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(57) Abstract: The present invention provides compositions comprising a combination of cannabidiol (CBD) or a derivative thereot, and
hyaluronic acid or a salt thereof; a phospholipid, and optionally a carrier, methods of using the compositions for treating inflammatory
joint diseases, or pain or inflammation associated with such diseases, and methods for their preparation.
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COMPOSTTIONS COMPRISING CANNABIDIOL AND BHYALURONIC ACED FOR
TREATING INFLAMMATORY JUINT DISEASES

FIELD OF INVENTION

"y

1001] This mmvention 18 directed to compositions comprising cannabidiol {(CBID) or a
derivative thereot and hyaluronic acid or a salt thereof, and their use n methods for treating
mtlammatory joint diseases. More specifically, the mvention 1s directed fo compositions
comprising liposomes inciuding CBD or a derivative thereot, suspended 1n hyaluronic acid or a
salt thereof, and thewr use for treating inflammatory joint diseases.

10

BACKGROUND OF THE INVENTION

intiammatory Joint Diseases

{0021 Joint diseases are discases or imjuries that aifect human joints. Arthniis 15 the best-
known joint disease. Diseases of the joints may be variously short-hved or exceedingly chronic,
15  agomzingly painful or merely nagging and uncomtiortable; they may be contined to one joint or
may atfect many parts of the skeleton.
10031 Two principal categonies are distinguwished: mflammatory joint diseases i which
inflammation 1s the principal set of signs or symptoms, and non-inflammatory joint diseases.
1004] Arthntis 18 a generic term for mflammatory jomnt disease. Regardless of the cause,
20 inflammation of the jomnts may cause paimn, stitfness, swelling, and some redness of the skin
about the jomt. Effusion of thud mio the jomnt cavity 1s common, and examination of this fhnd
15 often a valuable procedure for determuning the nature of the disease. The inflanmmmation may
be of such a nature and of such sevenity as to destroy the jomnt cartilage and underlying bone
and cause wwreparable deformities. Adhesions between the articulating members are frequent in
25 such cases, and the resulting fusion with loss of mobility 1s called ankylosis.
1005] Inflammation restricted to the lming of a jomt {the synovial membrane) 15 referred to as
synovitis., Arthralgias simply are pains in the joints; as ordinarily used, the word mmplies that
there i1s no other accompanying evidence of arthritis.
(006] Bursitis, inflammation of a synowvial bursa, the lubricating sac located around joints or
33  between tendons and muscles or bongs. Bursitis may be caused by infection or mmjury, by
arthritis or gout, by calcium deposition along a tendon or joint, or by minor, usually repetitive
irritation. Bursitis commonly affects the knee (“housemaid’s knee”), the Achilles {endon at the
back of the ankle (Ysoldier’s heel”)}, the elbow {(“tennis elbow”), and the bottom of the pelvis

(“weaver’s bottom™), but most common 1s bursitis of the shoulder, caused by calcium deposiis
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and mflammation of the rotator tendon i the upper arm, spreading into the bursa above the
shoulder yoint. Bursitis of the shoulder may be extremely painful, making it impossible {o raise
the affected arm. Treatment of bursitis includes rest, heat, mild exercise, and medications that

relieve inflammation and remove calcium deposits.

"y

10071 Joints may be mfected by many types of mucroorganisms (bactena, tungi, viruses) and
occasionaily by animal parasites. There are three routes of infection: by direct contamination,
by way of the bloodstream, and by extension from adjacent bony infections {osteomyelitis).
{hrect contamination usually anises from penetrating wounds but may also occur during surgery
on joints. Blood-bome infections may enter the joints through the synovial blood vessels.
10 commonly, however, 1oct of osteomyelitis occur first 1n the long bones near the end of the
shaft or next to the joint. The mnfection then extends into the joint through natural openings or
pathological breaches 1n the outside layer, or cortex, of the bone. Characieristically,
hematogenous {blood-borne) infectious arthritis afiects one joint (monarthritis} or a very few
joints {oligoarthritis) rather than many of them (polyarthritis) and usually affects large joints
15  {(kneec and hip} rather than small ones. Infections of the joints, like infections clsewhere in the
body, often cause fever and other systermic indications of inflammation.
10081 In several types of arthritis that resemble mfectious jomnt disease, no causative agent has
been 1solated. Principal among these i1s rheumatoid arthritis. This disorder may appear at any
age but 1s most usual mm the fourth and fifth decades. A type that attects children 15 called
20 juvenile rheumatoid arthrifis. Rheumatoid arthnifis typically affects the same joints on both
sides of the body. Almost any movable joint can be mvolved, but the fingers, wrists, and knees
arc particularly susceptible. The joints are especially stift when the affected person awakes.
Rheumatoiwd arthritis 15 not only a disease of the joints; fatigue and anenua indicate that there s
a more gencralized systenuc mvolvement. A slight fever may sometfimes be present. Lesions
25  also occur in sites ouiside the joints. Involvement of bursas, tendons, and tendon sheaths 1s an
integral part of the discase. Approxumately one of five affected persons has nodules in the
subcutaneous tissue at the point of the elbow or clsewhere. Inflammatory changes also are
found sometimes in small arteries and the pericardium—the membrane enclosing the heart.
Cannabidiol
30 [009] Cannabidiol (CBID) 1s one of the active cannabinoids identified in cannabis. CBD does
not appear to have any psychotropic effects such as those caused by AY-{etrahydrocannabinol
(THC) 1m mariuana, bul may have effects on anxiety and anti-psychotic effect. CBD, the

molecular formula of €y HyeOs, as depicted 1in formula I
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1010] Specitic receptors to CBD exist within synovial joints. Some studies demonstrate that
the CB type 2 receplor activation pathway plays a role m the pathophysiology of osteoarthritis
i mice and shows that pharmacological activation of CB2 has a protective effect. Some
cannabinoids may prevent carfilage resorption, in part, by mnhibiting cytokine-mnduced NO
10  production by chondrocytes and also by mhibiting proteoglycan degradation. These findings
appear to mdicate that local elevation of CBD levels i joimnts maght protect from osteoarthnitic
destruction of synovial joints.
(011] Pharmacological studies have shown the anti-nociceptive ettecis of cannabinoids in
different rodent models of osteoarthritis, and compelling evidence suggests an active
15 participation of the endocannabinoid system in the pathophysiclogy of this disease. The
ubiquitous distnibution of cannabmnoiwd receptors, together with the physiological role of the
endocannabinoid system 1n the regulation of pain, mflammation and even jomt function further
support the therapeutic interest of cannabinoids for osteoarthritis.
10121 Some evidence exists that the eftect of casnabinoids mught be attenuation of the
20 mflammatory component as occurs for example in rheumatoid arthriftis (RA). Increasing
evidence suggests that the endocannabinoid system, especially cannabinoid receptor 2 {CB2),
has an mmportant role in the pathophysiology of RA. Many members of the endocannabimoid
system are reported to mhibit synovial milammation, hyperplasia, and cartilage destruction m

RA. In particular, specific activation of CBZ may relieve RA by inhibiting not only the

{MMPs), but also bone erosion, immune response mediated by T cells. Indeed a synthetic
cannabinoid has been shown to decrease inflammation in rheumatoid arthritis. In RA, synovial
fibroblasts {SE) secrete large amounts of 1L-6, 11L.-8 and MMPs which are crucial for cartilage
destruction. RASFs are sensifive to the action of cannabinoids and they not only express
30  cannabmmoid receptors type I and Il (CB1 and CB2) but also transient recepior potential
channels type vanilloid (TRPV1) and ankynn (TRPA1}. The synthetic cannabinoid receptor
agonist WINSS, 212-2 mesylate (WIN)} demonstrated strong anti-mmflammatory effects in
monocytes and synovial fibroblasts only in high concentrations in a non-cannabinoid receptor

dependent manner.

o
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Hyaluronic acid
{013] Hyaluronic acid (HA), also called hyaluronan, 15 an  anionic, nonsulfated

glycosamuinogliycan widely distributed throughout connective, epithehial, and neural tissues. It 1s

"y

unique among glycosaminoglycans (GAGs) m that it 1s nonsulfated, forms in the plasma
membrane instead of the Golgl apparatus, and can be very large. It i1s one of the chiet
components of the extraceliular matrix, contribuling sigmficantly to cell proliferation and
migration.
1014] Hyaluronic acid has been widely used for viscosupplementation of diseased or aged
1 articular joints. However, recent investigations have revealed the active anti-inflammatory or
chondroprotective etiect of hyaluronic acid , suggesting its potential role 1n attenuation of jont
damage {Masuko, 2009). Hyaluronan has been found {0 be effective m {reatment of
inflammatory processes m medical areas such as orthopedics, dermatology and ophthalmology,
and 1t has been further found {o be anti-inflammnatory and antibactenial m gingivitis and
15 periodontitis therapy. Due to its tissue healing properties, it could be used as an adjunct ©
mechanical therapy in the treatment of periodontitis (Sukumar and Dnizhal, 2007)

Treatments for intlammatory 1oint diseases

(015] Inflammatory joint diseases are treated with anti-inflammatory pain relievers such as
non-sterotdal  anti-mnflammatory  drugs  {e.g. aspirin, ibuproten), corficosteroids {e.g.
20 predmsone), and other medications mcluding chemotherapy drugs, and disease-modifying anty
rheumatic drugs {(BMARDs, such as azathioprine, cyclosporine, methotrexate, monocional
antibodies and pathway inhibitors). Treatments may be systemic or local, to the mmflamed jomt.

