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Figure 3. Hutu-80 responses to alpha and beta acids isolated from NZ Hops Pacific Gem extract, AC130087-0
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ORAL DOSAGE FORMS COMPRISING A
HOPS EXTRACT

FIELD OF THE INVENTION

[0001] The present invention generally relates to hops
extracts in oral dosage forms and the use of the oral dosage
forms for reducing energy intake and/or appetite.

BACKGROUND OF THE INVENTION

[0002] With over 2 billion people currently overweight or
obese and predictions of almost half the world’s adult
population being overweight or obese by 2030, the need for
effective weight management has never been greater.
[0003] Many nutraceutical products are marketed to
people that want to lose weight. However, most of these
products are not effective and many result in unpleasant side
effects. For example, caffeine is a common ingredient in
weight loss products. While caffeine can suppress appetite in
some people, most users develop a tolerance to caffeine over
time and high doses of caffeine are associated with insom-
nia, irritability and rapid heartbeat.

[0004] Hops extracts have also been included in weight
loss products. However, previous investigation into the
weight management benefit of hops extracts has focused on
iso-acids, see for example METAO60 protects against diet-
induced obesity and insulin resistance in a high-fat-diet fed
mouse, Vroegrijk, Irene O. C. M. et al. Nutrition, Volume 29,
Issue 1, 276-283. Iso-acids are an isomerised form of the
native acids created when the acids from hops are heated
during the brewing process. Iso-acids only activate TAS2R1
and TAS2R14, ie the isomerised forms do not activate
TAS2R40. Furthermore, the primary target of isomerised
acids is TAS2R 1. However, this receptor is not present in all
individuals and has not been detected in the enteroendocrine
cell lines used for screening. In addition, isomerised acids
taste more bitter as TAS2R1 is also an oral receptor. The
bitterness is off-putting to some consumers.

[0005] Hops extracts are also known to be used for pur-
poses unrelated to weight management, eg as sleep aids.
Hops extracts prepared for non-weight management pur-
poses are commonly prepared in powder form to avoid
nausea and other undesired side effects associated with oral
delivery of hops extracts.

[0006] Accordingly, it is an object of the present invention
to go some way to avoiding the above disadvantages; and/or
to at least provide the public with a useful choice. Other
objects of the invention may become apparent from the
following description which is given by way of example
only.

[0007] Any discussion of documents, acts, materials,
devices, articles or the like which has been included in the
present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an
admission that any or all of these matters form part of the
prior art base or were common general knowledge in the
field relevant to the present invention as it existed before the
priority date.

SUMMARY OF THE INVENTION

[0008] Enhancement of satiety may play an important role
in increasing compliance during dieting or fasting and
thereby promoting successful weight management. In par-
ticular, activation of specific bitter taste receptors (TAS2Rs),
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expressed throughout the gastrointestinal (GI) tract by
enteroendocrine cells, can modulate feeding behaviour via
release of gut peptide hormones involved in the regulation of
GI function and appetite e.g. cholecystokinin (CCK) and
glucagon-like peptide 1 (GLP-1).

[0009] Although previous studies have detected the pres-
ence of TAS2Rs within the human gastrointestinal tract
(Kaji et al., 2009; Le Neve et al., 2010; Rozengurt et al.,
2006; Wu et al., 2002), these studies have been somewhat
limited in their scope and have not allowed for the detailed
mapping that is conducive to understanding chemosensory
systems and inferring potential physiological responses.
[0010] Work by the inventors has established the existence
of TAS2Rs in the gastrointestinal (GI) tract. The inventors
have also found that TAS2R14 and TAS2R40 are detectable
in the gut tissue of all tested subjects, whereas TAS2R1 was
only detectable in some individuals. Without wishing to be
bound by theory, the applicants currently believe that bind-
ing hops extracts to TAS2R40 and TAS2R 14 are important
in the weight management mechanism. Binding to TAS2R1
currently appears less important particularly where that
receptor is an oral receptor and is not found in the gut tissue
of all tested subjects.

[0011] Hops extracts (Humulus lupulus) are known to be
bitter and capable of activating TAS2Rs in mouth, particu-
larly TAS2R1, TAS2R14 and TAS2R40, see Three TAS2R
Bitter Taste Receptors Mediate the Psychophysical
Responses to Bitter Compounds of Hops (Humulus lupulus
L.) and Beer, Intelmann, D., Batram, C., Kuhn, C. et al.
Chem. Percept. (2009) 2: 118.

[0012] The inventors believe that extracts from hops can
be used to modify energy intake, subjective ratings of
appetite and gut peptide hormone concentrations. Without
wishing to be bound by theory, the inventors believe it is the
specific components of the hops extract, e.g. alpha acids
such as humulone, cohumulone, adhumulone, beta acids
such as lupulone, colupulone and adlupulone and prenylated
flavonoids such as xanthohumol that are capable of activat-
ing the TAS2Rs, particular TAS2R40 and TAS2R14, in the
GI tract. Alpha acids are currently believed to play a
prominent role in activating the receptors TAS2R40 and
TAS2R14 in the GI tract.

[0013] In particular, the inventors believe that cohumu-
lone is one of the strongest active compounds for stimulating
gut peptide hormone release from gut enteroendocrine cells.
As the enteroendocrine cell-lines used in the present inven-
tion appear not to express TAS2R1, the inventors believe
that cohumulone may act primarily through activating the
bitter taste receptor TAS2R40. Without wishing to be bound
by theory it is also believed that the presence of small
amounts of other alpha and beta acids in the hops extract
may work on other receptors, resulting in a synergistic
effect.

[0014] Accordingly, in one aspect the invention provides
a delayed release oral dosage form comprising a hops
extract, wherein the acid component of the hops extract is
not isomerised. In one embodiment, less than 40%, less than
30%, less than 20%, less than 10%, less than 5%, preferably
less than 2% of the acid component of the hops extract is
isomerised.

[0015] In another aspect, the invention provides an oral
dosage form comprising a hops extract, wherein the acid
component of the hops extract comprises 25-100% w/w
alpha-acids.



US 2021/0077412 Al

[0016] Inone embodiment the acid component of the hops
extract comprises 30-65% w/w alpha-acids. In one embodi-
ment the acid component of the hops extract comprises
40-55% wi/w alpha-acids. In one embodiment the acid
component of the hops extract comprises greater than 50%
w/w alpha acids.

[0017] In another aspect, the invention provides an oral
dosage form comprising a hops extract, wherein the alpha
acid component of the hops extract comprises 10-45% w/w
cohumulone, preferably 15-25% w/w cohumulone, prefer-
ably about 18-22% w/w cohumulone, more preferably about
20% w/w cohumulone.

[0018] Inone embodiment the oral dosage form comprises
5-200 mg cohumulone. In one embodiment the oral dosage
form comprises 10-100 mg cohumulone. In one embodiment
the oral dosage form comprises 20-50 mg cohumulone.
[0019] In one embodiment the oral dosage form of the
invention comprises 5-1000 mg of hops extract. In one
embodiment the oral dosage form comprises 10-800 mg of
hops extract. In one embodiment the oral dosage form
comprises 20-600 mg of hops extract. In one embodiment
the oral dosage form comprises 30-500 mg of hops extract.
In one embodiment the oral dosage form comprises 40-400
mg of hops extract. In one embodiment the oral dosage form
comprises 50-250 mg of hops extract. In one embodiment
the oral dosage form comprises about 50 mg of hops extract.
In one embodiment the oral dosage form comprises about
100 mg of hops extract. In one embodiment the oral dosage
form comprises about 250 mg of hops extract. In one
embodiment the oral dosage form comprises about 500 mg
of hops extract.

[0020] In one embodiment the hops extract is from the
cultivar Pacific Gem.

[0021] In one embodiment the hops extract is a CO,
supercritical extract.

[0022] In one embodiment the oral dosage form further
comprises an edible oil. Preferably the edible oil is canola
oil.

[0023] In one embodiment the ratio of edible oil to hops
extract is from 10:1 to 1:10. In one embodiment, the ratio of
edible oil to hops extract is from 2:1 to 1:2. Preferably the
ratio of edible oil to hops extract is about 1:1 or about 4:1.
[0024] In one embodiment the oral dosage form further
comprises an antioxidant. Preferably the antioxidant is an
edible oil. In one embodiment the edible oil is different to the
antioxidant edible oil. More preferably the antioxidant
edible oil is rosemary oil. In another embodiment the
antioxidant is a rosemary extract.

[0025] In one embodiment the oral dosage form further
comprises a viscosity modifier. Preferably the viscosity
modifier is silicon dioxide.

[0026] In one aspect, the invention provides a delayed
release oral dosage form comprising a single active compo-
nent, wherein the active component consists essentially of
cohumulone.

[0027] In one embodiment the oral dosage form is a
delayed release capsule. In one embodiment the delayed
release capsule is a Capsugel DRcaps capsule. In one
embodiment the delayed release capsule is a Capsugel
Licaps capsule.

