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1
CANNABINOID COMPOSITIONS AND
METHODS OF USING

This application is the § 371 U.S. national stage of
International Application No. PCT/US2020/030777, entitled
“Cannabinoid Compositions and Methods of Using.” filed
Oct. 30, 2020, which is pending; which claims the benefit of
U.S. Provisional Application No. 62/840,972, entitled “Can-
nabinoid Compositions and Methods of Using,” filed on Apr.
30, 2019. The contents of these applications are hereby
incorporated by reference in their entirety.

TECHNICAL FIELD

The immune system is a complex network of cells,
effector proteins, and compounds that defends the body
against invading agents. Usually the immune system
responds to foreign antigens, such as bacteria, fungi, and
viruses, or to tissue damage caused by contusions or abra-
sions. These responses are typically referred to as inflam-
matory since they induce or turn on the immune system.
Unfortunately, the immune system can also respond to
antigens produced by the body as well, the result of which
is the development of autoimmune diseases. The prevalence
of autoimmune diseases is rapidly increasing with Addison’s
disease, autoimmune hepatitis, Celiac disease, Crohn’s dis-
ease, Grave’s disease, idiopathic thrombocytopenic purpura,
multiple sclerosis, primary biliary cirrhosis, psoriatic dis-
ease, rheumatoid arthritis, scleroderma, Sjogren’s syn-
drome, systemic lupus erythematosus, type I diabetes, and
ulcerative colitis all being recognized as autoimmune dis-
eases.

BACKGROUND ART

Therapeutics used to treat inflammatory conditions or
autoimmune diseases include nonsteroidal anti-inflamma-
tory drugs (NSAIDs), such as acetylsalicylic acid, ibupro-
fen, naproxen, and celecoxib; conventional synthetic dis-
ease-modifying antirheumatic drugs (DMARDs), such as
methotrexate, hydroxychloroquine, sulfasalazine, lefluno-
mide, and gold salts; corticosteroids, such as cortisone,
dexamethasone, hydrocortisone, and prednisone; non-anti-
body tumor necrosis factor alpha (TNFa or TNF) inhibitors
such as the xanthine derivatives pentoxifylline and bupro-
pion; and monoclonal antibody TNF inhibitors, such as
adalimumab, etanercept, and infliximab.

Typically, NSAIDs are tried first to alleviate inflammatory
conditions or symptoms of autoimmune diseases before
progressing to conventional synthetic DMARDs, then cor-
ticosteroids, and ultimately TNF inhibitors.

Unfortunately for people with aggravated inflammatory
conditions or advanced autoimmune diseases, the TNF
inhibitors, the most potent therapeutics, often do not work
and can cause life threatening responses that require discon-
tinuation of use (Jain and Singh, 2013; Hadam et al., 2014).
Accordingly, there is a need for additional therapeutics to
alleviate inflammatory conditions or symptoms of autoim-
mune diseases.

The endocannabinoid system, which functions due to the
interaction of endocannabinoid compounds with G protein-
coupled endocannabinoid receptors and is a key regulator of
the brain and central nervous system, is also involved in the
regulation of the immune system (Pandey et al., 2009; Barrie
and Manolios, 2017). The A®-tetrahydrocannibinol (A°-THC
or THC) is a cannabinoid that can be derived by the
decarboxylation of the natural plant phytocannabinoid
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THCA produced by Cannabis varieties. It mimics the endo-
cannabinoid anandamide and interacts with the CB1 and
CB2 endocannabinoid receptors and is well documented for
its use as a psychotropic agent in relieving pain and anxiety
(Fine and Rosenfeld, 2013). The non-psychotropic canna-
bidiol (CBD) is a cannabinoid that can be derived by the
decarboxylation of the natural plant phytocannabinoid can-
nabidiolic acid (CBDA). It is produced by Cannabis vari-
eties, and has gained attention as a potential anti-inflamma-
tory or immunosuppressant therapeutic (Nagarkatti et al.,
2009; Lodzki et al., 2003; Costa et al., 2004; Rajan et al.,
2016; Petrosino et al., 2018). While it is unclear how CBD
affects the endocannabinoid system, a number of studies
have postulated potential mechanisms by which this might
occur (Di Marzo and Piscitelli, 2015; McPartland et al.,
2015).

Cannabis varieties produce eight major cannabinoids.
The metabolic pathway by which these cannabinoids are
synthesized is shown in FIG. 1. Cannabigerovarinic acid
(CBGVA) is produced from geranyl pyrophosphate by gera-
nyl transferase with the addition of divarinic acid, while
cannabigerolic acid (CBGA) is produced from geranyl pyro-
phosphate by geranyl transferase with the addition of olive-
tolic acid. Cannabichromevarinic acid (CBCVA), A®-tetra-
hydrocannabivarinic acid (A°-THCVA or THCVA) and
cannabidivarinic acid (CBDVA) is produced from CBGVA
by cannabichromenic acid (CBCA) synthase, A®-tetrahydro-
cannabinolic acid A (A°-THCA or THCA) synthase and
cannabidiolic acid (CBDA) synthase, respectively. CBCA,
A°-THCA and CBDA is produced from CBGA by CBCA
synthase, A9-THCA synthase and CBDA synthase, respec-
tively. The natural CBGVA, CBGA, CBCVA, A°-THCVA,
CBDVA, CBCA, A°-THCA and CBDA cannabinoids that
are produced via the cannabinoid metabolic pathway can be
decarboxylated with heat to yield cannabigerivarin (CBGV),
cannabigerol (CBG), cannabichromevarin (CBCV), tetrahy-
drocannabivarin (A°-THCV or THCV), cannabidivarin
(CBDV), cannabichromene (CBC), A®-tetrahydrocannabi-
nol (A°-THC or THC) and cannabidiol (CBD), respectively.
A number of the natural cannabinoids and their decarboxy-
lated derivatives can be converted to other cannabinoids. For
example, CBCA and CBC can be converted to cannabicy-
clolic acid (CBLA) and cannabicyclol (CBL) by UV photo-
irradiation, while A9-THCA and A9-THC can be converted
to cannabinolic acid (CBNA) and cannabinol (CBN) by
oxidative degradation.

Currently the most abundantly available non-psychotro-
pic cannabinoid is CBDA and numerous hemp plants have
been demonstrated to produce buds that contain upwards of
25% CBDA by mass. While CBDA is more difficult to
isolate than CBD because of decarboxylation that occurs
during purification, a number of processes have been devel-
oped that can generate CBDA extracts that contain upwards
of 80% CBDA.

While the potential of CBD to act as an anti-inflammatory
or immunosuppressant has been documented, no studies
have investigated the ability of its precursor, CBDA, or the
other major non-psychotropic cannabinoids and their decar-
boxylated derivatives, to act as an anti-inflammatory or
immunosuppressant agents. Accordingly, there remains a
need for improved cannabinoid compositions having
enhanced biologic activity, such as anti-inflammatory and/or
immunosuppressant activity.

SUMMARY OF THE INVENTION

This disclosure describes compositions including a can-
nabinoid including, for example, a phytocannabinoid (that
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is, a cannabinoid derived from or produced by a plant), and
methods of using those compositions. In some embodi-
ments, the composition may be useful for treating an inflam-
matory condition and/or an autoimmune disease. In some
embodiments, the composition may be useful as an anti-
cancer therapeutic.

In one aspect, this disclosure describes a pharmaceutical
composition comprising a cannabinoid. The cannabinoid
may be chosen from: i) CBC, CBCA, CBD, CBDA, CBDV,
CBDVA, CBG, CBGA, CBL, CBLA, CBN, CBNA, THCV,
THCVA, and any combination thereof, and ii) an approxi-
mately 1:1 equimolar mixture of CBD:CBDA. Combina-
tions thereof may include, for example, two cannabinoids,
three cannabinoids, four cannabinoids, five cannabinoids, or
more. Exemplary combinations include CBC and CBCA;
CBG and CBGA; CBL and CBLA; CBD and CBDA; CBC
and CBDV; CBG, CBGA, and CBDA; CBD, CBDV, and
CBGA; etc.

In another aspect, this disclosure describes a composition
comprising an approximately 1:1 equimolar mixture of
CBD:CBDA. In some embodiments, the composition com-
prising an approximately 1:1 equimolar mixture of CBD:
CBDA further comprises an additional cannabinoid com-
prising CBC, CBCA, CBDV, CBDVA, CBG, CBGA, CBL,
CBLA, CBN, CBNA, THCV, or THCVA, or a combination
thereof. In other embodiments, the composition comprising
an approximately 1:1 equimolar mixture of CBD:CBDA is
free of or substantially free of other cannabinoids.

In some embodiments, the pharmaceutical composition is
formulated for use as an anti-inflammatory agent or an
immunosuppressant.

In a further aspect, this disclosure describes a method for
treating or preventing inflammation or autoimmunity in a
subject. The method includes administering to the subject a
composition including an effective amount of a cannabinoid.
In some embodiments, the cannabinoid is chosen from: i)
CBC, CBCA, CBD, CBDA, CBDV, CBDVA, CBG, CBGA,
CBL, CBLA, CBN, CBNA, THCV, THCVA, and any com-
bination thereof, and ii) an approximately 1:1 equimolar
mixture of CBD:CBDA. In some embodiments, the can-
nabinoid is chosen from 1) CBL, CBLA, THCVA, and any
combination thereof, and ii) an approximately 1:1 equimolar
mixture of CBD:CBDA.

As used herein, “approximately” is defined as being
within 10%, preferably within 5%, more preferably within
1%, and most preferably within 0.5%.

The words “preferred” and “preferably” refer to embodi-
ments of the invention that may afford certain benefits, under
certain circumstances. However, other embodiments may
also be preferred, under the same or other circumstances.
Furthermore, the recitation of one or more preferred embodi-
ments does not imply that other embodiments are not useful
and is not intended to exclude other embodiments from the
scope of the invention.

The term “consisting essentially of” indicates that the
elements listed after the phrase are included, and that other
elements than those listed may be included provided that
those elements do not materially affect the basic and novel
characteristic(s)” of the claimed invention.

The term “free of” or “substantially free of” indicates that
any elements listed after the phrase are not included or, if
they are included, those elements do not substantially inter-
fere with or contribute to the activity or action specified in
the disclosure for the other elements in the composition.
Those skilled in the art will readily appreciate that elements
listed after the term “free of” or “substantially free of” may,
in some circumstances, be present as the result of impurities
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from process such as extraction of cannabinoids from Can-
nabis. In some embodiments, when a composition is sub-
stantially free of other cannabinoids, the composition con-
tains 10% or less, 5% or less, 4% or less, 3% or less, 2% or
less, 1% or less, 0.5% or less, or 0.1% or less of the other
cannabinoids.

Unless otherwise specified, “a,” “an,” “the,” and “at least
one” are used interchangeably and mean one or more than
one.

Also herein, the recitations of numerical ranges by end-
points include all numbers subsumed within that range (e.g.,
1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc.).

For any method disclosed herein that includes discrete
steps, the steps may be conducted in any feasible order. And,
as appropriate, any combination of two or more steps may
be conducted simultaneously.

The above summary of the present invention is not
intended to describe each disclosed embodiment or every
implementation of the present invention. The description
that follows more particularly exemplifies illustrative
embodiments. In several places throughout the application,
guidance is provided through lists of examples, which
examples can be used in various combinations. In each
instance, the recited list serves only as a representative group
and should not be interpreted as an exclusive list.

All headings are for the convenience of the reader and
should not be used to limit the meaning of the text that
follows the heading, unless so specified.

Reference throughout this specification to “one embodi-
ment,” “an embodiment,” “certain embodiments,” or ‘“some
embodiments,” etc., means that a particular feature, con-
figuration, composition, or characteristic described in con-
nection with the embodiment is included in at least one
embodiment of the disclosure. Thus, the appearances of such
phrases in various places throughout this specification are
not necessarily referring to the same embodiment of the
disclosure. Furthermore, the particular features, configura-
tions, compositions, or characteristics may be combined in
any suitable manner in one or more embodiments.

Unless otherwise indicated, all numbers expressing quan-
tities of components, molecular weights, and so forth used in
the specification and claims are to be understood as being
modified in all instances by the term “about.” Accordingly,
unless otherwise indicated to the contrary, the numerical
parameters set forth in the specification and claims are
approximations that may vary depending upon the desired
properties sought to be obtained by the present invention. At
the very least, and not as an attempt to limit the doctrine of
equivalents to the scope of the claims, each numerical
parameter should at least be construed in light of the number
of reported significant digits and by applying ordinary
rounding techniques.

Notwithstanding that the numerical ranges and param-
eters setting forth the broad scope of the invention are
approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. All numerical
values, however, inherently contain a range necessarily
resulting from the standard deviation found in their respec-
tive testing measurements.

29 <

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1A-FIG. 1B show an exemplary Cannabis metabolic
pathway for the synthesis of the major cannabinoids. The
synthesis of CBCA, CBDA, CBCVA, CBDVA, CBGA,
CBGVA, A9-THCA and A9-THCVA from geranyl pyro-
phosphate (GPP) are shown along with the key enzymes that
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are involved. FIG. 1A shows the synthesis of CBGA and
CBGVA from GPP. FIG. 1B shows the synthesis of CBCVA,
CBDVA and THCVA from CBGVA and the synthesis of
CBCA, CBDA and THCA and from CBGA.

FIG. 2A-FIG. 2G show structures of the cannabinoids
used in Example 1. FIG. 2A shows the structures of can-
nabichromene (CBC) and cannabichromenic acid (CBCA).
FIG. 2B shows the structures of cannabidiol (CBD) and
cannabidiolic acid (CBDA). FIG. 2C shows the structures of
cannabidivarin (CBDV) and cannabidivarinic acid
(CBDVA). FIG. 2D shows the structures of cannabigerol
(CBG) and cannabigerolic acid (CBGA). FIG. 2E shows the
structures of cannabicyclol (CBL) and cannabicyclolic acid
(CBLA). FIG. 2F shows the structures of cannabinol (CBN)
and cannabinolic acid (CBNA). FIG. 2G shows the struc-
tures of tetrahydrocannabivarin (THCV) and tetrahydrocan-
nabivarinic acid (THCVA).