1016] Systemuc medications for treating mflammatory joint diseases have many side etffects,
inciuding, stomach ulcers, possible increase in risk of biood clots, elevated blood fats and sugar
25 levels, mcreased susceptibility {o mfection, etc. Local treatments also have side effects, for
example, aggravation of the pawn due to irrifation of the joint liming by crystals m the steroid 18
steroid 1njections. Therefore, better drugs, having fewer side effects are still in demand.
Additionally, it 1s preferable to admumster a combination of diugs, which faciliates

admuinistering less of the drugs which cause more severe side effects.

SUMMARY OF THE INVENTION
10171 In one aspect, the present mvention provides a composifion comprising a combination
of cannabidiol {(CBD) or a denvative thercol, and hvaluronic acid or a sait thereof; a

phospholipid, and optionally a carner.
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{0181 In another aspect, the present mvention provides a method for treating, or reducing pain
or milammmation associated with, an mmflammatory jomt disease, disorder or condition in a
subject n need thereof, comprising admunistering o the subject the composition of the
invention as defined above.

1019] According to an additional aspect, the present wmnvention provides a method for
preparing the composition of the invention, wherein the composition inchudes cannabidiol

(CBD), hyvaluronic acid, phospholipid, and cholesterol, and the method comprises the following

steps:

a) mixing the CBD, phospholipid and cholesterol to form a mixture;

b} sonicating and homogenizing the muxture; and

C) suspending the muxture in a solution of hyaluronic acid or a salt thereot,

thereby formung liposomes suspended 1 hyaluronic acid.
10201 According to a yet additional aspect, the present invention provides the composition of
the mvention as defined above, for use in treating, or reducing pamn or mflammation associated

with, an inflammatory joint disease, disorder or condition.

BRIEF DESCRIPTION OF THE DRAWINGS

10211 Fig. T shows the cftect of a composition comprising CBD and hyaluronic acid (HA) on
artarilis i a rat model. Osteoarthritis was mduced 1 rats, which were then treated with either
CBD/HA tformulation (LYP, right group, n=7)}, or HA alone {(left group, n=3). The rats were
tested after a week in an incapacitance test and the percentage of weight out of thewr total
weight that the animals were able to bear was calculated. The honizontal lines mdicate the mean

values., The P value was 0.0381.

DETAILED DESCRIPTION OF THE INVENTION

1022] The present mvention 1s based on the finding that a combination of cannabidiol (CBID)
and hyaluronic acid (HA) is more effcctive mm amehorating symptoms of mflammatory jomnt
diseases compared to hyaluronic acid alone.

(023] As described below in Example 2, rats induced with ostecarthritis were treated with a
formulation including liposomes comprising CBD solubilized in Phospholipon® 90G (which
essentially comprises phosphatidyichohines}, and suspended in hyaluronic acid. As can be seen
from Fig. 1, this treatment resulied in a signmificantly imcreased ability to bear pain, as compared

with arthritic rats treated with hyaluronic acid alone.

LA
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10241 Accordingly, the present invention provides a composition comprising a combination of
cannabidiol {CBD) or a derivative thereot, and hyaluronic acid or a salt thereotf; a phospholipid,
and optionally a carrier.

(0251 In some embodiments, the composition comprises CBD. In some embodiments, the

"y

composition comprises 4 CBD dervative,

(026] The term "CBD denivative” as used hercin means a CBD derivative having an anti-

nflammatory effect, or an analgesic effect, or having an amehiorating effect on mflammatory

joint disease, disorder or conditions; or aiternatively, a CBD derivative that binds to CB(1)
and/or CB{2) cannabinoid receptors.

G {027] In some embodiments, a CBD denvative s selected from {(-)-7-hydroxy-CBD, which is
known from WO 2015/198077 to reduce triglycende levels and treat fatty hiver; (-)-CBD-7-01¢
acid, which 1s known from Hay 2015 to have an anti<inflammatory effect; and the
dimmethyiheptyl (DMHB} homolog of CBD, which 1s known to have an anti-inflammatory effect
(Ben-Shabat 2006; Juknat 2016), and the corresponding compounds in the enantiomenc {(+)-

15  (CBD sernes.

1028] In some embodiments, a CBD denivative 1s characterized by a structure, wheremn at least
ong of the hydroxyl subsiituent groups 18 converied to a stable form thereof, In some
embodiments, a CBD denivative 1s cannabinol compnising a quinone ring. In one embodiment, a
CBD dervative 1s an endocannabinoid denvative. In another embodiment, the pentyl group on

20 the phenyl nng of the CBD 1s replaced with any straight-chain or branched alkyl group sclected

from (C-Cqgralkyl, optionally substituted.

1029] In some embodiments the CBD 1s prepared from a cannabis extract. In some

embodiments the term "CBD or a denvative thereot” refers to between 80% and 99% pure

CBD. In some embodiments the term "CBD or a derivative thereot” refers to between 90% and

25 99% pure CBD. In some embodiments the term "CBD or a derivative thereo!l” refers to between
§3% and 99% pure CBD. In some embodiments the term "CBD or a derivative thereot” refers
to between 95% and 99% pure CBD. In some embodiments the term "CBD or a denvative
thereot” refers to between 95% and 97% pure CBD. In some embodiments the term "CBD or a
derivative thereot’ refers to about 97% pure CBD. AH % hereinabove are weight %.

33  [030] In some embodiments, the CBD or a demvative thercol 1s substantially and/or

essentially devoid of tetrahydrocannabinol {(THC). In some embodiments, a composition of the

invention, as described herein, 1s substanfially and/or essenfially devoid of THC. In one
embodiment, substantially and/or essentially devoid of THC means less than 10% by weight

THC. In one embodiment, substantially and/or essentially devoid of THC 1s less than 7% by
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weight THC, In one embodiment, substantially and/or essentially devoid of THC 15 less than
3% by weight THC. In one embodiment, substantially and/or essentially devoid of THC 1s less
than 3% by weight THC. In one embodiment, substantially and/or essentially devoid of THC 1s

less than 1% by weight THC. In one embodiment, substantially and/or essentially devoid of

"y

THC 18 less than 0.3% by weight THC. In one embodiment, substantially and/or essentially

devoid of THC 1s less than (.3% by weight THC. In one embodiment, substantially and/or

essentially devoid of THC 1s less than 0.1% by weight THC.

1031] In some embodiments, the CBD 1s synthetically prepared.

(0321 The term "hyaluronic acid or salf thereotf” 1s used mterchangeably with "hyaluronan”,

10 "hyaluromic acid”, "hyaluronate”, or "HA". The balance between the acid and the salt forms
depends on the pH of the solution and the pKa of hyaluronic acid {(about 2.8). Thus, at
physiological pH 1t 1s mainly in a salt form.
1033] 'The molecular weight of hyaluronan can be anywhere from several kilo dalion {(kDa) to
over 10’ dalton. As previously shown, bhigh wolecnlar weight bhyaluronan s

15 immunosuppressive, antiangiogenic and anti-inflammatory, and was shown {o protect against
lymphocyie-mediated cvtolysis (McBride and Bard, 1979), suppress seplic responses to
lipopolysaccharides, mamtain 1mmune tolerance, mduce production of IMMUNOSUPPIessive
macrophages, and reduce expression of inflammatory cytokines. Such hyaluronan was further
found to have antiaging and anticancer effects; and are known to cause cell cycle arrest,

20 mediated by transmembrane association between cluster of differentiation 44 (CD44) and the
ntraceliular protemn merlin, and to protect agamnst apoptosis by a mechanism mediated by
nuclear factor kappa-B (NF-xB).
1034] Accordingly, 1n some embodiments, the molecular weight of the hyaluronic acid 1s
above about 5x10° dalton, e. ¢. between about 5x10° dalton and about 10’ dalton, between about

25 5x10° dalton and about 8x10° dalton, between about 5x10° dalton and about 1x10% dalton,
between about 8x10°dalton and about 2 X 10° dalton, between about 1+10° dalton and about
7x10° dalion, between about 2 X 18" dalton and about 6 X 1 dalton, between 3x10° dalion
and 6x10° dalton, and between about 5 X 10” dalton and about 107 dalton In particular the
molecular weight of the hyaluronic acid is about 6x10° dalton.

