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STABILIZED PROTEIN-BOUND CANNABINOID COMPOSITIONS

RELATED APPLICATIONS
[0001] The present application claims the benefit under 35 U.S.C. §119(e) of US Provisional
application 62/469,022 filed on March 09, 2017, whose content and disclosure are incorporated by

reference in their entirety.

BACKGROUND

[0002] Cannabinoids are compounds active on cannabinoid and other receptors in
humans. Cannabinoids of plant origin, also known as phyto-cannabinoids, are abundant in
plants of the Cannabis genus. One known cannabinoid which is present in relatively high
concentrations in Cannabis sativa is tetrahydrocannabinol-acid (THCA) or its decarboxylated
product tetrahydracannabinol (THC). THC has been found to have psychoactive effects,
analgesic effects, and antioxidant effects and to increase appetite.

[0003] Smoking medical cannabis, although proven to be beneficial in certain indications, has
disadvantages. However, the amounts of active ingredients in the part of the plant being
smoked may differ from plant to plant. As a result, a patient treated using medical cannabis
may lack control over proper dosing of active cannabinoids.

[0004] Another disadvantage of smoking medical cannabis is the negative impact of some of
the constituents of cannabis smoke. The smoke from the plant matter may contain carcinogens
in addition to the desired cannabinoids, and heavy cannabis use through smoking has been
associated with accelerated pulmonary decline.

[0005] Aqueous compositions of cannabinoids would allow for preparation of quality
controlled, accurately dosed pharmaceutical compositions for administration and rapid

absorption by humans.

SUMMARY
[0006] Embodiments of the invention provide improved compositions comprising
cannabinoids. Methods for making such compositions are also provided herein. In particular,
the compositions described herein below are stabilized when in an aqueous composition. The
stabilization of the compositions may be determined, by way of example, by observing the
stability of the color of the compositions and/or rate of cannabinoid degradation and/or

preservation of bioactivity.
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[0007] An “aqueous” composition as used herein is a composition having a liquid medium that
is at least 50% water. An “aqueous” solution as used herein is a solution in which the solvent
is at least 50% water.

[0008] According to one aspect of the disclosure, there is provided a method for producing a
stabilized fatty acid-cannabinoid-plasma protein (“FCP”’) composition, the method comprising:
contacting a plasma protein with a supplemental fatty acid composition comprising at least one
fatty acid; and contacting the plasma protein with a cannabinoid composition comprising at
least one cannabinoid. Optionally, the fatty acid comprised in the supplemental fatty acid
composition provides fatty acid in addition to fatty acid that may be comprised in the
cannabinoid composition or may already be complexed with the plasma protein. In an
embodiment of the disclosure, at least a portion of, most of, or essentially all of, the plasma
protein in the FCP composition produced in accordance with the above method are non-
covalently bound to a fatty acid and a cannabinoid, resulting in the formation of a FCP complex.
Optionally, the non-covalent binding is a protein-ligand interaction. Optionally, the non-
covalent binding is characterized by non-specific lipophilic and polar interactions, by way of
example with hydrophobic protein pockets in the plasma protein.

[0009] In an embodiment of the disclosure, contacting the plasma protein with the
supplemental fatty acid composition comprises mixing a composition comprising the plasma
protein with the supplemental acid composition and incubating the mixture. Optionally the
incubation is at between 25 degrees Celsius (deg. C) and 40 deg. C, at about 25 deg. C, at about
30 deg. C, about 37 deg. C or about 40 deg. C. Optionally, the incubation has a duration of
between 30 minutes and 2 hours, about 30 minutes, about 1 hour, or about 2 hours. Optionally,
the incubation is in a hydroalcoholic medium in which the initial alcohol concentration of the
mixture is between 2% and 10%, or about 5%. Optionally, the alcohol is ethanol.

[0010] In an embodiment of the disclosure, contacting the plasma protein with the cannabinoid
composition comprises mixing a composition comprising the plasma protein with the
cannabinoid composition and incubating the mixture. Optionally the incubation is at between
25 degrees Celsius (deg. C) and 40 deg. C, at about 25 deg. C, at about 30 deg. C, about 37
deg. C or about 40 deg. C. Optionally, the incubation has a duration of 10 to 24 hours, and 16
to 18 hours. Optionally, the incubation is in a hydroalcoholic medium in which the initial
alcohol concentration of the mixture is between 16% and 30%, or about 20%. Optionally, the

alcohol is ethanol.
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[0011] In an embodiment of the disclosure, the method further comprises retaining a plasma
protein fraction from a filtration or sieving of the FCP composition, wherein the retained
plasma proteins fraction comprises at least one fatty acid and at least one cannabinoid.