[0028] In one embodiment the contents of the oral dosage
form has a viscosity between 250 cP and 8000 P. In one
embodiment the contents of the oral dosage form has a
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viscosity between 1 P and 3000 P. In one embodiment the
contents of the oral dosage form has a viscosity between 500
P and 2000 P.
[0029] In another aspect the invention provides an oral
dosage form comprising:
[0030] a) 100 mg of a supercritical CO, hops extract
from the cultivar Pacific Gem

[0031] D) approximately 492 mg canola oil

[0032] c¢) 1 mg rosemary oil and

[0033] d) optionally silicon dioxide
[0034] wherein the oral dosage form is a Capsugel DRcaps
capsule.
[0035] In another aspect the invention provides an oral

dosage form comprising:
[0036] a) 250 mg of a supercritical CO, hops extract
from the cultivar Pacific Gem

[0037] D) approximately 342 mg canola oil

[0038] c¢) 1 mg rosemary oil and

[0039] d) optionally silicon dioxide
[0040] wherein the oral dosage form is a Capsugel DRcaps
capsule.
[0041] In another aspect the invention provides an oral

dosage form comprising:
[0042] a) 100 mg of a supercritical CO, hops extract
from the cultivar Pacific Gem

[0043] D) approximately 492 mg canola oil

[0044] c¢) 1 mg rosemary oil and

[0045] d) optionally silicon dioxide
[0046] wherein the oral dosage form is a Capsugel Licaps
capsule.
[0047] In another aspect the invention provides an oral

dosage form comprising:
[0048] a) 250 mg of a supercritical CO, hops extract
from the cultivar Pacific Gem

[0049] D) approximately 342 mg canola oil

[0050] c¢) 1 mg rosemary oil and

[0051] d) optionally silicon dioxide
[0052] wherein the oral dosage form is a Capsugel Licaps
capsule.
[0053] In another aspect the invention provides an oral

dosage form comprising:
[0054] (a) 100 mg of a supercritical CO, hops extract
from the cultivar Pacific Gem

[0055] (b) approximately 400 mg canola oil

[0056] (c) 1 mg rosemary oil and

[0057] (d) optionally silicon dioxide
[0058] wherein the oral dosage form is a Capsugel DRcaps
capsule.
[0059] In another aspect the invention provides an oral

dosage form comprising:
[0060] (a) 250 mg of a supercritical CO, hops extract
from the cultivar Pacific Gem

[0061] (b) approximately 250 mg canola oil

[0062] (c) 1 mg rosemary oil and

[0063] (d) optionally silicon dioxide
[0064] wherein the oral dosage form is a Capsugel DRcaps
capsule.
[0065] In another aspect the invention provides an oral

dosage form comprising:
[0066] (a) 100 mg of a supercritical CO, hops extract
from the cultivar Pacific Gem

[0067] (b) approximately 400 mg canola oil
[0068] (c) 1 mg rosemary oil and
[0069] (d) optionally silicon dioxide
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[0070] wherein the oral dosage form is a Capsugel
Licaps capsule.
[0071] In another aspect the invention provides an oral
dosage form comprising:
[0072] (a) 250 mg of a supercritical CO, hops extract
from the cultivar Pacific Gem

[0073] (b) approximately 250 mg canola oil

[0074] (c) 1 mg rosemary oil and

[0075] (d) optionally silicon dioxide

[0076] wherein the oral dosage form is a Capsugel

Licaps capsule.
[0077] In another aspect the invention provides a method
of reducing energy intake by a subject, comprising admin-
istering an oral dosage form according to the invention to the
subject.

[0078] In another aspect the invention provides a method
of

[0079] (a) reducing appetite

[0080] (b) increasing satiety hormones

[0081] (c) weight management

[0082] (d) appetite control

[0083] (e) decreasing food intake

[0084] (f) inducing satiety and/or

[0085] (g) treating obesity

[0086] comprising administering an oral dosage form

according to the invention to the subject.

[0087] In another aspect the invention provides a method
of losing weight comprising administering an oral dosage
for according to the invention to a subject. In one embodi-
ment, the subject loses weight through decreased energy
intake and improved appetite control.

[0088] In one embodiment the oral dosage form is admin-
istered to the subject at least one hour before meal time. In
one embodiment the oral dosage form is administered to the
subject between one and three hours before meal time.
[0089] In one embodiment the oral dosage form is admin-
istered to provide 50-1000 mg of extract to the subject per
day. In one embodiment the oral dosage form is adminis-
tered to provide 100-800 mg of extract to the subject per day.
In one embodiment the oral dosage form is administered to
provide 200-600 mg of extract to the subject per day. In one
embodiment the oral dosage form is administered to provide
200 mg or 500 mg of extract to the subject per day. The oral
dosage forms may be administered as either a single daily
dose or divided doses throughout the day. For example, in
one embodiment a subject may take two dosage forms
comprising 100 mg of hops extract per day. In another
embodiment, a subject may take two dosage forms com-
prising 250 mg of hops extract per day.

[0090] In one embodiment the subject is following an
intermittent fasting protocol.

[0091] In one aspect the invention relates to the use of a
supercritical CO, hops extract from the cultivar Pacific
Gem, an edible oil, an antioxidant and optionally silicon
dioxide in the manufacture of an medicament for

[0092] (a) reducing energy intake
[0093] (b) reducing appetite

[0094] (c) increasing satiety hormones
[0095] (d) weight management

[0096] (e) appetite control

[0097] (f) decreasing food intake
[0098] (g) inducing satiety, and/or
[0099] (h) treating obesity
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[0100] wherein the medicament is in the form of a Cap-
sugel DRcaps capsule.

[0101] In one aspect the invention relates to the use of a
supercritical CO, hops extract from the cultivar Pacific
Gem, an edible oil, an antioxidant and optionally silicon
dioxide in the manufacture of an medicament for

[0102] (a) reducing energy intake

[0103] (b) reducing appetite

[0104] (c) increasing satiety hormones

[0105] (d) weight management

[0106] (e) appetite control

[0107] (f) decreasing food intake

[0108] (g) inducing satiety, and/or

[0109] (h) treating obesity

[0110] wherein the medicament is in the form of a Cap-

sugel Licaps capsule.

[0111] In one aspect, the invention provides a method of
reducing energy intake by a subject comprising administer-
ing an agent capable of binding TAS2R1, TAS2R14 and
TAS2R40 in the gastrointestinal tract of the subject.

[0112] In one aspect, the invention provides a method of
reducing energy intake by a subject comprising administer-
ing a hops extract to the subject, wherein the acid component
of the hops extract is not isomerised.

[0113] In one aspect, the invention provides a method of
extending a period of fasting comprising administering an
oral dosage form according to the invention to the subject.
[0114] In one aspect, the invention provides a method of
reducing appetite during a period of fasting comprising
administering an oral dosage form according to the inven-
tion to the subject.

[0115] It is intended that reference to a range of numbers
disclosed herein (for example, 1 to 10) also incorporates
reference to all rational numbers within that range (for
example, 1,1.1,2,3,3.9,4,5,6,6.5,7, 8,9 and 10) and also
any range of rational numbers within that range (for
example, 2 to 8, 1.5to 5.5 and 3.1 to 4.7) and, therefore, all
sub-ranges of all ranges expressly disclosed herein are
hereby expressly disclosed. These are only examples of what
is specifically intended and all possible combinations of
numerical values between the lowest value and the highest
value enumerated are to be considered to be expressly stated
in this application in a similar manner.

[0116] In this specification where reference has been made
to patent specifications, other external documents, or other
sources of information, this is generally for the purpose of
providing a context for discussing the features of the inven-
tion. Unless specifically stated otherwise, reference to such
external documents is not to be construed as an admission
that such documents, or such sources of information, in any
jurisdiction, are prior art, or form part of the common
general knowledge in the art.

[0117] The invention may also be said broadly to consist
in the parts, elements and features referred to or indicated in
the specification of the application, individually or collec-
tively, in any or all combinations of two or more of said
parts, elements or features, and where specific integers are
mentioned herein which have known equivalents in the art
to which the invention relates, such known equivalents are
deemed to be incorporated herein as if individually set forth.

BRIEF DESCRIPTION OF THE FIGURES

[0118] FIG. 1 shows the relative change in intracellular
calcium in Hutu80 enteroendocrine cells at 5 min following
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the addition of either a high alpha acid (Pacific Gem, 13.9%)
or low alpha acid (Wai-iti, 2.7%) hops extract.

[0119] FIG. 2 shows the isolation of cohumulone, humu-
lone plus adhumulone, colupulone and lupulone plus adlu-
pulone from a Pacific Gem hops extract.

[0120] FIG. 3 shows the relative change in intracellular
calcium in Hutu80 enteroendocrine cells at 5 min following
the addition of purified hops acids at doses of 200, 63.2, 20,
6.32, 2, 0.632, 0.2 and 0 pM.

[0121] FIG. 4 shows the energy intake (kJ) at lunch and
snack Ad libitum meals and combined (total) for subjects
administered an oral dosage form according to the invention
or a placebo.

[0122] FIG. 5 shows the gut peptide hormone responses
for subjects administered an oral dosage form according to
the invention or a placebo.