30 {0351 In some emboduments, the hyaluronic acid s a high molecular weight hyaluronic acid,

1.2. of a molecular weight above about 500,000 dalton. In some embodiments, the hyaluronic

acid 1s an mtermediate molecular weight hyaluronic acid, 1.e. of a molecular weight of about

60,000 — 500,000 dalton.
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1036] In some embodiments, the hyaluronic acid 1s crosshinked. Crosshinking may be carried
out by any acceptable method, such as attaching thiol groups, methacrylates, hexadecylamdes,
or tyraming groups, or diwectly with formaldehyde (Hylan-A), or with divinvisulfone (trade
name: Hylan-B). Hyaluronic acid can be cross-linked via various functional groups, €.g2., via the
acetyl group (NHCOCH?3) after deacetylation, via the carboxylic acid group, or via one of the
hydroxyl groups. Hyaluronic acid can be cross-hinked with glutaraldehyde via hemiacetal
tormation.

(0371 The hvaluronic acid salt may be anv suitable cationic salt of hvaluronic acid. In some
embodiments, the hyaluronic acid salt 15 a pharmaceutically acceptable salt. Examples of
hyaluronan salts include, without limiting, alkaline metal or alkalmne earth metal salis of
hyaluronan, salts, such as hithium, sodium, potassium, cesmum, calcium and magnesium salt;
and 10 particular hvaluronan sodium salt and hyvaluronan potassium salt.

1038] Accordingly, in some embodiments, the salt of hyaluronic acid 1s sodium or potassium
hyaluronate.

1039] The hyaluronic acid may be from an amimal source, or the hyaluronic acid may be
prepared by microbiology methods in bactena.

10401 The phospholipid tor use wn the present invention 18 any phospholipid which can be used
to bring the CBD nto suspension in order to enable preparation of a suspension with the
hyaluronic acid. In some embodiments, the phospholipid for use in the present invention 18 any
phospholipid which can be used to bring the CBD into suspension in order to enable
preparation of an wjectable suspension with the hyaluronic acid.

(041] The term "phospholipid” as used heremn refers to any phospholipid, a muxture of
phospholipids, a product or a maxture which essentially comprises phospholipids, such as
lecithin or lecithin-based products, or lecithin-like substances.

10421  According to certain embodiments, the phospholipid comprises a phosphatidyicholine, a
hvdrogenated phosphatidylcholine, a lysophosphatidyicholine, dipalmitoviphosphatidyicholine,
distearoyiphosphatidyicholine, dimyristoyiphosphatidyicholine, dilauroyiphosphatidyicholineg,
digieyiphosphatidyicholine, 1-palmitoyl 2-oleyl phosphatidyicholing, a glycerophospholipid,
sphingomyehn,  cardiolipin, &  phosphatidvisenine, a4  phosphatidviglycerol, a
phosphatidvhinositol, a phosphatidic acid, a phosphatidyicholine-based product, a glycolipid, a
plasmalogen, a phosphosphingolipid, Asolectin, lecithin, or a lecithin-hike substance, or a
rxture thereof,

1043] According to certain embodiments, the phospholipid s from a natural source.

According to certain embodiments, the natural source 15 an animal source. According to certain



CA 03025208 2018-11-22

WO 2017/203529 PCT/IL2017/050580

embodiments, the natural source i1s a plant source. According o some embodiments, the
phospholipid 18 from egg or from soybean. According to certain embodiments, the phospholipid
is from a synthetic source.

1044] According to certain embodiments, the lecithin 1s egg lecithin or soybean lecithin; the

"y

lecithin-like substance 1s lecithin egg volk or soybean oil; or the phosphatidyicholine-based
product is Phospholipon® 50, Phospholipon® 75, Phospholipon® 85G, Phospholipon® 90G,
Phospholipon® 80H, Phospholipon® 90H, Phospholipon® E25, Phospholipon® E3S,
Phospholipon® E, Phospholipon® LPC20, Phospholipon® LPC25, or Phospholipon®” LPC6S5.

10451 Phospholipon® 50, Phospholipon® 75, Phospholipon® 85G and Phospholipon”™ 90G,
10 essentially consist of sovbean lecithin and phospholipids; Phospholipon® 80H and
Phaspholipon/@ 90H, essentially consist of hyvdrogenated soybean lecithin and phospholipids;
Phospheiipon‘@ B28, ZE?’hosph(ﬁip@n® E35 and }’hgspheiipor}@ B, essentially counsist of egg volk

LPC20, Phospholipon® LPC25 and

®)

lecithin and phospholipids; and Phospholipon”

Phospholipon® LPC65, essentially comsist of partially hydrolyzed soybean lecithin.
15  Phospholipon” 90G comprises at least 90% phosphatidylcholine.

[046] Phosphatidyicholines are a class of phospholipids that incorporate choline as a

headgroup. They are a major component of biological membranes and can be easily obtained

from a vanety of readily available sources, such as egg volk or soyvbeans, from which they are

mechanically or chemically extracted using hexane. They are also a member of the lecithin
20 group of yellow-brownish fatty substances occurning m animal and plant tissues. Dipalmitovl
phosphatidyicholine 15 2 major component of pulbmonary surfactant. Phosphatidyicholines are
such a major component of lecithin that 1in some contexts the terms are sometimes used as
synonyms. However, lecithin extracts consist of a mixture of phosphatidyicholine and other
compound. According to some embodiments, the phosphatidyichohine 15 from egg or from
25 soybean.

1047] In some emboduments, the phospholipid comprises a phosphatidyicholing or a

phosphatidyicholine-based product.

(048] In some embodiments, the phosphatidylicholine-based product is Phospholipon”® 90G.

(044971 The phospholipid or phosphatidyicholine described above may form hiposomes which
33  embed or non~covalently bind the CBD. Cholestersl may be added to hiposomes to increase

stability.

10530]  Accordingly, 1in some embodiments, the composition further comprises cholesterol.

1051} In some cmbodiments, the composition of the mveniion comprises a combination of

CBD, and high molecular weight hyaluronic acid or a salt thereof, and any phospholipid as
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defined 1n any of the above embodiments. In some emboduments, the composition essentially
consists of CBD, high molecular weight hyaluronic acid or a salt thereof, and phospholipid. In
some embodiments, the composition essentially consists of CBD, high molecular weight
hvaluronic acid or a salt thereof, cholesterol, and a phospholipid. In some c¢mbodiments, the
cornposition of the mvention comprises a combination of CBD and high molecular weight
hyaluronic acid or a salt thercof, wherein the hyaluronic acid or salt thereot 1s cross-linked.
1052] According {0 some embodiments, the composition of the mmvenfion comprises a
combination of CBD and high molecular weight hyaluronic acid or a salt thereof, and a
phosphohipid comprising, or which 18 selected from, a phosphatidyicholine, a hydrogenated
phosphatidyicholineg, a tysophosphatidyicholine, dipaimitoyiphosphatidyichohine,
distearoyiphosphatidyicholine, dimyristoyiphosphatidyichohne, dilauroyiphosphatidyicholine,
dioleyiphosphatidyicholing, 1-palmutoyt Z-oleyl phosphatidyicholine, a glyvcerophospholipid,
sphingomyelin,  cardiohipin, a  phosphatidyiserine, a  phosphatidyiglycerol, a
phosphatidylinosiiol, a phosphatidic acid, a phosphatidylicholine-based product, a glycolipid, a
plasmalogen, a phosphosphingolipid, Asolectin, lecithin, or a lecithin-like substance, or a
mixture thereof.

053] According to certain embodiments, the composition of the invention comprises a
combination of CBD and high molecular weight hyaluronic acid or a salt thereotf, and lecithin
that i3 egg lecithin or sovbean lecithin; lecithin-like substance that 15 lecithin egg yolk or
soybean oil; or phosphatidyicholine-based product that is Phospholipon” 50, Phospholipon® 75,
Phosphiclipon® 85G, Phospholipon® 90G, Phospholipon® 80H, Phospholipon® 90H,
Phospholipon® E25, Phospholipon® E35, Phospholipon® E, Phospholipon® LPC20,
Phospholipon”® LPC25, or Phospholipon® LPCES.

1054] According fo certain embodiments, the composition of the mvention comprises a
combination of CBD and high molecular weight hyaluronic acid or a sali thereof, and
phosphatidyicholine-based product comprising Phospholipon® 50, Phospholipon® 75,
Phospholipon® 85G or Phospholipon® 90G.