[0012] In an embodiment of the disclosure, following the filtration or sieving, at least 80%,
90% or essentially all of the THC comprised in the fatty acid-cannabinoid-plasma protein
composition, and at least 80%, 90%, or essentially all of the fatty acid comprised in the fatty
acid-cannabinoid-plasma protein composition, are bound to a plasma protein.

[0013] In an embodiment of the disclosure, the FCP composition is provided in a solution
comprising water, and optionally a water-miscible, non-aqueous solvent. In an embodiment of
the disclosure, the FCP composition is freeze-dried or dried.

[0014] In an embodiment of the disclosure, the supplemental fatty acid composition comprises
the at least one fatty acid, a water-miscible, non-aqueous solvent, and optionally water.
Optionally, the non-aqueous solvent is ethanol. Optionally, the fatty acid composition consists
of the at least one fatty acid.

[0015] In an embodiment of the disclosure, the cannabinoid composition comprises a cannabis
extract. The cannabis extract may be a purified cannabis extract depleted in non-cannabinoid
extract constituents, by way of example proteins, lipids, or fatty acids. Optionally, the purified
cannabis extract is enriched in cannabinoids. In an embodiment of the disclosure, the
cannabinoid composition is a solution comprising at least one cannabinoid, a water-miscible
non-aqueous solvent, and optionally water.

[0016] In an embodiment of the disclosure, the water-miscible non-aqueous solvent is ethanol.

[0017] A fatty acid is a carboxylic acid with a hydrocarbon tail. In an embodiment of the
disclosure, the at least one fatty acid comprises one or a mixture of two or more of: long chain
length fatty acids (13 or more carbons), short chain length fatty acids (up to 13 carbons);
triglycerides; polyisoprenoids, or surfactants. In an embodiment of the disclosure, the at least
one fatty acid comprises linoleic acid. In another embodiment the at least one fatty acid consists
of linoleic acid.

[0018] Optionally, the at least one cannabinoid comprises one of or a combination of two or
more of a cannabinoid selected from the group consisting of: tetrahydracannabinol-acid
(THCA) or its decarboxylated product tetrahydracannabinol (THC) and cannabidiolic acid
(CBDA) or its decarboxylated product cannabidiol (CBD), cannabidiolic acid (CBDA),
cannabinol (CBN), cannabigerol (CBG), tetrahydrocannabivarin (THCV), cannabigerolic acid
CBGA and cannabichromene (CBC). Alternatively or additionally, the group may comprise
synthetic cannabinoids such as HU-210, WIN 55,212-2 and JWH-133.

3
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[0019] As used herein, a plasma protein refers to proteins that are known to serve as transport
vehicles in the bloodstream, by way of example for a variety of hydrophobic compounds,
including fatty acids. The plasma protein may be derived or purified from blood plasma, or be
a recombinant protein produced in a plant, bacteria, a cell line or other microorganism. The
plasma protein is optionally selected from: an albumin, a lipoprotein, a glycoprotein, and o, 3,
and y globulins, and mixtures thereof. The plasma protein may incorporate a complete plasma
protein or a peptide comprising a portion of a plasma protein. The portion of the plasma protein
may comprise a portion which adsorbs a cannabinoid. A plasma protein may be a variant of a
naturally occurring plasma protein.

[0020] In an embodiment of the disclosure, the FCP composition comprises the at least one
fatty acid in sufficient amount in to essentially prevent color alteration of the stabilized
composition during at least 1 hour or at least 24 hours. In more preferred embodiments the
prevention is for at least 4 months.

[0021] In an embodiment of the disclosure, the method comprises: (1) pretreating the plasma
protein with the supplemental fatty acid composition to produce a fatty acid-plasma protein
composition; and (2) combining the fatty acid-plasma protein composition with the
cannabinoid composition to produce a FCP composition.

[0022] Alternatively, the method comprises: (1) pretreating the plasma protein with the
cannabinoid composition to produce a cannabinoid-plasma protein composition; and (2)
combining the cannabinoid-plasma protein composition with the supplemental fatty acid
composition to produce a FCP composition.

[0023] Alternatively, the method comprises: (1) combining the supplemental fatty acid
composition with the cannabinoid composition to produce a supplemental fatty acid-
cannabinoid composition and (2) contacting the plasma protein with the supplemental fatty
acid-cannabinoid composition to produce a FCP composition.

[0024] According to an embodiment of the disclosure, the at least one cannabinoid is not
derived from a cannabis plant.

[0025] According to an embodiment of the disclosure, at least a portion of the at least one fatty
acid is not derived from a cannabis plant.

[0026] In the discussion unless otherwise stated, adjectives such as "substantially" and "about"
modifying a condition or relationship characteristic of a feature or features of an embodiment
of the invention, are understood to mean that the condition or characteristic is defined to within
tolerances that are acceptable for operation of the embodiment for an application for which it

is intended. Unless otherwise indicated, the word "or" in the specification and claims is
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considered to be the inclusive "or" rather than the exclusive or, and indicates at least one of, or
any combination of items it conjoins.