MODES FOR CARRYING OUT THE
INVENTION

This disclosure describes compositions comprising can-
nabinoids and methods of using those compositions includ-
ing, for example, to treat or prevent inflammation, as an
immunosuppressant, and/or as an anti-cancer therapeutic.
Cannabinoid Compositions

In one aspect, this disclosure describes a pharmaceutical
composition including a cannabinoid. In exemplary embodi-
ments, the cannabinoid chosen from: i) CBC, CBCA, CBD,
CBDA, CBDV, CBDVA, CBG, CBGA, CBL, CBLA, CBN,
CBNA, THCV, THCVA, and any combination thereof, and
ii) an approximately 1:1 equimolar mixture of CBD:CBDA.
The IUPAC names of each of these cannabinoids are listed
below in Table 1, and their structures are shown in FIG. 2.

TABLE 1

20

25

30

6

CBDV, CBDVA, CBG, CBGA, CBL, CBLA, CBN, CBNA,
THCV, THCVA, and any combination thereof. In further
embodiments, the cannabinoid is chosen from is chosen
from: i) the CBC, CBCA, CBD, CBDA, CBDV, CBDVA,
CBG, CBGA, CBL, CBLA, CBN, CBNA, and any combi-
nation thereof, and ii) the approximately 1:1 equimolar
mixture of CBD:CBDA. In still other embodiments, the
cannabinoid is chosen from: i) the CBCA, CBDA, CBDV,
CBDVA, CBGA, CBL, CBLA, CBN, CBNA, and any
combination thereof, and ii) the approximately 1:1 equimo-
lar mixture of CBD:CBDA. In other embodiments, the
cannabinoid is chosen from the CBCA, CBDA, CBDYV,
CBDVA, CBGA, CBL, CBLA, CBN, CBNA, and any
combination thereof. In other embodiments, the cannabinoid
is chosen from the CBDV, CBL, CBLA, CBN, CBNA and
any combination thereof.

In other embodiments, the cannabinoid is chosen from the
cannabinoid is chosen from i) the CBCA, CBD, CBDA,
CBDV, CBDVA, CBG, CBL, CBLA, CBN, CBNA, THCV,
and THCVA, and ii) the approximately 1:1 equimolar mix-
ture of CBD:CBDA. In other embodiments, the cannabinoid
is chosen from 1) the CBCA, CBDA, CBDV, CBDVA, CBL,
CBLA, CBN, CBNA, and THCVA, and ii) the approxi-
mately 1:1 equimolar mixture of CBD:CBDA.

In some embodiments, a composition includes the
approximately 1:1 equimolar mixture of CBD:CBDA. When
the composition includes the approximately 1:1 equimolar
mixture of CBD:CBDA, the composition may be substan-
tially free of other cannabinoids. In some embodiments, the
cannabinoid consists essentially of the approximately 1:1
equimolar mixture of CBD:CBDA. In other embodiments,
the cannabinoid consists essentially of a 1:1 equimolar

Listing of Exemplary Cannabinoid:

Cannabinoid IUPAC Name

CBC 2-Methyl-2-(4-methyl-3-penten-1-yl)-7-pentyl-2H-chromen-5-ol

CBCA 5-Hydroxy-2-methyl-2-(4-methyl-3-penten-1-yl)-7-pentyl-2H-chromene-
6-carboxylic acid

CBD 2-[(1R,6R)-6-Isopropenyl-3-methyl-2-cyclohexen-1-yl]-5-pentyl-1,3-
benzenediol

CBDA 2,4-Dihydroxy-3-[(1R,6R)-6-isopropenyl-3-methyl-2-cyclohexen-1-yl]-6-
pentylbenzoic acid

CBDV 2-(6-Isopropenyl-3-methyl-2-cyclohexen-1-yl)-5-propyl-1,3-benzenediol

CBDVA 2,4-Dihydroxy-3-[(1R,6R)-6-isopropenyl-3-methyl-2-cyclohexen-1-yl]-6-
propylbenzoic acid

CBG 2-[(2E)-3,7-Dimethyl-2,6-octadien-1-yl]-5-pentyl-1,3-benzenediol

CBGA 3-[(2E)-3,7-Dimethyl-2,6-octadien-1-yl]-2 4-dihydroxy-6-pentylbenzoic
acid

CBL 1,1,3a-Trimethyl-6-pentyl-1a,2,3,3a,8b,8¢c-hexahydro-1H-4-
oxabenzo[fleyclobuta[cd]inden-8-ol

CBLA (1aS,3aR,8bR,8cR)-8-Hydroxy-1,1,3a-trimethyl-6-pentyl-1a,2,3,3a,8b,8¢-
hexahydro-1H-4-oxabenzo[f]cyclobuta=[cd]indene-7-carboxylic acid

CBN 6,6,9-Trimethyl-3-pentyl-6H-benzo[c]chromen-1-ol

CBNA 1-Hydroxy-6,6,9-trimethyl-3-pentyl-6H-benzo[c]chromene-2-carboxylic
acid

THCV (6aR,10aR)-6,6,9-trimethyl-3-propyl-6H,6aH,7H,8H,10aH-
benzo[c]isochromen-1-ol

THCVA (6aR,10aR)-6a,7,8,10a-tetrahydro-1-hydroxy-6,6,9-trimethyl-3-propyl-

6H-Dibenzo[b,d]pyran-2-carboxylic acid

In some embodiments, the cannabinoid is chosen from: 1)
the CBCA, CBDA, CBDV, CBDVA, CBGA, CBL, CBLA,
CBN, CBNA, THCVA, and any combination thereof, and ii)
the approximately 1:1 equimolar mixture of CBD:CBDA. In
other embodiments, the cannabinoid is chosen from can-
nabinoid is chosen from the CBC, CBCA, CBD, CBDA,

65

mixture of CBD:CBDA. In other embodiments when the
cannabinoid includes the approximately 1:1 equimolar mix-
ture of CBD:CBDA, the composition may further include an
additional cannabinoid chosen from CBC, CBCA, CBDV,
CBDVA, CBG, CBGA, CBL, CBLA, CBN, CBNA, THCYV,
THCVA, and any combination thereof.
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In some embodiments, the cannabinoid is chosen from 1)
the CBD, CBDA, CBDV, CBDVA, CBG, and THCV and ii)
the approximately 1:1 equimolar mixture of CBD:CBDA.

In other embodiments, the cannabinoid is chosen from
chosen from: i) CBL, CBLA, and THCVA, and any mixture
thereof; and ii) an approximately 1:1 equimolar mixture of
CBD:CBDA.

In some embodiments, the composition may include a
cannabinoid extract including, for example, from hemp
flowers or buds. Extracts from hemp flowers or buds that
contain high concentrations of a cannabinoid can be easily
prepared by a variety of methods, which include but are not
limited to supercritical fluid extraction using carbon dioxide,
butane or water, or ethanol solvent extraction.

As further described in the Examples, the individual
cannabinoids CBC, CBCA, CBD, CBDA, CBDV, CBDVA,
CBG, CBGA, CBL, CBLA, CBN, CBNA, THCV, and
THCVA, and a 1:1 equimolar mixture of CBD:CBDA each
showed potential as antioxidant, anti-inflammatory agents
and/or immunosuppressants. In some embodiments, the can-
nabinoid may be at least half as effective as dexamethasone
at reducing elevated cytokine levels in differentiated THP-1
cells that had been treated with LPS, indicating anti-inflam-
matory and/or immunosuppressant activity. For example,
the individual cannabinoids CBCA, CBD, CBDA, CBDVA,
CBDYV, CBG, CBGA, CBLA, CBL, CBNA, CBN, THCVA,
THCYV, and a 1:1 equimolar mixture of CBD:CBDA were
very effective at reducing elevated cytokine levels in differ-
entiated THP-1 cells that had been treated with LPS.

In some embodiments, the cannabinoid induces radical
scavenging activity by at least two-fold compared to an
untreated control. For example, the individual cannabinoids
CBD, CBDA, CBDV, CBDVA, CBG, THCV and a 1:1
equimolar mixture of CBD:CBDA had significant antioxi-
dant activity in a DPPH assay.

The individual cannabinoids CBL, CBLA, THCVA, and a
1:1 equimolar mixture of CBD:CBDA proved to be particu-
larly effective at inducing autophagy in differentiated U937
cells.

The immune system is stringently regulated via a coun-
terbalance between inflammatory (proinflammatory) and
anti-inflammatory  cytokines. Inflammatory cytokines
induce the immune system while anti-inflammatory cytok-
ines repress the immune system. Normally this counterbal-
ance keeps the immune system in check and ready to act
when necessary. When an inflammatory response occurs due
to inflammation or autoimmune diseases, the levels of
inflammatory cytokines drastically increase. There are a
number of extensive reviews that describe the regulation of
the immune system by inflammatory and anti-inflammatory
cytokines (Pripp and Stanis“sic’ M, 2014; Wang et al., 2015;
Musolino et al., 2017; Nalbant and Birlik, 2017). The term
“cytokine storm” is generally used to describe the increase
in inflammatory cytokine levels that occur in people suffer-
ing from inflammatory conditions or autoimmune discases.
The inflammatory cytokines that are involved in cytokine
storms and how their repression by pharmaceutical agents as
treatment regimens has been extensively reviewed (Tisoncik
et al. 2012; Gerlach, 2016; Behrens and Koretzky, 2017).

There is not universal agreement as to which cytokines
are inflammatory or anti-inflammatory, however, IFNy,
IL-1B8, IL-2, IL-6, 1L-12, IL-15, IL-16, IL-17, 1L-18, 11.-23
and TNFa are widely recognized as being inflammatory
cytokines while IL-1RA, 1L-4, 1L-10, IL-11, IL.-13 and
TGFp are widely recognized as being anti-inflammatory
cytokines (Pripp and Stanis“ic’ M, 2014; Wang et al., 2015;
Musolino et al., 2017; Nalbant and Birlik, 2017). Over 100
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cytokines have been identified to date and many have not yet
been thoroughly characterized.

While not being bound by theory, it is believed that
present compositions, in some embodiments, are capable of
suppressing or preventing the release of proinflammatory
cytokines in the course of an inflammatory or autoimmune
event, thereby reducing or preventing the cytokine storm.

In some embodiments, a composition including a particu-
lar cannabinoid may consist essentially of that cannabinoid.
For example, in an exemplary embodiment, a composition
including CBC may consist essentially of CBC. In another
exemplary embodiments, a composition including a 1:1
equimolar mixture of CBD:CBDA may consist essentially
of CBD and CBDA. A person having skill in the art will
recognize, however, that a composition comprising a can-
nabinoid (including, for example, a cannabinoid extract)
may also likely contain other cannabinoids in lesser
amounts. (See Example 2.) While not being bound by
theory, the present examples demonstrate surprising syner-
gistic activity of a 1:1 equimolar mixture of CBD:CBDA. In
some embodiments, when one or more additional cannabi-
noids is present in a composition having a 1:1 equimolar
mixture of CBD:CBDA, this synergistic activity is still
present.

In some embodiments, a composition including a particu-
lar cannabinoid may preferably be free of other cannabi-
noids. For example, in an exemplary embodiment, a com-
position including CBC may be free of CBCA, CBD,
CBDA, CBDV, CBDVA, CBG, CBGA, CBL, CBLA, CBN,
CBNA, THCV, and THCVA. In another exemplary embodi-
ment, a composition comprising CBL, CBLA, CBD, and
CBDA may be free of other cannabinoids. In a further
exemplary embodiment, a composition comprising a 1:1
equimolar mixture of CBD:CBDA may be free of CBC,
CBCA, CBDV, CBDVA, CBG, CBGA, CBL, CBLA, CBN,
CBNA, THCV, and THCVA.

In some embodiments, including, for example, when the
composition is formulated for use as an anti-inflammatory
agent or an immunosuppressant the cannabinoid comprises
i) CBC, CBCA, CBD, CBDA, CBDV, CBDVA, CBG,
CBGA, CBL, CBLA, CBN, CBNA, THCV, or THCVA, or
a combination thereof, or ii) an approximately 1:1 equimolar
mixture of CBD:CBDA.

In some embodiments, including, for example, when the
composition is formulated to reduce elevated cytokine lev-
els, the cannabinoid comprises the CBC, CBCA, CBD,
CBDA, CBDV, CBDVA, CBG, CBGA, CBL, CBLA, CBN,
CBNA, THCV, or THCVA, or a combination thereof. In
some embodiments, including, for example, when the com-
position is formulated to reduce elevated cytokine levels, the
cannabinoid comprises the CBD, CBDA, CBDV, CBDVA,
CBG, and THCV, or any combination thereof. In some
embodiments, when the cannabinoid comprises the CBD,
and CBDA, the composition comprises an approximately
1:1 equimolar mixture of CBD:CBDA.

In some embodiments, including, for example, when the
composition is formulated to have antioxidant activity, the
cannabinoid comprises the CBD, CBDA, CBDV, CBDVA,
CBG, or THCYV, or any combination thereof. In some
embodiments, when the cannabinoid comprises the CBD,
and CBDA, the composition includes an approximately 1:1
equimolar mixture of CBD:CBDA.

In some embodiments, including, for example, when the
composition is formulated to induce autophagy, the cannabi-
noid comprises CBL, CBLA, THCVA, or any combination
thereof, comprises the approximately 1:1 equimolar mixture
of CBD:CBDA.
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In some embodiments, a cannabinoid composition com-
prises an approximately 1:1 equimolar mixture of CBD:
CBDA. In some embodiments, a cannabinoid composition
comprises a 1:1 equimolar mixture of CBD:CBDA. As
further described in Example 1, a 1:1 equimolar mixture of
CBD:CBDA was surprisingly found to be more effective at
reducing elevated cytokine levels in THP-1 cells treated
with LPS than CBD or CBDA alone, to demonstrate a
significant antioxidant activity in a DPPH assay, and to
induce autophagy in differentiated U937 cells—each indi-
cating its potential as an anti-inflammatory agent or an
immunosuppressant. The 1:1 equimolar mixture of CBD:
CBDA demonstrated a significant effect of all three of these
activities in the present Examples.