DEFINITIONS

[0123] The term “comprising” as used in this specification
and claims means “consisting at least in part of”. When
interpreting statements in this specification and claims
which include the term “comprising”, other elements
besides the elements prefaced by this term in each statement
can also be present. Related terms such as “comprise” and
“comprised” are to be interpreted in similar manner.
[0124] The phrase “consisting essentially of” will be
understood to include those elements specifically recited and
those additional elements that do not materially affect the
basic and novel characteristics of the claimed technology.
The phrase “consisting of” excludes any element not speci-
fied.

[0125] As used herein, the term “delayed release” means
that release of the active ingredient in the hops extract is
delayed until the dosage form has passed through the
stomach. Preferably release of the active ingredient is
delayed until the dosage form reaches the small intestine,
more preferably the duodenum.

[0126] The term “effective amount” is an amount which
produces a result or exerts an influence on energy intake,
appetite, satiety hormones, weight management, appetite
control, food intake, satiety and/or obesity in a subject. The
effective amount may vary based on the age, weight,
metabolism, sex, relative health and receptor expression of
the subject. In particular, an effective amount is an amount
sufficient to

[0127] a) reduce energy intake

[0128] b) reduce appetite

[0129] c¢) increase satiety hormones

[0130] d) manage weight

[0131] e) control appetite

[0132] ) decrease food intake

[0133] g) induce satiety, and/or

[0134] h) treat obesity

[0135] in a subject.

[0136] For convenience, the term “energy intake” is used

herein to refer to either energy intake per se, or as shorthand
reference for any of appetite, satiety hormones, weight
management, appetite control, food intake, satiety and/or
obesity as discussed above.

[0137] The term “pharmaceutically acceptable” as used
herein, means approved by a Government regulatory agency
for use in animals, in particular, humans. The excipient must
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be compatible with the other ingredients of the formulation
and not harmful to the subject to whom the composition is
administered.

[0138] The term “subject” as used herein includes
humans, horses, dogs, cats, pigs, sheep, cattle, and goats but
is not limited thereto. Preferably, the individual is a human.

DETAILED DESCRIPTION

[0139] The inventors have discovered that providing a
hops extract with high cohumulone and/or high alpha acid
content to the duodenum can reduce energy intake. Without
wishing to be bound by theory it is believed that the hops
extract works by binding certain TAS2Rs in the gut of a
subject, particularly TAS2R40 and TAS2R14 in the small
intestine and colon. Generally TAS2Rs are found throughout
the gastrointestinal (GI) tract, including the small intestine.
However, the hormone system triggered by the receptor is
different depending on which part of the GI tract the receptor
is located. The appetite suppression hormone connection is
located in the small intestine and colon. In particular,
targeting the receptors in the small intestine stimulates the
release of CCK, and targeting receptors in the colon stimu-
lates the release of GLP-1 and PYY. In contrast, activating
the same receptors in the stomach may result in increased
appetite, eg by stimulating ghrelin release.

[0140] To target the appropriate region of the gut, the hops
extract needs to be in an oral release form, preferably a
delayed release form. Once released, the active components
in the hops extract bind to the TAS2R receptors and stimu-
late the release of several appetite suppressing gut peptide
hormones including, CCK, GLP-1 and PYY.

[0141] Accordingly, in one aspect the invention provides
a delayed release oral dosage form comprising a hops
extract, wherein the acid component of the hops extract is
not isomerised.

[0142] In another aspect, the invention provides an oral
dosage form comprising a hops extract, wherein the acid
component of the hops extract comprises 25-100% w/w
alpha acids, preferably 30-65%, preferably 40-55% w/w
alpha acids. In one embodiment the hops extract comprises
greater than 50% w/w alpha acids.

[0143] The hops extract suitable for use in the invention
can be obtained from the flowers of any cultivar with a high
alpha acid or high cohumulone content. Alpha acids are
compounds found in the flower of the hop plants. Common
alpha acids include humulone, adhumulone, cohumulone,
posthumulone and prehumelone. A person skilled in the art
can readily analyse a hops extract to determine the alpha
acid content and/or cohumulone content using, for example
by using an HPLC base method as described in European
Brewery Convention. 1998. Iso a-, a- and f$-acids in hop
and isomerized hop extracts by HPLC. Section 7 Method
7.8, p. 1-4. In EBC analysis Committee (ed.), Analytica-
EBC, 5th ed. Verlag Hans Carl Getranke-Fachverlag: Niirn-
berg, Germany. 7. European Brewery Convention. 1998.
Other suitable methods for determining the alpha acid
content and/or cohumulone content of a hops extract, includ-
ing NMR spectroscopy and mass spectroscopy, are known to
the person skilled in the art.
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[0144] In some embodiments the hops extract is from a
cultivar selected from the group consisting of Pacific Gem,
Admiral, Newport, Columbus and Sticklebract.

[0145] In one embodiment, the hops extract is from the
cultivar Pacific Gem. “Pacific Gem” as used herein means
the hops variety with the varietal code 79-32.

[0146] In one embodiment, the hops extract is from the
cultivar Admiral. “Admiral” as used herein means the hops
variety protected as European plant variety number 1436.
[0147] In one embodiment, the hops extract is from the
cultivar Newport.

[0148] In one embodiment, the hops extract is from the
cultivar Sticklebract.

[0149] In one embodiment, the hops extract is from the
cultivar Columbus. “Columbus” as used herein means the
hops variety protected as European plant variety number
11647 or US plant patent 10956.

[0150] Commercially available sources of hops extracts
suitable for use in the invention include New Zealand Hops
(Nelson, New Zealand) and Hopsteiner (New York, USA).

[0151] In one embodiment, the cohumulone content of the
alpha acid component of the hops extract is about 10-45%,
in another embodiment, the cohumulone content of the alpha
acid component of the hops extract is about 15-25%, in
another embodiment, the cohumulone content of the alpha
acid component of the hops extract is about 12-22%, in
another embodiment, the cohumulone content of the alpha
acid component of the hops extract is about 20%. In another
embodiment, the oral dosage form comprises 5-200 mg
cohumulone, preferably 10-100 mg cohumulone, more pref-
erably about 20-50 mg cohumulone.

[0152] Inanother embodiment the hops extract is enriched
for alpha acids and/or cohumulone content. For example, in
one embodiment the acid component of the hops extract is
enriched so that the extract comprises 25-100% w/w alpha
acids, preferably 30-65%, preferably 40-55% w/w alpha
acids. In one embodiment the hops extract is enriched so that
it comprises greater than 50% w/w alpha acids. In another
embodiment, the hops extract is enriched so that the cohu-
mulone content of the alpha acid component of the hops
extract is about 10-45%, in another embodiment, the cohu-
mulone content of the alpha acid component of the hops
extract is about 15-25%, in another embodiment, the cohu-
mulone content of the alpha acid component of the hops
extract is about 12-22%, in another embodiment, the hops
extract is enriched so that the cohumulone content of the
alpha acid component of the hops extract is about 20%.
Methods for enriching the alpha acid and/or cohumulone
content of a hops extract are known to those skilled in the
art, including for example the use of organic solvents,
microwave systems, and super critical CO extraction.

[0153] In one embodiment the hops extract is not isom-
erised. In the context of the present invention, a hops extract
is not isomerised if less than 50%, preferably less than 40%,
less than 30%, less than 20%, less than 10%, less than 5%,
preferably less than 2% of the acid component of the hops
extract is isomerised. Non-isomerised acids are preferred
because as a whole (i.e alpha and beta acids) they can
activate all three TAS2Rs that are responsive to hops com-
pounds.

[0154] In one embodiment the oral dosage form of the

invention comprises 5-1000 mg of hops extract, preferably
10-800 mg, preferably 20-600 mg, preferably 30-500 mg,
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preferably 40-400 mg, preferably 50-250 mg, preferably 50
mg, preferably 100 mg, preferably 250 mg, or preferably
500 mg.

[0155] The amount of a hops extract that will be effective
to reduce a subject’s energy intake will vary depending on
the cultivar used to produce the hops extract. The effective
amount may also depend on factors specific to the subject
such as their sex, age, weight, metabolism, relative health
and receptor expression.

[0156] The hops extract of the invention is readily pre-
pared using conventional processing techniques. In one
embodiment, a hops extract suitable for use in the invention
can be obtained using any extraction process that concen-
trates the alpha-acids present in hops, including but not
limited to standard and high pressure solvent extractions
using hexane, dimethylether, ethyl acetate, acetone, ethanol,
methanol, toluene, water, oils, compressed gas, supercritical
fluid or combination thereof. Extraction methodologies may
include but are not limited to ultrasonic extraction, reflux
extraction, Soxhlet Extraction, Accelerated Solvent Extrac-
tions (ASE) using temperature and pressure, distillations
(vacuum or atmospheric pressure), enzyme-assisted extrac-
tion, microwave-assisted extraction and pulsed electric field
(PEF) assisted extraction, acid-base extraction including
derivatives of this method using chelation, and solid-Phase
extraction.

