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ORAL DELIVERY SYSTEMS BASED ON /N SITU FORMING PROTEIN/POLYSACCHARIDE
COACERVATES

The present description relates to oral delivery systems for active ingredients. More particularly,
described herein are versatile solid oral delivery systems comprising protein/polysaccharide powder
mixtures that form protein/polysaccharide complex coacervates in situ upon exposure to gastric

environments, thereby providing gastric protection and/or modified-release to the active ingredients.

BACKGROUND

Modified-release oral forms are specific products formulated so that the release of an active
ingredient is modulated. In this way, specific objectives that cannot be attained with conventional dosage
forms can be reached. These products present several advantages including possible therapeutic benefits,
improved efficacy, reduced adverse effects, optimized performance, or increased convenience and patient
compliance. While various modified-release oral delivery systems currently exist, many of these systems
utilize synthetic compounds and/or polymers that a growing body of consumers (and therefore
companies) are seeking to avoid, particularly for active ingredients that are to be taken regularly.
Furthermore, many modified-release oral delivery systems in current use require complex, multistep
processes for their manufacture, such as applying multiple coatings or layers to an oral dosage form.
Thus, alternative oral delivery systems employing more natural ingredients and simplified manufacturing

steps are highly desirable.

SUMMARY

In one aspect, described herein is an oral delivery system comprising a dry homogenous mixture
comprising a protein powder and a polysaccharide powder mixture, and an active ingredient dispersed
therein, the protein and polysaccharide powder mixture forming a protein/polysaccharide complex
coacervate in sifu upon immersion of the oral delivery system in a gastric fluid, thereby conferring gastric
protection and/or modified release to the active ingredient, wherein varying the ratio of protein powder to
polysaccharide powder in the oral delivery system varies the level of gastric protection and/or rate of
release of the active ingredient.

In a further aspect, described herein is a process for preparing a solid oral dosage form, the
process comprising dispersing an active ingredient in a dry homogenous mixture comprising a protein
powder and a polysaccharide powder, and formulating the resulting mixture into a solid oral dosage form,
the polysaccharide powder having powder flow characteristics enabling interaction with the protein

powder such that immersion of the solid oral dosage form in a gastric fluid results in formation of a
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protein/polysaccharide complex coacervate in sifu, thereby conferring gastric protection and/or modified-
release to the active ingredient.

In a further aspect, described herein is a method for producing a protein/polysaccharide complex
coacervate in situ that confers gastric protection and/or modified-release to an active ingredient dispersed
therein, the method comprising providing the active ingredient formulated in an oral delivery system
described herein, or formulated in an oral dosage form produced be a process described herein, and orally
administering the oral delivery system or the oral dosage form to a subject, wherein the protein and
polysaccharide powder mixture forms the protein/polysaccharide complex coacervate in sifu upon
immersion of the oral delivery system in the subject’s gastric fluid.

In a further aspect, described herein is a method for treating a disease or condition ameliorated by
administration to a subject of an active ingredient which would benefit from gastric protection and/or
modified-release, the method comprising providing the active ingredient formulated in an oral delivery
system described herein, or formulated in an oral dosage form produced be a process described herein,
and orally administering the oral delivery system or the oral dosage form to a subject, wherein the protein
and polysaccharide powder mixture forms a protein/polysaccharide complex coacervate in situ upon
immersion of the oral delivery system in the subject’s gastric fluid.

In embodiments, polysaccharide powders suitable for use in the oral delivery systems described
herein possess particular powder flow characteristics associated with powders that are increasing cohesive
(or decreasingly flowable), as characterized by minimum thresholds for parameters such as angle of

repose (a), dynamic cohesive index, Hausner ratio, and/or compressibility index (Carr index).

General Definitions

Headings, and other identifiers, €.g., (a), (b), (1), (i), etc., are presented merely for ease of reading
the specification and claims. The use of headings or other identifiers in the specification or claims does
not necessarily require the steps or elements be performed in alphabetical or numerical order or the order
in which they are presented.

The use of the word “a” or “an” when used in conjunction with the term “comprising” in the
claims and/or the specification may mean “one” but it is also consistent with the meaning of “one or
more”, “at least one”, and “one or more than one”.

The term “about” is used to indicate that a value includes the standard deviation of error for the
device or method being employed in order to determine the value. In general, the terminology “about” is
meant to designate a possible variation of up to 10%. Therefore, a variation of 1,2, 3,4, 5,6,7, 8,9 and

10% of a value is included in the term “about”. Unless indicated otherwise, use of the term “about” before

a range applies to both ends of the range.
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As used in this specification and claim(s), the words “comprising” (and any form of comprising,
such as “comprise” and “comprises™), “having” (and any form of having, such as “have” and “has™),
“including” (and any form of including, such as “includes” and “include”) or “containing” (and any form
of containing, such as “contains” and “contain”) are inclusive or open-ended and do not exclude

additional, unrecited elements or process/method steps.

BRIEF DESCRIPTION OF THE DRAWINGS

In the appended drawings:

Fig. 1: In vitro release profiles of formulations 2-1 to 2-7.

Fig. 2: Typical stress-strain curve (formulation 7 in simulated gastric fluid [SGF])

Fig. 3: Deconvoluted amide I bands obtained from formulations 2-5, 2-6, and 2-7 after 2 h at pH
1.0 (SGF) or pH 6.9 (SIF).

Fig. 4: Pediococcus acidilactici survival following immersion of formulations 4-1, 4-2, and 4-3
for 1 or 2h in simulated gastric conditions, following United States Pharmacopeia (USP) <711>
specifications.

Fig. 5: Remaining capsule content after immersion of formulation 4-3 for 2h in SGF:
protein/polysaccharide mixture forms a complex coacervate fitting the shape of the capsule.

Fig. 6: Caffeine release profiles obtained from formulation described in Table 4.

Fig. 7. Schematic representation of the process of capsule dissolution and coacervate-forming
complex formation.

Fig. 8A: Post-gastric survival of probiotic strains obtained from the formulation described in
Table 13.

Fig. 8B: Survival of the probiotic strain alone (unformulated).

Fig. 9: Disintegration kinetic of the formulation described in Table 13.

Fig. 10: Dissolution profile obtained from the formulation described in Table 14.

Fig. 11: Dissolution profile obtained from the formulation described in Table 15.

Fig. 12: Dissolution properties of the formulation described in Table 16.

Fig. 13: Dissolution properties of the formulation described in Table 17.

Fig. 14: Dissolution properties of the formulation described in Table 18.

Fig. 15A: Post-gastric survival of Saccharomyces boulardii. Survival of the strain using the
formulation described in Table 19.

Fig. 15B: Survival of the strain alone (unformulated).

Fig. 16: Disintegration kinetic of the formulation described in Table 19.

Fig. 17: Dissolution properties of the formulation described in Table 20.
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Fig. 18: Dissolution properties of the formulation described in Table 21.
Fig. 19: Dissolution properties of the formulation described in Table 22.
Fig. 20: Dissolution properties of the formulation described in Table 23.
Fig. 21: Dissolution properties of the formulation described in Table 24.
Fig. 22: Dissolution properties of the formulation described in Table 25.
Fig. 23: Post-gastric proteolytic enzyme activity of the formulation described in Table 25.
Fig. 24: Dissolution properties of the formulation described in Table 26.

DETAILED DESCRIPTION

Described herein is a versatile oral delivery system useful for conferring gastric protection and/or
modified-release to a variety of active ingredients formulated therein. In general, the oral delivery system
utilizes dry particulate biopolymer ingredients that are blended together and formulated with an active
ingredient in a solid oral dosage form such that immersion of the solid oral dosage form in a gastric fluid
results in formation of a complex biopolymer-based coacervate in sifu. The degree of gastric protection
and/or modified-release conferred to the active ingredient is governed by structural propertics of the
complex coacervate formed in sifu, which is in turn controllable by the nature and ratio of the
particulate/powdered ingredients employed in the oral delivery system. Furthermore, the ability of the
oral delivery system described herein to be based on natural and/or naturally-derived biopolymers (e.g.,
food biopolymers) provide commercial advantages in terms of regulatory approval and/or addressing the
growing consumer demand for such products.