105351 According {o certain embodiments, the composition of the mvention comprises a
combination of CBD and high molecular weight hyaluronic acid or a salt thereof, and a
phospholipid comprising, or selected from, a phosphatidyicholing, or a phosphatidyicholing-
tased product.

1056] According to certamm embodiments, the composiiion of the mvention comprises a
combination of CBD and high molecular weight hyaluronic acid or a salt thereof, and 3

phosphatidylcholine-based product comprising Phospholipon® 90G.

1O
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1057] In some embodiments, the composition of the mvention essentially consists of CBD,
high molecular weight hyaluronic acid or a salt thereof, and a phosphatidvicholine or
I?’hospfhoiip@n@ 90(G. In some embodiments, the composition of the mvention essentially

consists of CBD, high molecular weight hyaluronic acid or a salt thereot, cholesterol, and a

"y

phosphatidylcholine or Phospholipon”™ 90G.
{038 The hyaluronic acid of any of the above embodiments may be crossiinked as discussed
above. The hyaluronic acid of any of the above embodiments may be 1n the form of sodium or
potassium sait.
(059] The term "essentially consisting of” means that the composition may further comprise
1 non-active ingredients such as solvents,
10601 In some embodiments, the concentration of CBD in the formulation 1s between 3% W/V
and 7% W/V. In some embodiments, the concentration of CBD in the formulation 1s between
4% W/V and 6% W/V. In some embodiments, the concentration of CBD in the formulation is
about 5% W/V. In some embodiments, the concentration of CBD n the formulation 15 between
15 10 and 100 mg/ml. In some embodiments, the concentration of CBD in the formulation is
between 30 and 70 mg/ml. In some embodiments, the concentration of CBD in the formulation
is about 30 mg/mi.
10611 In some embodiments, the concentration of the hyaluronic acid n the formulation is
between 0.1% W/V and 0.5% W/V. In some embodiments, the concentration of the hyaluronic
20 acid in the formulation 1s 0.1%, 0.2%, 0.3%, 0.4% or 0.5%, and 1 particular about 0.24% W/V,
in some embodiments, the concentration of the hyaluronic acid wn the formulation 18 between |
mg/mi and 5 mg/ml. In some embodiments, the concentration of the hyaluronic acid m the
formulation 1s about 2.4 mg/mi.
1062] In some embodiments, the concentration of phospholipid in the formuliation 1s between
25 10% W/V and 20% W/V. In some embodiments, the concentration of phospholipid in the
formulation 1s about 10%, 11%, 12%, 13%, 14% 15%, 16%, 17%, 18%, 19%
or 20%, and m particular 16% W/V. In some embodiments, the concentration of phospholipid
in the formulation s between 100 mg/mi and 200 mg/mi. In some emboduments, the
concentration of phospholipid 1n the formulation 18 about 160 mg/mi.
3 [063] In some embodiments, the weight ratio of CBD / phospholipid 15 higher than 1/10. In
some embodiments, the weight ratio of CBD / phospholipid 1s between 1/10 and 1/2. In some
embodiments, the weight ratio of CBD / phospholipid 15 between /5 and 1/2. In some
embodiments, the weight ratio of CBD / phospholipid 1s about 1/3.

Ll
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064! In some emboduments, the composition comprises liposomes formed by the
phospholipid as described in the embodiments above, and the CBD or denvative thereot is non-
covalently attached to the liposomes. ln some embodiments, the CBD 1s embedded 1 the bi-

layer membrane of the liposomes.

"y

10053]  In some embodiments, the hiposomes are suspended in hyaluronic acid. The hyaluronic
acid 1s the same as the hyaluronic acid or salt thereof as described in any of the embodiments
above. In some embodiments, at least some of the hyaluronic acid 1s inside the hiposome. In
some embodiments, the hyaluronic acid 1s crosshnked. In some embodiments, the hyaluronic
acid 1s sodium hyaluronate or potassium hyaluronate.
10 [066] In some embodiments, the hposomes further comprise cholesterol. In some
embodiments, the concentration of cholesterol m the composition of the mvention 1s between
20 and 30 mg/ml. In some embodiments, the concentration of the cholesterol 15 about 40
mg/mi.
10671 In some embodiments, the composition of the vention comprises CBD;
15  phosphatidylcholine or Phospholipon® 90G; high molecular weight, crosslinked, sodium
hyaluronate; and cholesterol, wheremn liposomes are formed from the phosphatidyicholine or
Phospholipon® 90G, and the cholesterol; the CBD is non-covalently attached to the liposomes:
and the hiposomes are suspended in the high molecular weight, crosshnked sodium hyaluronate.
100&]  In some embodiments, 3 composiiion as described herein 15 m the form of a hiqud. In
20 some embodiments, a composition as described herem is m the form of a gel. In some
embodiments, the composition comprises a buffer. In some embodiments, the composition
comprises a butier keeping the pH of the solution at a physiological pH.
1069] In some embodiments, the composition further includes a co-solvent. In some
embodiments, a co-solvent i1s a mixture of muscible solvents for solubilizing water-msoluble
25 ngredients of the mwvention. In some embodiments, a co-solvent 1s composed of one organic
soivent and water. In some embodiments, a co-solvent comprises: propyiene giveol, PE{G 400,
cthanol, water, a surfactant, glycerin, propvlene glycol, ethanol, polyethylene glycol 300,
polyethyiene glycol 400, dimethyiacetamide {(IDMA), N-methyi-Z-pyrrolidone {(NMP;
Pharmasolve), dimethvisulfoxide (DMSQ), Solutol HS 15, Cremophor EL, Cremophor RH 60,
33  and polysorbate 80. In some embodiments, a co-solvent comprises a compound described 1n:
Robert . Stnckiey: Solubthzing Excipients 1 Oral and Injectable Formulations.
Pharmaceutical Research, Vol. 21, No. 2 pp. 201-230, February 2004, which 1s hereby

incorporated by reference in its entirety.
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107¢] In some emboduments, a composition as described heremn further comprises
cannabichromene {(CBC), cannabigerol {CBG), cannabimnol (CBN), or any combination thereof,
in one embodiment, a3 composition as described herein further comprises at least two

compounds selected from the group comprising: cannabichromene (CBC), cannabigerol

"y

(CBG), cannabinol (CBN}, or any combination thereof.
1071] In some embodiments, a composition as described hercin further comprises an ol
soluble vitarmmm, In one embodiment, an oil soluble vitamin 1s vitamun E. In one embodiment,
an o1l soluble vitamuin 18 vitapun D. In some embodiments, an oil soluble vitamin 1s vitamin K.
in some embodiments, an o1l soluble vitanun 18 vitamin A. In some embodiments, an ol
1 soluble vitanun 15 any combimnation of vitamin E, vitamn [, vitamin K and vitamin A.
(072] In some cmbodiments, the composifion as described herein further comprises an
additional glveosamunogivean (GALT). In some emboduments, the composition as described
herein further comprises chondroitin sulfate ("U5A"7). In some embodiments, a composition as
described herein comprises a polyol. In some embodiments, a composition as described herem
15 further comprises at least one additional anti-inflammatory agent polyol.
(0731 In some embodiments, the carrier 18 a pharmaceutically acceptable camer. In some
embodiments the composition of the invention 18 a pharmaceutical composition, wherein the
hvaluronic acid or salt thereotf is a pharmacecutically acceptable salt of hyaluromic acid as
defined above, and the composition comprises a pharmaceutically accepiable carrier,
20 [074] In some embodiments, the described compositions further comprise at least one
pharmaceutically acceptable carrier, diduent, excipient and/or additive.,
10751 Cannabidiol 1s msoluble in water but soluble i organmic solvents, such as oil.
Accordingly, CBD can be formulated for use 1 the described methods through use of any
organic solvent known to the pharmaceutical arts, mchuding, but not linmted to edible oils.
25 When formulated for oral admunistration, any edible o1l can be used m the CBD formulation,
mnciuding olive ol
1076] In some embodiments, a compostiion as described hereimn 1s formulated to a suitable
route of admunistration, such as: oral, rectal, transmucosal, transnasal, intestinal or parenteral
delivery, including mtramuscular, subcutancous and nframedullary imjections as well as
33  ntrathecal, direct mntraventnicular, intravenous, infraperitoneal, initranasal, or mtraocular
injections.
10771 In some embodiments, the pharmaceutical compositions are admumstered by
intravenous, intra-artenial, or mtramuscular mjection of a hgud preparation. In some

embodiments, hqud formulations include solutions, suspensions, dispersions, emulsions, oils
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and the like. In one cmbodimeni, the pharmaccutical compositions are admuusiered
intravenously, and are thus formulated m a form suitable for mfravenous admimstration. In
another embodiment, the pharmaceutical compositions are admunistered intra-artenally, and are
thus formulated in a form sumtable for mntra-artenal adounisiration. In another embodiment, the
pharmaceutical compositions are admmistered mbramuscularly, and are thus formulated 1 a
torm suitable for intramuscular administration.

