared by mixing the ingredients above listed
completed to 100% by adding distilled water 1n order to get
final wound treatment gel.

TABLE 4

Gel content and preferred/usable quantities by weight

Usable
quantity by
Substance Function welght (%)
Herbal content 1 Anti-inflammatory and analgesic 1.0-15.0
Comirey (Svmphvtum  eflects, it induces granulation and
officinale 1) Extract is used for wound treatment as it
supports tissue regeneration
Herbal content 2 antibacterial, antifungal and local 1.0-20.0
Myrrh (Commiphora  anaesthetic eflects
molmol) tincture
Poloxamer Emulsifying agent; dispersing 0.1-40.0
agent; wetting agent; solubilizing
agent; lubricant, detergents
Polyhexamethylene Protective agent; algaecides, 0.05-2.0
biguanide (PHMB) bactericides/bacteriostatics,
fungicides/fungistatics,
microbicides/microbiostatics,
disinfectants, regulators, and
sanitizers.
Glycerin or Humectant 1.0-10.0
Hydroxyethyl urea
Hydroxyethylcellulose Gelling agent 0.5-3.0
Purified Water Diluting agent/supplementary 8.0-96.3
agent
Co-surfactant improve solubility of herbal 0.01-2.0

ingredients, reduce the

cytotoxicity of the formulation

[0174] In order to fulfill the atorementioned objectives the
production steps of the gel formulation 1s as follows: adding
and mixing herbal substance/substances, poloxamer and
optionally a co-surfactant or a mixture of co-surfactants for
providing Solution X, separately adding gelling agent to
purified water and mixing thereof by heating and followed
by adding PHMB {for providing Solution Z, cooling the
Solution 7Z and finally; adding and mixing Solution X to
Solution Z to get the end product. After that the final
solution, obtained aifter the process, 1s objected to filtration.

[0175] Production of various gel formulations according
to ivention further including substances obtained from
herbs 1s described 1n detail as examples below:
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Example 4a

[0176] By mixing the following ingredients listed in the
usual way a wound gel 1s made for cleaning/treating
wounds.

Comirey (Svmphvtum officinale 1.) Extract 10.0
Myrrh (Commiphora moimol) Tincture 5.0
Poloxamer 1.0
Polyhexamethylene biguanide (PHMB) 0.1
Glycerin 8.6
Hydroxyethyl cellulose 1.8
Purified Water 73.5

Preferred

quantity by
welght (%)

10.0

5.0

1.0

0.1

8.0

1.8
73.5

0.1

Example 4b

[0177] By mixing the following ingredients listed in the
usual way a wound gel 1s made for cleaning/treating
wounds.

Comirey (Svmphvtum officinale 1) Extract 10.0
Myrrh (Commiphora molmol) Tincture 5.0
Poloxamer 1.0
Polyhexamethylene biguanide (PHMB) 0.1
Hydroxyethyl urea 8.6
Hydroxyethyl cellulose 1.8
Purified Water 73.5
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Example 5a

[0178] By mixing the following ingredients listed in the
usual way a wound gel 1s made for cleaning/treating
wounds.

Comfirey (Symphyvtum officinale 1.) Extract 10.0
Poloxamer 1.0
Polyhexamethylene biguanide (PHMB) 0.1
Glycerin 8.6
Hydroxyethylcellulose 1.8
Purified Water 78.5

Example 5b

[0179] By mixing the following ingredients listed 1n the
usual way a wound gel 1s made for cleaning/treating
wounds.

Comfrey (Svmphvtum officinale L) Extract 10.0
Poloxamer 1.0
Polyhexamethylene biguanide (PHMB) 0.1
Hydroxyethyl urea 8.6
Hydroxyethylcellulose 1.8
Purified Water 78.5

Example 6a

[0180] By mixing the following ingredients listed 1n the
usual way a wound gel 1s made for cleaning/treating
wounds.