A wide variety of natural ingredients were screened herein with the goal of developing a versatile
natural ingredient-based oral delivery system suitable for providing gastric protection and/or modified-
release to a variety of active ingredients. Empirical dissolution testing involving monitoring release of the
active ingredients after sequential exposure to simulated gastric fluid and simulated intestinal fluid
revealed that certain mixtures of proteins and polysaccharides powders were able to provide gastric
protection and slower release to active ingredients formulated therewith. For example, it was observed
that a mixture of whey protein powder and a kappa-carrageenan powder (i.e., linear sulfated
polysaccharides extracted from red edible seaweeds) in a tablet or capsule formulation provided increased
protection of different active ingredients from simulated gastric fluid, as well as slower active ingredient
release over time (Example 1). Further experiments were performed to characterize the structure,
mechanism, and reproducibility of whey protein and kappa-carrageenan powder mixtures for use in oral
delivery systems. More specifically, the effect of protein/polysaccharide powder mixture ratios and
native/denatured proteins on active ingredient release properties in tablet formulations were explored in

Example 2, and the structural properties of the protein/polysaccharide coacervate-like complexes formed
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in sifu upon immersion in gastric fluid were explored in Example 3. The versatility of the oral delivery
systems described herein for use in capsule formulations is shown in Example 4.

Interestingly, while the nature/source of the protein powder employed in the oral delivery system
described herein was relatively flexible (i.e., proteins from different sources and/or suppliers could be
substituted without significantly affecting gastric protection and/or modified-release performance),
employing the same type of polysaccharides powder from different suppliers yielded wildly unpredictable
results. For example, it was observed that kappa-carrageenan powders and xanthan gum powders from
different suppliers yielded opposite results in terms of tablet erosion testing (Example S and Table 6).
Furthermore, without subjecting the oral formulations to empirical dissolution testing, it was not possible
to reliably predict beforehand (e.g., based on supplier-provided product specification sheets) which
polysaccharides from which suppliers would successfully form stable, complex coacervates in situ. These
unpredictable results led to extensive efforts to identify objective and measurable parameters that could
reliably predict polysaccharide powders suitable for the in sifu coacervate-forming oral delivery systems
described herein. In particular, these efforts resulted in a set of measurable/calculatable parameters
relating to the powder flow characteristics of the polysaccharide powder (i.e., dynamic cohesive index,
angle of repose, compressibility index (Carr index), and/or Hausner ratio) that could be used to reliably
predict its suitability for the in situ coacervate-forming oral delivery systems described herein (Table 7).
Furthermore, a polysaccharide powder associated with poor gastric protection in oral delivery systems
described herein (ie., 100% disintegration in 12 minutes in simulated gastric fluid) was subjected to a
conditioning step to increase its cohesiveness in Example 6. The conditioned polysaccharide powder not
only had a more favorable parameter profile in terms of dynamic cohesive index, angle of repose,
compressibility index (Carr index), and/or Hausner ratio, but also exhibited a remarkable increase in
gastric protection (i.e., only 1% disintegration in simulated gastric fluid) in an oral delivery system
(Table 9). The parameters were subsequently validated for use in the oral delivery systems described
herein in the context of a variety of different protein powders, polysaccharide powders, active ingredients,
and additives (Examples 7-22). Accordingly, various aspects and embodiments relating to the technology
described herein are discussed below.

In some aspects, the oral delivery system described herein comprises (or consists essentially of)
an active ingredient dispersed in a dry, relatively homogenous powder mixture, which are then formulated
into a solid oral dosage form. The homogenous powder mixture comprises a mixture of a protein powder
and a polysaccharide powder, and may further comprise one or more additives (e.g., pharmaceutically
acceptable excipients) depending on the particular solid oral dosage form (e.g., tablet or capsule). The
particles of proteins and polysaccharides in the powder mixture of the oral delivery system interact such

that immersion of the oral delivery system in a gastric or simulated gastric fluid results in the formation of
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protein/polysaccharide complex coacervates in situ, thereby conferring gastric protection and/or modified
release to an active ingredient dispersed therein. In some embodiments, the particles of proteins and
polysaccharides in the powder mixture of the oral delivery system may interact to form an interactive
powder mixture.

As used herein, the expression “oral delivery system” refers not only to a vendible product but
also a versatile platform that can be used to formulate a variety of active ingredients for gastric protection
and/or modified-release, which is based on the in situ-forming protein/polysaccharide complex
coacervates described herein. The platform is scalable in the sense that the degree of gastric protection
and/or modified release is controllable by varying the properties and/or ratio of the protein and
polysaccharide powders employed. The oral delivery system can be utilized to prepare specific oral
dosage forms (e.g., tablets or capsules) that are compatible for use therewith. For greater clarity, the oral
delivery systems referred to herein exclude oral dosage forms that may happen to contain polysaccharides
and proteins amongst other ingredients, wherein the polysaccharides and proteins are not intended to form
complex coacervates in sifu upon immersion in gastric fluid, or the polysaccharides and proteins are not
the principal agents responsible for the gastric protection or modified-release characteristics of the oral
dosage form.

As used herein, the expression “consisting essentially of” in the context of oral delivery systems
described herein excludes oral dosage forms that may contain polysaccharides and proteins amongst other
ingredients, but in which the polysaccharides and proteins do not form complex coacervates in situ upon
immersion in gastric fluid and in which the level of gastric protection and/or modified-release conferred
to the active ingredient (if any) is not governed or controlled by the strength of the complex coacervate
formed.

As used herein, “coacervate” or “complex coacervate” refers to the binding, assembling or
clustering of proteins and polysaccharides in the presence of a liquid. As reported in the scientific
literature, stable coacervation generally occurs when two oppositely charged biopolymers are mixed in a
liquid, usually at a pH between the pKa of the polysaccharides and below the isoclectric point of the
proteins. Coacervation does not occur when proteins and polysaccharides are mixed in their powder forms
in the absence of liquid.

In some embodiments, the oral delivery system described herein is adaptable/scalable to the
desired level of gastric protection and/or rate of release of the active ingredient. For example, in some
embodiments, varying the ratio (e.g., weight ratio) of polysaccharide powder to protein powder in the
homogenous powder mixture of the oral delivery system varies the level of gastric protection and/or rate
of release of the active ingredient. In some embodiments, increasing the ratio (e.g., weight ratio) of

polysaccharide powder to protein powder in the oral delivery system increases the level of gastric
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protection conferred to the active ingredient, and/or decreases the rate of release of the active ingredient
(c.g., in gastric or simulated gastric fluid) by the oral delivery system — ¢.g., sce Example 2 and Fig. 1. In
some embodiments, the weight ratio of polysaccharide powder to protein power in the oral delivery
system is 1:20 to 1:1, 1:15 to 1:1.5, 1:10 to 1:2, 1:9.5 to 1:2.5, 1:9 to 1:3, or 1:8.5 to 1:3.5, 1:8 to 1:4,
1:7.5 to 1:4.5, or 1:7 to 1:5. In some embodiments, the weight ratio is from any one of [1:20, 1:19, 1:18,
1:17, 1:16, 1:15, 1:14 1:13, 1:12, 1:11, 1:10, 1:9, 1.8, 1.7, 1:6, or 1:5] to any one of [1:4, 1:3, 1.2, or 1:1].

In some embodiments, the level of gastric protection and/or modified-release conferred to an
active ingredient may be controlled by the amount of protein/polysaccharide powder mixture present in
the oral delivery system. In some embodiments, the oral delivery system may comprise about 5% to 50%,
10% to 45%, 15% to 40%, or 20% to 35% w/w of the protein/polysaccharide powder mixture.

In some embodiments, the protein and polysaccharide powder mixture forms a
protein/polysaccharide complex coacervate in sifu upon immersion of the oral delivery system in a
solution of pH below the pKa of the polysaccharide (¢.g., gastric or simulated gastric fluid), which is able
to remain intact upon subsequent incubation at a pH above the isoelectric point of the protein (e.g.,
intestinal or simulated intestinal fluid). This is an atypical property of coacervates in general, since the
scientific literature consistently reports that stable protein/polysaccharide coacervates form in a pH range
of between the pKa of the polysaccharides and the isoclectric point of the protein material (Syrbe et al.,
1998; Tolstoguzov, 1997). In some embodiments, the protein and polysaccharide powder mixture forms a
protein/polysaccharide complex coacervate in sifu upon immersion of the oral delivery system in a
simulated gastric fluid (SGF) consisting of a 37% v/v solution of diluted HCI at pH 1.0, containing 2 g/L
of NaCl and 0.1 g/L of pepsin.