Moreover, that both CBD and CBDA act as potent anti-
inflammatory agents was also surprising and somewhat
counterintuitive. Numerous studies on THCA and its decar-
boxylated derivative, THC, have made it abundantly clear
that while THC is a potent psychoactive compound, THCA
is not. Based on this fact, most studies on other phytocan-
nabinoids have presumed that the decarboxylated derivative
and not the precursor is biologically active. Thus, it was
surprising to find that the precursor CBDA is actually more
potent than CBD as an anti-inflammatory agent.
Pharmaceutical Compositions

In another aspect, the present disclosure provides a phar-
maceutical composition that comprises a cannabinoid and a
pharmaceutically acceptable carrier. In an exemplary
embodiment, the cannabinoid is chosen from i) CBC,
CBCA, CBD, CBDA, CBDV, CBDVA, CBG, CBGA, CBL,
CBLA, CBN, CBNA, THCV, THCVA, and any combination
thereof, and ii) an approximately 1:1 equimolar mixture of
CBD:CBDA.

The active agent may be formulated in a pharmaceutical
composition to be administered to a subject in a formulation
adapted to the chosen route of administration. The formu-
lation may include one suitable for oral, rectal, vaginal,
topical, nasal, ophthalmic, or parenteral (including subcuta-
neous, intramuscular, intraperitoneal, and intravenous)
administration.

The pharmaceutically acceptable carrier may include, for
example, an excipient, a diluent, a solvent, an accessory
ingredient, a stabilizer, a protein carrier, or a biological
compound. Non-limiting examples of solvents include pro-
panediol, propylene glycol, and polysorbate 80. In some
embodiments, an oil may be used as a solvent. Non-limiting
examples of an oil include a vegetable oil such as corn oil,
peanut oil, or coconut oil. Non-limiting examples of a
protein carrier includes keyhole limpet hemocyanin (KLH),
bovine serum albumin (BSA), ovalbumin, or the like. Non-
limiting examples of a biological compound which may
serve as a carrier include a glycosaminoglycan, a proteo-
glycan, and albumin. The carrier may be a synthetic com-
pound, such as dimethyl sulfoxide or a synthetic polymer,
such as a polyalkyleneglycol. Ovalbumin, human serum
albumin, other proteins, polyethylene glycol, or the like may
be employed as the carrier. In some embodiments, the
pharmaceutically acceptable carrier includes at least one
compound that is not naturally occurring or a product of
nature. In some embodiments, the composition including the
pharmaceutically acceptable carrier is a composition that is
not naturally occurring or a product of nature.

In some embodiments, the cannabinoid is formulated in
combination with one or more additional (for example,
“second”) active agent(s). For example, the cannabinoid
may be formulated in combination with a nonsteroidal
anti-inflammatory drug (NSAIDs), such as acetylsalicylic

10

15

20

25

30

35

40

45

50

55

60

65

10

acid, ibuprofen, naproxen, or celecoxib; a conventional
synthetic disease-modifying  antirheumatic  drugs
(DMARDs), such as methotrexate, hydroxychloroquine,
sulfasalazine, leflunomide, or gold salts; a corticosteroid,
such as cortisone, dexamethasone, hydrocortisone, or pred-
nisone; a non-antibody tumor necrosis factor alpha (TNFa
or TNF) inhibitor such as a xanthine derivative (pentoxif-
ylline or bupropion); or a monoclonal antibody TNF inhibi-
tor, such as adalimumab, etanercept, or infliximab; or a
combination thereof.

In some embodiments, such a combination therapy
includes at least one compound that is not naturally occur-
ring or a product of nature. In some embodiments, the
pharmaceutical composition includes at least one non-natu-
rally occurring therapeutic or prophylactic agent.

The composition may be conveniently presented in unit
dosage form and may be prepared by any of the methods
well-known in the art of pharmacy. All methods include the
step of bringing the active agent into association with a
pharmaceutical carrier. In some embodiments, the compo-
sition may be prepared by uniformly and intimately bringing
the active compound into association with a liquid carrier, a
finely divided solid carrier, or both, and then, if necessary,
shaping the product into the desired formulations.

A composition suitable for oral administration may be
presented as discrete units such as tablets, troches, capsules,
lozenges, wafers, or cachets, each containing a predeter-
mined amount of the active agent as a powder or granules,
as liposomes, or as a solution or suspension in an aqueous
liquor or non-aqueous liquid such as a syrup, an elixir, an
emulsion, or a draught. The tablets, troches, pills, capsules,
and the like may also contain one or more of the following:
a binder such as gum tragacanth, acacia, corn starch, or
gelatin; an excipient such as dicalcium phosphate; a disin-
tegrating agent such as corn starch, potato starch, alginic
acid, and the like; a lubricant such as magnesium stearate; a
sweetening agent such as sucrose, fructose, lactose, or
aspartame; and a natural or artificial flavoring agent. When
the unit dosage form is a capsule, it may further contain a
liquid carrier, such as a vegetable oil or a polyethylene
glycol. Various other materials may be present as coatings or
to otherwise modify the physical form of the solid unit
dosage form. For instance, tablets, pills, or capsules may be
coated with gelatin, wax, shellac, sugar, and the like. A syrup
or elixir may contain one or more of a sweetening agent, a
preservative such as methyl- or propylparaben, an agent to
retard crystallization of the sugar, an agent to increase the
solubility of any other ingredient, such as a polyhydric
alcohol, for example glycerol or sorbitol, a dye, and flavor-
ing agent. The material used in preparing any unit dosage
form is substantially nontoxic in the amounts employed. The
active agent may be incorporated into preparations and
devices in formulations that may, or may not, be designed
for sustained release or controlled release.

A formulation suitable for parenteral administration may
include a sterile aqueous preparation of the active agent, or
a dispersion of a sterile powder of the active agent, which is
preferably isotonic with the blood of the subject. Parenteral
administration of a cannabinoid (for example, through an IV
drip) is one form of administration. An isotonic agent may
be included in the liquid preparation including, for example,
a sugar; a buffer; and/or a salt including, for example,
sodium chloride. A solution of the active agent may be
prepared in water, optionally mixed with a nontoxic surfac-
tant. A dispersion of the active agent may be prepared in
water, ethanol, a polyol (such as glycerol, propylene glycol,
liquid polyethylene glycols, and the like), a vegetable oil, or
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a glycerol ester, or a mixture thereof. The ultimate dosage
form may be sterile, fluid, and stable under the conditions of
manufacture and storage. The necessary fluidity may be
achieved, for example, by using liposomes, by employing
the appropriate particle size in the case of dispersions, or by
using surfactants. Sterilization of a liquid preparation may
be achieved by any convenient method that preserves the
bioactivity of the active agent, preferably by filter steriliza-
tion. Methods for preparing a powder include vacuum
drying and freeze drying of the sterile injectable solutions.
Subsequent microbial contamination may be prevented
using various antimicrobial agents, for example, antibacte-
rial, antiviral and antifungal agents including parabens,
chlorobutanol, phenol, sorbic acid, thimerosal, and the like.
Absorption of the active agents over a prolonged period may
be achieved by including agents for delaying, for example,
aluminum monostearate and gelatin.

Nasal spray formulations include purified aqueous solu-
tions of the active agent with a preservative agent and/or an
isotonic agents. Such formulations may be adjusted to a pH
and isotonic state compatible with the nasal mucous mem-
branes. Formulations for rectal or vaginal administration
may be presented as a suppository with a suitable carrier
such as cocoa butter, or hydrogenated fats, or hydrogenated
fatty carboxylic acids. Ophthalmic formulations are pre-
pared by a similar method to the nasal spray, except that the
pH and isotonic factors are preferably adjusted to match that
of the eye. Topical formulations include the active agent
dissolved or suspended in one or more media such as
mineral oil, petroleum, polyhydroxy alcohols, or other bases
used for topical pharmaceutical formulations. Topical for-
mulations may be provided in the form of a bandage,
wherein the formulation is incorporated into a gauze or other
structure and brought into contact with the skin.
Administration

In another aspect, this disclosure described administration
of a cannabinoid (including, for example, a cannabinoid
chosen from i) CBC, CBCA, CBD, CBDA, CBDV,
CBDVA, CBG, CBGA, CBL, CBLA, CBN, CBNA, THCY,
THCVA, and a combination thereof, and ii) an approxi-
mately 1:1 equimolar mixture of CBD:CBDA), as the active
agent, to a subject. The active agent may be administered
alone or in a pharmaceutical composition that includes the
active agent and a pharmaceutically acceptable carrier. The
term “administered” encompasses administration of a pro-
phylactically and/or therapeutically effective dose or amount
of the active agent to a subject. The active agent may be
administered to a subject in an effective amount to produce
the desired effect.

In some therapeutic embodiments, an “effective amount”
of'an agent is an amount that results in a reduction of at least
one pathological parameter. Thus, for example, in some
aspects of the present disclosure, an effective amount is an
amount that is effective to achieve a reduction of at least
about 10%, at least about 15%, at least about 20%, or at least
about 25%, at least about 30%, at least about 35%, at least
about 40%, at least about 45%, at least about 50%, at least
about 55%, at least about 60%, at least about 65%, at least
about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about 90%, or at least about 95%,
compared to the expected reduction in the parameter in an
individual not treated with the agent.

By a “therapeutically effective amount” is meant a suffi-
cient amount of the compound to treat the subject at a
reasonable benefit/risk ratio applicable to obtain a desired
therapeutic response. It will be understood, however, that the
total daily usage of the compounds and compositions will be
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decided by the attending physician within the scope of sound
medical judgment. The specific therapeutically effective
dose level for any particular patient will depend upon a
variety of factors including, for example, the disorder being
treated and the severity of the disorder, activity of the
specific compound employed, the specific composition
employed, the age, body weight, general health, sex and diet
of the patient, the time of administration, route of adminis-
tration, and rate of excretion of the specific compound
employed, the duration of the treatment, drugs used in
combination or coincidentally with the specific compound
employed, and like factors well known in the medical arts.

A cannabinoid as an active agent may be introduced into
the subject systemically or locally. For example, in some
embodiments, a cannabinoid may be introduced at a site of
inflammation or the site of a tumor. The active agent may be
administered to the subject in an amount effective to produce
the desired effect. A cannabinoid may be administered in a
variety of routes, including orally, parenterally, intraperito-
neally, intravenously, intraarterially, transdermally, sublin-
gually, intramuscularly, rectally, transbuccally, intranasally,
liposomally, via inhalation, vaginally, intraoccularly, via
local delivery by catheter or stent, subcutaneously, intraa-
diposally, intraarticularly, intrathecally, or in a slow release
dosage form. Local administration may include topical
administration, administration by injection, or perfusion or
bathing of an organ or tissue, for example.

A formulation may be administered as a single dose or in
multiple doses. In some embodiments, a formulation may be
administered once per day or more than once per day
including, for example, twice per day, three times per day, or
four times per day. Useful dosages of the active agent may
be determined by comparing their in vitro activity and the in
vivo activity in animal models. Methods for extrapolation of
effective dosages in mice, and other animals, to humans are
known in the art.

In some embodiments, examples of anti-inflammatory
therapies which may form the basis for determining dosages
and dosing regiments for a cannabinoid may be found in
online at, cbdoilreview.org/cbd-cannabidiol/cbd-dosage/;
medium.com/cbd-origin/whats-the-best-cbd-dosage-
81ec4195503b; projectcbd.org/how-to/chd-dosage; or mari-
juanabreak.com/cbd-oil-dosage.

Dosage levels of the active agent in the pharmaceutical
compositions may be varied to obtain an amount of the
active agent which is effective to achieve the desired thera-
peutic response for a particular subject, composition, and
mode of administration, without being toxic to the subject.
The selected dosage level will depend upon a variety of
factors including the activity of the particular compound
employed, the route of administration, the time of adminis-
tration, the rate of excretion of the particular compound
being employed, the duration of the treatment, other drugs,
compounds and/or materials used in combination with the
cannabinoid, the age, sex, weight, condition, general health,
and prior medical history of the subject being treated, and
like factors well known in the medical arts.

In an exemplary embodiment, a cannabinoid may be
administered to a subject in an amount of at least 5 mg, at
least 10 mg, at least 20 mg, at least 30 mg, at least 40 mg,
at least 50 mg, or at least 5 g. In exemplary embodiment, a
cannabinoid may be administered to a subject in an amount
of up to 40 mg, up to 50 mg, up to 60 mg, up to 70 mg, up
to 80 mg, up to 90 mg, up to 100 mg, up to 1000 mg, up to
5 g,orup to 10 g. In an exemplary embodiment, a cannabi-
noid may be administered orally at least once per day
including, for example, as a medication, nutritional supple-
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ment, or food additive. In a further exemplary embodiment,
a cannabinoid may be administered to a subject intrave-
nously or intramuscularly.

In another exemplary embodiment, a cannabinoid may be
administered to a subject in an amount effect to provide a
daily dosage of at least 0.01 mg/kg body weight, at least 0.03
mg/kg body weight, at least 0.1 mg/kg body weight, at least
0.3 mg/kg body weight, or at least 1 mg/kg body weight. In
another exemplary embodiment, a cannabinoid may be
administered to a subject in an amount effect to provide a
daily dosage of up to 1 mg/kg body weight, up to 5 mg/kg
body weight, up to 10 mg/kg body weight, or up to 20 mg/kg
body weight.

A physician or veterinarian having ordinary skill in the art
may determine and prescribe the effective amount of the
pharmaceutical composition required. For example, a phy-
sician could start doses of the cannabinoid employed at
levels lower than that required in order to achieve the desired
therapeutic effect and gradually increase the dosage until the
desired effect is achieved.

Methods of Using a Cannabinoid as an Anti-Inflammatory
Agent or Immunosuppressant

In another aspect, this disclosure describes methods that
include using a cannabinoid to treat or prevent inflammation
and/or as an immunosuppressant.