Myrrh (Commiphora moimol) Tincture 5.0
Poloxamer 1.0
Polyhexamethylene biguanide (PHMB) 0.1
Glycerin 8.6
Hydroxyethylcellulose 1.8
Purified Water 83.5

Example 6b

[0181] By mixing the following ingredients listed in the
usual way a wound gel 1s made for cleaning/treating
wounds.

Myrrh (Commiphora moimol) Tincture 5.0
Poloxamer 1.0
Polyvhexamethylene biguanide (PHMB) 0.1
Hydroxyethyl urea 8.6
Hydroxyethylcellulose 1.8
Purified Water 83.5

APPLICATION AREAS

[0182] The present formulations can be used for cleaning,
decontamination, wrrigation and moistening of infected,
dried and disintegrated (chronic and acute) skin and mucosa;
it 1s also used before application of bandages, gauzes,
compresses, wound Fillers and other absorbent materials.
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EXPERIMENTAL RESULILS

General Results with Formulations Containing
PHMB and Poloxamer 188 According to
Formulations A and B

[0183] It has been shown that the solution (Exemplary
Formulation A) according to the present invention has good
decolonization properties for Methicillin-resistant S. aureus
(MRSA). Methicillin-resistant S. aureus 1s a gram positive
bacterial strain, which causes pneumonia, wound and hos-
pital infections. They are resistant to several antibiotics. The
solution according to the present invention has a strong
bactericidal effect on MRSA and can easily be applied onto
the infected area.

[0184] The same results were achieved for Vancomycin-
resistant Enterococci (VRE), another strain of gram positive
bacteria, which cause severe hospitals infections mainly in
chronic hemodialysis patients. Also here the according to the
present invention has a strong bactericidal etfect on VRE
and can easily be applied onto the infected area.

[0185] Also for Acinetobacter baumannii, gram negative
pleomorphic bacteria, which can remain alive for a long time
in extreme environmental conditions and as an opportunistic
pathogen 1n humans, easily colonize and affecting people
with compromised immune systems in hospital, good effects
were achieved. It has been demonstrated that PHMB 1s
cllectively used on amimate and inanimate surfaces that is
colonized with mult1 drug-resistant Acinetobacter for anti-
sepsis and disinfection.

Bactericidal and Yeasticidal Eflicacy of the
Formulations A and B

General Description of the Test Method for Bactericidal
Efficacy:

[0186] The bactericidal activity of a solution containing
PHMB and poloxamer 188 according to the present inven-

tion was evaluated 1n accordance with the European Stan-
dard EN 13727 (2012/FprA1:2013).

[0187] A suspension of test organisms 1n a solution of the
interfering substance 1s added to a sample of the solution
according to the present invention (diluted with hard water).
The mixture 1s maintained at 20x1° C. for the required
contact times. At the end of the contact time, an aliquot of
1 ml 1s taken; the microbicidal activity in this portion is
immediately neutralized. Two 1 ml samples (per dilution
step, diluent containing neutralizer) of this suspension are
spread on at least 2 plates each. The number of surviving test
organisms 1n the test mixture 1s calculated for each sample
and the reduction 1s determined with respect to the corre-
sponding test suspension No. The experimental conditions
(control A), the non-toxicity of the neutralizer (control B)
and the dilution-neutralization method (control C) are vali-

dated.

[0188] The formulation in form of a solution used contains
0.1 g PHMB, 1.0 g Poloxamer 188 and 98.9 g distilled water
per 100 g.

[0189] The formulation 1n form of a gel used contains 0.1
g PHMB, 1.0 g poloxamer 188, 8.6 g glycerin, 1.8 g
hydroxyethyl cellulose and 88.5 g distilled water per 100 g.