In some embodiments, the level of gastric protection and/or modified-release conferred to the
active ingredient is governed by the structural properties (i.e., strength) of the protein/polysaccharide
complex coacervate formed in situ upon immersion in a gastric fluid. In some embodiments, the active
ingredient’s rate of release is inversely proportional to the strength of the protein/polysaccharide complex
coacervate formed in situ upon immersion of the oral delivery system in the gastric fluid. In some
embodiments, the protein/polysaccharide complex coacervate formed in sifu upon immersion of the oral
delivery system in the SGF is characterized by the presence of intramolecular beta-sheets, alpha-helices,
and/or unordered structures (e.g., as measured by Fourier transform infrared (FTIR) spectroscopy; such as
by the methods described in Example 3).

In some embodiments, the oral delivery system described herein preferably comprises a dry,
relatively homogenous powder mixture comprising a mixture of a protein powder and a polysaccharide
powder, wherein the polysaccharide powder has powder flow characteristics enabling the formation of a

protein/polysaccharide complex coacervate in situ upon immersion in a gastric fluid having sufficient
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strength to impart gastric protection and/or modified release to an active ingredient formulated therewith.
In some embodiments, the polysaccharide powder may be characterized by its flowability, texture, and/or
cohesiveness as measured by its angle of repose (a), dynamic cohesive index, Hausner ratio, and/or
compressibility index (Carr index), according to the methods recommended in USP <1174>. In some
embodiments, protein/polysaccharide coacervates of increasing strength form with the use of
polysaccharide powders that are increasing cohesive (or decreasingly flowable), as measured by the angle
of repose, dynamic cohesive index, Hausner ratio, and/or compressibility index (Carr index). In some
embodiments, coacervation of increased strength may occur when the polysaccharide and protein possess
oppositely charged groups.

“Angle of repose” generally refers to the static or dynamic measurement of the steepest angle of
a material from the horizontal plane on which the material can be heaped without collapsing (Beakawi Al-
Hashemi, H. et al., 2018). The angle of repose can be measured for example by the “tilting box method”,
“fixed-funnel method”, “revolving cylinder/drum method”, or a GranuHeap™ (GranuTools™, Awans,
Belgium). The maximum angle of repose is 90 degrees. Lower angles of repose (e.g., values below 35
degrees) correspond to more free-flowing materials. Higher angles of repose (e.g., over 35 degrees)
indicate more cohesive (non-flowing) powders. Angle of repose can also be measured by forming a cone
of powder on a stable base, as recommended in USP <1174>.

In some embodiments, the polysaccharide powders employed in the oral delivery systems
described herein have an angle of repose associated with powders having fair (36-40 degrees), passable
(41-45 degrees), poor (46-55 degrees), very poor (56-65 degrees), or very, very poor (56-65 degrees)
flowability per the classification by Carr (Carr, R.L., 1965) reproduced in USP <1174>, such as when
measured by the method recommended by USP <1174>. Briefly, the recommended method comprises
forming a symmetrical cone of powder by allowing the powder to pass through a funnel onto a fixed base
with a retaining lip to retain a layer of powder on the base; varying the height of the funnel to maintain a
distance of approximately 2-4 cm from the top of the powder pile as it is being formed; and determining
the angle of repose by measuring the height of the cone of powder and calculating the angle of repose

from the following equation:
tan(er) = height
0.5 base
In some embodiments, the polysaccharide powders employed in the oral delivery systems
described herein have an angle of repose greater than about 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40,41, 42,43, 44,45, 46,47, 48, 49, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, or 65

degrees, as measured according to method recommended in USP <1174>.
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In some embodiments, the polysaccharide powders employed in the oral delivery systems
described herein have a dynamic cohesive index above a threshold value. “Dynamic cohesive index”, as
used herein refers to the qualitative evaluation of the surface slope fluctuations of a material. The
dynamic cohesive index can also be measured by instruments such as rheometers like the GranuDrum™
(GranuTools™, Awans, Belgium). Higher dynamic cohesive index values (e.g., between 30 and 60), refer
to materials that are more cohesive. Lower dynamic cohesive index values (e.g., between 0 and 30), refer
to materials that are less cohesive. In some embodiments, the polysaccharide powder employed in the oral
delivery systems described herein have a dynamic cohesive index greater than about 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43,44, 45,46, 47,48, 49, or 50.

In some embodiments, the polysaccharide powders employed in the oral delivery systems
described herein have a compressibility index (Carr index) above a threshold value. “Carr index” or
“compressibility index”, as used herein, refers to the compressibility of a powder or material, as

described in USP <1174> and measured by the formula:

pmppc(l - phuﬂ:
tapped
p Py

Compressibility Index =100 X
wherein puapped and pruic refer to the tapped density and bulk density of the powder, respectively. Higher
compressibility indexes (e.g., index over 15%), indicate a powder that is weakly flowable (more
cohesive). Lower compressibility indexes (e.g., index below 15%), indicate to a powder that is more
flowable (less cohesive). In some embodiments, the polysaccharide powders employed in the oral
delivery systems described herein have a compressibility index associated with powders having fair (16-
20%), passable (21-25%), poor (26-31%), very poor (32-37%), or very, very poor (greater than 38%)
flowability, as set forth in USP <1174>. In some aspects, the polysaccharide powders employed in the
oral delivery systems described herein have a compressibility index greater than about 15, 16, 17, 18, 19,
20,21, 22,23,24,25,26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, or 38%, for example as measured by
the method described above.

In some embodiments, the polysaccharide powders employed in the oral delivery systems
described herein have a Hausner ratio above a threshold value. “Hausner ratio”, as used herein, refers to

the flowability of a powder as described in USP <1174> and measured by the formula:

plumn'u’

p/m/k

Hausner Ratio =
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wherein prpped and pruic refer to the tapped density and bulk density of the powder, respectively. Higher
Hausner ratios (¢.g., over 1.18), indicate powders that are more weakly flowable (more cohesive). Lower
Hausner ratios (e.g., below 1.18), indicate to powders that are more flowable (less cohesive). In some
embodiments, the polysaccharide powders employed in the oral delivery systems described herein have a
Hausner ratio associated with powders having fair (1.19-1.25), passable (21-25%), poor (26-31%), very
poor (32-37%), or very, very poor (greater than 38%) flowability, as set forth in USP <1174>. In some
embodiments, the polysaccharide powders employed in the oral delivery systems described herein have a
Hausner ratio greater than about 1.18, 1.19, 1.2, 1.21, 1.22, 1.23, 1.24, 1.25,1.26, 1.27, 1.28,1.29, 1.3,
131,1.32,1.33,1.34,1.35,1.36,1.37,1.38,1.39, 1.4, 1.41,1.42,1.43,1.44,1.45,1.46,1.47,1.48, 1.49,
1.5,1.51,1.52,1.53, 1.54, 1.55, 1.56, 1.57, 1.58, 1.59, or 1.6, for example as measured by the method
described above.

In some embodiments, the polysaccharide powders described herein may be conditioned to have
sufficient cohesiveness prior to formulation in an oral delivery system described herein, such as having
one or more of an angle of repose (o), dynamic cohesive index, Hausner ratio, and/or compressibility
index (Carr index), as described herein. In some embodiments, the conditioning may comprise any
treatment that increases cohesiveness and/or reduces flowability of the polysaccharide powder. For
example, the conditioning may comprise one or more of dissolving, lyophilizing, drying, grinding, and/or
sifting the polysaccharide powder through a suitably-sized mesh, to increase the floury texture of the
powder, as well as its cohesiveness.

In some embodiments, the the oral delivery systems described herein may inhibit the release of
the active ingredient into the gastric fluid, and extend, prolong, sustain, control, slow or delay the release
of the active ingredient into the intestinal fluid. As used herein, the term “modified-release” refers to the
property of the solid oral dosage form in extending, delaying, slowing, or controlling the release of the
active ingredient. In some embodiments, modified-release occurs after formation of the
protein/polysaccharide complex coacervates upon immersion of the oral delivery system in a gastric fluid.