As further described in the Examples and discussed
above, the individual cannabinoids CBC, CBCA, CBD,
CBDA, CBDV, CBDVA, CBG, CBGA, CBL, CBLA, CBN,
CBNA, THCV and THCVA, and a 1:1 equimolar mixture of
CBD:CBDA each showed potential as anti-inflammatory
agents, immunosuppressants and/or antioxidants (see Tables
4 and 6). Accordingly, the present disclosure provides in
some embodiments methods of treating or preventing
inflammation and/or autoimmunity in a subject in need
thereof using the cannabinoid compositions described
herein.

In another embodiment, the present disclosure provides
methods for inducing autophagy in a subject in need thereof
comprising administering an effective amount of a compo-
sition comprising a cannabinoid chosen from: i) CBL,
CBLA, THCVA, and ii) an approximately 1:1 equimolar
mixture of CBD:CBDA.

Given the side effects associated with existing anti-in-
flammation treatments—for example, TNF inhibitors cause
a number of side effects that may be fatal, and many patients
are nonresponsive to them (Jain and Singh, 2013; Hadam et
al., 2014)—one or more cannabinoids identified herein as
anti-inflammatory agents or immunosuppressants could be
used as a replacement for one or more of a more toxic
anti-inflammatory drugs that is currently in use. Additionally
or alternatively, as further described herein, a cannabinoid
may be used in combination with another anti-inflammation
drug or drug cocktail.

In one embodiment, a cannabinoid is administered in an
amount effective to treat or prevent inflammation. Admin-
istration of the cannabinoid (including, for example, a
composition including the cannabinoid) may be performed
before, during, or after a subject develops inflammation
and/or or manifests symptoms of inflammation. Therapeutic
treatment is initiated after the development of inflammation.
Treatment initiated after the development of inflammation,
or after manifestation of a symptom of inflammation, may
result in decreasing the severity of a symptom, or completely
removing a symptom. For example, a cannabinoid may be
administered before, during, or after a subject develops
symptoms of an autoimmune disease. Exemplary symptoms
of an autoimmune disease or inflammation include fatigue,
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joint pain and/or swelling, skin problems, abdominal pain
and/or digestive issues, recurring fever, swollen glands, etc.

In another embodiment, a cannabinoid may be adminis-
tered prophylactically in an amount effective to prevent or
delay the development of inflammation in a subject. Treat-
ment that is prophylactic, for instance, may be initiated
before a subject develops inflammation, or manifests symp-
toms of inflammation. An example of a subject who is at
particular risk of developing inflammation is a person with
an autoimmune disease including, for example, rheumatoid
arthritis Crohn’s disease, lupus erythematosus (SLE),
Sjogren syndrome, immune thrombocytopenic purpura
(ITP), myasthenia gravis, sarcoidosis, Addison’s disease,
autoimmune hepatitis, Celiac disease, Grave’s disease, idio-
pathic thrombocytopenic purpura, multiple sclerosis, pri-
mary biliary cirrhosis, psoriatic disease, scleroderma, sys-
temic lupus, etc.

Administration of a cannabinoid may occur before, dur-
ing, and/or after other treatments including, for example,
additional active agent(s). In an exemplary embodiments,
such combination therapy may involve the administration of
a cannabinoid before, during and/or after the use of other
therapeutics used to treat inflammatory conditions or auto-
immune diseases including, for example, nonsteroidal anti-
inflammatory drugs (NSAIDs), conventional synthetic dis-
ease-modifying  antirheumatic ~ drugs  (DMARDs),
corticosteroids, non-antibody tumor necrosis factor alpha
(INFa or TNF) inhibitors, and monoclonal antibody TNF
inhibitors.

The administration of a cannabinoid may be separated in
time from the administration of another active agent by
hours, days, or even weeks; alternatively, the other active
agent(s) may be administered concurrently, either together
in the same composition or in separate compositions. Addi-
tionally or alternatively, the administration of a cannabinoid
may be combined with another active agent or modality such
as, for example, non-drug therapies, such as, but not limited
to, radiotherapy, heat therapy, cryotherapy, electrical
therapy, massage, and acupuncture.

The results described in Example 4—that CBL, CBLA,
and a 1:1 equimolar mixture of CBD:CBDA were effective
at inducing autophagy—are noteworthy, given the increas-
ing evidence that autophagy plays an important role in
regulating the immune system (Kuballa et al., 2012) and
suggest these compounds may serve as therapeutics for the
treatment of inflammatory conditions and autoimmune dis-
eases. Autophagy has been demonstrated to be downregu-
lated in a number of autoimmune diseases (Wang and
Muller, 2015; Wang et al., 2017) and agents that may induce
autophagy have been proposed as potential new therapeutics
for the treatment of inflammatory conditions and autoim-
mune diseases (Nguyen et al., 2013).

Superior immunosuppressant activities of the 1:1 equi-
molar mixture of CBD:CBDA were observed in the in vitro
cellular studies of Examples 2 and 3. These results further
indicate the potential for this composition as a potential
therapeutic for the treatment of inflammatory conditions or
autoimmune diseases. Although mouse animal studies are
not ideal for predicting the suitability of therapeutics to treat
inflammation and autoimmune diseases in humans, they are
indicative (Mestas and Hughes, 2004; Jameson and Maso-
pust, 2018), and the results of the mouse LPS cytokine
studies of Example 1 further demonstrated the potential of
the 1:1 equimolar mixture of CBD:CBDA as a therapeutic
for treating inflammation and autoimmune diseases.
Methods of Using the Compositions as Anti-Cancer Thera-
peutics
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In a further aspect, this disclosure describes methods that
include using a cannabinoid as an anti-cancer therapeutic.

CBD has been used as a nutritional supplement to treat
cancer and recent scientific reports have validated its poten-
tial as an anticancer agent (Kenyon et al., 2018; Sulé-Suso
et al, 2019). The results described in Example 4—that CBL,
CBLA, THCVA, and a 1:1 equimolar mixture of CBD:
CBDA were effective at inducing autophagy—might explain
the potential of CBD as an anticancer agent. Moreover, the
results of Example 4 indicate for the first time that CBL,
CBLA, THCVA, and a 1:1 equimolar mixture of CBD:
CBDA may be useful anticancer agents. Defects in
autophagy cause cancer (Hdinger and Thompson, 2003;
Choi, 2012) and agents that induce autophagy have been
proposed as potential new therapeutics for the treatment of
cancer (Mukhtar, et al., 2012; Byun et al., 2017; Jiang et al.,
2019). Additionally, anti-inflammatory agents have been
touted as possible agents for the treatment of cancer (Ray-
burn et al., 2009; Todoric et al., 2016). Because the can-
nabinoids show great promise as anti-inflammatory agents,
they could be used to treat cancer.

In some embodiments, the cancer includes a lung cancer.
(See Sulé-Suso et al, 2019). In some embodiments, the
cancer includes breast cancer (Kenyon et al., 2018). In some
embodiments, the cancer includes glioma (Kenyon et al.,
2018). In some embodiments, the cancer includes cervical
cancer (Lukhele et al. BMC Complement Altern Med. 2016;
16:335). In some embodiments, the cancer includes colon
cancer (Aviello et al. ] Mol Med (Berl). 2012; 90:925-934).

Additionally or alternatively, cancers to be treated
include, but are not limited to, melanoma, basal cell carci-
noma, colorectal cancer, pancreatic cancer, breast cancer,
prostate cancer, lung cancer (including small-cell lung car-
cinoma and non-small-cell lung carcinoma), leukemia, lym-
phoma, sarcoma, ovarian cancer, Kaposi’s sarcoma, Hodg-
kin’s lymphoma, Non-Hodgkin’s lymphoma, multiple
myeloma, neuroblastoma, rhabdomyosarcoma, primary
thrombocytosis, primary macroglobulinemia, small-cell
lung tumors, primary brain tumors, stomach cancer, head
and neck cancers, malignant pancreatic insulanoma, malig-
nant carcinoid, urinary bladder cancer, premalignant skin
lesions, testicular cancer, lymphomas, thyroid cancer, neu-
roblastoma, esophageal cancer, genitourinary tract cancer,
malignant hypercalcemia, cervical cancer, kidney cancer,
endometrial cancer, glioblastoma, mesothelioma, oral leu-
koplakia, Barrett’s esophageal cancer, and adrenal cortical
cancer. In some aspects, the cancer is a primary cancer. In
some aspects, the cancer is metastatic, including, but not
limited to a metastatic melanoma, metastatic breast cancer,
or metastatic colorectal cancer.

In one embodiment, a cannabinoid is administered in an
amount effective to treat or prevent a cancer. Administration
of the cannabinoid (including, for example, a composition
including the cannabinoid) may be performed before, dur-
ing, or after a subject develops cancer and/or or manifests
symptoms of cancer. Therapeutic treatment is initiated after
the development of cancer. Treatment initiated after the
development of cancer, or after manifestation of a symptom
of cancer, may result in decreasing the severity of a symp-
tom, or completely removing a symptom. For example, a
cannabinoid may be administered before, during, or after a
subject develops symptoms of a cancer. Treatment of a
cancer may include, for example, killing tumor cells, reduc-
ing the growth of tumor cells, reducing tumor size, inducing
apoptosis in a tumor cell, and/or inducing tumor cells
syncytial formation.
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The efficacy of such methods for the treatment of cancer
may be assessed by any of various parameters well known
in the art. Such methods include, but are not limited to,
determinations of a reduction in tumor size, determinations
of the inhibition of the growth, spread, invasiveness, vas-
cularization, angiogenesis, and/or metastasis of a tumor,
determinations of the inhibition of the growth, spread,
invasiveness and/or vascularization of any metastatic
lesions, determinations of tumor infiltrations by immune
system cells, and/or determinations of an increased delayed
type hypersensitivity reaction to tumor antigen. The efficacy
of treatment may also be assessed by the determination of a
delay in relapse or a delay in tumor progression in the
subject or by a determination of survival rate of the subject,
for example, an increased survival rate at one or five years
post treatment. As used herein, a relapse is the return of a
tumor or neoplasm after its apparent cessation.

In another embodiment, a cannabinoid may be adminis-
tered prophylactically in an amount effective to prevent or
delay the development of cancer in a subject. Treatment that
is prophylactic, for instance, may be initiated before a
subject develops cancer, or manifests symptoms of cancer.
An example of a subject who is at particular risk of devel-
oping cancer is a person who has been exposed to a
carcinogen or who has tested positive for a genetic marker
of cancer risk (for example, BRCA1 or BRCA2).

Administration of a cannabinoid may occur before, dur-
ing, and/or after other treatments including, for example,
additional active agent(s) or therapeutic agent(s). In an
exemplary embodiment, such combination therapy may
involve the administration of a cannabinoid before, during
and/or after the use of other therapeutics used to treat cancer.

The administration of a cannabinoid may be separated in
time from the administration of another active agent or
therapeutic agent by hours, days, or even weeks; alterna-
tively, the other active agent(s) or therapeutic agent(s) may
be administered concurrently, either together in the same
composition or in separate compositions. Additionally or
alternatively, the administration of a cannabinoid may be
combined with another active agent or modality such as, for
example, non-drug therapies, such as, but not limited to,
radiotherapy, heat therapy, cryotherapy, electrical therapy,
massage, and acupuncture.

In some embodiments, the administration of a cannabi-
noid may allow for the effectiveness of a lower dosage of
other therapeutic modalities when compared to the admin-
istration of the other therapeutic modalities alone, providing
relief from the toxicity observed with the administration of
higher doses of the other modalities.

As used herein, an additional active agent or therapeutic
agent may be an agent whose use for the treatment of cancer
is known to the skilled artisan. Such treatments include, but
are not limited to, surgical resection, radiation therapy,
hormone therapy, vaccines, antibody based therapies, whole
body irradiation, bone marrow transplantation, peripheral
blood stem cell transplantation, the administration of a
chemotherapeutic agent, cytokines, antiviral agents,
immune enhancers, tyrosine kinase inhibitors, protein kinase
C (PKC) modulator (such as, for example, the PKC activator
ingenol 3-angelate (PEP005) or the PKC inhibitor bisindo-
lylmaleimid (enzastaurin), signal transduction inhibitors,
antibiotics, antimicrobial agents, a TLR agonist (such as for
example, bacterial lipopolysaccharides (LPS) or a CpG
oligonucleotide (ODN)), an inhibitor of IDO, such as, for
example, 1-MT, and adjuvants.

A chemotherapeutic agent may be, for example, a cyto-
toxic chemotherapy agent, such as, for example, epidophyl-
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lotoxin, mitoxantrone, platinum coordination complexes
such as cisplatin and carboplatin, leucovorin, tegafur, pacli-
taxel, docetaxol, vincristine, vinblastine, methotrexate,
cyclophosphamide, gemcitabine, estramustine, carmustine,
adriamycin (doxorubicin), etoposide, arsenic trioxide, irino-
tecan, epothilone derivatives, navelbene, CPT-11, anastra-
zole, letrazole, capecitabine, reloxafine, ifosamide, and
droloxafine.

A chemotherapeutic agent may be, for example, an alky-
lating agent, such as, for example, irofulven, nitrogen mus-
tards (such as chlorambucil, cyclophosphamide, ifosfamide,
mechlorethamine, melphalan, and uracil mustard), aziri-
dines (such as thiotepa), methanesulphonate esters (such as
busulfan), nitroso ureas (such as carmustine, lomustine, and
streptozocin), platinum complexes (such as cisplatin and
carboplatin), and bioreductive alkylators (such as mitomy-
cin, procarbazine, dacarbazine and altretamine), ethylen-
imine derivatives, alkyl sulfonates, triazenes, pipobroman,
temozolomide, triethylene-melamine, and triethylenethio-
phosphoramine.

A chemotherapeutic agent may be an antimetabolite, such
as, for example, a folate antagonist (such as methotrexate
and trimetrexate), a pyrimidine antagonist (such as fluorou-
racil, fluorodeoxyuridine, CB3717, azacitidine, cytarabine,
gemcitabine, and floxuridine), a purine antagonist (such as
mercaptopurine, 6-thioguanine, fludarabine, and pentosta-
tin), a ribonucleotide reductase inhibitor (such as
hydroxyurea), and an adenosine deaminase inhibitor.