[0190] The test with the solution according to the present
invention was performed under dirty conditions (0.3% albu-
min+0.3% sheep erythrocytes) using Psuedomonas aerugi-
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nosa (AXICC 13442), Escherichia coil (NCTC 10538),
Enterococcus hivae (ATCC 10541) and Staphyviococcus
aureus (ATCC 6538), as test-organmisms. 80%, 50% and 25%
test solutions of the formulation containing 0.1% PHMB
(CAS Nr.: 32289-38-0) and 1% Poloxamer (CAS Nr.: 9003-
11-6) were used. The pH-values were 6.21 (100%), 7.36
(80%), 7.35 (50%) and 6.88 (WSH). As neutralizer, 4%
Tween80+3% Saponin+0.4% Lecithin+0.5% SDS (Neutral-
1zer XXIII) were used. Results are presented below.

[0191] Furthermore the solution 1s tested against MRSA
(ATCC 33592), VRE (DSM 17050) and Acinetobacter bau-
mannii (ATCC 19606). The test performed under dirty

(MRSA and VRE) as described above and clean conditions
(0.3 g/1 bovine albumin). Results are presented below.

[0192] The test with the gel according to the present
invention was performed under dirty conditions (0.3% albu-
min+0.3% sheep erythrocytes) using Psuedomonas aerugi-
nosa (ATCC 15442), Escherichia coli (NCTC 10538),
Enterococcus hivae (ATCC 10541) and Staphyiococcus
aureus (ATCC 6538) as test-organisms. 80%, 50%, 25% and
5% test solutions of the formulation containing 0.1% PHMB
(CAS Nr.: 32289-38-0) and 1% Poloxamer (CAS Nr.: 9003-
11-6) were used. The pH-values were 6.20 (80%), 7.19
(50%), 7.22 (25%), 7.68 (5%) and 7.05 (WSH). As neutral-

1zer, 4% Tween80+3% Saponin+0.4% Lecithin+0.5% SDS
(Neutralizer XXIII) were used. Results are presented below.

Results for Bactericidal Activity:

[0193] The solution according to the present invention
possesses bactericidal activity (log,, RF=5) at 20° C. under
dirty conditions for reference strains P. aeruginosa, E. coil,
S. aureus and L. hirae within a contact time of 1 min at a
product concentration of 80%, and within a contact time of
5> min, at a product concentration of 25%. Furthermore, the
said solution possesses a bactericidal activity (log,, RFz5)
at 20° C. under dirty conditions 1mn 5 and 10 minutes when
diluted at 80% and 30% (v/v) i distilled water for the
reference strain Staphviococcus aureus IMRSA) and 1n 1, 5
and 10 minutes when diluted at 80% and 50% (v/v) 1n
distilled water for the reference strain Enterococcus faecium
(VRE). The test result at 20° C. under clean conditions for
the reference strain Acinetobacter baumannii showed that
the solution possesses a bactericidal activity (log,, RF=5) in

5 and 10 minutes when diluted at 80% and 50% (v/v) 1n
distilled water.

[0194] The gel according to the present invention pos-
sesses bactericidal activity (log,, RF=z5) at 20° C. under
dirty conditions for reference strains P. aeruginosa, E. coli,
S. aureus and L. hirae within a contact time of 1 min at a
product concentration of 50%.

General Description of the Test Method for Yeasticidal
Efficacy:

[0195] Die yeasticidal activity of a solution containing
PHMB and poloxamer 188 according to the present inven-

tion was evaluated in accordance with the European Stan-
dard EN 13624 (2013).

[0196] A suspension of test organisms 1n a solution of the
interfering substance 1s added to a sample of the solution
according to the present invention (diluted with hard water).
The mixture 1s maintained at 20x1° C. for the required
contact times. At the end of the contact time, an aliquot of
1 ml 1s taken; the microbicidal activity in this portion is
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immediately neutralized. Two 1 ml samples (per dilution
step, diluent containing neutralizer) of this suspension are
spread on at least 2 plates each. The number of surviving test
organisms 1n the test mixture i1s calculated for each sample
and the reduction 1s determined with respect to the corre-
sponding test suspension No. The experimental conditions
(control A), the non-toxicity of the neutralizer (control B)
and the dilution-neutralization method (control C) are vali-
dated.