[0027] This summary is provided to introduce a selection of concepts in a simplified form that
are further described below in the detailed description. This summary is not intended to identify
key features or essential features of the claimed subject matter, nor is it intended to be used to

limit the scope of the claimed subject matter.

BRIEF DESCRIPTION OF FIGURES

[0028] Non-limiting examples of embodiments of the invention are described below with
reference to figures attached hereto that are listed following this paragraph. Identical structures,
elements or parts that appear in more than one figure are generally labelled with a same numeral
in all the figures in which they appear.

[0029] Fig. 1 shows a flow diagram depicting a process of preparing stabilized compositions
of cannabinoids according to and embodiment of the disclosure;

[0030] Fig. 2 shows a flow diagram depicting a process of preparing stabilized compositions
of cannabinoids according to an embodiment of the disclosure;

[0031] Fig. 3A depicts chromatograms of an FCP composition prepared from THC, albumin
and linoleic acid (+L compositions), produced in accordance with an embodiment of the
disclosure;

[0032] Fig. 3B depicts chromatograms of cannabinoid-plasma protein prepared from THC and
albumin (without linoleic acid) as controls (-L compositions);

[0033] Fig. 4A depicts a chromatogram of the +L composition shown in Fig. 3A, after 4
months of storage.

[0034] Fig. 4B depicts a chromatogram of the -L composition shown in Fig. 3B, after 4 months
of storage.

[0035] Fig 5A shows the results of NF-xB luciferase reporter assays testing the biological
activity of THC in the +L and -L composition after a week of storage; and

[0036] Fig 5B shows the results of NF-kB luciferase reporter assays testing the biological

activity of THC in the +L and -L composition after a month of storage.

DETAILED DESCRIPTION
[0037] It has long been recognized that cannabis resin and herbal cannabis as sources for
cannabinoids lose potency during storage, the loss of potency being mainly due to loss (through

degradation or otherwise) of the cannabinoids, such as THC.
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[0038] Plasma proteins are known to serve as transport vehicles in the bloodstream for a variety
of hydrophobic compounds, including fatty acids. By way of example, human serum albumin
(HSA) is a primary transporter for delivering fatty acids to tissues and possesses numerous
fatty acid binding sites. We have previously found that binding cannabinoids to plasma proteins
improves stability of cannabinoids in aqueous compositions. In addition, when the source of
the cannabinoids is plant material, the binding also helps separate the cannabinoids from
undesirable impurities carried over from the plant material into the extracts used for preparing
the bound cannabinoids. Typically, the binding process includes incubating cannabinoids and
plasma protein together in solution under certain conditions to produce cannabinoid-protein
complexes, then concentrating the cannabinoid-protein complexes and washing the complexes
to remove undesirable materials that do not bind with the proteins, resulting in aqueous
compositions enriched in the cannabinoid-protein complexes.

[0039] However, such aqueous compositions have been found to alter their coloration over
time, indicating an instability and degradation of the compositions. This degradation might be
associated with an undesirable loss of potency of the dissolved cannabinoids, similar to the
recognized THC potency loss described above and may be further associated with plasma
protein degradation.

[0040] We have surprisingly found that aqueous compositions comprising plasma protein and
cannabinoids are more stable when the cannabinoids are provided using cannabis extract (for
example cannabis smoke extract or cannabis vapor extract), rather than purified cannabinoids.
Fatty acids, which are naturally found in cannabis extracts but typically depleted in purified
cannabinoid preparations, were initially hypothesized to contribute to the improvement of the
stabilization. We have found that adding fatty acids, by way of example linoleic acid, during
production of FCP compositions comprising plasma protein and cannabinoids as described
hereinbelow, stabilizes the resulting composition when stored in an aqueous medium and
reduces cannabinoid degradation. Improved stability was, by way of example, demonstrated
through reduction in degradation of cannabinoids, reduced appearance of cannabinoid
degradation products, reduced sedimentation and reduced flocculation of the aqueous FCP
composition. Improved stability was also demonstrated through controlled reduction in the
degree of the biological activity of the cannabinoids in the aqueous PFC composition. The
stabilized preparations are suitable, for example, for pharmaceutical preparations, such as but
not limited to solutions for parenteral or intranasal delivery.

[0041] Figure 1 outlines steps in a method 100 of preparing an FCP composition according to

an embodiment of the disclosure. The method 100 comprises: mixing at least one plasma

6



WO 2018/163187 PCT/IL2018/050278

protein with at least one fatty acid to create a fatty acid-plasma protein mixture (block 110);
and mixing the fatty acid-plasma protein mixture with at least one cannabinoid (block 120).