A chemotherapeutic agent may be a DNA strand-breakage
agent (such as, for example, bleomycin), a topoisomerase 11
inhibitor (such as, for example, amsacrine, dactinomycin,
daunorubicin, idarubicin, mitoxantrone, doxorubicin, etopo-
side, and teniposide), a DNA minor groove binding agent
(such as, for example, plicamydin), a tubulin interactive
agent (such as, for example, vincristine, vinblastine, and
paclitaxel), a hormonal agent (such as, for example, estro-
gens, conjugated estrogens, ethinyl estradiol, diethylstilbes-
terol, chlortrianisen, idenestrol, progestins (such as hydroxy-
progesterone caproate, medroxyprogesterone, and
megestrol), and androgens (such as testosterone, testoster-
one propionate, fluoxymesterone, and methyltestosterone),
an adrenal corticosteroid (such as, for example, prednisone,
dexamethasone, methylprednisolone, and prednisolone), a
leutinizing hormone releasing agent or gonadotropin-releas-
ing hormone antagonist (such as, for example, leuprolide
acetate and goserelin acetate), an antihormonal agent (such
as, for example, tamoxifen), an antiandrogen agent (such as
flutamide), an antiadrenal agent (such as mitotane and
aminoglutethimide), and a natural product or derivative
thereof (such as, for example, vinca alkaloids, antibiotics,
enzymes and epipodophyllotoxins, including, for example
vinblastine, vincristine, vindesine, bleomycin, dactinomy-
cin, daunorubicin, doxorubicin, epirubicin, idarubicin, ara-
C, paclitaxel, mithramycin, deoxyco-formycin, mitomycin-
C, L-asparaginase, and teniposide.

In some embodiments, at least one additional therapeutic
agent includes radiation therapy. In some aspects, radiation
therapy includes localized radiation therapy delivered to the
tumor. In some aspects, radiation therapy includes total body
irradiation.

Cytokines include, but are not limited to, IL-1a, IL-1p,
1L-2, IL-3, IL-4, IL-6, IL-8, IL-9, IL-10, IL-12, IL-13,
1L-15, 1L-18, IL-19, IL-20, IFN-a, IFN-f, IFN-y, tumor
necrosis factor (ITNF), transforming growth factor-f (TGF-
), granulocyte colony stimulating factor (G-CSF), macro-
phage colony stimulating factor (M-CSF), granulocyte-mac-
rophage colony stimulating factor (GM-CSF), and or FIt-3
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ligand. Antibody therapeutics, include, for example,
trastuzumab (Herceptin) and antibodies to cytokines, such as
IL-10 and TGF-f.

In some embodiments, a measurement of response to
treatment observed after administering both a cannabinoid
and an additional active agent or therapeutic agent is
improved over the same measurement of response to treat-
ment observed after administering either the cannabinoid
alone or the additional agent alone. In some embodiments,
the administration of a cannabinoid as described herein and
the at least one additional therapeutic agent demonstrate
therapeutic synergy. As used herein, a combination may
demonstrate therapeutic synergy if it is therapeutically supe-
rior to one or other of the constituents used at its optimum
dose (Corbett et al., 1982, Cancer Treatment Reports;
66:1187. In some embodiments, a combination demonstrates
therapeutic synergy if the efficacy of a combination is
characterized as more than additive actions of each constitu-
ent.

Kits

This disclosure further describes a kit that contains at least
one cannabinoid or composition described herein, together
with instructions for use. In some embodiments, the instruc-
tions for use provide instructions for use in the treatment or
prevention of inflammation and/or autoimmunity. Option-
ally, the kit includes a pharmaceutically acceptable carrier.
The carrier may be separately provided, or it may be present
in a composition that includes the compound. Optionally, the
kit may further include one or more additional active agents
which may be co-administered with the cannabinoid. The
one or more active agent(s) may have cumulative or comple-
mentary activities, as described in more detail elsewhere
herein.

Exemplary Embodiments

1. A pharmaceutical composition comprising a cannabi-
noid chosen from: i) CBC, CBCA, CBD, CBDA,
CBDV, CBDVA, CBG, CBGA, CBL, CBLA, CBN,
CBNA, THCV, THCVA, and any combination thereof,
and ii) an approximately 1:1 equimolar mixture of
CBD:CBDA; wherein the pharmaceutical composition
is formulated for use as an anti-inflammatory agent
and/or an immunosuppressant.

2. The pharmaceutical composition of embodiment 1,
wherein the cannabinoid is chosen from: i) the CBCA,
CBDA, CBDV, CBDVA, CBGA, CBL, CBLA, CBN,
CBNA, THCVA, and any combination thereof, and ii)
the approximately 1:1 equimolar mixture of CBD:
CBDA.

3. The pharmaceutical composition of embodiment 1,
wherein the cannabinoid is chosen from the CBC,
CBCA, CBD, CBDA, CBDV, CBDVA, CBG, CBGA,
CBL, CBLA, CBN, CBNA, THCV, THCVA, and any
combination thereof.

4. The pharmaceutical composition of embodiment 1,
wherein the cannabinoid is chosen from: i) the CBC,
CBCA, CBD, CBDA, CBDV, CBDVA, CBG, CBGA,
CBL, CBLA, CBN, CBNA, and any combination
thereof, and ii) the approximately 1:1 equimolar mix-
ture of CBD:CBDA.

5. The pharmaceutical composition of embodiment 1,
wherein the cannabinoid is chosen from: i) the CBCA,
CBDA, CBDV, CBDVA, CBGA, CBL, CBLA, CBN,
CBNA, and any combination thereof, and ii) the
approximately 1:1 equimolar mixture of CBD:CBDA.
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6. The pharmaceutical composition of embodiment 5,
wherein the cannabinoid is chosen from the CBCA,
CBDA, CBDV, CBDVA, CBGA, CBL, CBLA, CBN,
CBNA, and any combination thereof.

7. The pharmaceutical composition of embodiment 6,
wherein the cannabinoid is chosen from the CBDYV,
CBL, CBLA, CBN, CBNA and any combination
thereof.

8. The pharmaceutical composition of embodiment 1,
wherein the cannabinoid is chosen from 1) the CBCA,
CBD, CBDA, CBDV, CBDVA, CBG, CBL, CBLA,
CBN, CBNA, THCYV, and THCVA, and ii) the approxi-
mately 1:1 equimolar mixture of CBD:CBDA.

9. The pharmaceutical composition of embodiment 1,
wherein the cannabinoid is chosen from 1) the CBCA,
CBDA, CBDV, CBDVA, CBL, CBLA, CBN, CBNA,
and THCVA, and ii) the approximately 1:1 equimolar
mixture of CBD:CBDA.

10. The pharmaceutical composition of any one of
embodiments 1, 2, 4, 5, 8, or 9, wherein the cannabi-
noid is the approximately 1:1 equimolar mixture of
CBD:CBDA.

11. The pharmaceutical composition of embodiment 10,
wherein the pharmaceutical composition is substan-
tially free of other cannabinoids.

12. The pharmaceutical composition of embodiment 10 or
11, wherein the cannabinoid consists essentially of the
approximately 1:1 equimolar mixture of CBD:CBDA.

13. The pharmaceutical composition of any one of
embodiments 10 to 12, wherein the cannabinoid con-
sists essentially of a 1:1 equimolar mixture of CBD:
CBDA.

14. The pharmaceutical composition of any one of the
preceding embodiments, wherein the pharmaceutical
composition reduces cytokine levels in vivo or in vitro.

15. A pharmaceutical composition comprising a cannabi-
noid chosen from: i) CBC, CBCA, CBD, CBDA,
CBDV, CBDVA, CBG, CBGA, CBL, CBLA, CBN,
CBNA, THCV, THCVA, and any combination thereof,
and ii) an approximately 1:1 equimolar mixture of
CBD:CBDA; wherein the pharmaceutical composition
is formulated to have antioxidant activity.

16. The pharmaceutical composition of embodiment 15,
wherein the cannabinoid is chosen from the CBC,
CBCA, CBD, CBDA, CBDV, CBDVA, CBG, CBGA,
CBL, CBLA, CBN, CBNA, THCV, THCVA, and any
combination thereof.

17. The pharmaceutical composition of embodiment 15,
wherein the cannabinoid is chosen from: i) the CBC,
CBCA, CBD, CBDA, CBDV, CBDVA, CBG, CBGA,
CBL, CBLA, CBN, CBNA, and any combination
thereof, and ii) the approximately 1:1 equimolar mix-
ture of CBD:CBDA.

18. The pharmaceutical composition of embodiment 15,
wherein the cannabinoid is chosen from the CBC,
CBCA, CBD, CBDA, CBDV, CBDVA, CBG, CBGA,
CBL, CBLA, CBN, CBNA, THCV, and THCVA.

19. The pharmaceutical composition of embodiment 15,
wherein the cannabinoid is chosen from the CBDYV,
CBL, CBLA, CBN, CBNA, and any combination
thereof.

20. The pharmaceutical composition of embodiment 15,
wherein the cannabinoid is chosen from i) the CBD,
CBDA, CBDV, CBDVA, CBG, and THCV and ii) the
approximately 1:1 equimolar mixture of CBD:CBDA.
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21. The pharmaceutical composition of any one of
embodiments 15, 17, or 20, wherein the cannabinoid is
the approximately 1:1 equimolar mixture of CBD:
CBDA.

22. The pharmaceutical composition of embodiment 21,
wherein the pharmaceutical composition is substan-
tially free of other cannabinoids.

23. The pharmaceutical composition of embodiment 21 or
22, wherein the cannabinoid consists essentially of the
approximately 1:1 equimolar mixture of CBD:CBDA.

24. The pharmaceutical composition of any one of
embodiments 21 to 23, wherein the cannabinoid con-
sists essentially of a 1:1 equimolar mixture of CBD:
CBDA.

25. A pharmaceutical composition comprising a cannabi-
noid chosen from: i) CBL, CBLA, and THCVA, and
any mixture thereof; and ii) an approximately 1:1
equimolar mixture of CBD:CBDA, wherein the phar-
maceutical composition is formulated to induce
autophagy in vivo or in vitro.

26. The pharmaceutical composition of embodiment 25,
wherein the cannabinoid is chosen from: i) the CBL,
CBLA, and a mixture thereof; and ii) the approximately
1:1 equimolar mixture of CBD:CBDA.

27. The pharmaceutical composition of embodiment 26,
wherein the cannabinoid is chosen from the CBL,
CBLA, and a mixture thereof.

28. The pharmaceutical composition of embodiment 25 or
26, wherein the cannabinoid is chosen from the
approximately 1:1 equimolar mixture of CBD:CBDA.

29. The pharmaceutical composition of embodiment 28,
wherein the pharmaceutical composition is substan-
tially free of other cannabinoids.

30. The pharmaceutical composition of embodiment 28 or
29, wherein the cannabinoid consists essentially of the
approximately 1:1 equimolar mixture of CBD:CBDA.

31. The pharmaceutical composition of any one of
embodiments 28 to 30, wherein the cannabinoid con-
sists essentially of a 1:1 equimolar mixture of CBD:
CBDA.

32. A pharmaceutical composition comprising an approxi-
mately 1:1 equimolar mixture of CBD:CBDA.

33. The pharmaceutical composition of embodiment 32,
wherein the pharmaceutical composition is substan-
tially free of other cannabinoids.

34. The pharmaceutical composition of embodiment 32 or
33, wherein the cannabinoid consists essentially of the
approximately 1:1 equimolar mixture of CBD:CBDA.

35. The pharmaceutical composition of any one of
embodiments 32 to 34, wherein the cannabinoid con-
sists essentially of a 1:1 equimolar mixture of CBD:
CBDA.

36. The pharmaceutical composition of embodiment 32,
wherein the pharmaceutical composition comprises an
additional cannabinoid chosen from CBC, CBCA,
CBDV, CBDVA, CBG, CBGA, CBL, CBLA, CBN,
CBNA, THCV, THCVA, and any combination thereof.

37. The pharmaceutical composition of any one of claims
1 to 36, wherein the composition further comprises a
pharmaceutical carrier.

38. The pharmaceutical composition of any one of
embodiments 1 to 37, wherein the composition further
comprises a nonsteroidal anti-inflammatory drug
(NSAIDs), a conventional synthetic disease-modifying
antitheumatic drug (DMARDs), a corticosteroid, a
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non-antibody tumor necrosis factor alpha inhibitor, or a
monoclonal antibody TNF inhibitor, or a combination
thereof.

39. The pharmaceutical composition of any one of
embodiments 1 to 38, wherein the composition is
formulated for use as an anti-cancer agent.

40. A method of using the composition of any one of
embodiments 1 to 39, the method comprising admin-
istering an effective amount of the composition to a
subject in need thereof.

41. A method for treating or preventing inflammation
and/or autoimmunity in a subject, the method compris-
ing administering to the subject a composition com-
prising an effective amount of a cannabinoid chosen
from i) CBC, CBCA, CBD, CBDA, CBDV, CBDVA,
CBG, CBGA, CBL, CBLA, CBN, CBNA, THCV,
THCVA, and any combination thereof and ii) an
approximately 1:1 equimolar mixture of CBD:CBDA.

42. The method of embodiment 41, wherein the subject in
need thereof is has an autoimmune disease.

43. The method of embodiment 42, wherein the autoim-
mune disease comprises rheumatoid arthritis Crohn’s
disease, lupus erythematosus (SLE), Sjogren syn-
drome, immune thrombocytopenic purpura (ITP),
myasthenia gravis, sarcoidosis, Addison’s disease,
autoimmune hepatitis, Celiac disease, Grave’s disease,
idiopathic thrombocytopenic purpura, multiple sclero-
sis, primary biliary cirrhosis, psoriatic disease, sclero-
derma, or systemic lupus.

44. The method of any one of embodiments 41 to 43,
wherein treating or preventing inflammation comprises
treating or preventing a symptom of inflammation.

45. The method of any one of embodiments 41 to 44,
wherein the cannabinoid is chosen from: i) the CBCA,
CBDA, CBDV, CBDVA, CBGA, CBL, CBLA, CBN,
CBNA, THCVA, and any combination thereof, and ii)
the approximately 1:1 equimolar mixture of CBD:
CBDA.