[0157] Suitable methods for preparing a hops extract for
use in the invention are also known in the art, for example

[0158] Gardner D. S. (1993) Commercial scale extrac-
tion of alpha-acids and hop oils with compressed CO,.
In: King M. B, Bott T. R. (eds) Extraction of Natural
Products Using Near-Critical Solvents. Springer, Dor-
drecht;

[0159] Culik, J., Jurkovd, M., Horak, T., Cejka, P,
Kellner, V., Dvorak, J., Karasek, P. and Roth, M.
(2009), Extraction of Bitter Acids from Hops and Hop
Products Using Pressurized Solvent Extraction (PSE).
Journal of the Institute of Brewing, 115: 220-225;

[0160] R Donley, James (1992). Solid-Phase Extraction
of Hop Acids from Beer or Wort for Subsequent
Analysis. Journal of the American Society of Brewing
Chemists. Vol 50 No. 3 p 89-93.

[0161] In some embodiments, the hops extract is a super-
critical CO, extract or a solvent extract. A supercritical CO,
extract can be prepared using standard techniques known to
the skilled person. In one embodiment, liquid carbon dioxide
is compressed and heated until it is at the desired extraction
conditions above 32° C. and 72 bar—the critical point for
CO,. Extraction conditions range up to 500 bar and 120° C.
depending on the extraction plant. This fluid is circulated
through the matrix until the soluble hops extract material is
removed. The carbon dioxide is reduced in pressure and
temperature and recovered for use within the same extrac-
tion job. New CO, is used for each new extraction job. The
extracted solids are then removed from the process and
either become a secondary product or are disposed of
appropriately. The resulting hops extract is a viscous or solid
paste, golden green brown, consisting of the alpha-acids,
beta-acids and hops oils, and other hops substances.

[0162] Insomeembodiments, the extract is prepared using
solvent extraction. A hops extract can be prepared using
standard solvent extraction techniques known to the skilled
person. In one embodiment ethanol is used as the solvent.
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[0163] In one aspect, the invention provides a delayed
release oral dosage form comprising a single active compo-
nent, wherein the active component consists essentially of
cohumulone. Cohumulone can be obtained commercially
from chemical suppliers, prepared by purification from hops
or obtained by chemical synthesis. Various standard syn-
thetic methods and techniques, including but not limited to
synthetic chemistry transformations and protecting group
based methods, allows for the chemical synthesis of cohu-
mulone from available chemicals by those skilled in the art.
Synthetic chemistry methodologies useful in synthesising
cohumulone include those described in M. Verzele and D.
De Keukeleire, Chemistry and Analysis of Hop and Beer
Bitter Acids, Elsevier: Amsterdam (1991) and T. W. Greene
and P. G. M. Wuts, Protective Groups in Organic Synthesis,
2nd ed., John Wiley and Sons (1991). Synthesized cohumu-
lone can be isolated from the synthesis reaction by a variety
of methodologies, including but not limited to HPLC and
recrystallization. Methodologies for the chemical synthesis
of cohumulone may be performed in an alternative order
and/or using alternative methodologies, as may be under-
stood by a person skilled in the art. In one embodiment,
cohumulone can be isolated from a hops extract using a
fractionation process as described below in Example 4.
[0164] Inone embodiment the delayed release oral dosage
form also includes a pharmaceutically acceptable carrier.
Suitable carriers are known to the skilled person and include
silica gel and magnesium stearate.

[0165] Oral dosage forms may be prepared by combining
the hops extract with at least one pharmaceutically accept-
able excipient suitable for use in solid oral dosage forms.
The product is then shaped into the desired dosage form, for
example by compression or molding.

[0166] Suitable excipients include but are not limited to
diluents, granulating agents, wetting agents, suspending
agents, fillers, lubricants, binders, solvents, glidants, preser-
vatives, flavourings, colourings, sweeteners and disintegrat-
ing agents.

[0167] The skilled person is capable of selecting appro-
priate excipients depending of the type of oral dosage form
being manufactured. For example, fillers include, but are not
limited to talc, calcium carbonate granules or powder,
microcrystalline cellulose, powdered cellulose, kaolin, man-
nitol, sorbitol and starch. Lubricants include but are not
limited to calcium stearate, light mineral oil, glycerin, sor-
bitol, mannitol, polyethylene glycol, sodium lauryl sulfate,
hydrogenated vegetable oil and agar. Wetting agents include
but are not limited to lecithin and polyoxyethylene stearate.
Suspending agents include but are not limited to sodium
carboxymethylcellulose, methylcellulose and sodium alg-
inate.

[0168] Generally, the dosage form needs to be of a type
which permits delayed release of the hops extract until the
dosage form reaches the small intestine. Suitable oral dosage
forms and delayed release dosage forms are known in the
art. We refer to Remington’s Pharmaceutical Sciences,
Allen, et al., 22nd Ed. ISBN 978-0-85711-062-6. Examples
of dosage forms include, but are not limited to, tablets,
capsules (both hard gelatin capsules and soft gelatin cap-
sules), pills, pellets, capsules containing liquids, troches,
dragees, pastilles and lozenges.

[0169] The oral dosage form is preferably prepared as a
delayed release form. Delayed release forms are known in
the art, for example multilayer forms in which the active
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hops extract is contained in an inner layer, or a coated form

in which the hops extract is held inside a protective coating.

Preferably the delayed release dosage form provides deliv-

ery of the extract to the duodenum.

[0170] In another embodiment, the oral dosage form may

be a capsule. Hard or soft form capsules are possible. In one

embodiment the oral dosage form is a delayed release
capsule, for example a DRcaps capsule from Capsugel as
described in WO 2011/036601 published 31 Mar. 2011. In
one embodiment the capsule is banded. In this context,
“banded” means the capsule is sealed. For example, once the
capsule is filled and the capsule parts have been joined,
banding may be carried out using gelatin or HPMC (hy-
droxypropylmethyl cellulose) to seal the joint between the
capsule parts. DRcaps are HPMC (hydroxypropylmethyl
cellulose) capsules which are gastric-resistant and mostly
disintegrate in the small intestine. DRcaps capsules start to

release at the distal end of the stomach after about 45

minutes.

[0171] Capsugel DRcaps capsules provide several advan-

tages over other dosage forms, including

[0172] a) reduced side effects as compared to stomach
delivery. For example, side effects associated with stom-
ach delivery of hops can include nausea, gastric discom-
fort, eructation, stomach rumbling, loose stool and/or
bloating.

[0173] b) ensures that the appetite suppressant hormones
are released in time to reduce food intake (if the capsule
is taken an hour before a meal).

[0174] c¢) improved bioaccessibility and dispersal of the
active component. Because the active component is in
liquid form it disperses in the GI tract and can target the
TAS2R receptors more easily than a non-liquid formula-
tion.

[0175] In one embodiment the oral dosage form is a Flofit

hard gelatin banded capsule from ACG North America in the

United States.

[0176] In one embodiment the oral dosage form is a

Licaps Liquid-Filled Capsule from Capsugel as described in

U.S. Pat. No. 8,377,471B2 or U.S. Pat. No. 8,715,722B2.

Licaps capsules are HPMC (hydroxypropylmethyl cellu-

lose) capsules.

[0177] Inone embodiment the oral dosage form comprises

a size 0 capsule. Other capsule sizes may be used and the

skilled person can select an appropriate size based on the

amount of hops extract, oil and other components to be
encapsulated. For example, size 00 or size 1 capsules may be
used.

[0178] The capsule may contain surfactants, lubricants,

and inert fillers such as lactose, sucrose, calcium phosphate,

and corn starch. The capsule may have the active in solid
form (eg granules), inside the capsule. In another embodi-
ment, the capsule may have the active in a liquid form inside
the capsule. For example, an oily suspension may be for-
mulated by suspending the hops extract in an edible oil.

Alternatively, the hops extract and oil could be combined as

an emulsion.

[0179] In one embodiment, the hops and oil mixture can

be made by adding the required weight of edible oil to a hops

extract and mixing the components until a homogeneous
suspension is obtained.

[0180] Accordingly, in one embodiment the oral dosage

form comprising a capsule comprises an edible oil. Suitable

edible oils are known to the skilled person. In one embodi-
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ment the edible oil is safe for human consumption and
relatively stable. The oil may be selected from the group
consisting of canola, flaxseed, corn, soybean, mineral, saf-
flower, sesame, coconut, avocado, peanut and olive oil. A
mineral oil such as liquid paraffin could also be used. Canola
oil is currently preferred.

[0181] In one embodiment the ratio of edible oil to hops
extract is from 10:1 to 1:10. In one embodiment, the ratio of
edible oil to hops extract is from 5:1 to 1:5. In one embodi-
ment, the ratio of edible oil to hops extract is about 1:1 or
about 4:1.