In some embodiments, the oral delivery systems described herein may be a delayed-release oral
delivery system, an extended-release oral delivery system, an oral delivery system providing increased
gastric protection to the active ingredient upon oral administration, as compared to administration of an
unformulated active ingredient; or any combination thereof. In some embodiments, the delayed release
oral delivery system may delay the time required for 50% of the active ingredient to be released by at
least 30, 60, 90, 120, 150, 180, 210, or 240 minutes, as compared to a corresponding oral delivery system
lacking the polysaccharide powder. In some embodiments, the extended-release oral delivery system may
result in release of the active ingredient over a period of at least 3,4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15,

16, 17, or 18 hours. In some embodiments, the oral delivery system may provide increased gastric
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protection to the active ingredient as compared to administration of an unformulated active ingredient. In
some embodiments, the aforementioned modified-release and/or gastric protection values may refer to
those obtained upon dissolution testing comprising immersion of the oral delivery system at 37°C in SGF
for two hours followed by immersion in simulated intestinal fluid (SIF), wherein the SGF consists of a
37% v/v diluted HCI solution, pH 1.0, containing 2 g/L of NaCl and 0.1 g/L of pepsin, and the SIF
consists of a 50 mM NaH,PO4 or KH,PO, buffer solution at pH 6.9, containing 0.5 g/L of pancreatin.

In some embodiments, the protein powders employed in the oral delivery systems described
herein may comprise or consist of: natural proteins; food-grade and/or pharmaceutical-grade proteins;
native proteins; denatured proteins (e.g., thermally denatured proteins); chemically unmodified proteins;
chemically modified proteins (e.g., succinylated proteins); plant proteins (e.g., hemp, sacha inchi); animal
proteins; dairy proteins (e.g., whey protein); legume proteins (€.g., pea or soy protein); fruit protein (e.g.,
coconut); cereal proteins (e.g., rice) ; or any mixture thereof.

In some embodiments, the polysaccharide powders employed in the oral delivery systems
described herein may comprise or consist of: natural polysaccharides; food-grade and/or pharmaceutical-
grade polysaccharides; chemically unmodified polysaccharides; chemically modified polysaccharides;
plant polysaccharides; animal polysaccharides; polysaccharides containing negatively charged/acidic
groups (anionic polysaccharides); carrageenan (e.g., kappa-carrageenan); xanthan gum; alginate; pectin
powder; agar, gellan, guar gum, carboxymethylcellulose, locust bean gum, mannan, glucomannan,
hyaluronan, tamarind gum, psyllium seed gum, tara gum, acacia gum, arabic gum, ghatti gum, tragacanth
gum, karaya gum, cassia gum, thamsan gum, welan gum, macrophomopsis gum, curdlan, pullulan,
fucoidan, or any mixture thereof.<

As used herein, “active ingredient” refers to any molecule, substance or microorganism that is
therapeutically or biologically active. In some embodiments, active ingredients described herein may
comprise or consists of a dietary supplement, a drug (e.g., caffeine), a probiotic (e.g., probiotic bacteria or
yeast, such as Saccharomyces boulardii or Pediococcus acidilactici), a prebiotic, a vitamin (e.g., vitamin
B2/riboflavin or B6), an amino acid (¢.g., 5-Hydroxytryptophan [5-HTP]), a food or plant extract (¢.g.,
peppermint extract, rice extract, rice hull extract, or curcumin), or an herbal supplement (e.g., goldenrod
extract and ginger). In some embodiments, the active ingredient may be in powder or granular form.

In some embodiments, oral delivery systems described herein may further comprise one or more
nutraceutically or pharmaceutically acceptable excipients and/or additives (e.g., a filler, a binder, a
lubricant, a flow agent). Such excipients and/or additives vary depending on the type of oral dosage form
being formulated (e.g., tablet or capsule). In some embodiments, the excipients and/or additives may
comprise microcrystalline cellulose, magnesium stearate, stearic acid, dibasic calcium phosphate, calcium

carbonate, dextrose, and/or silicon dioxide.
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In some embodiments, the oral delivery systems described herein may comprise a homogenous
admixture of the protein powder, polysaccharide powder, and an active ingredient, which are compressed
to form a tablet. In some embodiments, the homogenous admixture comprises one or more
pharmaceutically acceptable excipients or additives (e.g., as described herein), which could be filler
agents, binders, lubricants, and/or flowing agents.

In some embodiments, the oral delivery systems described herein may comprise a homogenous
admixture of the protein powder, polysaccharide powder, and an active ingredient, filled in a capsule
(e.g., gel- or cellulose-based). In some embodiments, the capsule may be a macrocapsule. In some
embodiments, the capsule may be a microcapsule.

In some embodiments, the oral delivery system described herein preferably does not comprise an
enteric coating.

In some aspects, described herein is a process for preparing a solid oral dosage form, the process
comprising dispersing an active ingredient in a dry homogenous mixture comprising a protein powder and
a polysaccharide powder, and formulating the resulting mixture into a solid oral dosage form. In some
embodiments, the polysaccharide powder has powder flow characteristics enabling interaction with the
protein powder such that immersion of the solid oral dosage form in a gastric fluid results in formation of
a protein/polysaccharide complex coacervate in situ, thereby conferring gastric protection and/or
modified-release to the active ingredient.

In some embodiments, the processes described herein employ polysaccharide powders having one
or more of the powder flow characteristics as defined herein, e.g., relating to dynamic cohesive index,
angle of repose, compressibility index (Carr index), and/or Hausner ratio.

In some embodiments, the processes described herein are for preparing an oral delivery system as
described herein.

In some aspects, described herein is the oral delivery system as described herein, or the oral
dosage form produced by the process as described herein, for use in therapy. In some embodiments, the
therapy is a disease or condition ameliorated by oral administration of an active ingredient formulated in
the oral delivery system or oral dosage form described herein.

In some aspects, described herein is a method for producing a protein/polysaccharide complex
coacervate in situ that confers gastric protection and/or modified-release to an active ingredient dispersed
therein. The method comprises providing the active ingredient formulated in the oral delivery system as
described herein, or formulated in the oral dosage form produced be a process as described herein, and
orally administering the oral delivery system or the oral dosage form to a subject, wherein the protein and
polysaccharide powder mixture forms the protein/polysaccharide complex coacervate in situ upon

immersion of the oral delivery system in the subject’s gastric fluid.
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In some aspects, described herein is a method for treating a disease or condition ameliorated by

administration to a subject of an active ingredient which would benefit from gastric protection and/or

modified-release. The method comprises providing the active ingredient formulated in the oral delivery

system as described herein, or formulated in the oral dosage form produced be a process as described

herein, and orally administering the oral delivery system or the oral dosage form to the subject, wherein

the protein and polysaccharide powder mixture forms a protein/polysaccharide complex coacervate in situ

upon immersion of the oral delivery system in the subject’s gastric fluid.

ITEMS

1.

An oral delivery system comprising (or consisting essentially of) a dry homogenous mixture
comprising a protein powder and a polysaccharide powder mixture, and an active ingredient
dispersed therein, the protein and polysaccharide powder mixture forming a protein/polysaccharide
complex coacervate in sifu upon immersion of the oral delivery system in a gastric fluid, thereby
conferring gastric protection and/or modified release to the active ingredient, wherein varying the
ratio of protein powder to polysaccharide powder in the oral delivery system varies the level of
gastric protection and/or rate of release of the active ingredient.

The oral delivery system of item 1, wherein the polysaccharide powder has, or is conditioned to
have, one or more of the following powder flow characteristics: (a) an angle of repose () greater
than about 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,43, 44, 45, 46, 47, 48, 49, 49,
50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, or 65 degrees: (b) a dynamic cohesive
index greater than about 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29
30,31, 32, 33,34, 35,36,37,38,39,40, 41,42, 43,44, 45,46, 47,48, 49, or 50; (¢c) a
compressibility index (Carr index) greater than about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28, 29,30, 31, 32, 33, 34, 35, 36, 37, or 38%; (d) a Hausner ratio greater than about 1.18, 1.19,
1.2, 1.21,1.22,1.23,1.24,1.25,1.26, 127, 1.28,1.29, 1.3, 1.31, 1.32, 1.33, 1.34, 1.35, 1.36, 1.37,
1.38,1.39,1.4,1.41,1.42,1.43,1.44,145,146,147,148,1.49,15,151,1.52,153,1.54,1.55,
1.56, 1.57, 1.58, 1.59, or 1.6; or (¢) any combination of (a) to (d).