46. The method of any one of embodiments 41 to 44,
wherein the cannabinoid is chosen from the CBC,
CBCA, CBD, CBDA, CBDV, CBDVA, CBG, CBGA,
CBL, CBLA, CBN, CBNA, THCV, THCVA, and any
combination thereof.

47. The method of any one of embodiment 41 to 44,
wherein the cannabinoid is chosen from: i) the CBC,
CBCA, CBD, CBDA, CBDV, CBDVA, CBG, CBGA,
CBL, CBLA, CBN, CBNA, and any combination
thereof, and ii) the approximately 1:1 equimolar mix-
ture of CBD:CBDA.

48. The method of any one of embodiments 41 to 44,
wherein the cannabinoid is chosen from: i) the CBCA,
CBDA, CBDV, CBDVA, CBGA, CBL, CBLA, CBN,
CBNA, and any combination thereof, and ii) the
approximately 1:1 equimolar mixture of CBD:CBDA.

49. The method of any one of embodiments 41 to 44,
wherein the cannabinoid is chosen from the CBCA,
CBDA, CBDV, CBDVA, CBGA, CBL, CBLA, CBN,
CBNA, and any combination thereof.

50. The method of any one of embodiments 41 to 44,
wherein the cannabinoid is chosen from the CBDYV,
CBL, CBLA, CBN, CBNA, and any combination
thereof.

51. The method of any one of embodiments 41 to 44,
wherein the cannabinoid is chosen from 1) the CBCA,
CBDA, CBD, CBDV, CBDVA, CBG, CBGA, CBL,
CBLA, CBN, CBNA, THCV, and THCVA, and ii) the
approximately 1:1 equimolar mixture of CBD:CBDA.
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52. The method of any one of embodiments 41 to 44,
wherein the cannabinoid is chosen from 1) the CBCA,
CBDA, CBDV, CBDVA, CBL, CBLA, CBN, CBNA,
and THCVA, and ii) the approximately 1:1 equimolar
mixture of CBD:CBDA.

53. The method of any one of embodiments 41 to 44,
wherein the cannabinoid is the approximately 1:1 equi-
molar mixture of CBD:CBDA.

54. The method of any one of embodiments 41 to 44,
wherein the pharmaceutical composition is substan-
tially free of other cannabinoids.

55. The method of any one of claims 41 to 44, wherein the
cannabinoid consists essentially of the approximately
1:1 equimolar mixture of CBD:CBDA.

56. The method of any one of embodiment 41 to 44,
wherein the cannabinoid consists essentially of the 1:1
equimolar mixture of CBD:CBDA.

57. The method of any one of embodiment 41 to 56,
wherein the method reduces elevated cytokine levels in
the patient.

58. The method of any one of embodiments 41 to 57, the
method further comprising administering to the subject
an effective amount of an additional active agent.

59. The method of embodiment 63, wherein the additional
active agent is chosen from a nonsteroidal anti-inflam-
matory drug (NSAIDs), a conventional synthetic dis-
ease-modifying antirheumatic drug (DMARDs), a cor-
ticosteroid, a non-antibody tumor necrosis factor alpha
inhibitor, or a monoclonal antibody TNF inhibitor, and
any combination thereof.

60. A method for inducing autophagy in a patient in need
thereof comprising administering to the patient an
effective amount of a pharmaceutical composition
comprising a cannabinoid chosen from: i) CBL, CBLA,
and THCVA, and any mixture thereof; and ii) an
approximately 1:1 equimolar mixture of CBD:CBDA.

61. The method of embodiment 60, wherein the cannabi-
noid is chosen from: i) the CBL, CBLA, and a mixture
thereof; and ii) the approximately 1:1 equimolar mix-
ture of CBD:CBDA.

62. The method of any one of embodiments 60 or 61,
wherein the cannabinoid is chosen from the CBL,
CBLA, and a mixture thereof.

63. The method of any one of embodiments 60 to 62,
wherein the method treats or prevents cancer in the
patient.

64. A method of treating or preventing cancer in a patient
in need thereof comprising, the method comprising
administering to the subject a composition comprising
an effective amount of a cannabinoid chosen from 1)
CBC, CBCA, CBD, CBDA, CBDV, CBDVA, CBG,
CBGA, CBL, CBLA, CBN, CBNA, THCV, THCVA,
and any combination thereof; and ii) an approximately
1:1 equimolar mixture of CBD:CBDA.

65. The method of embodiment 64, wherein the cannabi-
noid is chosen from: i) the CBCA, CBDA, CBDV,
CBDVA, CBGA, CBL, CBLA, CBN, CBNA, THCVA,
and any combination thereof, and ii) the approximately
1:1 equimolar mixture of CBD:CBDA.

66. The method of embodiment 64 or 65, wherein the
cannabinoid is chosen from the CBC, CBCA, CBD,
CBDA, CBDV, CBDVA, CBG, CBGA, CBL, CBLA,
CBN, CBNA, THCV, THCVA, and any combination
thereof.

67. The method of any one of embodiments 64 to 66,
wherein the cannabinoid is chosen from: i) the CBC,
CBCA, CBD, CBDA, CBDV, CBDVA, CBG, CBGA,
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CBL, CBLA, CBN, CBNA, and any combination
thereof, and ii) the approximately 1:1 equimolar mix-
ture of CBD:CBDA.

68. The method of any one of embodiments 64 to 66,
wherein the cannabinoid is chosen from: i) the CBCA,
CBDA, CBDV, CBDVA, CBGA, CBL, CBLA, CBN,
CBNA, and any combination thereof, and ii) the
approximately 1:1 equimolar mixture of CBD:CBDA.

69. The method of any one of embodiments 64 to 66,
wherein the cannabinoid is chosen from the CBCA,
CBDA, CBDV, CBDVA, CBGA, CBL, CBLA, CBN,
CBNA, and any combination thereof.

70. The method of any one of embodiments 64 to 66,
wherein the cannabinoid is chosen from the CBDYV,
CBL, CBLA, CBN, CBNA, and any combination
thereof.

71. The method of any one of embodiments 64 to 66,
wherein the cannabinoid is chosen from 1) the CBCA,
CBDA, CBD, CBDV, CBDVA, CBG, CBGA, CBL,
CBLA, CBN, CBNA, THCV, and THCVA, and ii) the
approximately 1:1 equimolar mixture of CBD:CBDA.

72. The method of any one of embodiments 64 to 66,
wherein the cannabinoid is chosen from 1) the CBCA,
CBDA, CBDV, CBDVA, CBL, CBLA, CBN, CBNA,
and THCVA, and ii) the approximately 1:1 equimolar
mixture of CBD:CBDA.

73. The method of any one of embodiments 64 to 66,
wherein the cannabinoid is the approximately 1:1 equi-
molar mixture of CBD:CBDA.

74. The method of any one of embodiments 64 to 66,
wherein the pharmaceutical composition is substan-
tially free of other cannabinoids.

75. The method of any one of embodiments 64 to 66,
wherein the cannabinoid consists essentially of the
approximately 1:1 equimolar mixture of CBD:CBDA.

76. The method of any one of embodiments 64 to 66,
wherein the cannabinoid consists essentially of the 1:1
equimolar mixture of CBD:CBDA.

77. The method any one of embodiments 60 to 76, further
comprising administering and additional active agent
chosen from a chemotherapeutic agent, a cytokine, an
antiviral agent, an immune enhancer, a tyrosine kinase
inhibitor, a protein kinase C (PKC) modulator, a signal
transduction inhibitor, an antibiotic, an antimicrobial
agent, a TLR agonist, an inhibitor of IDO, an adjuvant,
and any combination thereof.

78. The method of any one of embodiments 60 to 77,
further comprising administering radiation therapy to
the patient.

79. The method of any one of embodiments 60 to 62,
wherein the method further treats or prevents and
inflammatory and/or autoimmune disease in the sub-
ject.

80. The method of any one of embodiments 41 to 79,
wherein the composition further comprises a pharma-
ceutical carrier.

81. The method of any one of embodiments 41 to 80,
wherein the subject is a mammal.

82. The method of embodiment 81, wherein the subject is
a human.

EXAMPLES

The Examples describe the identification of the antioxi-
dant, anti-inflammatory, and immunosuppressant activity, as
well as induction of autophagy, of a number of non-psycho-
tropic cannabinoids.
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As further described herein, the ability of CBDA versus
CBD to suppress elevated cytokine levels was investigated
using differentiated macrophage-like human THP-1 cells
with stimulated cytokine expression induced by lipopoly-
saccharide (LPS). In these experiments, CBDA outper-
formed CBD. Because CBDA was superior to CBD at
suppressing elevated cytokine levels, the effects of a 1:1
CBD:CBDA mixture versus CBD and CBDA alone was also
examined. The 1:1 CBD:CBDA mixture suppressed cyto-
kine expression better than CBD or CBDA and clearly had
a synergistic effect versus CBD or CBDA alone. Since
CBDA proved to be more effective as an anti-inflammatory
agent than CBD in these studies, the immunosuppressant
potential of the major non-psychotropic cannabinoids can-
nabichromenic acid (CBCA), cannabidiolic acid (CBDA),
cannabidivarinic acid (CBDVA), cannabigerolic acid
(CBGA), tetrahydrfocannabivarinic acid (THCVA) and their
decarboxylated derivatives cannabichromene (CBC), canna-
bidiol (CBD), cannabidivarin (CBDV), cannabigerol
(CBG), and tetrahydrocannabivarin (THCV), the most
prominent non-psychotropic cannabinoids cannabicyclolic
acid (CBLA) and cannabinolic acid (CBNA) that can be
derived from the major cannabinoids and their decarboxy-
lated derivatives cannabicyclol (CBL) and cannabinol
(CBN), as well as the 1:1 equimolar mixture of CBD:CBDA
was analyzed. The ability of CBD, CBDA and the 1:1
equimolar mixture of CBD:CBDA to suppress elevated
cytokine levels was also evaluated in a mouse LPS cytokine
model.

Materials and Methods
Cannabinoids
The major cannabinoids CBCA, CBDA, CBDVA, CBGA

and THCVA and their decarboxylated derivatives, CBC,
CBD, CBDV, CBG, and THCV were obtained from Ceril-
liant Corporation (Round Rock, TX). CBCVA and CBGVA
and their decarboxylated derivatives CBCV and CBGV are
not commercially available and were not analyzed. The
CBLA and CBNA cannabinoids, as well as their decarboxy-
lated derivatives CBL and CBN, are the most widely inves-
tigated cannabinoids which can be derivatized from the
natural cannabinoids that are produced by Cannabis, and
were obtained from Cerilliant Corporation (Round Rock,
TX). Stock solutions of the cannabinoids were prepared at
10 mM in dimethyl sulfoxide (DMSO) for the in vitro
human cellular studies and at 20 mg/mL for the mice studies.
For injection into mice, an emulsified solution of the can-
nabinoids was prepared by diluting the 20 mg/ml. DMSO
solution 1:20 in phosphate buffer (PB). CBD is well toler-
ated in animals, such as mice and rats, and humans, and
doses up to 100 mg in mice and 600 mg in humans have been
used in multiple toxicological studies with no adverse side
effects. (See Bergamaschi et al., 2011.) However, CBD is
incredibly toxic to animal or human cells grown via tissue
culture and doses of less than 5 uM can cause significant
cytotoxicity (Choi et al., 2008; Liu et al., 2010; Mato et al.,
2010; Lukhele and Motadi, 2016). For this reason, the doses
of CBD that are used in in vitro cellular studies must be
carefully determined to ensure they do not cause cytotox-
icity.

Example 1: DPPH Antioxidant Assay

The ability of the cannabinoids to act as potential anti-
oxidants was assessed using the 2,2-diphenyl-1-picrylhydra-
zyl (DPPH) antioxidant assay. The cannabinoids CBDA,
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CBD, CBDVA, CBDV, CBG, THCV, and the 1:1 CBD:
CBDA mixture had the highest antioxidant activities with
radical scavenging activities of 38.19%, 48.00%, 43.81%,
44.21%, 44.28%, 45.71%, and 43.74%, respectively.

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical
(Alfa Aesar) was prepared at 0.1 mM in ethanol. The
cannabinoids were tested at a final concentration of 100 uM.
2 uL of 7.5 mM stock solutions of the cannabinoids to be
tested in DMSO were added to 148 uLL of 0.1 mM DPPH to
achieve a final concentration of 100 uM in the assay.
Ascorbic acid (Thermo Scientific) at a final concentration of
10 mg/ml was used as a positive control. The reaction
mixture was incubated in the dark at room temperature for
1 hour, the absorbance of the mixture was read at 517 nm
using a Spectra Max 5M microplate reader (Molecular
Devices, LL.C, Sunnyvale, CA, USA) and the absorbance
was converted to percent radical scavenging activity (%
RSA) using the following formula: % RSA=[(Absorbance
of the control-Absorbance of the sample)/(Absorbance of
the control)]x100.

Free radical production occurs when the immune system
is activated and antioxidants represent potential effective
treatments for inflammatory conditions and autoimmune
diseases. Since a couple of recent studies have demonstrated
the ability of CBD to act as an antioxidant (Hosseinzadeh et
al., 2016; Rajan et al., 2016), the antioxidant potential of all
of the major cannabinoids that had been evaluated as immu-
nosuppressants was also investigated. The DPPH antioxi-
dant assay can be used to measure the ability of a compound
to scavenge free radicals by measuring the ability of com-
pounds to hydrogenate and reduce DPPH. The DPPH assay
was conducted on CBCA, CBDA, CBDVA, CBGA, CBLA,
CBNA, THCVA, and their decarboxylated derivatives as
well as the 1:1 CBD:CBDA mixture. Results are shown in
Table 2.