1078] In some embodiments, mjectables of the mvention are formulated mn aqueous solutions.
in one embodiment, injectables of the invention are formulated in physiologically compatible
buffers such as Hank's solution, Ringer's solution, or physiological salt buifer. In some
embodiments, for transmucosal admimistration, penetrants appropriate to the barmer to be
permeated are used in the formulation. Such peneirants are generally known in the art.

10791 In some embodiments, the preparations described herein are formulated for parenieral
administration, ¢.g., by bolus mjection or continuous infusion. In some embodiments,
formulations for injection are presented i umit dosage form, €.g., in ampoules or i multidose
containers with optionally, an added preservative. In some embodiments, compositions are
suspensions, solutions or emulsions n o1y or aqueous vehicles, and contamn formulatory agenis
such as suspending, stabilizing and/or dispersing agents.

10801 In some embodiments, pharmaceutical compositions for parenteral admmistration
inciude agueous solutions of the active preparation in water-soluble form. Additionally,
suspensions of the active mgredients, in some embodiments, are prepared as appropriate oily or
water based injection suspensions. Suitable hipophilic solvents or vehicles include, in some
embodiments, fatty oils such as sesame oil, or synthetic fatty acid esters such as ethyl oleate,
triglycerides or hiposomes. Agueous injection suspensions contain, m some embodiments,
substances, which increase the viscosity of the suspension, such as sodium carboxymethyi
cellulose, sorbitol or dextran. In another embodiment,, the suspension also contain suiiable
stabilizers or agents which ncrease the solubility of the active mgredients to allow for the
preparation of highly concentrated solutions.

1081]  In some embodiments, a composition as described herein 18 an mntra-articular injectable
composition. In  some embodiments, a composition as described herein 18 a
viscosupplementation composition. In some embodiments, a composition as described herein 13
in 2 gel form or semi-gel form. in some embodiments, a dosage form of a composition
comprises or consists of 0.5 to 3 mi of a composition as described herem.

{U8Z2]  In some embodiments, a2 dosage form of a composition comprises or consists of 8.5 t0 2

mi of a composition as described herem. In some embodiments, a dosage form of a composition
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comprises or consists of 1 to 3 mi of a3 composition as described herein. In some embodiments,
a dosage form of a composition as described herem 1s mjected 1 to 5 times a week. In some
embodiments, a dosage Torm of a composition as described herein 1s mjected 2 to 5 tumes a
week. In some embodiments, a dosage form of a composition as described herein 1s mmjected for
a duration of one week {0 a vear. In some embodiments, a dosage form of a composition as
described herein 1S injected for a duration of one month to a vear. In some embodiments, a
dosage form of a composition as described herem 1s injected for a duration of two months, or a
week to ten months,

(0831 The pharmaceutically-acceptable carners sutable for the preparation of umt dosage
forms of a composttion as descnbed herein for peroral administration are well-known in the art. In
some  embodiments, tfablets typically comprise conventional pharmaceutically-compatible
adivants as mert diuents, such as calcum carbonate, sodmm carbonate, mannitol, {actose and
celiulose; binders such as starch, gelatin and sucrose; disintegrants such as starch, alginic acid and
croscarmelose; lubricants such as magnesmum stearate, steanic acid and tale. In one embodiment,
olidants such as silicon dioxide can be used to improve flow characteristics of the powder-mixture.
In one embodiment, colorng agents, such as the FD&CU dves, can be added for appearance.
Sweeteners and Havoring agents, such as aspartame, saccharin, meunthol, peppermnt, and frust
flavors, are usctul adjuvants for chewable tablets. Capsules typically comprise one or more solid
dituents. In some embodiments, the selection of carmer components depends on secondary
conswderations like taste, cost, and shelf stability, which are not cntical for the purposes of this
mvention, and can be readily made by a person skilled mn the art.

10841 In some embodiments, the oral dosage form comprises predefined release profile. In
one embodiment, the oral dosage form of the present mvention comprises a dosage form
(commposition} or dosage forms having difterent release profile tor hyaluronic acid and for CBD. In
some embodiments, the oral dosage form of the present mvention comprises a dosage form
{composition} or dosage forms having the same release profile for hvaluronic acid and for CBD. In
some embodiments, the oral dosage form of the present invention comprises an extended release
tablets, capsules, lozenges or chewable tablets. In some embodiments, the oral dosage form of the
present invention comprises a slow release tablets, capsules, lozenges or chewable tablets. In some
embodiments, the oral dosage form of the present invention comprises an immediaie release
tablets, capsules, lozenges or chewable tablets. In some embodiments, the oral dosage form is
formulated according to the desired release profile of the pharmaceutical active mgredient as

known to one skilled in the art.
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{085 Peroral compositions, i some embodiments, comprise higud solutions, emulsions,
suspensions, and the like. In some embodiments, pharmaceutically-acceptable carmers suitable for
preparation of such compositions are well known in the art.

{086 In some embodiments, composttions for use i the methods of this mvention comprise

"y

solutions or emulsions, which m some embodiments are agueous solutions or emulsions
comprising a safe and cftective amount of the compounds of the present mvention and optionally,
other compounds, mtended for topical intranasal admunstration,
{0871 Further, in some embodiments, the pharmaccutical compositions are adminisiered
topically to body surfaces, and are thus formulated in a form suitable for topical adnumstration.
10 Sutable topical formmuilations mclude gels, omtments, creams, lotions, drops and the like. For
topical administration, the compounds of the present invention are combined with an additional
appropriate therapeulic agent or agents, prepared and applied as solutions, suspensions, of
emulisions in a physiologically acceptable diluent with or without a pharmaceutical carner.
{0R&] In one embodiment, pharmaceutical compositions of the present invenfion are
15  manufactured by processes well known in the art, ¢.g., by means of conventional mixing,
dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping or
tvophilizing processes.
(0891 In some embodiments, pharmaceutical compositions for use in accordance with the
present invention 15 formutlated 1o conventional manner using one or more physiclogically
20 acceptable cammers comprising excipients and auxihianes, which faciitate processing of the
active mngredients into preparations which, can be used pharmaceutically. In one embodiment,
formulation 1s dependent upon the route of adnmunistration chosen.
1090 The compositions also comprise, m some embodiments, preservatives, such as
benzatkonum chionde and thimerosal and the like; chelating agents, such as edetate sodmum and
25 others; buffers such as phosphate, citrate and acetate; tomcity agents such as sodium chionde,
potassium  chlonide, glycernin, manmitol and others; antioxidants such as ascorbic  acid,
acetyicysting, sodium metabisuliote and others; aromatic agents; viscosity adjustors, such as
polymers, inchuding cellulose and denvatives thereof; and polyvinyi aicohol and acid and bases to
adiust the pH of these agueous composifions as needed. The compositions also comprise, i Some
30  embodiments, local anesthetics or other actives. The composifions can be used as sprays, mists,
drops, and the like,
1091 ] In some embodiments, the pharmaceutical composition or compositions are dehivered in
a controlled release system tormulated for intravenous infusion, implantablc osmotic pump,

transdermal patch, hposomes, mtra-articular, or other modes of admumustrabion. In one
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cmbodiment, a8 pump 1s used {see Langer, supra; Sefton, CRT Cnt. Ref. Biomed. fng. 14201
(1987Y; Buchwald et al., Surgery 88:507 (1980); Saudek et al., N. Engl J Med. 321:574 {1989, In
another embodiment, polymeric maternials can be used. In vet another embodiment, a controtled
release system can be placed m proxamity to the therapeutic target, 1.¢., the brain, thus requiring
only a fraction of the systemuc dose (see, e.g., Goodson, m Medical Applications of Conirolled
Release, supra, vol. 2, pp. 115-138 {1984}, Other controlled release systems are discussed in the
review by Langer {(Science 249:1527-1533 (1990).

{092 ] in some embodiments, the active ingredient 1s in powder form for constitution with a
suitable vehicle, e.g., sterile, pyrogen-free water based solution, betore use. Compositions are
formudated, i some embodiments, for atomization and mhalation adminstration. In another
cmbodiment, compositions are contained i a container with attached atonmizing means.

(093] In one embodiment, the preparation of the present mvention 1s formulated in rectal
compositions such as suppositories or refention encmas, using, ¢.g., conventional suppository
bases such as cocoa butter or other glycenides.

1094] In some embodiments, pharmaceutical compositions suitable for use n context of the
present mvention include compositions wherein the active ingredients are contamned 1 an
amount effective to achieve the intended purpose. In some embodiments, a therapeutically
effective amount means an amount of active ingredients effective to prevent, alleviate or
ameliorate symptoms of discase or prolong the survival of the subject being treated.