[0042] Alternatively, the cannabinoids can be first mixed with the plasma protein and
subsequently the cannabinoid-plasma protein mixture can be mixed with the fatty acids.

[0043] Figure 2 outlines steps in a method 200 of preparing an FCP composition according to
an embodiment of the disclosure. The method 200 comprises: preparing a pre-treated plasma
protein solution by adding a fatty acid into a plasma protein solution (block 210); and
combining the pre-treated plasma protein solution with a cannabinoid solution comprising a
cannabinoid and a non-water solvent (block 220). The FCP compositions may be in the form
of an aqueous composition or may be freeze-dried or dried to a powder or lyophilized. In some
embodiments the dried FCP composition is suspended in a medium such as saline solution for
injection or intranasal application, for use for example as an analgesic.

[0044] Cannabinoids are typically provided in the form of an extract from a cannabis plant.
Such extracts may contain varying amounts of fatty acids, depending at least partly on if or
how much the extract is purified to remove non-cannabinoid compounds. However, in
accordance with an embodiment of the disclosure, adding supplementary fatty acid in addition
to any fatty acids already comprised in the cannabis extract serves to stabilize the fatty acid-
plasma protein-cannabinoid mixture. Plasma protein preparations may also contain varying
amounts of fatty acids already complexed to it, depending of if or how much the plasma protein
is purified to remove other molecules. However, in accordance with and embodiment of the
disclosure, adding supplementary fatty acid in addition to any fatty acids that may be already
complexed to the plasma protein serves to stabilize the cannabinoid-plasma protein complex.
Moreover, the stabilizing effect of the supplementary fatty acid persists even after the fatty
acid-plasma protein-cannabinoid mixture is purified to remove “loose” fatty acids that are

unbound to plasma protein.

Example 1: Preparation of stabilized compositions of cannabinoids

1.1 Pretreatment of albumin with linoleic acid

[0045] Pure linoleic acid was dissolved in 50% ethanol to a concentration of 150 mM. ImL
of the linoleic acid solution was added to 10 mL of a 100 mg/mL HSA (Human Serum
Albumin) aqueous solution. The linoleic acid — HSA solution, which had an ethanol
concentration of below 5%, was mixed for a minute and then incubated without stirring for 1
hour at 37°C.

1.2 Incubation of the linoleic acid — HSA solution with THC

7
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[0046] The linoleic acid — HSA solution prepared in step 1.1 was diluted in water to a tenth of
the original concentration, so that the HSA concentration was reduced to 10 mg/mL and the
ethanol concentration was reduced to about 0.5%.

[0047] A plant extract of THC of 94-95% purity was diluted in 100% ethanol to a THC
concentration of 0.16 mg/mL. 25 mL of the 0.16 mg/mL THC solution was slowly added to
100 mL of the diluted linoleic acid — HSA solution prepared in this step, and incubated for 16-
18 hours at 30°C, in an open container to facilitate evaporation of the ethanol, and protected
from light. Following incubation, the THC-linoleic acid-HSA composition had a volume of
about 100 mL, a HSA concentration of about 10 mg/mL, and a THC concentration of about 0.4
mg/mL.

[0048] During the incubation, the concentration of alcohol in the solution gradually decreased
and the volume of the linoleic acid-HSA-THC composition diminished from the initial volume
of about 125 ml to about 100 mL.

[0049] THC gradually binds to the albumin during incubation. As a result, the concentration
of free THC gradually decreases, and the concentration of ethanol can accordingly decrease
during the incubation, while mitigating the danger of THC coming out of solution and
coalescing into sediment or an oil. By way of example, given an initial THC concentration 0.32
mg/mL, having the pre-incubation ethanol concentration be above 16.7% helps prevent THC
from coming out of solution. A THC solution of a higher initial concentration may require a
higher initial ethanol concentration for the THC to remain in solution. However, the ethanol
should be at an initial concentration of below about 30% to prevent precipitation of albumin.
Similar adjustments may be required in manufacture of other cannabinoid-albumin complexes,
such as CBD complexes.

1.3 Purification of the albumin bound to THC and linoleic acid

[0050] After the incubation, most of the THC and fatty acid unbound to HSA was removed by
dialysis filtration with wash cycles by DI (deionized water) filtration in a Cogent pscale device
of Merck, using Pellicon XL50 cassettes (Ultracel) having a pore size of 10 kD (Pellicon XL
Ultra filtration Module Ultracel 10 kDa 0.005 m2, catalog # PXCO10c50). Subsequently, the
linoleic acid-THC-HSA complexes were concentrated with the Cogent device from 100 ml to
50 ml. Three 300 mL water washes were performed on the concentrated linoleic acid-THC-
HSA complex sample and finally the washed sample was concentrated to a volume of about
20 mL. Samples were drawn from several of the purifications stages to monitor the levels of
cannabinoids and plasma protein and determine that three washings sufficed to provide

adequate amount of tightly bound complexes.
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1.4 Preparation of control

[0051] Control THC-HSA compositions (“-L compositions”) free of added linoleic acid, were
prepared as in steps 1.1 to 1.3 above, but without the step of the addition of linoleic acid in step
1.1. The final purified and concentrated THC-HSA composition contained albumin at a
concentration of 66 mg/mL and THC at a concentration of 1790 ug/mL.