TABLE 2

Ability of the non-psychotropic cannabinoids CBCA, CBDA,
CBDVA, CBGA, CBLA, CBNA, THCVA, and their decarboxylated
derivatives, to hydrogenate and reduce DPPH

Compounds % RSA (radical scavenging activity)
Untreated control 17.00
Ascorbic acid control 94.00
CBC 31.95
CBCA 19.02
CBD 48.00
CBDA 38.19
CBDV 44.21
CBDVA 43.81
CBG 44.28
CBGA 26.84
CBL 30.84
CBLA 21.18
CBN 33.83
CBNA 24.92
THCV 4571
THCVA 29.22
1:1 CBD:CBDA 43.74

CBDA, CBD, CBDVA, CBDV, CBG, THCV, and the 1:1
CBD:CBDA mixture had the highest antioxidant activities
with radical scavenging activities of 38.19%, 48.00%,
43.81%, 44.21%, 44.28%, 45.71%, and 43.74%, respec-
tively. Ascorbic acid (10 mg/ml) was used as a positive
control, and the ability of compounds to reduce DPPH was
calculated as % RSA (radical scavenging activity).
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Example 2: THP-1 Human Cellular LPS Cytokine
Assay

One of the most robust in vitro cellular tests that can be
performed to evaluate the immunosuppressant potential of a
therapeutic agent is to determine whether the agent can
suppress the cytokine levels in THP-1 human monocyte
cells that have been differentiated into macrophage-like cells
using PMA and then had their immune system induced with
an immunostimulant, such as LPS (Cochran F R, Finch-
Arietta M B, 1989).

The THP-1 cytokine suppression assay was run as three
independent experiments and only cytokines whose expres-
sion was induced more than two-fold in the LPS control
versus the untreated sample were analyzed for suppression
by the dexamethasone control and the CBC, CBCA, CBD,
CBDA, CBDV, CBDVA, CBG, CBGA, CBL, CBLA, CBN,
CBNA, THCV, THCVA cannabinoids, or the 1:1 CBD:
CBDA cannabinoid mixture.

THP-1 cells were maintained in RPMI 1640 medium
supplemented with 10% heat-inactivated FBS and 1% peni-
cillin/streptomycin (complete culture medium) at 37° C.
with 5% CO2 supplemented. Cell concentrations were
adjusted to 5x105 cells/mL by centrifugation at 500xg for 5
minutes and resuspended in complete culture medium with
100 nM of phorbol 12-myristate 13-acetate (PMA). Cells
were seeded onto 24-, or 12-well plates and incubated for 48
hours to 72 hours to allow for differentiation. Cells were
washed with serum-free RPMI 1640 medium before each
experiment to remove undifferentiated cells. Differentiated
THP-1 cells were treated with cannabinoids, or the corti-
costeroid dexamethasone as a control, at a final concentra-
tion of 2 (M for 1 hour and then stimulated with 20 ng/mL.
of lipopolysaccharide (LPS) for 4 hours. Supernatants were
collected for quantification of human cytokine levels to
assess the cytokine response. Cells remaining after the
supernatant collection were tested to ensure they had at least
90% viability as determined by Alamar Blue assays. To
conduct the Alamar Blue assays, supernatants were replaced
with culture medium containing 1xAlamar Blue reagent and
incubated overnight. Cell viability was assessed by measur-
ing relative fluorescent units (RFU) on the SpectraMax M2e
microplate reader (Molecular Devices Inc., Sunnyvale, CA,
USA) at Excitation 560 nm and Emission 590 nm. Controls
included untreated cells with DMSO at the same concen-
tration as the treated cells, LPS stimulated cells with DMSO
at the same concentration as the treated cells and LPS
stimulated cell with the various treatments. The levels of 42
of the most common human cytokines (Eve Technologies,
Calgary, Canada Table 3) were determined by multi-plex
analysis.

TABLE 3

Human Cytokine

Abbreviation Full name

EGF Epidermal growth factor

Eotaxin-1 Eotaxin-1

FGF-p Basic fibroblast growth factor

Flt-3L Fibromyalgia syndrome (Fms)-like tyrosine kinase 3
ligand

Fractalkine Fractalkine

G-CSF Granulocyte colony-stimulating factor

GM-CSF Granulocyte macrophage colony stimulating factor

GROa Growth-regulated oncogene-alpha

IFNa Interferon alpha

IFNy Interferon gamma
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TABLE 3-continued

28
TABLE 4-continued

Human Cytokine;

Abbreviation Full name

IL-1a Interleukin 1 alpha

IL-1p Interleukin 1 beta

IL-1RA interleukin-1 receptor antagonist

IL-2 Interleukin-2

IL-3 Interleukin-3

IL-4 Interleukin-4

IL-5 Interleukin-5

IL-6 Interleukin-6

IL-7 Interleukin-7

IL-8 Interleukin-8

IL-9 Interleukin-9

IL-10 Interleukin-10

IL-12p p40 Interleukin-12 beta subunit p40

IL-12 p70 Interleukin-12 p70

IL-13 Interleukin-13

IL-15 Interleukin-15

IL-17 Interleukin-17

IL-18 Interleukin-18

IP-10 Interferon gamma-induced protein 10

MCP-1 Monocyte chemoattractant protein-1

MCP-3 Monocyte chemoattractant protein-3

MDC Macrophage-derived chemokine

MIP-1a Macrophage inflammatory protein-1 alpha

MIP-1 Macrophage inflammatory protein-1 beta

PDGF-AA Platelet-derived growth factor AA

PDGF-AB/BB Platelet-derived growth factor AB/BB

RANTES Regulated on activation, normal T cell expressed and
secreted

sCD40L Soluble CD40-ligand

TGF-a Transforming growth factor alpha

TNF-a Tumor necrosis factor-alpha

TNF-B Tumor necrosis factor-beta

VEGF-A Vascular endothelial growth factor

The induction of cytokine levels in differentiated THP-1
human monocyte cells induced with LPS and the suppres-
sion of cytokine levels by the cannabinoids after LPS
induction varied widely depending on the cytokine. For this
reason, the level of cytokine suppression was determined for
each cytokine by each cannabinoid that was tested and the
total averaged suppression for each cannabinoid was deter-
mined by dividing the total suppression by the number of the
cytokines that were analyzed. Only cytokines whose levels
were induced at least two-fold by LPS in the LPS-only
control versus the untreated control were considered for this
analysis.

All of the cannabinoids were able to suppress cytokine
expression, as shown in Table 4.

TABLE 4

Suppression of cytokine induction in THP-1 by dexamethasone,
the CBC, CBCA, CBD, CBDA, CBDV, CBDVA, CBG, CBGA,
CBL, CBLA, CBN, CBNA, THCV, THCVA cannabinoids, or
the 1:1 CBD:CBDA cannabinoid mixture

Cannabinoid % Cytokine Suppression
Dexamethasone (control) 51.02
CBC 22.58
CBCA 34.58
CBD 33.15
CBDA 37.18
CBDV 36.72
CBDVA 32.37
CBG 35.84
CBGA 34.30
CBL 43.58
CBLA 34.42
CBN 37.04
CBNA 33.99
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Suppression of cytokine induction in THP-1 by dexamethasone,
the CBC, CBCA, CBD, CBDA, CBDV, CBDVA, CBG, CBGA,
CBL, CBLA, CBN, CBNA, THCV, THCVA cannabinoids, or
the 1:1 CBD:CBDA cannabinoid mixture

Cannabinoid % Cytokine Suppression
THCV 3475
THCVA 28.37
1:1 CBD:CBDA 45.51

The 1:1 CBD:CBDA mixture exhibited the greatest sup-
pression followed by CBL. CBC and THCVA were not as
effective at suppressing cytokine expression compared to the

other cannabinoids. The suppression by the 1:1 equimolar
mixture of CBD:CBDA was 37.28% more effective than
CBD and 22.40% more effective than CBDA. The suppres-
sion by the 1:1 equimolar mixture of CBD:CBDA was
clearly synergistic compared to the suppression by CBD or
CBDA alone. The pharmaceutical definition of synergy is
that the interaction of two or more agents should produce a
combined effect which is greater than the sum of the separate
effects of the agents. In this case the effect of a 1:1
CBD:CBDA or 2 CBD and Y2 CBDA mixture should be
greater than the sum of the individual effects of CBD and
CBDA, which are (12X CBD+2X CBDA); i.e., the 45.51%
suppression by 1:1 CBD:CBDA was greater than the
35.17% expression expected by 52X CBD+%X CBDA.

Next, the THP-1 cytokine suppression assay was run as
four independent experiments and only cytokines whose
expression was induced more than two-fold in the LPS
control versus the untreated sample in at least three out of
the four experiments were analyzed for suppression by the
dexamethasone control and the CBD and CBDA cannabi-
noids or the 1:1 equimolar mixture of the CBD:CBDA
cannabinoids. The results are summarized in Table 5.

TABLE 5
Suppression of cytokine induction in THP-1 by dexamethasone,
CBD, CBDA or the 1:1 equimolar mixture of CBD:CBDA
Percent cytokine suppression by dexamethasone,
CBD. CBDA or 1:1 CBD:CBDA

Cytokines Dexamethasone CBD CBDA 1:1 CBD:CBDA
EGF 0.74 -5.61 5.34 71.26
FGF-B -18.23 41.85 3037 58.97
Flt-3L 57.45 60.02  47.81 43.93
G-CSF 41.05 5132 77.66 67.15
GM-CSF 80.68 4516 43.68 47.23
IFNy 56.19 1371 60.44 49.19
IL-la 7.5 5514 44.04 54.61
IL-1B 67.84 71.06  53.82 61.02
14 56.32 14.63 1049 11.38
IL-6 90.56 66.26  69.39 69.39
IL-7 64.36 18.2 37.62 36.27
IL-10 74.07 3242 23.20 53.96
IL-12 p70 1.37 -31.17 8.24 32.27
IL-15 29.2 62.30  47.99 63.16
IL-18 -15.38 56.90  37.34 54.34
IP-10 64.85 67.08  73.87 64.75
MCP-1 83.18 43.90 5497 54.08
MIP-1p 73.58 3185 47.92 35.02
TNFa 45.33 2905 28.56 28.11
TNFB 72.69 68.24  45.83 87.5
Average 50.17 39.62 4243 52.18

The expression of 20 out of the 42 cytokines that were

analyzed was induced more than two-fold in the LPS versus
the untreated samples and either dexamethasone or the
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CBD, CBDA and the 1:1 equimolar mixture of CBD:CBDA
cannabinoids suppressed the expression of these cytokines.
The IFNy, IL-18, IL-2, IL-6, IL-12, IL-15, IL-16, IL-17,
1L-18, IL-23 and TNFa cytokines are widely recognized to
be inflammatory cytokines and all of them were included in
the cytokines that were analyzed except for IL-16 and 1L-23.
The expression levels of all of these cytokines was induced
more than two-fold by LPS with the exception of IL.-2 and
11-17. The expression levels of 7 out of the 7, or 100.00%,
of the inflammatory cytokines whose expression levels were
induced more than two-fold by LPS, could be strongly
suppressed by the cannabinoids. The IL-1RA, 1L.-4, IL-10,
1L-11, IL-13 and TGFf cytokines are widely recognized to
be anti-inflammatory cytokines and all of them were
included in the cytokines that were analyzed except for
IL-11 and TGFp. The expression levels of only 1 out of the
4, or 25% of the anti-inflammatory cytokines that were
analyzed could be induced at least two-fold by LPS and
strongly suppressed by the cannabinoids. Thus the cannabi-
noids preferentially targeted the suppression of inflamma-
tory cytokines as opposed to anti-inflammatory cytokines. It
is noteworthy that the suppression of FGF-2, IL-15, 1L.-18
could only be achieved by the cannabinoids and not dex-
amethasone and that IL.-15 and I[.-18 are generally recog-
nized as two of the more important inflammatory cytokines.

The suppression by the 1:1 equimolar mixture of CBD:
CBDA was 31.70% more effective than CBD and 22.98%
more effective than CBDA and the effectiveness of the
suppression by the 1:1 equimolar mixture of CBD:CBDA
versus CBD and CBDA was very similar to the results that
were achieved in the experiments that compared all of the
cannabinoids. The suppression by the 1:1 equimolar mixture
of CBD:CBDA was clearly synergistic compared to the
suppression by CBD or CBDA alone. The 52.18% suppres-
sion by 1:1 CBD:CBDA was greater than the 41.03%
expression expected by ¥2X CBD+/2X CBDA.

Example 3: Mouse LPS Cytokine Animal Model

This experiment was conducted to compare the ability of
CBD, CBDA or the 1:1 equimolar mixture of CBD:CBDA
to suppress the induction of cytokines whose expression
levels were induced in mice by LPS. If two out of the three
cannabinoids that were evaluated could suppress the levels
of cytokines that had been induced at least two-fold by LPS
then all three of the cannabinoids that were tested were
included in the analysis.

While mice have been routinely used as models for
human diseases, the use of mice to study inflammation and
autoimmune diseases in particular has been questioned,
since the immune system of mice behaves and is regulated
very differently than the immune system in humans (Mestas
and Hughes, 2004; Jameson and Masopust, 2018). None-
theless, the ability of agents to suppress the immune system
can be tested in vivo using an LLPS mouse model, in which
mice are injected with LPS to cause an immune response
(Field et al., 1970; Ghezzi P and Sipe J D, 1988). Similar to
the in vitro THP-1 LPS assay, compounds are then analyzed
for their ability to suppress the immune response by mea-
suring the cytokine levels.