[0197] The formulation 1n form of a solution used contains
0.1 g PHMB, 1.0 g Poloxamer 188 and 98.9 g distilled water

per 100 g,

[0198] The formulation 1n form of a gel used contains 0.1
g PHMB, 1.0 g poloxamer 188, 8.6 g glycerin, 1.8 ¢
hydroxyethyl cellulose and 88.5 g distilled water per 100 g.
[0199] The test with the solution according to the present
invention was performed under dirty conditions (0.3% albu-
min+0.3% sheep erythrocytes) using C. albicans (ATCC
10231) as test-organism. 80%, 50% and 235% test solutions
of the formulation containing 0.1% PHMB (CAS Nr.:
32289-58-0) and 1% Poloxamer (CAS Nr: 9003-11-6) were
used. The pH-values were 6.21 (100%), 7.36 (80%), 7.35
(50%) and 6.88 (WSH). As neutralizer, 4% Tween80+3%
Saponin+0.4% Lecithin+0.5% SDS (Neutralizer XXIII)
were used. Results are presented below.

[0200] The test with the gel according to the present
invention was performed under dirty conditions (0.3% albu-
min+0.3% sheep erythrocytes) using C. albicans (ATCC
10231) as test-organism. 80%, 50%, 25% and 5% test
solutions of the formulation containing 0.1% PHMB (CAS
Nr.: 32289-58-0) and 1% Poloxamer (CAS Nr.: 9003-11-6)
were used. The ph-values values were 6.20 (80%), 7.19
(50%), 7.22 (25%), 7.68 (5%) and 7.05 (WSH). As neutral-
1zer, 4% Tween80 +3% Sapomin 0.4% Lecithin+0.5%) SDS
(Neutralizer XXIII) were used. Results are presented below.

Results for Yeasticidal Activity:

[0201] The solution according to the present invention
possesses bactericidal activity (log,, RF=z4) at 20° C. under
dirty conditions for reference strain C. albicans within a

contact time of 15 min at a product concentration starting at
50%.

[0202] The gel according to the present invention pos-
sesses bactericidal activity (log,, RFz4) at 20° C. under
dirty conditions for reference strain C. albicans within a

contact time of 15 min at a product concentration starting at
25%.

COMPARISON WITH OTHER FORMULATIONS

Bactericidal and Yeasticidal Activity

[0203] The formulations of the present invention have the
same or better bactericidal and/or yeasticidal activity as
commonly used formulations.

[0204] For instance, the solution according to the present
invention containing PHMB and poloxamer (e.g. poloxamer
188) has the same or a better bactericidal and yeasticidal
activity compared to PHMB used alone.

[0205] Further, the solution according to the present
invention containing PHMB and poloxamer (e.g. poloxamer
188) has the same or a better bactericidal and yeasticidal
activity compared to PHMB 1n combination with undecyle-
namidopropyl betaine.
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[0206] Further, the solution according to the present
invention containing PHMB, poloxamer (e.g. poloxamer
188) and a co-surfactant or a mixture ol co-surfactants has
the same or a better bactericidal and yeasticidal activity
compared to PHMB 1n combination with undecylenami-
dopropyl betaine or poloxamer.

[0207] Further, the gel according to the present mnvention
contaiming PHMB, poloxamer (e.g. poloxamer 188), glyc-
erin and hydroxyethylcellulose has the same or a better
bactericidal and veasticidal activity compared to PHMB
used alone with glycerin and hydroxyethyl cellulose.
[0208] Further, the gel according to the present invention
containing PHMB, poloxamer (e.g. poloxamer 188), glyc-
erin and hydroxyethyl cellulose has the same or a better
bactericidal and yeasticidal activity compared to PHMB
used with glycerin and hydroxyethyl cellulose and unde-
cylenamidopropyl betaine.