1.5 Comparison of linoleic acid-THC-albumin (+L) composition to THC-albumin (-L)
composition

[0052] Vials containing final purified and concentrated control THC-albumin complexes (*-
L”, product of step 1.4 above) and separate vials containing final purified and concentrated
linoleic acid-THC-albumin complexes (“+L”, product of step 1.3 above) were stored under

identical conditions, at 4° C and in the dark.

[0053] Table 1 summarizes the appearances of the THC-albumin compositions in the vials over
time.
Table 1
Control THC —albumin | linoleic acid-THC-
composition (-L) albumin  composition
(+L)
Albumin concentration 66.0 mg/mL 62.9 mg/mL
THC concentration 1.790 1.771
THC:Albumin ratio (by weight) 0.027:1 0.028:1
Solution color at time = 0 Milky white Milky white
Solution color at time = 24h Milky brownish unchanged
Solution color at time = 48h Brownish gray unchanged
Solution color at time = 5 days Darkens unchanged
Solution color at time = 2 weeks Strong brown unchanged
Solution color at time = 3 weeks Darkens unchanged
Solution color at time = 4 months Darkens unchanged
[0054] The +L, and the -L compositions were each treated to unbind the cannabinoid from the

albumin. The unbound cannabinoid was quantitatively and qualitatively determined by HPLC
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analysis and the albumin was separately measured, at the time of preparation and 4 months
later. The chromatograms of the —L. composition at 0 months (time of preparation) and 4
months after preparation are shown in Figures 3a and 3b, respectively. The chromatograms of
the +L composition at 0 months and 4 months after preparation are shown in Figures 4a and
4b, respectively. Note that the chromatograms at O months of the - composition (Fig. 3a) and
the +L composition (Fig. 4a) are essentially identical, as is expected. By contrast, at 4 months,
the chromatograms of the — L composition (Fig. 3b) and the +L composition (Fig. 4b) have
substantial differences, with the —L chromatogram exhibiting more peaks, representing
impurities arising from increased degradation in the — L composition.

[0055] Table 2 summarizes quantitative results from the HPLC analysis.

Table 2
21 July 2016 0 months 11 Dec 2016 4 months
Analyte ug/mL in ug/mL in ug/mL in ug/mL in
+L -L. +L -L.
A°-THC 1789.809 1770.59 1089 340
[0056] Biological activity of THC in the -L and +L compositions were also compared, in order

to assess THC stability in the respective compositions. Murine macrophage cell line
RAW264.7 (obtained from the American Type Culture Collection) was transduced with an NF-
kB luciferase reporter construct. Lipopolysaccharide (LPS) was used to induce the NF-«xB
luciferase reporter in the transduced RAW264.7 cells, and the test compositions (- and +L
compositions) were added to test for their ability to inhibit LPS-induced luciferase expression.
Calcein AM (acetomethoxy derivate of calcein) was used as a fluorescent dye to determine
RAW264.7 cell number for normalization. As luminescence in the model is correlated to
activation of NF-kB, inhibition of expression can be determined by correlation with inhibition
of luminescence.

[0057] It has previously been shown using the RAW264.7 NF-«B luciferase reporter assay that
the expression of the NF-«B luciferase reporter is inhibited by administration of albumin-bound
THC.

[0058] Reference is made to Fig. SA. The transduced RAW264.7 cells were treated with one

of two test compositions: +L composition or the -L composition, after 1 week of storage in the
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dark, sealed, at 4° C. For each test composition, a sufficient amount of the test composition
was added to the culture medium, such that, if the test composition was added to the culture at
the time to test composition was initially made, prior to storage, the cells would have been
exposed to THC at a concentration of 1 pg/ml. For both test compositions, luminescence was
compared to a negative control in which luciferase expression was induced with LPS, without
a test composition. It was found that administration of one-week-old -L composition inhibited
LPS-induced luciferase expression by 50% compared to negative controls. By contrast, the +L
composition inhibited luciferase expression by 70.9% compared to negative controls,
indicating that the addition of linoleic acid improved stability of albumin-bound THC, and
retarded degradation of the THC during the week of storage.