093] Some examples of substances which can serve as pharmaceutically-acceptable carmers
or components thereof are sugars, such as lactose, ghucose and sucrose; starches, such as corn
starch and potaio starch; cellulose and 1ts denvatives, such as sodium carboxymethyl cellulose,
ethyl cellulose, and methyl cellulose; powdered tragacanth; malt; gelatin; tale; solid lubnicants,
such as stearic acid and magnesium stearate; calcium suifate; vegetable oils, such as peanut o,
cottonseed oil, sesame o1, ohive o, corn ol and o1l of theobroma; polyols such as propyiene
glycol, glycerine, sorbitol, mannitol, and polyethylene glycol; algmic acid; emulsifiers, such as the
Tween™ brand emulsifiers; wetting agents, such sodium lauryl sulfate; coloring agents; flavoring
agents; tableting agents, stabilizers; antioxidants; preservatives, pyrogen-free water; isofomic
saling; and phosphate butffer solutions. The choice of a pharmaceutically-acceptable carmer {0 be
used n conpunction with the compound 18 basically determined by the way the compound 1S to be
administered. If the subject compound 1s to be mjected, in one embodiment, the pharmaceutically-
acceptable carmer 1s stenle, physiological saline, with a blood-compatible suspending agent, the

pH of which has been adjusted to about 7.4.
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1096 ] In addition, the compositions further compnise binders {€.g. acacia, cornstarch, gelabin,
carbomer, ethyl cellulose, guar gum, hydroxypropyl cellulose, hyvdroxypropyl methyl cellulose,
povidone}, disintegrating agents {¢.g. cornstarch, potato starch, algmic acid, sithcon dioxide,

croscarmelose sodim, crospovidone, guar gum, sodium starch ghycolate), butters (e.g., Tns-HCIL,,

"y

acetate, phosphate) of varous pH and wonic strength, additives such as albumun or gelatin o

prevent absorption to surfaces, detergents {e.g., Tween 20, Tween 80, Phwronic Fo¥, hile acid

salts), protease mhibitors, surfactants {(e.g. sodium lauryl sulfate), permeation enhancers,
solubilizing agents {e.g., glvcerol, polvethylene glycerol), anti-oxidants {e.g., ascorbic acid,
sodium  metabisulfite, butvlated hydroxyanisole), stabilizers {e.g. hvdroxypropyl cellulose,

13 hyroxypropylmethyl cellulose), wviscosity mcreasing agents{e.g. carbomer, colloidal silicon
dioxide, ethyl cellulose, guar gum), sweeteners (e.g. aspartame, citric acid), preservatives {€.2.,
Thimerosal, benzyl alcohol, parabens), lubricants {e.g. steanc acid, magnestum stearate,
polyvethylene glycol, sodium lauryl sulfaie}, flow-aids {e.g. colloidal silicon dioxide}, plasticizers
{(c.g. diethyl phthalate, tnethyl citrale), emulsifiers {¢.g. carbomer, hvdroxypropyl cellulose,

15  sodmm lauryl suifate), polymer coatings {¢.g., poloxamers or poloxamines), coating and Tilm
forming agents (e.g. ethvl cellulose, acrvlates, polymethacrylates) and/or adjuvanis.

{097 ] Typical components of carners for syrups, ehixirs, emulsions and suspensions inchide
ethanol, ghycerol, propviene glvcol, polyethyiene glycol, hguid sucrose, sorbitol and water. For a
suspension, typical suspending agents mclude methyl cellulose, sodmum carboxymethyl cellulose,

20 cellulose {e.g. Avicel™, R(C-591), tragacanth and sodium alginate; typical wetting agents mclude

lecithin and polyethyiene oxide sorbitan {e.g. polysorbate R0). Typical preservatives mclude

methyl paraben and sodium benzoate. In another embodiment, peroral hguid compositions also
contain one or more components such as sweeteners, flavoring agents and colorants disclosed
above.

25 (098] Also comprehended by the mvention are particulate compositions coated with polymers
{c.g. poloxamers or poloxamines) and the compound coupled to antibodies directed agamnst tissue-
specific receptors, ligands or antigens or coupled to higands of tissue-specific receptors.

10991  In some embodiments, preparation of effective amount or dose can be estimated umtially
from mn vitro assays. In one embodiment, a dose can be formulated in animal models and such

30  mformation can be used to more accurately determuine usetul doses i humans.

(0100] In some embodiments, toxicity and therapeutic efficacy of the active ingredients

described herein can be determuned by standard pharmaceutical procedures in vitro, m cell

cuitures or experimental animals. In one embodiment, the data obtained from these in vifro and

cell culture assays and amimal studies can be used in formulating a range of dosage for use mn

18
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human. In one embodiment, the dosages vary depending upon the dosage form employed and
the route of adnunistration ufilized. In one cmbodiment, the exact formulation, route of
administration and dosage can be chosen by the individual physician 1 view of the patient's
condition. [See ¢.g., Fingl, et al., {1975) "The Pharmacological Basis of Therapeutics”, Ch. |
p. il

10101} In another aspect, the present mvention provides a method for treating an milammatory

"y

jomnt disease, disorder or condition, or for alleviating or reducing pain or mflammation
associated with the mnflammatory joint disease, disorder, or condifion in a subject in need
thereot, comprising admumstering to the subject the composition of the mmvention according o

10 any one of the embodiments defined above.

(0102] In some embodiments, the composition being admunistered according to the mvention
comprises a combmnation of cannabidiol {{CBD) or a dernivative thereot, and hyaluronic acid or a
sait thereof; a phospholipid, and optionally a carrier.

10103] In some embodiments, the composition bemng admumstered according to the mvention

15 comprises CBD. In some embodiments, the composition being adnunistered according to the
mnvention comprises a high molecular weight hyaluronic acid.

10104] In some embodiments, the composiiion bemng administered according to the mvention
comprises a phosphatidyicholine or a phosphatidylcholine-based product.
10103] In some embodiments, the composition bemg administered according o the mvention

20 comprises Phcssphoiipon@j SUG.

101061 In some embodiments, the composition being adminisiered according o the mvention
further comprises cholesterol.

10107] In some embodiments, the composition being admumstered according {0 the mvention
comprises CBD and a high molecular weight hyaluronic acid.

25 [0108] In some embodiments, the composition being administered according to the mvention
comprises CBD, a high molecular weight hyaluronic acid, and a phosphatidvicholing or a
phosphatidyicholine-based product.

10109] In some embodiments, the composition being admunistered according to the mvention
comprises CBD, a high molecular weight hyaluronic acid, and a Phospholipon® 90G.

30 {0118} In some embodiments, the composiiion being admunisiered according to the mvention
comprises liposomes formed by the phospholipid, and optionally cholesterol, if present, and
wherein the CBD or derivative thereof 1s non-covalently attached to the hiposomes.

10111] In some embodiments, the composition being administered according to the imnvention

comprises CBD: phosphatidylcholine or Phospholipon® 90G: high molecular weight,

19
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crossimnked, sodmm hyaluronate; and cholesterpl, wherein hiposomes are formed from the
phosphatidyicholine or Phospholipon® 90G, and the cholesterol; the CBD is non-covalently
attached to the liposomes; and the liposomes are suspended im the high molecular weight,

crosshinked sodium hyaluronate.

"y

10112] In one embodiment, treating an mflammatory joint disease comprises ameliorating or

inhibiting symptoms associated with the inflammatory joint disease, disorder, or condition.

such as pan, inflammation, impainment 10 joint movement, cartilage degradation, subchondral
bone sclerosis, osteophyte formation, or any combination thereof. {n one embodiment, {reating
an inflammatory joint disease comprises inhibiting disease progression.

10 10113] In some embodiments, the disease, disorder or condition 1s selected from osteoarthritis,
amyloidosis, arthritis bursiftis, diffuse 1diopathic skeletal hyperostosis (DISH), a ganghion cyst,
gout, ankvlosing spondylitis, lumbar spinal stenosis, hydroxyapatite juvenie arthritis,
pseudogout, SAPHO syndrome, rheumatoid arthritis, reactive arthritis, psonafic arthritis,
sacroihiac joint pain, septic arthritis, Still's disease, and synovifis.

15  [0114] in some embodiments, the disease, disorder or condition is osteoarthritis.

[0115] In some embodiments, the admimistration 1s by 1njection.

{0116] In one embodiment, administening 15 by an intra-articular mjection mio an milamed
joint, In some cmbodmments, injecting into an milamed jomt 1s jomnt mjection. In some
embodiments, the methods described herein inchude joint aspiration. In some embodiments, the

20 methods described herein include joint aspiration prior to mjecting a composition of the

mvention mto an inflamed joint. In some embodiments, administering 1s injecting mto an

inflamed soft tissue next to a joint {such as bursa). In some embodiments, admimstering is
imjecting into a soft tissue next to an mmflamed jomnt.