[0209] Further, the gel according to the present invention
contaiming PHMB, poloxamer (e.g. poloxamer 188), glyc-
erin, hydroxyethyl cellulose and a co-surfactant or a mixture
ol co-surfactants has the same or a better bactericidal and
yeasticidal activity compared to PHMB used with undecyle-
namidopropyl betaine or poloxamer and glycerin and
hydroxyethyl cellulose.

[0210] Further, the solution according to the present
invention containing PHMB, poloxamer (e.g. poloxamer
188), a substance/substances obtained from herbs and
optionally a co-surfactant or a mixture of co-surfactants has
the same or a better bactericidal and yeasticidal activity
compared to a solution not containing said substance/sub-
stances obtained from herbs,

[0211] Further, the gel according to the present invention
contaiming PHMB, poloxamer (e.g. poloxamer 188), glyc-
erin, hydroxyethyl cellulose, a substance/substances
obtained from herbs and optionally a co-surfactant or a
mixture of co-surfactants has the same or a better bacteri-
cidal and yeasticidal activity compared to a solution not
containing said substance substances obtained from herbs.

TOXICITY

[0212] The composition with PHMB and poloxamer has
improved properties compared to other surfactants such as
betaine-derivatives. It has turned out that poloxamers and in
particular poloxamer 188 have a significantly lower toxicity
than most commonly used surfactants such as betaine-
derivatives. Classification information according to EU
regulations and LD50 values of some commercial surfac-
tants are given 1n table 5.

TABLE 5
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[0213] As mentioned above, the cytotoxicity 1s an 1mpor-
tant key 1n wound recovery. Further the cytotoxicity reduc-
ing eflect of an 1ngredient 1s a desirable. It has been shown
that poloxamer 188 has membrane sealing and repairing
properties on neurons, cardiac myocytes, fibroblasts, and
skeletal muscle cells [22-25]. Thus poloxamer 188 prevents
apoptosis and reduce cytotoxicity. Additionally, 1t was
reported that poloxamer 188 facilitates plasma membrane
repair 1n alveolus resident cells [26].

[0214] Thus, 1t 1s beneficial to use poloxamers 1nstead of

commonly used surfactants in bactericidal or yeasticidal
formulations.

Surface Tension

[0215] Furthermore, tri-blockcopolymers of the present
invention, 1 particular poloxamers, due to their non-1onic
properties have improved surface tension compared to sur-
factants such as betaine-derivatives. For instance, 1n case the
pH on a wound changes, the charge of the betaines may
change and thus have a different surface tension than before.
Theretore, with betaine-derivatives, the desired bactericidal
or vyeasticidal eflect may not always be reproducibly
ensured. Tri-blockcopolymers of the present invention on
the other hand have the same surface tension, independent of
the surrounding pH and ensure a constant and reliable
bactericidal or yeasticidal eflect.

[0216] At the same time, the adhesion of microorganisms
on wounds 1s minimized better by said tri-blockcopolymers,
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1-15. (canceled)

16. A formulation consisting of polyhexamethylene bigu-
amide, purified water and at least one poloxamer for use 1n
the topical and/or oromucosal treatment of wounds.

17. The formulation according to claim 16, consisting of
0.1% polyhexamethylene biguamde by weight, 1.0% polox-
amer by weight and 98.9% purified water by weight.

18. A formulation consisting of polyhexamethylene bigu-
amde, purified water, humectant, gelling agent and at least
one poloxamer for use in the topical and/or oromucosal
treatment of wounds.

19. The formulation according to claim 18, consisting of
0.1% polyhexamethylenbiguamd (PHMB) by weight, 1.0%
poloxamer by weight, 8.6% humectant, 1.8% by weight
hydroxyethyl cellulose and 88.5% purnified water by weight.

20. The formulation according to claim 19, wherein the
poloxamer 1s selected from poloxamer 124, poloxamer 188,
poloxamer 237, poloxamer 338 and poloxamer 407.

21. The formulation according to claim 20, wherein the
poloxamer 1s poloxamer 188.
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