[0182] The mixture may also contain one or more preser-
vatives, for example, ethyl or n-propyl p-hydroxybenzoate;
one or more colouring agents; one or more flavouring
agents; and one or more sweetening agents such as sucrose
or saccharin. In one embodiment, a preservative is added to
the hops extract and oil mixture.
[0183] In one embodiment, the preservative is an antioxi-
dant, added to prevent oxidation of the oil and hops extract.
Any suitable antioxidant may be used, for example in one
embodiment the antioxidant is a second edible oil. In one
embodiment, the edible oil and antioxidant edible oil are
different edible oils. Rosemary oil is currently preferred.
Other preservatives include Vitamin E, butylated hydroxy-
anisole (BHA), butylated hydroxytoluene (BHT), propyl
gallate (PG), tert-Butylhydroquinone (TBHQ) but are not
limited thereto.
[0184] In one embodiment, a viscosity modifier is added
to the hops extract and oil mixture. For example, in one
embodiment silicon dioxide is added to achieve suitable
viscosity of the final formula. In one embodiment corn
starch is added to achieve suitable viscosity of the final
formula. A thickening agent such as, for example, beeswax,
hard paraffin, or cetyl alcohol may also be used with the hops
and oil mixture to modify viscosity. A suitable viscosity
refers to the viscosity of the formulation being chosen to
allow the hops extract to distribute throughout the duode-
num without clumping. In one embodiment, the viscosity of
the formulation is greater than 250 cP and less than 8000 P.
In one embodiment the contents of the oral dosage form has
a viscosity of greater than 1 P and less than 3000 P. In one
embodiment the contents of the oral dosage form has a
viscosity of greater than 500 P and less than 2000 P.
[0185] In one embodiment, the oral dosage form com-
prises:

[0186] (a) 100 mg of a supercritical CO, hops extract

from the cultivar Pacific Gem

[0187] (b) approximately 492 mg canola oil
[0188] (c) 1 mg rosemary oil and
[0189] (d) optionally silicon dioxide
[0190] wherein the oral dosage form is a Capsugel
DRcaps capsule.
[0191] In one embodiment, the oral dosage form com-
prises:
[0192] (a) 250 mg of a supercritical CO, hops extract
from the cultivar Pacific Gem
[0193] (b) approximately 342 mg canola oil
[0194] (c) 1 mg rosemary oil and
[0195] (d) optionally silicon dioxide
[0196] wherein the oral dosage form is a Capsugel
DRcaps capsule.
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[0197] In one embodiment, the oral dosage form com-
prises:
[0198] (a) 100 mg of a supercritical CO, hops extract
from the cultivar Pacific Gem
[0199] (b) approximately 492 mg canola oil
[0200] (c) 1 mg rosemary oil and
[0201] (d) optionally silicon dioxide
[0202] wherein the oral dosage form is a Capsugel
Licaps capsule.
[0203] In one embodiment, the oral dosage form com-
prises:
[0204] (a) 250 mg of a supercritical CO, hops extract
from the cultivar Pacific Gem
[0205] (b) approximately 342 mg canola oil
[0206] (c) 1 mg rosemary oil and
[0207] (d) optionally silicon dioxide
[0208] wherein the oral dosage form is a Capsugel
Licaps capsule.
[0209] In one embodiment, the oral dosage form com-
prises:
[0210] (a) 100 mg of a supercritical CO, hops extract
from the cultivar Pacific Gem
[0211] (b) approximately 400 mg canola oil
[0212] (c) 1 mg rosemary oil and
[0213] (d) optionally silicon dioxide
[0214] wherein the oral dosage form is a Capsugel
DRcaps capsule.
[0215] In one embodiment, the oral dosage form com-
prises:
[0216] (a) 250 mg of a supercritical CO, hops extract
from the cultivar Pacific Gem
[0217] (b) approximately 250 mg canola oil
[0218] (c) 1 mg rosemary oil and
[0219] (d) optionally silicon dioxide
[0220] wherein the oral dosage form is a Capsugel
DRcaps capsule.
[0221] In one embodiment, the oral dosage form com-
prises:
[0222] (a) 100 mg of a supercritical CO, hops extract
from the cultivar Pacific Gem
[0223] (b) approximately 400 mg canola oil
[0224] (c) 1 mg rosemary oil and
[0225] (d) optionally silicon dioxide
[0226] wherein the oral dosage form is a Capsugel
Licaps capsule.
[0227] In one embodiment, the oral dosage form com-
prises:
[0228] (a) 250 mg of a supercritical CO, hops extract
from the cultivar Pacific Gem
[0229] (b) approximately 250 mg canola oil
[0230] (c) 1 mg rosemary oil and
[0231] (d) optionally silicon dioxide
[0232] wherein the oral dosage form is a Capsugel
Licaps capsule.
[0233] The oral dosage form may be used to reduce energy
intake in a subject, for reducing appetite, for increasing
satiety hormones, for weight management, for appetite con-
trol, for decreasing food intake, for inducing satiety and/or
for treating obesity in a subject.
[0234] In one embodiment, the invention therefore pro-
vides a method of reducing energy intake by a subject,
comprising administering an oral dosage form according to
the invention to the subject.
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[0235] In one embodiment, the invention provides a
method of reducing appetite, for increasing satiety hor-
mones, for weight management, for appetite control, for
decreasing food intake, for inducing satiety, and/or for
treating obesity in a subject, comprising administering an
oral dosage form according to the invention to the subject.
[0236] In one embodiment, the invention provides a
method of losing weight (effecting weight loss) comprising
administering an oral dosage for according to the invention
to a subject. In one embodiment, the subject loses weight
through decreased energy intake and improved appetite
control.

[0237] The oral dosage form is administered in an effec-
tive amount. A person skilled in the art can predict an
effective amount from dose-response curves derived from in
vitro or animal model tests. For example, an oral dosage
form comprising 100 mg of Pacific Gem hops extract
contains 51 mg (143 uM) of acids. This dose provides 20 mg
or 57 uM of cohumulone and 31 mg or 85 uM of adhumu-
lone/humulone. Assuming a gastric volume of 1 L, the
dosing is above the EC50 concentrations determined from in
vitro testing for pure compounds (~20 uM).

[0238] An effective amount of the hops extract will be
about 10 mg to about 1000 mg of extract per day. A 10 mg
to 1000 mg dose of a CO, Pacific Gem extract corresponds
to about 2 to 200 mg of cohumulone and about 5 to 500 mg
of alpha acids. In one embodiment, an effective amount of
the hops extract will be about 20 mg to about 800 mg of
extract per day. A 20 mg to 800 mg dose of a CO, Pacific
Gem extract corresponds to about 4 to 160 mg of cohumu-
lone and about 10 to 400 mg of alpha acids. In one
embodiment, an effective amount of the hops extract will be
about 50 mg to about 500 mg of extract per day. A 50 mg to
500 mg dose of a CO, Pacific Gem extract corresponds to
about 10 to 100 mg of cohumulone and about 25 to 250 mg
of alpha acids. In one embodiment, an effective amount of
hops extract is about 100 mg to about 200 mg per day. A 100
mg to 200 mg dose of a CO, Pacific Gem extract corre-
sponds to about 20 to 40 mg of cohumulone and about 50 to
100 mg of alpha acids. The effective amount may be either
a single daily dose or divided doses throughout the day. For
example, in one embodiment a subject may take two dosage
forms comprising 100 mg of hops extract per day. In another
embodiment, a subject may take two dosage forms com-
prising 250 mg of hops extract per day.

[0239] In one embodiment the oral dosage form is admin-
istered to the subject before an eating occasion. In one
embodiment the oral dosage form is administered at least 30
minutes before an eating occasion. In one embodiment the
oral dosage form is administered at least 45 minutes or one
hour before an eating occasion. In one embodiment the oral
dosage form is administered between one and three hours
before an eating occasion. In one embodiment the oral
dosage form is administered to the subject about one hour
before an eating occasion. An eating occasion may be a main
meal ie, breakfast, lunch or dinner, or any another time
during the day where the subject expects to eat eg, morning
tea or supper, or when the subject is prone to unnecessary
eating eg, snacking after dinner or mid-afternoon.

[0240] In one embodiment the oral dosage form may be
used to support a diet or intermittent fasting protocol. In this
context, intermittent fasting means an eating pattern that
cycles between periods of fasting and eating and where the
fasting periods are longer than usually occurs with conven-
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tional eating patterns (eg, breakfast, lunch and dinner). An
example of an intermittent fasting protocol is the 5:2 diet,
where subjects fast, or eat very limited calories, for two days
each week. The oral dosage form can be used on the two
calorie limited days of the week to suppress appetite. Other
examples of intermittent fasting protocols include protocols
with different numbers of fasting days for example, alternate
day fasting or fasting one day a week. Another example of
intermittent fasting is where a subject fasts or eats very
limited calories for one week of every month. Another
example of intermittent fasting is a regularly scheduled
fasting period within a day, for example extended overnight
fasting (eg, the 16:8 protocol) or not eating before or after
a certain time each day.

[0241] In one embodiment the oral dosage form may be
used to extend a period of fasting. For example, in one
embodiment the oral dosage form may be used to extend the
period of time before a subject is hungry enough to eat, or
to suppress appetite during any period of fasting, or to
reduce appetite to avoid eating outside of designated meal
times. Each dosage may remain effective for up to four to
five hours.