0117] In some ombodiments, adounistering 15 by ifopical adnumstration. In  some

25 embodiments, adounistenng s by oral admmisiration or by sysiermc admimstration, such as by

usyection. Ural adomunistration of a composition as described herein, in one embodiment,

comprises a umit dosage form comprising tablets, capsules, lozenges, chewable tfablets,
suspensions, emulsions and the bike., duch unit dosage forms comprise a safe and effective
amount of the desired compound, or compounds.

30 [0118] In some embodiments, depending on the severity and responsiveness of the condition {o

be treated, dosing can be of a single or a plurahity of admunistrations, with course of treatment

lasting from several days to several weeks or until cure 1s effected or dinmunution of the disease

state 1s achieved.
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10119} In some embodiments, the amount of a composition to be administered will, of course,
be dependent on the subject being tfreated, the sevenity of the affliction, the manner of
administration, the yudgment of the prescribing physician, gic.
(0120] In some embodiments, compositions including the preparation of the present imnvention
formulated 10 g compatible pharmaceutical carnier are also be prepared, placed in an appropriate
container, and labeled for treatment of an indicated condition.
10121] In some embodiments, compositions of the present invention are presented in a pack or
dispenser device, such as an FDA approved kit, which coniain one or more unit dosage forms
contaning the active mgredient. In some embodiments, the pack, for example, comprise metal
or plastic foil, such as a blister pack. In some embodiments, the pack or dispenser device 1s
accompanied by mstructions for admimstration. In some embodiments, the pack or dispenser is
accommodated by a notice associated with the contammer in a form prescribed by a
governmental agency regulating the manufacture, use or sale of pharmaceuticals, which notice
18 reflective of approval by the agency of the form of the compositions or human or veterinary
administration. Such notice, in some embodiments, 1s labeling approved by the U.S. Food and
Dirug Administration for prescrption drugs or of an approved product insert.
{0122] In some embodiments, compositions of the present imvention comprise a volatide oil. In
some embodiments, compositions of the present mvention comprise a volatile o1l obtaimned from
turmertic. Ar-turmerone, in some cmbodiments, 1S a constituent of a volatile oil. In some
cmbodiments, compositions of the present mvention comprise a waler suspension to which ol
1s added for formung a mixture.
(0123] In some embodiments, the composition or compositions exert therr mflammation
inhibitory activity only i sites of inflammmation. In some embodiments, inhibiting intlammation
1s specttically targeting intflammatory sites. In another embodiment, inhibifing inflammation is
mhibiting an mmflammation mediator at a site of mflammation and not at a site of no
mnflammatory activity.
101241 In some embodiments, the CBD or denvative thercof 18 being slowly released from the
liposome following administration.
{0125] In another aspect, the mvention provides a method of preparing the composition of the
mvention, comprising the steps of:

a) mixing CBD or a derivative thereof, phospholipid, and cholesterol to form a mixture;

b} somicating and homogenizing the mixture; and

¢) suspending the muxture in a sotution of hyaluronic acid or a salt thereof;

thereby forming liposomes suspended in hyaluronic acid.
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10126} In some embodiments CBD or a dertvative thereof 1 a) 15 CBD. In some embodiments
CBD or a dervative thereof 1in a) 18 a denvative of CBD.
[0127] In some embodiments, the mixture 1n a) 1S suspended 1n a suitable organic volatie

solvent such as ethanol, which 1s vaponzed following sonicating and homogenizing, In some

"y

embodiments, after vaporizing the organic volatile solvent, the pellet 1s suspended 1n an
aqueous solvent, preferably a solvent having physiological or near-physiclogical pH, such as
PBN. In some embodiments, the agueous solvent 1s the solution of ¢} optionally comprising a
sait of hyaluronic acid, optionally crosshinked. In some embodiments, Tollowing vaporizing the
organic volatile solvent, the pellet 18 resuspended in an aqueous solution suitable for imjection
1} 1nto a human body.

(0128] In some embodiments, the CBD 1s more than 90% pure. In some embodiments, the

CBD 1s between 90% and 99% pure. In some embodiments, the CBD is between 93% and 99%

pure. In some embodiments, the CBD 1s about 97% pure. The % 15 by weight.

10129] In some embodiments, the CBD or a denvative thereof is substantially and/or
15  essentially devoid of tetrahydrocannabinol (THC), as defined in embodiments above. In some

embodiments, a composition as described herein 15 substantially and/or essentially devoid of

THC, as defined i embodiments above.

(0130] In some embodiments, the weight ratio of CBD / phospholipid 1s higher than 1/10. In

some embodiments, the weight ratio of CBD / phospholipid 1s between 1/10 and 1/2. In some
20 embodiments, the weight ratio of CBD / phospholipid 1s between 1/5 and 1/2. In some

embodiments, the weight ratio of CBD / phospholipid 1s about 1/3.

101311 In some cmbodiments, the composition as described herein has a synergistic effect

between CBD and hyaluronic acid, such as a synergistic anti-inflammatory effect or synergistic

ctiect in reducing the severnity of pain associated with the mflammatory disease disorder or
25  condition.

[0132] In some embodiments, administering the compositions of the mvention enables using

lower doses of presently used drugs for treating inflammatory joint diseases, disorders or

conditions, thereby reducing thewr side-eitects. Non-limiting exampies of medications used for

treating nflammatory joint diseases are hyaluronic acid, non-steroidal anti-inflammatory drugs
33 {e.g. aspirin, ibuprofen), corticosteroids {(e.g. prednisone), chemotherapy drugs, disease-
modilyving anti rheumatic drugs {(BMARDs, ¢.g. azathioprine, cyclosporing, methotrexate,
monocional antibodies and specific pathway mhibitors). In some embodiments, administration

of the composition of the mvention for treating inflammatory joint diseases, disorders or

o
N
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conditions facilitates using sub-therapeutic doses of the presently used drugs, or even
chiminates the need for the presently used drugs altogether.
{01331 In some embodiments, the compositions of the mvention are administered n

combination with medications used for treating inflammatory joint diseases, such as non-

"y

steroidal anti-inflammatory drugs {e.g. aspinn, tbuprofen), corticosteroids (e.g. prednisone),
chemotherapy drugs, disease-moditying anti rheumatic drugs {DMARDs, e.g. azathioprineg,
cyclosporine, methotrexate, monocional antibodies and specific pathway inhibitors).
10134 In another aspect, the mvention provides a composition according to any of the
embodiments described above, for treating an milammatory disease disorder or condition, or
10 for reducing the severity of mflammation or pain associated with the milammatory disease
disorder or condition,
101351 In some embodiments, the composition if formulated for injection.
10136] In some embodiments, the composition 18 formulated for nfra-articular imnjection.
10137 In some embodiments, the composition as described heremm 13 used {0 nhibat
15 mmflammation. In some embodiments, the composition as described herein 1s used to allcviale
1ot pam. In some embodiments, the composition as descnibed heremn s further used o rebusld
3 conneclive fssue,
10138 The disease, disorder, or conditions mentioned here 1s the same as listed above, with
reference to methods of treatment.
20 10139] The term "about”, as used herein means that values of 10% or less above or below the
indicated values are also mcluded.
10140] The term "treating” or "treatment” as used herein as used herein refers to means of
obtaining a desired physiological effect. The effect may be therapeutic i terms of partially or
completely curing a disease and/or symptoms attributed to the disease. The term reters to
25 imhibiting the disease, 1.¢. arresting its development; or amehorating the disease, 1.e. causing

regression of the disease.

EXAMPLES
Materials:

30 [0141] Phosphatidylcholine was purchased from Lipoid AG {Phospholipon® 90G (PL0G), Cat
No. 368202, including more than Y6% m/m phasphatidyicholine}, cholesterol was purchased from
Sigma {Cat. No. CR667). Ethanol and PBS (phosphate buffered saline) were purchased from
Sigma. Hyaluronic acid was purchased from Genzyme (Synvisc one, Hylan G-F 20), average

molecular weight of hylan A is 6 X 10° dalton.
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Exampie 1: Preparation of a CBU/hyaluronic acig liposomal formulation for treating
Ostevarthritis

10142 250mg CBD, 787mg phosphatidyicholine, and 193 mg cholesterol were weighed into a
tube and lml ethanol was added. The tube was closed and mserted info a sonication bath pre-
heated to 40°C and sonicated for 10 minutes. The tube was then taken out and vortexed, Imi of
PBSN was added and the tube was mserted into a 50°C water bath. The contents of the tube were
homogenized for 30 minutes using a homogenizer rod for 10 minutes at cach of speed levels 3, 4
and 5. The tube was then taken out of the bath and moved to room femperature. Nitrogen gas was
used to vaporize the ethanol in the formulation until reaching the desired weight {without
cthanol). PBS was added to a final volume of 2.5ml and the tube was returmmed to the heated
sonication bath for 10 minutes. No more than an hour after the sonication step {wo Syringes was
loaded — one with 2.5ml of hyaluronic acid (total 12mg, average size 6 X 10° dalton for hylan A)
and the other with 2.5ml of the formulation, and jomed by a male-male Luer-Lock. The
tormulation was transierred into the syringe containing the hyaluromic acid and back to the
original syringe, and this was repeated 10 times until a homogenous solution was obtamed. The
resuiting gel had a white color with hightly foamed consistency. The gel was transferred o a
single syringe, which was closed by a Luer-Lock and kept at 4°C.