[0059] Reference is made to Fig. 5B. The +L and -L compositions were similarly tested after
1 month of storage under the same conditions. It was found that administration of one-month-
old -L composition inhibited expression of NF-xB luciferase reporter by 36.4% compared to
negative controls. By contrast, the +L. composition inhibited luciferase expression by 56.8%
compared to negative controls, indicating that the addition of linoleic acid improved stability
of albumin-bound THC, and retarded degradation of the THC during the month of storage.

[0060] As discussed by way of example in Example 1, step 1.2, in some embodiments, the
method 200 further comprises 240 incubating the stabilized cannabinoid composition. The
incubating comprises allowing gradual reduction in the concentration of the non-water solvent
in the stabilized cannabinoid composition over time. The concentration reduction may be
sufficiently slow to essentially minimize or prevent precipitation of cannabinoids out of the
stabilized cannabinoid composition.

[0061] Preferably, as described by way of example in Example 1 step 1.1, the 210 preparing a
pre-treated plasma protein solution further comprises incubating the fatty acid with the plasma
protein solution. Preferably, the solution is moved as little as possible to minimize upsetting
the complexation process, similar to the procedure followed in adsorbing peptides onto plastic
vessels in ELISA analyses.

[0062] As discussed by way of example in step 1.3 of Example 1, the method may comprise
retaining a plasma protein fraction from a filtration or sieving of the stabilized cannabinoid
composition for enriching FCP complexes in solution, wherein the retained plasma proteins
fraction comprises cannabinoids bound to the plasma protein and at least one fatty acid.

[0063] The at least one cannabinoid may be selected from the group consisting of:
tetrahydracannabinol-acid (THCA) or its decarboxylated product tetrahydracannabinol (THC)
and cannabidiolic acid (CBDA) or its decarboxylated product cannabidiol (CBD),
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cannabidiolic acid (CBDA), cannabinol (CBN), cannabigerol (CBG), tetrahydrocannabivarin
(THCV), cannabigerolic acid CBGA and cannabichromene (CBC), and combinations thereof.
Alternatively or additionally, the group may comprise synthetic cannabinoids such as HU-210,
WIN 55,212-2 and JWH-133. In some embodiments the cannabinoids are provided as plant
extract/s. One or more of the plant extracts may comprise a mixture of terpenes and
cannabinoids, creating a bouquet of cannabinoid terpenes and optionally additional
compounds, which may bind together to one or more albumin-linoleic acid complexes. The at
least one plasma protein may comprise Human Serum Albumin (HSA).

[0064] The at least one fatty acid may comprise linoleic acid. However, other fatty acids may
be as capable of stabilizing the THC-plasma protein or have at least similar capability. Such
fatty acids are also considered as within the scope of the methods and compositions made
thereof.

[0065] As indicated in Table 1 and Table 2, despite no discernible change in the color of the
composition from its time of preparation there may be some degradation of THC in the
composition during that time. Indeed, the amount of THC may considerably drop over an
extended period such as 4 months; and earlier use of the composition may be preferable;
however, the stability of THC in THC-albumin compositions is nevertheless profoundly
improved by the presence of linoleic acid associated with the THC-albumin complex.

[0066] In some embodiments most of the at least one fatty acid is not derived from a
cannabinoid plant. Some cannabinoid plants and in particular, some parts of these plants, such
as the fruit or seeds, may have appreciable amounts of fatty acids. However, the cannabinoids
are typically provided as purified extracts containing at least or more than 90% cannabinoids.
Although the cannabinoid purified extracts may contain fatty acid traces from the cannabinoid
plant source, adding supplemental fatty acids may improve stabilization of the cannabinoid-
plasma protein-fatty acid compositions as described above.

[0067] Nevertheless, in some other embodiments the majority of fatty acids may be from a
cannabinoid plant. In such cases the fatty acids are not merely minor compounds in the
cannabinoid extracts, but rather are supplements to the cannabinoid extracts. At present we
hold that the particular source of the fatty acids is insignificant to the observed stability effect.

[0068] According to an embodiment of the disclosure, a stabilized cannabinoid-plasma
protein-fatty acid composition comprises: a plasma protein pre-treated with at least one fatty
acid, and cannabinoids.

[0069] The pre-treatment may involve providing the plasma protein in an aqueous solution and

the fatty acid in a suitable solvent which is miscible with water such as ethanol and mixing
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together the two solutions. The source of the fatty acids used for pre-treatment may be at least
in part from a cannabinoid plant, but is generally not from cannabinoid plants. The source of
the fatty acids in the composition is generally not from cannabinoid plants.