[0242] In one embodiment, 100 mg of extract is admin-
istered to the subject prior to each eating occasion. In one
embodiment a subject may have five eating occasions per
day. For example, three meals, one snack, and one supple-
mental use.

[0243] In one embodiment, an oral dosage form compris-
ing 250 mg of hops extract is administered to the subject
once or twice a day.

[0244] In one embodiment, an oral dosage form compris-
ing 100 mg of hops extract is administered to the subject
once or twice a day.

[0245] In one embodiment the invention relates to the use
of a supercritical CO, hops extract from the cultivar Pacific
Gem in the manufacture of a medicament for reducing
energy intake, for reducing appetite, for increasing satiety
hormones, for weight management, for appetite control, for
decreasing food intake, for inducing satiety, and/or for
treating obesity. In one embodiment the medicament is in the
form of a Capsugel DRcaps capsule. In one embodiment the
medicament is in the form of a Capsugel Licaps capsule. In
one embodiment the capsule contains an oil formulation
comprising the hops extract, an edible oil, an antioxidant and
optionally silicon dioxide as discussed above. In one
embodiment the capsule contains an oil formulation com-
prising the hops extract, an edible oil and an antioxidant as
discussed above.

[0246] In one embodiment, the invention provides a
method of reducing energy intake by a subject comprising
administering an agent capable of binding TAS2RI1,
TAS2R14 and TAS2R40 in the gastrointestinal tract of the
subject. In one embodiment the agent is a hops extract as
described above. In another embodiment the agent is an oral
dosage form of the invention.

[0247] In one embodiment, the invention provides a
method of reducing energy intake by a subject comprising
administering a hops extract to the subject, wherein the acid
component of the hops extract is not isomerised. In one
embodiment the hops extract is formulated as an oral dosage
form of the invention.

[0248] In one embodiment, the invention provides a
method of extending a period of fasting comprising admin-
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istering a hops extract to the subject. In one embodiment the
hops extract is formulated as an oral dosage form of the
invention.

[0249] In one embodiment, the invention provides a
method of reducing appetite during a period of fasting
comprising administering a hops extract to the subject. In
one embodiment the hops extract is formulated as an oral
dosage form of the invention.

[0250] Various aspects of the invention will now be illus-
trated in non-limiting ways by reference to the following
examples.

EXAMPLES

General Protocol

[0251] Unless otherwise stated, the following general pro-
tocol was followed.

Example 1: Hops Responsive TAS2R in the Gut

[0252] Gut biopsy samples were taken from 28 subjects.
Five or 10 regions of the gut were sampled for each subject
using either gastroscopy or colonoscopy. The regions
sampled using gastroscopy were the gastric fundus, gastric
body, gastric antrum, D2 duodenum and proximal jejunum.
The regions sampled using colonoscopy were the terminal
ileum, ascending colon transverse colon, sigmoid colon and
rectum.

[0253] A total of 15 samples (from different individuals)
were collected from all regions save the proximal jejunum,
where 14 were collected as one sample failed post process-
ing quality control.

[0254] Analysis of the sample was done by NanoString
nCounter gene expression assay. A detection cut off of 50
counts was chosen based on the highest values in the
negative control samples as well as also being greater than
the average of the negative controls plus 2 standard devia-
tions.

[0255] TAS2R14 was present in all samples (149/149).
TAS2R40 was present in most samples (128/149). TAS2R1
was present in some samples (14/149).

[0256] At an individual subject level, all subjects had
TAS2R14 and TAS2R40 present in at least one of the
sampled regions. However, only four of the 28 subjects had
TAS2R1 in at least one of the sampled regions.

Example 2: Hops Extract

[0257] Supercritical CO, Pacific Gem hop extract was
sourced from NZ Hops.

[0258] The chemical composition of the supercritical CO,
hops extract was determined by LCMS. The method used
was that described in European Brewery Convention. 1998.
Iso a-, a- and p-acids in hop and isomerized hop extracts by
HPLC. Section 7 Method 7.8, p. 1-4. In EBC analysis
Committee (ed.), Analytica-EBC, 5th ed. Verlag Hans Carl
Getranke-Fachverlag: Nurnberg, Germany. 7. European
Brewery Convention. 1998. The chemical composition was:
alpha acids (50.99%) comprising cohumulone (20.03%) and
adhumulone/humulone (30.96%); Beta acids (29.45%) com-
prising colupulone (20.25%) and adlupulone/lupulone
(9.20%). Trace amounts of xanthohumol (0.07%), a pre-
nylated chalconoid, were also detected.
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Example 3: A Comparison of High Alpha Acid and
Low Alpha Acid Hops Extracts

[0259] High alpha acid (Pacific Gem) and low alpha acid
(Wai-iti) hops were sourced from NZ hops. Hops extracts
were produced using an ethanol extraction based method
that had an additional sugar removal step. A 7.5 g sample of
freeze-dried, ground hops was placed in a 125 ml Schott
bottle with 75 mL of extraction solution (ethanol/water/1M
HCI=80:19:1; degassed and saturated with nitrogen). The
mixture was homogenized (using an Ultra Turrax) for two
minutes, then residue was rinsed off the Ultra Turrax into the
bottle with a small amount of fresh extraction solution. The
Schott bottle was flushed with nitrogen then capped and
shaken overnight on an orbital shaker/roller for approxi-
mately 18 hours, covered with foil to reduce exposure to
light and at ambient temperature. The resulting suspension
was centrifuged at 10000 rpm for five minutes at room
temperature. The supernatant was transferred to a clean 250
ml round bottomed flask and 0.5 g of Waters Oasis™ gel
was added. The sample was taken down as near to dryness
as practicable using reduced pressure on a rotary evaporator
(water bath at ~25° C.), with the flask covered with alu-
minium foil to reduce the light. The drying process was
completed using the freeze drier. The flask was reweighed
and the mass of the crude sample is calculated. The flask was
flushed with nitrogen, sealed with a plastic stopper and
stored at =20° C. until ready for the fractionation step.
[0260] For the fractionation step, a Waters Oasis™ SPE
cartridge (20 cc, 1 g) was prepared by conditioning it with
5 mL of methanol (degassed and saturated with nitrogen)
followed by 10 ml of double-RO water (degassed and
saturated with nitrogen), using the vacuum manifold.
[0261] The sample-coated Oasis™ gel was slurried with
water (15 mL) and left to hydrate for 10 min. The slurry was
then applied to the top of the pre-conditioned SPE cartridge.
The vacuum manifold was used to draw the slurry down
onto the packing in the cartridge.

[0262] The SPE cartridge was washed with 75 mL of
double-RO water (degassed and saturated with nitrogen) to
remove endogenous sugars (for small fruits and samples
high in sugars, use 150 ml.) and the water washings put
aside.

[0263] The phenolic material was eluted with methanol
(50 ml., degassed and saturated with nitrogen), and the
eluent collected into a tared 100 mL round-bottomed flask.
The solvent was removed under reduced pressure on a rotary
evaporator and the drying process was completed using a
freeze drier. The tared flask was reweighed and the mass of
the isolated phenolic material calculated.

[0264] The dried material was redissolved in 15 mL of
methanol (degassed and saturated with nitrogen) and 1 mL
aliquots pipetted out into each of 15 Eppendorf tubes (each
tube therefore contained the phytochemicals present ~500
mg of dried hops material). The solvent was removed under
reduced pressure on the Labconco (Kansas, US) Centrivap
concentrator, and each tube stored at —20° C. until required.
[0265] The capacity for hops extracts to activate bitter
taste receptors was assessed using intracellular calcium
concentrations [Ca2+]i as a marker of both Tas2R activation
and appetite suppressing hormone release. A screening assay
was carried out to compare the effects of high alpha acid and
low alpha acid hops extracts on intracellular calcium in
Hutu80 enteroendocrine cells. The acid composition of the
high alpha acid hops was alpha acid (13.9%), beta acid
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(7.4%). The acid composition of the low alpha acid hops was
alpha acid (2.7%) beta acid (5.0%).

[0266] An EC,, dose response showing the relative
change in intracellular calcium in Hutu80 enteroendocrine
cells at 5 min following the addition of either a high alpha
acid (Pacific Gem, 13.9%) or low alpha acid (Wai-iti, 2.7%)
hops extract is shown in FIG. 1 and Table 1. The high alpha
acid extract was shown to be significantly more effective at
stimulating bitter taste receptor signalling in human
enteroendocrine cells than the low alpha acid extract. The
greater capacity of the Pacific gem extract to induce bitter
taste receptor signalling demonstrates that the alpha acids
are primary mediator of this bioactivity and further that hops
extracts higher in alpha acids would stimulate greater release
of appetite supressing peptide hormones.

TABLE 1
Hops EC 50 (ug/ml)
High alpha acid
Low alpha acid 21

Example 4: Fractionation and Isolation of
Cohumulone and Adhumulone/Humulone

[0267] A Pacific gem hop extract was coated onto 3 g C18
(Aldrich octadecyl-functionalized silica gel) by rotary
evaporating at 30° C. and applied to the pre-conditioned 5 g
C18 Isolute SPE cartridge preconditioned with EtOH, 1:1
EtOH:H20,

[0268] H,O (10 ml).