H

The oral delivery system of item 2, wherein the polysaccharide powder has, or is conditioned to
have, all the powder flow characteristics as defined in (a), (b), (c) and (d).

The oral delivery system of any one of items 1 to 3, wherein the protein and polysaccharide powder
mixture forms a protein/polysaccharide complex coacervate in sifu upon immersion of the oral
delivery system in a solution of pH below the pKa of the polysaccharide.

The oral delivery system of any one of items 1 to 4, wherein: (a) increasing the ratio of

polysaccharide powder to protein power in the oral delivery system increases the level of gastric
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protection and/or decreases the rate of release to the active ingredient; (b) the weight ratio of
polysaccharide powder to protein power in the oral delivery system is 1:20 to 1:1, 1:15to 1:1.5,
1:10to 1:2,1:95t0 1:2.5, 1:9t0 1:3, or 1:8.5to 1:3.5, 1:8 to 1:4, 1:7.5t0 1:4.5, or 1:7to 1:5; (c)
the oral delivery system comprises about 5% to 50%, 10% to 45%, 15% to 40%, or 20% to 35%
w/w of the protein and polysaccharide mixture; or (d) any combination thereof.

The oral delivery system of any one of items 1 to 5, wherein: (a) the protein and polysaccharide
powder mixture forms a protein/polysaccharide complex coacervate in sifu upon immersion of the
oral delivery system in a simulated gastric fluid (SGF) consisting of a 37% v/v solution of diluted
HCl at pH 1.0, containing 2 g/L. of NaCl and 0.1 g/L of pepsin; (b) the active ingredient’s rate of
release is inversely proportional to the strength of the protein/polysaccharide complex coacervate
formed in situ upon immersion of the oral delivery system in the gastric fluid; (c) the
protein/polysaccharide complex coacervate formed in situ upon immersion of the oral delivery
system in the SGF is characterized by the presence of intramolecular beta-sheets, alpha-helices,
and/or unordered structures (e.g., as measured by Fourier transform infrared (FTIR) spectroscopy);
or (d) any combination thercof.

The oral delivery system of any one of items 1 to 6, which is: (i) a delayed-release oral delivery
system; (i1) an extended-release oral delivery system; (iii) an oral delivery system providing
increased gastric protection to the active ingredient upon oral administration, as compared to
administration of an unformulated active ingredient; or (iv) any combination thereof.

The oral delivery system of item 7, wherein: (i) the delayed release oral delivery system delays the
time required for 50% of the active ingredient to be released by at least 30, 60, 90, 120, 150, 180,
210, or 240 minutes, as compared to a corresponding oral delivery system lacking the
polysaccharide powder; (ii) the extended-release oral delivery system results in release of the active
ingredient over a period of at least 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, or 18 hours;
and/or (i1) the oral delivery system provides increased gastric protection to the active ingredient as
compared to administration of an unformulated active ingredient; upon dissolution testing
comprising immersion of the oral delivery system at 37°C in SGF for two hours followed by
immersion in simulated intestinal fluid (SIF), wherein the SGF consists of a 37% v/v diluted HCI
solution, pH 1.0, containing 2 g/L of NaCl and 0.1 g/L of pepsin, and the SIF consists of a 50 mM
NaH:PO4 or KH,PO4 buffer solution at pH 6.9, containing 0.5 g/L of pancreatin.

The oral delivery system of any one of items 1 to 8, wherein the protein powder comprises or
consists of: natural proteins; food-grade and/or pharmaceutical-grade proteins; native proteins;
denatured proteins (e.g., thermally denatured proteins); chemically unmodified proteins; chemically

modified proteins (¢.g., succinylated proteins); plant proteins (e.g., hemp, sacha inchi); animal
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proteins; dairy proteins (e.g., whey protein); legume proteins (e.g., pea or soy protein); fruit protein
(e.g., coconut); cereal proteins (e.g., rice) ; or any mixture thereof.

The oral delivery system of any one of items 1 to 9, wherein the polysaccharide powder comprises
or consists of: natural polysaccharides; food-grade and/or pharmaceutical-grade polysaccharides;
chemically unmodified polysaccharides; chemically modified polysaccharides; plant
polysaccharides; animal polysaccharides; polysaccharides containing negatively charged/acidic
groups (anionic polysaccharides); carrageenan (e.g., kappa-carrageenan), xanthan gum; alginate;
pectin powder; agar, gellan, guar gum, carboxymethylcellulose, locust bean gum, mannan,
glucomannan, hyaluronan, tamarind gum, psyllium seed gum, tara gum, acacia gum, arabic gum,
ghatti gum, tragacanth gum, karaya gum, cassia gum, rhamsan gum, welan gum, macrophomopsis
gum, curdlan, pullulan, fucoidan, or any mixture thereof.

The oral delivery system of any one of items 1 to 10, wherein the active ingredient is a dietary
supplement, a drug, a probiotic, a vitamin, an amino acid, a food extract, or an herbal supplement.
The oral delivery system of any one of items 1 to 11, further comprising one or more
nutraceutically or pharmaceutically acceptable excipients and/or additives (e.g., a filler, a binder, a
lubricant, and/or a flow agent).

The oral delivery system of item 12, wherein the additive is or comprises microcrystalline cellulose,
magnesium stearate, and/or silicon dioxide.

The oral delivery system of any one of items 1 to 13, which is a tablet or a capsule.

The oral delivery system of any one of items 1 to 14, wherein the oral delivery system does not
comprise an enteric coating.

A process for preparing a solid oral dosage form, the process comprising dispersing an active
ingredient in a dry homogenous mixture comprising a protein powder and a polysaccharide powder,
and formulating the resulting mixture into a solid oral dosage form, the polysaccharide powder
having powder flow characteristics enabling interaction with the protein powder such that
immersion of the solid oral dosage form in a gastric fluid results in formation of a
protein/polysaccharide complex coacervate in sifu, thereby conferring gastric protection and/or
modified-release to the active ingredient.

The process of item 16, wherein the polysaccharide powder has one or more of the powder flow
characteristics as defined in item 2.

The process of item 16 or 17, wherein solid oral dosage form is the oral delivery system as defined
in any one of items 1 to 15.

The oral delivery system as defined in any one of items 1 to 15, or the oral dosage form produced
by the process of any one of items 16 to 18, for use in therapy.
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20. A method for producing a protein/polysaccharide complex coacervate in situ that confers gastric
protection and/or modified-release to an active ingredient dispersed therein, the method comprising
providing the active ingredient formulated in the oral delivery system as defined in any one of items
1 to 15, or formulated in the oral dosage form produced be the process of any one of items 16 to 18,
and orally administering the oral delivery system or the oral dosage form to a subject, wherein the
protein and polysaccharide powder mixture forms the protein/polysaccharide complex coacervate in
situ upon immersion of the oral delivery system in the subject’s gastric fluid.

21. A method for treating a disease or condition ameliorated by administration to a subject of an active
ingredient which would benefit from gastric protection and/or modified-release, the method
comprising providing the active ingredient formulated in the oral delivery system as defined in any
one of items 1 to 15, or formulated in the oral dosage form produced be the process of any one of
items 16 to 18, and orally administering the oral delivery system or the oral dosage form to a
subject, wherein the protein and polysaccharide powder mixture forms a protein/polysaccharide

complex coacervate in situ upon immersion of the oral delivery system in the subject’s gastric fluid.

EXAMPLES

Example 1:

Screening natural ingredients for use in protein-based oral delivery systems

With the goal of developing natural ingredient-based modified-release oral delivery systems that
are relatively simple to manufacture, extensive screening was performed using a wide variety of natural
ingredients to manufacture solid oral dosage forms. Specifically, food-grade natural ingredients from
different sources and suppliers, alone and in various combinations, were formulated with different active
ingredients — all in their dry forms — as either tablet or capsule oral formulations. The oral formulations
were then subjected to dissolution testing involving sequential exposure to simulated gastric fluid and
simulated intestinal fluid, followed by monitoring release of the active ingredients over time. Particular
emphasis in the screening was placed on natural ingredients that could be used in the context of protein-
based oral formulations to achieve a degree of gastric protection and/or slower release of the active

ingredient.