Four 20 g female C57BL/6 mice were used per group. The
experimental mice were first injected with 0.1 mL of the
cannabinoids prepared at 1 mg/mL in phosphate buffer (PB)
with 5% DMSO to yield a final dose of 5 mg/kg, followed
one hour later by the injection of 0.1 mL of 0.02 mg/mL L.PS
in PB to yield a final dose of 0.1 mg/kg. Mice injected with
0.1 mL of PB with 5% DMSO and 0.1 mL of PBS served as
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a non-induced control and mice injected with 0.1 mL of PB
with 5% DMSO and 0.1 mL of 0.02 mg/ml. LPS in PB
served as a LPS untreated control. After allowing two hours
for the immune system to be induced by LPS, the mice were
then euthanized, heart punctures performed to extract the
blood, which was allowed to coagulate on ice for 1 hour
before centrifuging to isolate the serum. The levels of 32 of
the most common mouse cytokines (Eve Technologies,
Calgary, Canada, Table 6) were determined by multi-plex
analysis

TABLE 6

Mouse Cytokines

Abbreviation Full name

Eotaxin-1 Eotaxin-1

G-CSF Granulocyte colony-stimulating factor

GM-CSF Granulocyte macrophage colony stimulating factor

IFNy Interferon gamma

IL-1a Interleukin 1 alpha

IL-1p Interleukin 1 beta

IL-2 Interleukin-2

IL-3 Interleukin-3 (IL-3)

IL-4 Interleukin-4 (IL-4)

IL-5 Interleukin-5 (IL-5)

IL-6 Interleukin-6 (IL-6)

IL-7 Interleukin-7 (IL-7)

IL-9 Interleukin-9 (IL-9)

IL-10 Interleukin-10 (IL-10)

IL-12p p40 Interleukin-12 subunit p40

IL-12 p70 Interleukin-12 p70

IL-13 Interleukin-13

IL-15 Interleukin-15 (IL-15)

IL-17 Interleukin-17

IP-10 Interferon gamma-induced protein 10

KC Keratinocyte chemoattractant

LIF Leukemia inhibitory factor

LIX C-X-C motif chemokine 5

MCP-1 Monocyte chemoattractant protein-1

M-CSF Macrophage colony- stimulating factor

MIG Monokine induced by gamma interferon

MIP-1a Macrophage inflammatory protein-1 alpha

MIP-1p Macrophage inflammatory protein-1 beta

MIP-2 Macrophage inflammatory protein-2

RANTES Regulated on activation, normal T cell expressed and
secreted

TNF-a Tumor necrosis factor-alpha

VEGF-A Vascular endothelial growth factor

The induction of cytokine levels in C57BL/6 mice
induced with LPS and the suppression of cytokine levels by
the cannabinoids after LPS induction varied widely depend-
ing on the cytokine. For this reason, the level of cytokine
suppression was determined for each cytokine by each
cannabinoid that was tested and the total averaged suppres-
sion for each cannabinoid was determined by dividing the
total suppression by the number of the cytokines that were
analyzed. Because the purpose of this experiment was to
compare the effectiveness of CBD, CBDA or the 1:1 CBD:
CBDA mixture at suppressing cytokine levels, only cytok-
ines whose levels were induced at least two-fold by LPS in
the LPS-only control versus the untreated control and could
be suppressed by at least two of the cannabinoids were
considered for this analysis. The results are summarized in
Table 7.
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TABLE 7

Percent suppression of mouse cytokine induction in mice
by CBD, CBDA or a 1:1 equimolar mixture of CBD:CBDA

Percent suppression by CBD, CBDA or 1:1 CBD:CBDA

Cytokines CBD CBDA 1:1 CBD:CBDA
GM-CSF 34.53 27.86 2.08
IFNy -0.19 31.60 33.46
IL-1B 10.58 11.89 8.59
IL-2 -0.09 7.82 8.34
IL-6 4.49 6.09 12.61
IL-12p p40 34.89 58.93 27.98
IL-13 6.38 4.16 -10.80
IL-17 7.51 7.86 17.67
IP-10 1.72 4.58 5.82
KC 7.85 18.15 10.16
LIF 25.24 28.12 34.12
M-CSF 7.70 -51.56 47.81
MIP-1a 6.69 14.86 41.97
MIP-1B -0.77 9.12 21.39
MIP-2 34.56 20.19 29.65
TNF-a 24.74 19.69 44.53
Average 12.86 13.71 20.96

At least two out of the three cannabinoids that were tested,
CBD, CBDA or the 1:1 equimolar mixture of CBD:CBDA,
suppressed the expression of 16 out of the 23 cytokines that
were induced more than two-fold in the LPS versus the
untreated samples. The IFNy, IL-1f8, 1L-2, IL-6, 1L-12,
IL-15, IL-16, 1L.-17, 1L-18, IL-23 and TNFa cytokines are
widely recognized to be inflammatory cytokines and all of
them were included in the cytokines that were analyzed
except for IL-16, IL-18 and IL.-23. The expression levels of
7 out of the 8, or 87.50%, of the inflammatory cytokines that
were analyzed could be suppressed by the cannabinoids. The
IL-1RA, 1L-4, IL.-10, IL.-11, IL-13 and TGFf cytokines are
widely recognized to be anti-inflammatory cytokines and all
of them were included in the cytokines that were analyzed
except for IL-1RA, IL-11 and TGFp. The expression levels
of only 1 out of the 3, or 33.33% of the anti-inflammatory
cytokines that were analyzed could be induced at least
two-fold by LPS and strongly suppressed by the cannabi-
noids. Thus the cannabinoids preferentially targeted the
suppression of inflammatory cytokines as opposed to anti-
inflammatory cytokines. The suppression by the 1:1 equi-
molar mixture of CBD:CBDA was clearly synergistic com-
pared to the suppression by CBD or CBDA alone. The
20.96% suppression by 1:1 CBD:CBDA was greater than
the 13.29% expression expected by 2X CBD+%:X CBDA.

Example 4: Human Cellular U-937 Autophagy
Induction Assay

The induction of autophagy was monitored using anti-
LC3 antibodies to detect LC3 on the autophagosome in
human U-937 pro-monocytic histiocytic lymphoma cells
(ATCC, Manassas, VA, USA), which generate morphologies
characteristic of macrophages upon induction by various
stimuli. U-937 cells were cultured in RPMI-1640 medium
with L-glutamine and sodium bicarbonate (Sigma-Aldrich,
St Louis, MO) supplemented with 10% fetal bovine serum
(FBS) and 1% penicillin in 25 cm2 tissue flasks at 37° C. in
a 5% CO2 humidified atmosphere and passaged every 2-3
days. U-937 cells were seeded in 96 well plates at 5x105
cells/ml. and stimulated with 100 ng/ml. PMA to induce
differentiation for 24 hours. The cells were then treated with
the various cannabinoids at 1.0 uM concentrations for 12
hours. 30 uM chloroquine was used as a positive control.
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After treatment, the cells were fixed using 3.7% formalde-
hyde in PBS for 15 minutes at room temperature and washed
with PBS to remove the fixative. Permeabilization reagent
(0.2% Triton X-100 in PBS) (Sigma-Aldrich) was added, the
cells were incubated for 15 minutes at room temperature and
then the cells were washed with PBS to remove the per-
meabilization reagent. LC3B rabbit polyclonal antibody
(Invitrogen) was added at a final concentration of 0.5 ug/ml
for 1 hour at room temperature and the cells were washed
with PBS remove the primary antibody. Secondary conju-
gated goat anti-rabbit polyclonal antibody (Thermo Scien-
tific) was then added at a final concentration of 2.0 pg/ml for
1 hour at room temperature. The cells were washed, Hoechst
dye was added to stain the nucleus and the cells were imaged
using an Arrayscan VTI high-content screening (HCS)
reader (Thermo Scientific) with the appropriate filters and
the data was analyzed using the vHCS Scan software.

Autophagy, or autophagocytosis, is a complex lysosomal
based process that degrades and recycles proteins and cel-
Iular components. It has become increasingly evident that
autophagy is involved in regulating the immune system
(Kuballa et al., 2012) and that autophagy is dysfunctional
and downregulated in autoimmune diseases (Wang and
Muller, 2015; Wang et al., 2017). Autophagy has been
proposed as a potential treatment for inflammatory condi-
tions and autoimmune diseases (Nguyen et al., 2013) and as
therapeutics for the treatment of cancer (Mukhtar, et al.,
2012; Byun et al., 2017, Jiang et al., 2019).

Results are shown in Table 8. While most of the cannabi-
noids did not induce autophagy, CBL, CBLA, THCVA and
the 1:1 equimolar mixture of CBD:CBDA did. At a concen-
tration of 1.0 uM, CBL, CBLA, THCVA and the 1:1
equimolar mixture of CBD:CBDA increased autophagy
59.30%, 49.78%, 37.72%, and 40.37%, respectively, com-
pared to the untreated control. Chloroquine at a concentra-
tion of 30 uM was included as a positive control. The ability
to induce autophagy was determined as a percentage with
respect to the untreated control.

TABLE 8
Induction of autophagy

Compounds Fluorescence Induction
Untreated 48.25

Chloroquine (30 uM) 111.20

CBC 47.84 -0.85%
CBCA 42.61 -11.69%
CBD 45.43 -5.84%
CBDA 37.64 -21.99%
CBDV 38.19 -20.85%
CBDVA 39.29 -18.57%
CBG 37.35 -22.59%
CBGA 37.47 —-22.34%
CBL 76.86 +59.30%
CBLA 72.27 +49.78%
CBN 40.80 -15.44%
CBNA 36.89 —-23.54%
THCV 42.14 -12.66%
THCVA 66.45 +37.72%
1:1 CBD:CBDA 67.73 +40.37%

Discussion

Examples 1 to 4 demonstrate the ability of the major
non-psychotropic Cannabis cannabinoids to act as anti-
inflammatory agents, immunosuppressants and/or antioxi-
dants, as summarized in Table 9. While all of the tested
cannabinoids demonstrated at least some ability to suppress
cytokine induction, CBCA, CBDA, CBD, CBDVA, CBDV,
CBGA, CBG, CBLA, CBL, CBNA, CBN, THCVA, THCYV,
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and the 1:1 equimolar mixture of CBD:CBDA demonstrated
the strongest cytokine suppression in these studies. The
individual cannabinoids CBDA, CBD, CBDVA, CBDYV,
CBG, THCY, and a 1:1 equimolar mixture of CBD:CBDA
induced radical scavenging activity by at least two-fold
compared to the untreated control. The individual cannabi-
noids CBCA, CBD, CBDA, CBDV, CBDVA, CBG, CBGA,
CBLA, CBL, CBNA, CBN, THCVA, THCV, and a 1:1
equimolar mixture of CBD:CBDA were at least half as
effective as dexamethasone at reducing elevated cytokine
levels in differentiated THP-1 cells that had been treated
with LPS. The individual cannabinoids CBL, CBLA,
THCVA, and a 1:1 equimolar mixture of CBD:CBDA
proved to be particularly effective at inducing autophagy in
differentiated U937 cells.

TABLE 9

Summary of Results

% RSA % Cytokine % Autophagy
Compounds activity Suppression Induction
CBC 31.95 22.58 -0.85%
CBCA 19.02 34.58 -11.69%
CBD 48.00 33.15 -5.84%
CBDA 38.19 37.18 -21.99%
CBDV 44.21 36.72 -20.85%
CBDVA 43.81 32.37 -18.57%
CBG 44.28 35.84 -22.59%
CBGA 26.84 34.30 -22.34%
CBL 30.84 43.58 +59.30%
CBLA 21.18 34.42 +49.78%
CBN 33.83 37.04 -15.44%
CBNA 24.92 33.99 -23.54%
THCV 45.71 34.75 -12.66%
THCVA 29.22 28.37 +37.72%
1:1 CBD:CBDA 43.74 45.51 +40.37%
Example 5

Exemplary cannabinoid profiles of buds from a harvested
and dried hemp Cherry variety, a typical hemp strain with a
high CBDA content (Table 10) and Cherry Whine, a typical
hemp strain with a high CBDA content (Table 11) were
analyzed by Pixis Labs, Portland, Oregon, from hemp flow-
ers sold by Tweedle Farms, Portland, Oregon

TABLE 10

Cannabinoid profile of Cherry variety of hemp

Cannabinoid % by mass
CBC 0.125
CBCA 1.170
CBD 0.998
CBDA 19.500
CBDV 0.000
CBDVA 0.091
CBG 0.080
CBGA 0.328
D8-THC 0.000
D9-THC 0.127
THCA 0.652
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TABLE 11

Cannabinoid profile of Cherry Whine variety of hemp

Cannabinoid % by mass
CBC 0.238
CBCA 0.561
CBD 3.02
CBDA 12.100
CBDV 0.000
CBDVA 0.052
CBG 0.141
CBGA 0.401
A8-THC 0.000
A9-THC 0.247
THCA 0.186
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The complete disclosure of all patents, patent applica-
tions, and publications, and electronically available material
cited herein are incorporated by reference. In the event that
any inconsistency exists between the disclosure of the
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present application and the disclosure(s) of any document
incorporated herein by reference, the disclosure of the
present application shall govern. The foregoing detailed
description and examples have been given for clarity of
understanding only. No unnecessary limitations are to be
understood therefrom. The invention is not limited to the
exact details shown and described, for variations obvious to
one skilled in the art will be included within the invention
defined by the claims.

What is claimed is:

1. A method of administering a pharmaceutical composi-
tion comprising a cannabinoid mixture, wherein the can-
nabinoid mixture has an approximately 1:1 equimolar mix-
ture of CBD:CBDA, and wherein the cannabinoid mixture
comprises 1% or less of cannabinoids other than the CBD
and CBDA, comprising administering an effective amount
of the pharmaceutical composition for treating inflammation
or autoimmunity in a subject.

2. A method for treating at least one of inflammation and
autoimmunity in a subject, the method comprising admin-
istering, to the subject, a pharmaceutical composition com-
prising a cannabinoid mixture, wherein the cannabinoid
mixture has an approximately 1:1 equimolar mixture of
CBD:CBDA, and wherein the cannabinoid mixture com-
prises 1% or less of cannabinoids other than the CBD and
CBDA.

3. A method of treating at least one of:

rheumatoid arthritis;

Crohn’s disease;
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lupus erythematosus (SLE);

Sjogren syndrome;

immune thrombocytopenia purpura (ITP);

myasthenia gravis;

sarcoidosis;

Addison’s disease;

autoimmune hepatitis;

Celiac disease;

Grave’s disease;

idiopathic thrombocytopenia purpura;

multiple sclerosis;

primary biliary cirrhosis;

psoriatic disease;

scleroderma; or

systemic lupus in a subject, comprising administering, to

the subject, a pharmaceutical composition comprising a
cannabinoid mixture, wherein the cannabinoid mixture
has an approximately 1:1 equimolar mixture of CBD:
CBDA, and wherein the cannabinoid mixture com-
prises 1% or less of cannabinoids other than the CBD
and CBDA.

4. The method of claim 2, wherein treating the at least one
of inflammation or autoimmunity comprises treating or
preventing a symptom of inflammation.

5. The method of claim 1, wherein the subject is a
mammal.

6. The method of claim 5, wherein the subject is a human.
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