[0070] The cannabinoids are typically provided as an extract, in particular an extract of
cannabinoids from cannabinoid plants, wherein the solvent is a non-aqueous solvent which is
miscible with water such as ethanol. The extract may contain traces of fatty acids, but these
traces are not used for pre-treatment. In some embodiments the concentration of the at least
one fatty acid in the composition is selected to provide the stabilized cannabinoid-plasma
protein-fatty acid composition with a color that is different from a color of a non-stabilized
cannabinoid composition comprising: the cannabinoids at the same concentration as in the
stabilized composition, and the at least one plasma proteins at the same concentration as in the
stabilized composition, wherein the stabilized cannabinoid composition and the non-stabilized
cannabinoid composition are concomitantly prepared and are concomitantly measured
thereafter. In other embodiments the concentration the at least one fatty acid in the composition
is selected to substantially retard the degradation of the cannabinoids in the composition, for
example the degradation of THC, for example to retain at least 50% of the THC in the
composition over a 4-month period in a stabilizing environment e.g., under 10°C and in the
dark.

[0071] In certain embodiments of the disclosure, the concentration of the fatty acids, relative
to the concentration of cannabinoids, is such that if there is any color alteration of the stabilized
composition, the color alteration is imperceptible to the naked eye. The color change may be
tested by preparing a fresh sample of the composition and comparing the colors of the fresh
sample to those of a sample made under the same conditions and concentrations as in the fresh
sample but stored for stability testing.

[0072] There is therefore provided, in an embodiment of the disclosure, A method for
producing a fatty acid-cannabinoid-plasma protein (FCP) composition, the method comprising:
contacting a plasma protein or a peptide portion thereof with a supplemental fatty acid
composition comprising at least one fatty acid; and contacting the plasma protein or portion
thereof with a cannabinoid composition comprising at least one cannabinoid, such that a
combined composition is prepared, which comprises a FCP complex in which the at least one
fatty acid and the at least one cannabinoid is bound to the plasma protein or portion thereof.
Optionally, at least one fatty acid comprises linoleic acid. Optionally, at least one fatty acid
consists of linoleic acid. Optionally, the cannabinoid composition is essentially free of fatty

acids.
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[0073] In an embodiment of the disclosure, the method further comprises: purifying the
combined composition to retain the plasma protein or portion thereof and to remove fatty acid
or cannabinoids not bound the plasma protein or portion thereof, such that at least 80% of the
fatty acids and at least 80% of the cannabinoids in the combined composition are bound to the
plasma protein or portion thereof. Optionally, substantially all the fatty acids and substantially
all the cannabinoids in the combined composition are bound to the plasma protein or portion
thereof.

[0074] In an embodiment of the disclosure, the binding of the fatty acid and/or the cannabinoid
to the plasma protein or portion thereof is a non-covalent binding. Optionally, the non-covalent
binding is a protein-ligand interaction. Optionally, the non-covalent binding is characterized
by non-specific lipophilic and polar interactions with hydrophobic protein pockets in the
plasma protein or portion thereof.

[0075] In an embodiment of the disclosure, contacting the plasma protein or portion thereof
with the supplemental fatty acid composition comprises mixing a composition comprising the
plasma protein or portion thereof with the supplemental acid composition and incubating the
mixture. Optionally, the incubation is at a temperature between 25 degrees Celsius (deg. C)
and 40 deg. C. Optionally, the incubation is in a hydroalcoholic medium. Optionally, the
alcohol comprised in the hydroalcoholic medium is ethanol. Optionally, initial alcohol
concentration of hydroalcoholic medium is between 2% and 10%.

[0076] In an embodiment of the disclosure, contacting the plasma protein or portion thereof
with the cannabinoid composition comprises mixing a composition comprising the plasma
protein or portion thereof with the cannabinoid composition and incubating the mixture.
Optionally, the incubation is at a temperature between 25 degrees Celsius (deg. C) and 40 deg.
C. Optionally, the incubation is in a hydroalcoholic medium. Optionally, the alcohol comprised
in the hydroalcoholic medium is ethanol. Optionally, initial alcohol concentration of
hydroalcoholic medium is between 16% and 30%.

[0077] In an embodiment of the disclosure, the combined composition is provided in an
aqueous medium. Optionally, the aqueous medium consists of water or a saline solution.

[0078] In an embodiment of the disclosure, the method further comprises drying or
lyophilizing the combined composition.

[0079] In an embodiment of the disclosure, the at Ieast one cannabinoid is one or a combination
of two or more of the group consisting of: THCA, THC, CBDA, CBD, CBN, CBG, THCV,
CBGA, CBC, HU-210, WIN 55,212-2 and JWH-133.
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[0080] In an embodiment of the disclosure, the plasma protein or portion thereof is selected
from the group consisting of: an albumin, a lipoprotein, a glycoprotein, and o, B, and y
globulins, and mixtures of one or more thereof. Optionally, the plasma protein or portion
thereof is recombinant.

[0081] There is also provided an FPC composition produced using a method in accordance
with an embodiment of the disclosure.