Interestingly, the results of the extensive screening efforts revealed that certain mixtures of
proteins and polysaccharides powders formulated with various active ingredients were able to provide
gastric protection and slower release of the active ingredients in the context of oral formulations. For

example, it was observed that a mixture of whey protein powder and a kappa-carrageenan powder (i.e.,
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linear sulfated polysaccharides extracted from red edible seaweeds) in a tablet or capsule formulation was
able to provide increased protection of different active ingredients from simulated gastric fluid, as well as
slower active ingredient release over time. Further experiments to characterize the structure, mechanism,
and reproducibility of whey protein and kappa-carrageenan powder mixtures for use in gastric protecting

and/or modified-release oral delivery systems were carried out, as described in the Examples below.

Example 2:

Effect of protein/polysaccharide powder mixture ratios and native/denatured proteins on active

ingredient release properties in tablet formulations

21 Tablet manufacturing

All ingredients in this Example, except for whey proteins, were sourced from the same supplier
hereinafter referred to as supplier A. Riboflavin (vitamin B2) was chosen as an active ingredient. Native
whey proteins (Agropur Ingredients, Le Sueur, MN, USA) were thermally denatured for 30 min. at 85°C.
Tablets were prepared by direct compression using a TDP-6 single punch press (Yangzhou Nuova
Machinery co. Ltd., Jiangju, China). Powders were weighed and subsequently mixed together in a mortar
prior to tabletting. Tablet diameters and thicknesses were respectively 11.2 mm and 6.5 mm. 24 h after
manufacture, tablet hardness was measured following the United States Pharmacopeia (USP) <1217>,
using a Tablet Hardness Tester YD-1 (Minsheng Pharmaceutical Machinery Ltd., Shangai, China).

Hardness was between 7 and 9 kp. Formulations tested in this Example are described in Table 1.
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Table 1: Tablet formulations tested in Example 2

Denatured whey

Native whey proteins proteins

FORMULATION (inmg)  2-1 2-2 2-3 2-4 2-5 2-6 2-7

10

15

20

. Native whey proteins 295 265 235 205 0 0 0
Proteins .
Denatured whey proteins 0 0 0 0 265 235 205
Polysaccharides kappa-carrageenan 0 30 60 90 30 60 90
Active ingredient Vitamin B2 50 50 50 50 50 50 50
Microcrystalline cellulose
g
(MCC) 15 15 15 15 15 15 15
Additives Magnesium stearate 4 4 4 4 4 4 4
Silicon dioxide 1 1 1 1 1 1 1

2.2 Tablet dissolution testing

In vitro performance of tablets was tested using a dissolution apparatus SR6 Dissolution test
station, USP II (Hanson Research Corp., Chatsworth, CA). Guidelines described in USP <2040>
(Disintegration and dissolution of dietary supplements) were followed.

During experiments, paddle speed was set at 100 rpm and the temperature was maintained at
37°C. Prior to measurements, samples were filtered and background absorbance was subtracted. Release

was followed by measuring the concentration of the active ingredient (AI) dissolved in the release

medium as a function of time. Absorbance at 440 nm was followed using an UV-Vis spectrophotometer.
Typical dissolution experiments consisted of the immersion of 3 tablets into a simulated gastric
fluid (SGF) for 2 h, followed by the immersion of the tablets into a simulated intestinal fluid (SIF), until
complete dissolution. No sinkers were used.
SGF consisted of a diluted HCI (37%) solution, pH 1.0, containing 2 g/L. of NaCl and 0.1 g/L of
pepsin. SIF consisted of a NaHPO, buffer (50 mM), pH 6.9, containing 0.5 g/L of pancreatin.

Experiments were repeated at least two times.

2.3 In vitro riboflavin release from tablet dissolution testing

Fig. 1 illustrates the in vitro release profiles obtained from formulations 2-1 to 2-7 (see Table 1).
Tablets containing no polysaccharides (formulation 2-1) quickly released the riboflavin: after 45 min,

riboflavin was completely released and tablets were dissolved.
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Tablets containing both native whey proteins and kappa-carrageenan showed slower release
profiles of riboflavin. After 2 h, the percent release was 68%, 41%, and 24% for formulations 2-2, 2-3,
and 2-4, respectively. Complete release occurred after 225 min, 330 min, and 330 min for formulations 2-
2, 2-3, and 2-4, respectively. These results indicate that the presence of the polysaccharide (kappa-
carrageenan) decreased the rate of release of riboflavin. Furthermore, these results suggest that the higher

the polysaccharide to protein ratio, the lower the rate of release of the active ingredient.

Replacing the native whey proteins in formulations 2-2, 2-3, and 2-4 with corresponding amounts
of denatured whey proteins (i.e., formulations 2-5, 2-6, and 2-7) resulted in an even slower release rate of
the active ingredient. Indeed, after 8 hours of experiment, riboflavin release was between 65% and 70%
for formulations 2-5 to 2-7 (Fig. 1). Of note, the use of denatured proteins resulted in a particularly slower

release of riboflavin during exposure to SGF (0 to 120 min) (Fig. 1).

Example 3:

Protein/polysaccharide powder mixtures form coacervates in situ

In order to investigate the structures and physiochemical properties of the tablet formulations of
Example 2 following exposure to SGF and SIF, at least two types of tests were performed: Strength
testing in the presence or absence of chaotropic agents; and Fourier transform infrared (FTIR)

spectroscopy.
3.1 Strength measurements in the presence or absence of chaotropic agents

Tablets prepared as described in Example 2.1 were immersed in either 50 mL of SGF for 2h, or
in 50 mL of SGF for 2h followed by immersion in SIF for 2h, as described in Example 2.2. Although all
of formulations 2-2 to 2-7 formed what appeared to be coacervate-like complexes during the course of the
incubations, only formulations 2-5, 2-6, and 2-7 were sufficiently strong to be physically manipulated and

thus were selected for further study.

The strengths of the coacervate-like complexes of formulations 2-5, 2-6, and 2-7 formed post-
immersion were measured using a TA-XT2 texture analyser equipped with a 25 kg load cell (Stable
Micro Systems, Scarsdale, NY, USA) and a round cylindrical steel probe (2 mm ). The resistance of the
samples to the compression of the probe was recorded. The pre-test speed was set up at 2.0 mm/s and the
test speed at 0.2 mm/s. The post-test speed was set up at 1.0 mm/s. Acquisition rate was of 10 points per
second. An example of stress-strain curve is given in Fig. 2. Furthermore, in order to evaluate the
contribution of hydrophobic interactions and hydrogen bonding to the structure of the coacervate-like

structures, experiments were repeated using SGF and SIF containing 2M of ethanol or 2M of urea,
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respectively. For each sample, the work of cohesion was calculated as the area under the stress-strain
curve between 0 and 2.5 mm. Work of cohesion is expressed in mJ. Typical results are shown in Table 2.

All experiments were repeated at least three times.

Table 2: Work of cohesion (in 10* mJ) for formulations 2-5. 2-6 and 2-7 in SGF or SGF/SIF in

presence and the absence of chaotropic agents

pH 1.0 pH6.9
(SGF for 2h) (SGF for 2h, then SIF for 2h)
Formulation No No
chaotropic  Urea 2M Ethanol chaotropic  Urea 2M Ethanol
2M 2M
agent agent
2-5 47x038 41103 39+£03 82+0.1 7.0£0.6 73+£04
2-6 72+0.5 5103 51£06 10.1+£0.1 43+£06 47+02
2-7 126+1.1 8.1+£07 47x06 4704 30£04 23%£06

After immersion in SGF for 2h, the higher the ratio of polysaccharides to proteins used in the
formulation, the higher the work of cohesion that was observed. This result indicates that higher ratios of
polysaccharides (e.g., kappa-carrageenan) led to stronger coacervates. It also suggests that strength of the
post-immersion complexes were related to polysaccharide-protein interactions, and further that an
increase in polysaccharide to protein ratio in the formulations may favour protein/polysaccharide
interactions at the expense of protein-protein interactions. In the presence of chaotropic agents, work of
cohesion values tended to decrease. Thus, urea and ethanol both led to a decrease in strength of the
coacervate-like complexes, suggesting that both hydrogen bonds and hydrophobic forces influence
complex stabilization. Morcover, the higher the ratios of polysaccharides to proteins, the more
pronounced the effect of the chaotropic agents. This result confirms that strength of the complexes
strongly depends on protein/polysaccharide interactions, suggesting not only the formation of
coacervates, but also that the strength of the coacervates formed is inversely proportional to the rate of
release of the active ingredient. Without being bound by theory, by forming tighter and stronger
complexes, coacervates may considerably slow down the release of active ingredients.