Y abie 1: ingredients of the formuiation

| E before after S W/
Matorial Miaster formuia hygaiummc angaiumma

- acid - acid

g | (mg/ml) | (mg/ml)

_CBD 250mg e S0 S
_phosphatidylcholine | 787mg 13148 1574 | 157
Cholesterel 193mg 772 386 39
' Ethanol 96% 1 ml -

PBS, filtered | tmd 1 To2S5mb |
product o |2smlaamg - R

Exampie 2: effect of the CBD/hvalaronic acid liposomal formuiation on arthrifis in rats

101431 10 male Wistar rats of about (.3 kg were anesthetized by 80mg/ke of Ketamine and
smg/mi of Xylazine. Knee osteoarthnitis was induced by open medical meniscectomy and
medial collateral ligament incision. The disease developed in a time-dependent and predictable

fashion. It 1S a common model assessing the eftect of anti-osicoarthritis drugs.
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10144 100 nmucrohiters of CBD/hvaluronic acid iposomal formulation were mjected one week
atter meniscectomy in one knee of 7 amimals. The contralateral knee served as control
Hyaluronate {(Synvisc Oune, Genzyme Ltd.) was imyected in 3 control animals. The rats were
allowed unrestricted motion after the surgery, and evaluated every 1 week using an
incapacitance tester, a vahdated method for assessing pamm mn rodents following medial
meniscectomy. Essentially the technique involves measuring the amount of weight an animal
places on an atthicted jomt. This test was also used prior to surgery and 24 hours after surgery.
The animals were ranked according to the difference between the right and leit limbs in terms
of weight bearing.

10145] Animal weighing was performed using a standard calibrated animal weighing scale.
(0146] As can be seen from Fig. 1, animals mjected with the CBD/hyaluronic acid hiposomal
formulation bore a signilicantly increase proportion of body weight on the operated knee as
compared with control animals that were mjected with hyaluronic acid alone {(p<{Q.05), which

corresponds to a lessened amount of pain.
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CLAIMS
I, A composition comprising 4 combination of cannabidiol (CBD) or a denvative thereod,

and hyaluronic acid or a salf thereof; a phospholipid, and optionally a carner.

2. The composition of claim 1, comprising CBD,
> 3. The composition of claim 1, wherem the hyaluronic acid 1s a high-molecular-weight

hvaluronic acid.
&, The composition of claim 1, wheremn the hyaluronic acid s crosshinked.
3. The compostition of claim 1, wherein the salt of hyaluronic acid 18 sodium or potassium
hyaluronate.

16 6. The composition of claim 1, wheremn the phospholipid comprises a phosphatidyicholing,
a hydrogenated phosphatidyicholineg, a lysophosphatidylcholine;
dipalmtoyiphosphatidyicholine, distearoviphosphatidyicholine,

dimyristoyiphosphatidyicholine, dilauroviphosphatidyicholine, dicleviphosphatidyicholine, 1-
palmmtoyl 2-oleyl phosphatidyicholine, a glvcerophospholhipid, sphingomyelin, cardiohipin, a
15 phosphatidyiserine, a phosphatidyiglycerol, a phosphatidyhinosiiol, a phosphatidic acid, a
phosphatidyicholine-based product, a glycolipid, a plasmalogen, a phosphosphingolipid,
Asolectin, lecithin, or a lecithin-like substance, or 3 muxture thereof,
7. The composition of clanm 6, wherein the lecithin 1s egg lecithin or sovbean lecithin; the
iecithin-like substance s lecithin egg volk or sovbean oil; or the phosphatidyicholine-based
20 product is Phospholipon® 50, Phospholipon® 75, Phospholipon® 85G, Phospholipon® 90G,
Phospholipon® R0H, Phospholipon® 90H, Phospholipon® E25, Phospholipon® E38,
Phospholipon” E, Phospholipon® LPC20, Phospholipon® LPC25, or Phospholipon® LPC65.
3. The composition of claim 6, wherein the phospholipid comprises a phosphatidyicholine
or a phosphatidvicholine-based product.
25 9, The composition of claim &, wherein the phosphatidyicholine-based product 1s
Phospholipon® 90G.
10.  The composition of claim 1, further comprising cholesterol.
{1, The composition of claim 1, wherem the CBD or denivative thereof 1s CBD and the

hyaluronic acid or a salt thereof 15 a high molecular weight hvaluronic acid or a salt thereof,

33 12. The composition of claims 11, wherein the hyaluronic acid or salt thereot 1s cross-
linked.
13.  The composition of claim 11, wherein the phospholipid comprises phosphatidyichohine,

or a phosphatidyichohine-based product.
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14, The composition of claim 13, wherewn the phosphatidyicholine-based product comprises
Phospholipon” 90G.
15, The composition of claim 13, wherein the weight ratio of CBID / phosphatidyicholine or

phosphatidyicholine-based product is between 1/10 and 1/2, preferably 1/3.

"y

16. The composition of any one of claims 1-13, wherein the composition comprises
liposomes tormed by the phospholipid, and optionally cholesterol, if present, and wherein the
CBD or denvative thereot 1s non-covalently attached to the hiposomes.
17.  'The composition of claim 16, wherein the liposomes are suspended in hyaluronic acid.
18.  The composition of claim 16 or 17, compnsing CBD; phosphatidyicholme or
10 Phospholipon” 90G; high molecular weight, crosslinked, sodium hyahironate; and cholesterol,

and wherein Hposomes are formed from the phosphatidyicholine or Phospholipon® 90G, and

the cholesterol; the CBI} 15 non-covalently attached to the liposomes; and the liposomes are

suspended 1n the high molecular weight, crosslinked sodium hyaluronate.

19.  The composition of any one of clamms 1 to 18, wheremn the salt of hyaluronic acid 15 g
15 pharmaceutically acceptable salt, and the carrier 1s a pharmaceutically acceptable carrier.

20. A method for treating, or reducing pam or milammation associated with, an

mnflammatory joint disease, disorder, or condition in a subject 1 nged thereot, comprising

admnistering to the subject the composition of any one of claims 1-19.

21, 'The method of claum 20, wherein the inflammatory jomt disease, disorder or condition
20 15 selected from the group consisting of osteoarthritis, amyloidosis, arthritis bursitis, diffuse
wdiopathic skeletal hyperostosis (IDISH), a ganglion cyst, gout, ankvlosing spondviitis, lumbar
spinal stenosis, hydroxyapatite juvenile arthnifis, pseudogout, SAPHQO syndrome, rheumatoid
arthritis, reactive arthritis, psoriatic arthntis, sacroihiac jomnt pain, septic arthntis, Still's disease,
and synovitis.
25 22, The method of claim 21, wherein the milammatory jomt disease, disorder or condition

1S osteoarthritis.

23.  The method of any one of claims 20-22, wheremn the administening 1s by mjection.

24,  The method of claim 23, wherewn the admimistering s by an mtra-articular mjection to

an mmflamed joint.
33 25 A method for preparmng the composition of any one of claims 1-19, wherein the
composiiion comprises cholesterol and the method comprises the following steps:

a) nuxing the cannabidiol (CBD), phospholipid and cholesierol to form a muxture;
b} sonicating and homogenizing the mixture; and

¢) suspending the mixture in a solution of hyaluronic acid or a salt thereod,
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thereby forming liposomes suspended i hyaluronic acid.

26. The method of claim 25, wherein the CBD 15 between 90% and 99% pure, preferably
about 97% pure CBD.

27.  The method of claim 25 or 26, wherein the phospholipid 1s phosphatidyicholine or
Phospholipon® 90G, and the weight ratio of CBD / phosphatidylcholine or Phospholipon”® 90G
1s between 1/10 and 1/2, preferably about 1/3.

28.  The composition of any one of claims 1-19, {for use in treating, or reducing pamn or

inflammation associated with, an inflammatory joint disease, disorder or condition.
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