[0269] This was eluted with 2x10 ml of 50:50 EtOH:H20,
60"40 EtOH:H20, EtOH, 70"30 EtOH:H20, EtOH, 80"20
EtOH:H20, EtOH, 90"10 EtOH:H20, EtOH and EtOAc to
give 16 10 ml fractions.

[0270] Fraction 5-8 (965 mg), contained a concentration
of the target compounds, xanthohumol and the alpha and
beta bitter acids. These were identified by both HPLC and
TLC using a mobile phase of heptane (85%), isopropyl
alcohol (14.5%) and formic acid (0.5%). The bands were
visualised using a Fe (III) dip (10% FeCl3 in H20).
[0271] Xanthohumol produced an orange visual band TL.C
Rf=0.22 and HPLC RT 37.1 min. The alpha bitter acids
produce a visible blue band after treatment. Rf=0.36 (RT
38.1-38.3 min); and the beta bitter acid produced a visible
red band. Rf=0.46 (RT 38.6-38.8 min).

[0272] A portion of the bitter acid fraction (100 mg) was
taken up in methanol (1.9 ml) and subjected to RP semi
preparative chromatography using Phenomenex Luna 5 um,
C18 (2) 100 A, 250x10 mm column with a Merck LIChro-
spher 100 RP-18 e (5 um) guard fitted. This used a tem-
perature of 30° C., mobile phase 90:10 methanol (HPLC
grade), H,O (Milli Q) containing 2.5% formic acid and a
flow rate of 4.5 ml/min and monitored at 370 nm.

[0273] Four fractions were collected as shown in FIG. 2
and identified as cohumulone (RT 38.1 min), humulone plus
adhumulone (RT 38.3 min), colupulone (RT 38.6 min) and
lupulone plus adlupulone (RT 38.8 min) by TLC and con-
firmed by "H NMR. (Schlotterbeck & Bayer 1996).

Example 5: Hutu-80 Response to Pure Acids

[0274] Hutu-80 responses to a Pacific gem hops extract
and pure hops alpha and beta acids was determined in an
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assay screening system. The alpha acids tested were cohu-
mulone and adhumulone/humulone (not discriminated by
the analysis technique). The beta acids were colupulone and
adlupulone/lupulone (not discriminated by the analysis tech-
nique).

[0275] To prepare the fractionated sample, Pacific Gem
hop extract was coated onto 3 g C18 (Aldrich octadecyl-
functionalized silica gel) by rotary evaporating at 30° C. and
applied to the pre-conditioned 5 g C18 Isolute SPE cartridge
preconditioned with EtOH, 1:1 EtOH:H20, H20 (10 ml).
[0276] This was eluted with 2x10 ml of 50:50 EtOH:H20,
60"40 EtOH:H20, EtOH, 70"30 EtOH:H20, EtOH, 80"20
EtOH:H20, EtOH, 90"10 EtOH:H20, EtOH and EtOAc to
give 16 10 ml fractions.

[0277] Fraction 5-8 (965 mg), contained a concentration
of the target compounds, the alpha and beta bitter acids.
[0278] These were identified by both HPLC and TLC
using a mobile phase of heptane (85%), isopropyl alcohol
(14.5%) and formic acid (0.5%). The bands were visualised
using a Fe (IIT) dip (10% FeCl3 in H20).

[0279] The alpha bitter acids produce a visible blue band
after treatment. Rf=0.36 (RT 38.1-38.3 min); and the beta
bitter acid produced a visible red band. Rf=0.46 (RT 38.6-
38.8 min).

[0280] A portion of the bitter acid fraction (100 mg) was
taken up in methanol (1.9 ml) and subjected to RP semi
preparative chromatography using Phenomenex Luna 5 um,
C18 (2) 100 A, 250x10 mm column with a Merck LIChro-
spher 100 RP-18 e (5 um) guard fitted. This used a tem-
perature of 30° C., mobile phase 90:10 methanol (HPLC
grade), H,O (Milli Q) containing 2.5% formic acid and a
flow rate of 4.5 ml/min and monitored at 370 nm.

[0281] Six fractions were collected and identified by
HPLC and 'H NMR. (Schlotterbeck & Bayer 1996) (Table
1) as cohumulone+humulone, cohumulone, humulone plus
adhumulone, colupulone and lupulone plus adlupulone.
[0282] Activation of human TAS2Rs receptors was mea-
sured by monitoring variations in intracellular Ca** concen-
trations ([Ca®*]i) using a Flurostar Omega (BMG
LABTECH, Germany) (excitation 485 nm/emission 520
nm).

[0283] Hutu-80 cells (Cat #HTB-40, ATCC Manassas,
Va.) were seeded in supplemented MEM (Cat #11095-080,
Thermo Fisher, Walthan, Mass.) into Poly-Lysin-coated
96-well black wall, clear bottom plates (Cat #356640, Corn-
ing Inc. New York) at a density of 3.5x10 5 cells/ml, 100
ul/wel, cultured overnight and then loaded with the Ca*-
sensitive fluorescent dye Fluo 4-AM (Cat #F14201, Thermo
Fisher, Walthan, Mass.), following suppliers guidelines. The
dye loading medium composition was: 0.02% Pluronic
F-127 (Cat #P6866 Thermo Fisher, Walthan, Mass.), 0.2 uM
Sulfinpyrazone (Cat #S9509, Sigma, St. Louis, Mo.), and
2.5 uM Fluo 4-AM in Hanks Buffered Saline Solution (Cat
#14025092, Thermo Fisher, Walthan, Mass.).

[0284] Compounds to test were prepared in DMSO (Cat
#D8418, Sigma, St. Louis, Mo.) and transferred onto the
cells immediately prior to commencing of the assay mea-
surements. To obtain a baseline, fluorescence signals (exci-
tation 485 nm/emission 520 nm) were measured immedi-
ately before the addition of compounds on the cells.
[0285] The change in intracellular calcium in Hutu80
enteroendocrine cells was measured at 5 min following the
addition of purified hops acids at doses of 200, 63.2, 20,
6.32, 2, 0.632, 0.2 and 0 pM.
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[0286] The results are shown in FIG. 3 and Table 2. Hops
acid enriched pacific gem extract (1) and isolated alpha and
beta acids (2-6) stimulated bitter taste receptor (Tas2R)
signalling in human enteroendocrine cells line Hutu-80.
Activity was shown in all fractions evaluated, with the alpha
acid cohumulone showing activity at the lowest concentra-
tion (3) followed by the mixed sample containing other
alpha acids humulone and adhumulone (4).

TABLE 2
Hops EC 50 (ug/ml)
Pacific gem hops extract 5923
Cohumulone and humulone 17.03
Cohumulone 1.153
Humulone and adhumulone 3.542
Colupulone 12.72

Colupulone and adlupulone

[0287] These results suggest that the alpha acids, in par-
ticular cohumulone, are the most potent activators of Tas2R
signalling in intestinal enteroendocrine cells, although activ-
ity is still present in beta acid samples.

[0288] The result for cohumulone and humulone is sur-
prisingly high. The inventors believe this may be due to a
sampling error. If activity is primarily through TAS2R40,
then it would be expected that a fraction that was mostly
humulone would have much lower activity than a fraction
that had a large amount of adhumulone or cohumulone.

Example 6: Formulation of an Oral Dosage Form

[0289] Supercritical CO, Pacific Gem hop extract was
sourced from NZ Hops. Cold pressed, GE free, canola
(rapeseed) oil was sourced from Pure Oil NZ. Capsules were
size 0 DRcaps capsules from Capsugel (USA). All other
chemicals and reagents were standard laboratory supplies.

[0290] An oral dosage form was produced by dissolving a
Pacific Gem CO, extract comprising 255 mg (714 uM) of
total alpha acids in 250 pL of canola oil, a 2:1 V/V ratio of
hops extract to canola oil. This dose provides 100 mg or 287
UM of cohumulone and 155 mg or 427 uM of adhumulone/
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Example 7: In Vivo GI Tract Hormone Activity of
Hops Extracts, Gastric Vs Duodenal Release

[0293] Twenty healthy lean (BMI=23.5+0.3 kg/m2) male
volunteers participated in a randomised three-treatment,
double-blind, cross-over study with a 1 week washout
between treatments. Overnight-fasted participants were can-
nulated and provided with a standardised 2 MJ Breakfast
(t==120, 0900 h). Treatments (500 mg hops extract or
placebo) were administered in DRcaps (Capsugel, USA)
(t=0, 1100 h) or Vcaps®, (Capsugel, USA) (t=30, 1130 h)
for targeted duodenal or gastric release, respectively. The
DRcaps were produced according to the method outlined in
Example 6. To provide 500 mg hops extract, two capsules
were administered to the subject. To maintain treatment
blinding, placebo capsules were also administered as part of
each treatment.
[0294] Energy intake was recorded at an ad libitum lunch
(t=60, 1200 h) and snack (t=180, 1400 h). Blood samples
and visual analogue scale (VAS) subjective ratings of appe-
tite were taken throughout the day. CCK concentrations
were measured by RIA (Eurodiagnostica) and GLP-1, PYY,
and Ghrelin concentrations by multiplex assay (Merckmil-
lipore). Data were analysed using residual maximum like-
lihood (REML) (SAS: PROC MIXED, SAS version 9.4).
Where the residual maximum likelihood was significant,
Tukey’s post hoc analysis was used for comparisons
between treatments. Results are presented as means+s.e.m.
[0295] 19 participants completed the study with one par-
ticipant excluded for failure to follow the protocol. Baseline
characteristics of trial participants are shown in Table 4. All
measurements were recorded at screening visit.
[0296] Reported adverse events are shown in Table 5 with
most reported side effects associated with gastric delivery of
the hops extract.
[0297] A significant main effect of treatment for ad libitum
meal energy intake (EI) was observed at the snack F(2,34)
=4.03, p=0.027 and lunch+snack (Total) F(2,34)=6.04, p=0.
006 but not the lunch (FIG. 4). Duodenal delivery of hops
extract significantly reduced EI by 595+237 kJ (p<0.05) at
the ad libitum snack. While both gastric and duodenal
delivery of hops extract significantly reduced total (lunch+
snack) EI by 911308 kJ and 944+309 kJ, respectively.