After immersion in SGF for 2h followed by SIF for 2h, increasing polysaccharide to protein ratio
led to a slight increase of work of cohesion values (from formulation 2-5 to 2-6) before decreasing
complexes’ strength by approximately 50% in formulation 2-7. However, despite these small differences,
the effect of the chaotropic agents were still particularly marked, suggesting that protein/polysaccharide
interactions govern the strength of the coacervate-like complexes, even upon subsequent incubation in
SIF.
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Interestingly, while the dissociation constant of the sulphate groups of kappa-carrageenan is
approximately equal to 3 (pKa ~2.8) and the isoelectric point of the whey protein is approximately equal
to 5 (pl ~ 5.2), coacervate complexes remained intact upon incubation at pH 6.9 (SIF). Thus, the
formation of coacervate-like complexes of formulation 2-5 to 2-6 post-immersion in SGF (and SGF/SIF)
was somewhat unexpected, since the scientific literature consistently reports that stable
protein/polysaccharide coacervates form in a pH range of between the pKa of the polysaccharides and the
isoelectric point of the protein material (pI) (Syrbe et al., 1998; Tolstoguzov, 1997). Therefore, these
results highlight the impact of protein/polysaccharide ratios on coacervate-like complex strength in both

SGF (pH 1.0) and SIF (pH 6.9).

3.2 FTIR analysis of amide I’ region

Formulations were incubated for 2h in 10 mL of DO adjusted with DC1 0.5 M to pD 1.5 (pH ~
1.1), or in the same solution for 2h and followed by in 10 mL of D,O adjusted to 7.3 (pH~6.9) using
NaOD 0.5 M. Then, tablet surface was taken and was slightly pressed and analysed using a horizontal
attenuated total reflectance (ATR) crystal (ZnSe). Infrared spectra were recorded with a Magna 560
Nicolet spectrometer (Madison, WI, USA) equipped with a mercury-cadmium-telluride detector. The
spectrometer was continuously purged with dried air. Each spectrum is the result of an average of 128
scans and apodised with a Happ-Genzel function. To study the amide I” region, subtractions and Fourier
self-deconvolutions were performed using the Omnic™ software. Band narrowing was achieved with a

full width at half of 18 cm™' and with a resolution enhancement factor of 2 cm™!

. All spectra were
performed at least twice.

Fig. 3 shows results from FTIR analyses and illustrates amide I” region for coacervates taken on
the surface of tablets formulations 2-5, 2-6, and 2-7 subjected to dissolution testing as described in
Example 3.1. Interestingly, no particular differences were observed between spectra obtained at acidic
(SGF) or more neutral pH (SGF followed by SIF). Indeed, there was no observed difference in terms of
the incidence on bands’ position or intensity, by immersing formulations 2-5, 2-6, and 2-7 in SGF with or
without subsequent immersion in SIF. These results suggest that coacervate-like complexes initially form
upon contact of the protein/polysaccharide mixtures with SGF during the gastric phase, and that these
complexes remain relatively structurally unchanged following subsequent exposure to SIF.

In more detail, Fig. 3 shows that all spectra were composed of eight components located at 1695
cm, 1681 cm™, 16717, 1669 cm™!, 1662-1660 cm?, 1648 cm?, 1632 cm’!, 1622-1617 cm™ and 1603 cm”
L. Components located at 1632, 1662-1660, 1671-1669 and 1691 cm™! were attributed to intramolecular

beta-sheets and unordered structures. The band located at 1648 cm™ was attributed to alpha-helices and
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unordered structures. The small shoulder at 1603 cm™ was attributed to amino acid side chain vibration.
The amide I' maximum at around 1617-1622 cm™! is characteristic of the presence of intermolecular beta-
sheet hydrogen bonds. Such a band is characteristic of protein-protein interactions. The frequency of this
band seemed progressively shifted from 1617 cm™!' (formulation 2-5) to 1622 cm™ (formulation 2-7)
(Gilbert et al., 2005). This may be attributed to a weakening of protein-protein interactions while
polysaccharide concentration is increased in tablets. Without being bound by theory, this phenomenon
may be related to the intercalation of the polysaccharide (kappa-carrageenan) molecules between protein
chains. This result is consistent with our other observations that an increase in polysaccharide ratio in
tablets favor protein-polysaccharide interactions at the expense of protein-protein interactions. Finally, the

1

less pronounced component located at 1681 cm™' would be consistent with the presence of intermolecular

antiparallel beta-sheets.

In general, these results provide compelling evidence of the formation of protein/polysaccharide
complex coacervates in sifu upon immersion of the formulations in SGF (pH 1.0), and that the
coacervates formed in sifu are able to sufficiently withstand subsequent exposure to SIF (pH 6.9) to
achieve modified/slowed release of the active ingredient. Furthermore, the observation that the coacervate
strength and rate of release of the active ingredient may be controlled by simply varying the ratio of
protein/polysaccharide mixture in the formation, suggests that it is possible to customize active ingredient
release rate and/or duration of an active ingredient by varying the biopolymer ratios in the oral formation,
thereby providing the basis for a versatile coacervate-based oral delivery system that is readily adaptable

to the release profile desired.

Example 4:

Coacervate-forming protein/polysaccharide powder mixtures are suitable for capsule formulations

Capsules are one of the most commonly employed solid oral dosage forms for the delivery of
active ingredients and present some advantages over tablets for certain formulations. In this Example,
coacervate-forming protein/polysaccharide powder mixtures were added to capsule formulations to assess

their suitability for use in such formulations.
4.1 Capsule preparation

Cellulose-based capsules were used (HPMC, K-Caps™). Empty capsules were manually filled
with mixes containing protein/polysaccharide powders consisting of pea protein powder (The Scoular
Company, Nebraska, USA) mixed with a carrageenan (supplier A)-xanthan (Supplier D) powder,

microcrystalline cellulose (MCC), and an active ingredient (caffeine or the probiotic P. acidilactici).
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Protein:polysaccharide mixtures were at a weight ratio of 85:15. Then, capsules were manually closed

with the cap. Capsule in vitro release performances were subsequently tested.
4.2 Capsule in vitro release performance

In vitro release performances of capsules were tested using a dissolution apparatus SR6
Dissolution test station (Hanson Research Corp., Chatsworth, CA). For each formulation, six capsules
were tested following USP <724> for the dissolution specifications for delayed-release dosage forms.
Briefly, a typical dissolution experiment consisted in the immersion of capsules into a simulated gastric
fluid (SGF) for 2 h followed by the immersion of the capsules into a simulated intestinal fluid (SIF) until
complete dissolution. Paddle speed was set at 65 rpm and temperature was maintained at 37°C. Vessel

volume was 1000 mL.

SGF consisted in a diluted HC1 (37%) solution, pH 1.0, containing 2 g/L of NaCl and 0.1 g/L of
pepsin. SIF consisted in a NaH,PO4 buffer (50 mM), pH 6.9, containing 0.5 g/L. of pancreatin.
Experiments were repeated at least two times. During every experiment, capsule immersion was ensured

using stainless steel sinkers with six spirals.

For the probiotic, P. acidilactici strain survival was measured after 1 h and 2 h of immersion in
SGF, followed by the capsules being transferred and completely dissolved in 150 mL of sterile SIF.
Subsequently, dilutions were performed, and strains were cultured using MRS agar in aerobic conditions

at 37°C for 48 h. Microbial counts were then performed.

For caffeine, release was followed measuring absorbance at 271 nm using a UV160A UV-vis

spectrophotometer (Shimadzu, Kyoto, Japan). Prior to analysis, samples were filtered.
4.3 Results

Probiotics survival

Tested formulations, expressed in % weight, are given in Table 3. Three different formulations
containing respectively 0%, 35% and 50% w/w of protein/polysaccharide powder mixtures were

prepared. Capsules’ final weight was 500 + 15 mg.