[0082] There is also provided a method for improving stability for a cannabinoid bound to a
plasma protein, comprising producing the FCP composition using a method in accordance with
an embodiment of the disclosure.

[0083] In the description and claims of the present application, each of the verbs, "comprise,"
"include” and "have," and conjugates thereof, are used to indicate that the object or objects of
the verb are not necessarily a complete listing of components, elements or parts of the subject
or subjects of the verb.

[0084] Descriptions of embodiments of the invention in the present application are provided
by way of example and are not intended to limit the scope of the invention. The described
embodiments comprise different features, not all of which are required in all embodiments of
the invention. Some embodiments utilize only some of the features or possible combinations
of the features. Variations of embodiments of the invention that are described, and
embodiments of the invention comprising different combinations of features noted in the
described embodiments, will occur to persons of the art. The scope of the invention is limited

only by the claims.
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10.

CLAIMS

A method for producing a fatty acid-cannabinoid-plasma protein (FCP) composition,
the method comprising:

contacting a plasma protein or a peptide portion thereof with a supplemental
fatty acid composition comprising at least one fatty acid; and

contacting the plasma protein or portion thereof with a cannabinoid composition
comprising at least one cannabinoid,

such that a combined composition is prepared, which comprises a FCP complex
in which the at least one fatty acid and the at least one cannabinoid is bound to the
plasma protein or portion thereof.
The method of claim 1, wherein the at least one fatty acid comprises linoleic acid.
The method of claim 1, wherein the at least one fatty acid consists of linoleic acid.
The method according any of the preceding claims, wherein the cannabinoid
composition is essentially free of fatty acids.
The method according to claim 1, further comprising: purifying the combined
composition to retain the plasma protein or portion thereof and to remove fatty acid or
cannabinoids not bound the plasma protein or portion thereof, such that at least 80% of
the fatty acids and at least 80% of the cannabinoids in the combined composition are
bound to the plasma protein or portion thereof.
The method according to claim 5, wherein substantially all the fatty acids and
substantially all the cannabinoids in the combined composition are bound to the plasma
protein or portion thereof.
The method according to claim 5, wherein the binding of the fatty acid and/or the
cannabinoid to the plasma protein or portion thereof is a non-covalent binding.
The method according to claim 7, wherein the non-covalent binding is a protein-ligand
interaction.
The method according to claim 7, wherein the non-covalent binding is characterized by
non-specific lipophilic and polar interactions with hydrophobic protein pockets in the
plasma protein or portion thereof.
The method according to claim 1, wherein contacting the plasma protein or portion

thereof with the supplemental fatty acid composition comprises mixing a composition
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

comprising the plasma protein or portion thereof with the supplemental acid
composition and incubating the mixture.

The method according to claim 10, wherein the incubation is at a temperature between
25 degrees Celsius (deg. C) and 40 deg. C.

The method according to claim 10, wherein the incubation is in a hydroalcoholic
medium.

The method according to claim 12, wherein the alcohol comprised in the
hydroalcoholic medium is ethanol.

The method according to claim 12, wherein initial alcohol concentration of
hydroalcoholic medium is between 2% and 10%.

The method according to claim 1, wherein contacting the plasma protein or portion
thereof with the cannabinoid composition comprises mixing a composition
comprising the plasma protein or portion thereof with the cannabinoid composition
and incubating the mixture.

The method according to claim 15, wherein the incubation is at a temperature between
25 degrees Celsius (deg. C) and 40 deg. C.

The method according to claim 15, wherein the incubation is in a hydroalcoholic
medium.

The method according to claim 17, wherein the alcohol comprised in the
hydroalcoholic medium is ethanol.

The method according to claim 17, wherein initial alcohol concentration of
hydroalcoholic medium is between 16% and 30%.

The method according to claim 1, wherein the combined composition is provided in
an aqueous medium.

The method according to claim 20, wherein the aqueous medium consists of water or
a saline solution.

The method according to claim 20, further comprising drying or lyophilizing the
combined composition.

The method according to claim 1, wherein the at least one cannabinoid is one or a
combination of two or more of the group consisting of: THCA, THC, CBDA, CBD,
CBN, CBG, THCV, CBGA, CBC, HU-210, WIN 55,212-2 and JWH-133.

The method according to claim 1, wherein the plasma protein or portion thereof is
selected from the group consisting of: an albumin, a lipoprotein, a glycoprotein, and

a, B, and y globulins, and mixtures of one or more thereof.
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25. The method according the claim 1, wherein the plasma protein or portion thereof is
recombinant.

26. A FCP composition produced in accordance with claim 1.

27. A method for improving stability for a cannabinoid bound to a plasma protein,

comprising producing the FCP composition in accordance with claim 1.
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