TABLE 3
Kanthohumol  Cohumulone  Adhumulone Colupulone  Alupulone, Alpha, Beta, % alpha as % beta as  Alpha:beta
% % % % % % %  cohumulone colupulone ratio
NZ Hops 0.07 20.03 30.96 20.25 9.20 50.99 2945  39.29 68.76 1.73
Pacific
Gem extract,
AC130087-0
humulone. The mixture was then stirred with a plastic rod TABLE 4
until a homogeneous suspension was obtained. During use,
the suspension was stirred gently every 5 minutes to main- Participants
tain homogeneity.
& ty Mean SD Range
[0291] The oil and hops suspension was divided in two, . )
. . . Randomised into the trial n=20
and each Portlon was manually filled into size 0 DRcaps Completed all 3 treatments o 19
capsule using a pipette. The accuracy of delivery by this Age (vears) 28.9 10.4 18-54
method was checked by weighing of replicate pipetting’s. Weight (kg) 76.1 8.3 60.4-94.5
The capsules were pressed together. Height (m) 1.80 008 1.66-1.95
BMI (kg/m?) 23.5 14 20.9-25.0

[0292] The profile of the extract used in the formulation is
provided in Table 3.
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TABLE 5

Side effects profile- Reported Adverse Events

Adverse Event Placebo Gastric Duodenal

Nausea — 2/19 mod- —
severe

Loose Stool — 6/19 mild- —
mod

Stomach rumbling — 1/19 mild —

Upset Stomach — 1/19 (mild) —

Bloating — 2/19 mod- —
severe

Headache — 1/19 mild —

Lower Stool Frequency - — —
following week

1 (moderate)

[0298] Compared with placebo, both gastric and duodenal
delivery of the hops extract stimulated significant increases
in the gut peptide hormones Ghrelin, CCK, GLP-1 and PYY
(FIG. 5 and associated Table 6).

[0299] The results show that the subject’s energy intake
was similar for both capsule types, but significantly fewer
negative side effects were reported with the DRcaps cap-
sules. Capsule type also had an effect on hormonal
responses.

TABLE 6

Hormone response

Treatment x
Hormone Main Treatment effect Time Interaction
Ghrelin F(2,33.1) =0.26,p=0.771 F(30, 440) = 1.74, p = 0.010
CCK F(2,70.1) = 5.8, p = 0.005 F(30, 481) = 1.86, p = 0.004
GLP-1 F(2, 33) = 2.02, p = 0.148 F(30, 422) = 1.53, p = 0.038
PYY F(2, 34.8) = 7.64, p=0.002  F(30, 475) = 1.51, p = 0.042

Example 8: In Vivo Activity of an Oral Dosage
Form According to the Invention

[0300] Oral dosage forms were produced comprising 100
mg of a supercritical CO, hops extract from the cultivar
Pacific Gem, approximately 492 mg canola oil, 1 mg rose-
mary oil and silicon dioxide. The oral dosage form was a
Capsugel DRcaps capsule. These capsules were provided to
three subjects.

[0301] One subject took one capsule “at lunch” and a
second capsule “before dinner” five days a week. After six
months of following this regimen, the subject had lost
approximately 10 kilograms.

[0302] A second subject took one capsule at approxi-
mately 5 um each work day, for approximately four months.
During the treatment regimen the subject maintained her
weight, despite the disruption caused to her usual diet and
exercise regime caused by the Christmas holiday period.
This subject reported significantly less snacking after work
while following this regime. The subject also occasionally
took at second dosage form before lunch and consider that
she ate less calories at lunch on those occasions.

[0303] A third subject took one capsule daily at 4 pm for
approximately 7 months. This subject also followed the 5:2
intermittent fasting diet and increased his physical activity.
The subject lost approximately 11.5 kg during this time. The

Mar. 18, 2021

subject reported a suppressed appetite, and found taking the
capsules assisted him with not eating dinner on his fasting
days.

Example 9: In Vivo Activity of an Oral Dosage
Form According to the Invention

[0304] Oral dosage forms were produced comprising 100
mg of a supercritical CO, hops extract from the cultivar
Pacific Gem, approximately 492 mg canola oil, 1 mg rose-
mary oil and silicon dioxide. The oral dosage form was a
Capsugel DRcaps capsule. These capsules were provided to
approximately 30 subjects and subjects were invited to
provide feedback on their experiences taking the oral dosage
forms of the invention.

[0305] 15 female subjects provided feedback. Of the 15
respondents, 12 reported a reduction in appetite after taking
the oral dosage form and 10 considered the oral dosage
forms were an effective tool for managing their weight. All
15 of the respondents reported that they had either lost or
maintained their weight while taking the oral dosage forms.
Of the four respondents that reported weight loss, the
average amount of weight lost was 2.75 kg per person. The
respondents reported taking the oral dosage forms in a
number of ways, but most respondents took one or two oral
dosage forms a day, usually before their regular meal times.

INDUSTRIAL APPLICABILITY

[0306] The oral dosage forms of the invention can be used
as agents eg nutraceutical or pharmaceutical to help prevent,
treat or manage conditions that are associated with obesity.
[0307] Those persons skilled in the art will understand that
the above description is provided by way of illustration only
and that the invention is not limited thereto.

1-42. (canceled)

43. A delayed release oral dosage form comprising a hops
extract, wherein the acid component of the hops extract is
not isomerised.

44. The oral dosage form according to claim 43, wherein
the hops extract comprises 25-100% w/w alpha-acids.

45. The oral dosage form according to claim 43, wherein
the alpha acid component of the hops extract comprises
10-45% cohumulone.

46. The oral dosage form according to claim 43, com-
prising 5-1000 mg of hops extract.

47. The oral dosage form according to claim 43, wherein
the hops extract is from the cultivar Pacific Gem.

48. The oral dosage form according to claim 43, wherein
the hops extract is a CO, supercritical extract.

49. The oral dosage form according to claim 43, wherein
the oral dosage form further comprises an edible oil.

50. The oral dosage form according to claim 43, wherein
the oral dosage form further comprises an antioxidant.

51. The oral dosage form according to claim 50, wherein
the antioxidant is rosemary oil.

52. The oral dosage form according to claim 43, wherein
the oral dosage form further comprises a viscosity modifier.

53. The oral dosage form according to claim 43, wherein
the delayed release capsule is a Capsugel DRcaps capsule.

54. The oral dosage form according claim 43, wherein the
contents of the oral dosage form has a viscosity between 250
cP and 8000 cP.
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55. The oral dosage form according to claim 43 compris-
ing:

(a) 125 mg of a supercritical CO, hops extract from the
cultivar Pacific Gem

(b) approximately 141 mg canola oil

(c) approximately 1 mg rosemary oil and

(d) optionally a viscosity modifier

wherein the oral dosage form is a Capsugel DRcaps
capsule.

56. An oral dosage form comprising:

(e) 250 mg of a supercritical CO, hops extract from the
cultivar Pacific Gem

(f) approximately 343 mg canola oil

(g) approximately 1 mg rosemary oil and

(h) optionally a viscosity modifier

wherein the oral dosage form is a Capsugel DRcaps
capsule.

57. A method of

(1) reducing appetite

(j) increasing satiety hormones
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(k) weight management

(1) appetite control

(m) decreasing food intake

(n) inducing satiety and/or

(0) treating obesity

comprising administering an oral dosage form according

to claim 43 to the subject.

58. The method according to claim 57, wherein the oral
dosage form is administered to the subject at least one hour
before meal time.

59. The method according to claim 57, wherein the
subject is following an intermittent fasting protocol.

60. A method of reducing energy intake by a subject
comprising administering an agent capable of binding
TAS2R1, TAS2R14 and TAS2R40 in the gastrointestinal
tract of the subject.

61. The method according to claim 57, wherein the oral
dosage form is administered to the subject during a period of
fasting.