Table 3: P. acidilactici capsule formulations tested

Formulation (in % w/w) 4-1 4-2 4-3
Protein/polysaccharide

powder mixture* 0 33 >0
MCC 75 40 25
P. acidilactici 25 25 25
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*pea protein powder : carrageenan/xanthan powder (weight ratio 85:15).

Results for probiotic survival are shown in Fig. 4. Capsules opened after approximately 12
minutes in SGF. Capsules containing only microcrystalline cellulose (MCC) (formulation 4-1) showed
quick dissolution and P. acidilactici survival was not detectable after 1 h in the SGF. In contrast,
formulations 4-2 and 4-3 showed significant survival after the gastric step. After 1 h, formulations 4-2 and
4-3 yielded viable CFUs of 7.4 = 1.8 x 10° and 6.2 £ 2.0 x 10°, respectively. After 2 h, the CFUs were 7.7
+ 3.1 x 10* for formulation 4-2, and 1.2 + 0.1 x 10° for formulation 4-3. Strikingly, although control
formulation 4-1 (lacking the coacervate-forming proteins-polysaccharide mixture) exhibited a 10.5-log

decrease in viability, formulations 4-2 and 4-3 showed only a 1-log decrease after 1 h in SGF.

The gastric protection results observed are explained by the formation of coacervates by the
protein/polysaccharide mixture when the capsules started to open. Indeed, while simulated gastric fluid
penetrates the capsules and the capsules start to dissolve, the protein/polysaccharide mixture begins to
form coacervates in situ (as characterized in Example 3 for post-immersion tablets), leading to the

formation of a complex coacervate fitting the shape of the capsule (see Fig. 5).

Thus, these results demonstrate the suitability of coacervate-forming protein/polysaccharide

mixtures for gastric protection, as well as for modified release of active ingredients.

Caffeine release

The same experiments as with P. acidilactici were performed, replacing with caffeine as the
active ingredient. Two formulations were tested: one containing a protein/polysaccharide mixture, the
other containing only filler (MCC). Capsule formulations that were tested are described in Table 4.

Capsule weight was approximately 500 mg.
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Table 4: Caffeine capsules formulations tested (in % w/w)

Formulation (in % w/w) 4-4 4-5
Protein/polysaccharide
: 0 35
powder mixture*
MCC 75 40
Caffeine 25 25

* pea protein powder : carrageenan/xanthan powder (weight ratio 85:15).

Release profiles obtained from each formulation are given in Fig. 6. For both formulations,
caffeine release began after 5 to 10 min of experiment. This period corresponds to the time required by
the capsule to start to dissolve and expose its contents to the surrounding fluid.

In the case of the formulation containing only MCC as a filler (formulation 4-4), a rapid release of
caffeine was observed and 97% of the caffeine was released after 15 min in SGF.

In the case of formulation 4-5 containing 35% w/w of the protein/polysaccharide mixture,
caffeine release was extended for several hours and 100% release was observed after approximately 6-7
hours. This result is consistent with that for probiotics and demonstrates that the protein/polysaccharide
powder mixture forms a complex that protects the active ingredient from acidic conditions, and is able to

extend the release of the active ingredient from several minutes to several hours.

4.4 Discussion

Results in this Example show that the use of in sifu coacervate-forming protein/polysaccharide
powder mixtures are suitable for capsule formulations in addition to tablet formulations. Indeed, their use
in capsules led to modified-release profiles where active ingredient dissolution was extended over several
hours, and also provided protection of the active ingredient in simulated gastric conditions.

Dissolution of gelatin- or cellulose-based capsules is not an instantancous and total process.
Without being bound by theory, it is possible that when capsule dissolution starts, surrounding fluid
penctrates the capsule and leads to the simultancous dissolution of the active ingredient and
protein/polysaccharide complex coacervate formation. This process continues until the capsule is
completely dissolved, leading to the formation of a structure that fits the shape of the capsule (e.g., see
Fig. 5). The process of capsule dissolution and coacervate-forming complex is shown schematically in
Fig. 7.

Using standard technologies that are currently available, capsules are typically manufactured
using gelatin or cellulose. Once filled with a given formulation containing an active ingredient, additional

processing steps and additives are required, such as applying a coating on the capsules’ surface to obtain
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gastric protection and/or a modified release profile. Strikingly as shown herein, the in sifu coacervate-
forming protein/polysaccharide powder mixtures were able to provide both gastric protection and
modified release of the active ingredient in the absence of additional processing steps, such as without

adding a further coating (e.g., enteric coating) to the capsule.

Example 5:

Parameters governing performance of polysaccharide powders in oral delivery systems based on in
situ forming protein/polysaccharide coacervates

Examples 1-4 demonstrate the suitability of coacervate-forming protein/polysaccharide powder
mixtures for oral delivery systems. More specifically, Examples 2 and 3 demonstrate coacervate
formation associated with modified release of active ingredients with both native and denatured whey
proteins, while Example 4 demonstrates comparable results with pea protein powder, indicating that
suitable coacervate formation is achievable using protein powders from different sources. In each of
Examples 2-4, suitable coacervate formation was demonstrated using the polysaccharide kappa-
carrageenan from the same supplier (supplier A). However, extensive empirical dissolution testing using
different types of polysaccharides (i.e., other than kappa-carrageenan) and even the same type of
polysaccharide from different suppliers (e.g., kappa-carrageenan obtained from different suppliers)
yielded unpredictable results in terms of coacervate formation and gastric protection/modified release.
(No such unpredictable results were observed with respect to the protein powders employed from
different suppliers, which all had more uniform flour-like textures.) For example, it was observed that
kappa-carrageenan powder obtained from supplier A was able to form a complex coacervate in sifu that
provided gastric protection, but that kappa-carrageenan from supplier B was not able to do so.
Furthermore, without subjecting the oral formulations to empirical dissolution testing, it was not possible
to reliably predict beforehand (c.g., based on supplier-provided product specification sheets) which
polysaccharides from which suppliers would form successful coacervates in sifu. These unpredictable
results led to extensive efforts to identify objective and measurable parameters that could reliably predict
polysaccharide powders that function in the in sifu coacervate-forming oral delivery systems of Examples
1-4. These efforts resulted in a set of measurable/calculatable parameters of the polysaccharide powder
(i.e., Dynamic cohesive index, angle of repose, Carr index/ compressibility, and Hausner ratio) that could
be used to reliably predict its suitability for the in sifu coacervate-forming oral delivery systems described

herein. The results shown below in the present Example demonstrate the foregoing.
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51 Tablet manufacturing

Tablets were prepared by direct compression using a TDP-6 single punch press (Yangzhou Nuoya
Machinery co. Ltd., Jiangju, China). Powders were weighed and subsequently mixed together in a mortar
prior to tabletting. Tablet diameters and thicknesses were respectively 11.2 mm and 6.5 mm. 24 h after
manufacture, tablet hardness was measured following USP <1217>, using a Tablet Hardness Tester YD-1
(Minsheng Pharmaceutical Machinery Ltd., Shanghai, China). Hardness was between 7 and 9 kp.

In this Example, thermally denatured pea proteins were chosen as the protein powder, and various
polysaccharides from different suppliers were formulated in parallel. The general composition of the

tablet formulations 1s shown in Tables 5 and 6.

Table 5: Tablet formulations tested in this Example

Ingredient Quantity (mg)
Protein/polysaccharide powder Pea protein Powder 130
mixture Polysaccharide powder 35
(see Table 6)
Active ingredient Pediococcus acidilactici 110
MCC 115
. Magnesium stearate 6
Additives o .
Silicon dioxide 6
Stearic acid 50

52 Erosion of tablets

Erosion of tablets was followed using a disintegration apparatus (Tianjin Guoming Medicinal
Equipment Co., Tianjin, China). Tests were performed following USP specifications <2040>. In a typical
experiment, one tablet was placed in each of the three tubes of the basket. No sinkers were used. Then,
the apparatus was operated with SGF at 37°C as the immersion fluid for 1h. Experiments were conducted
at least in triplicate. Disintegration was followed gravimetrically. After 1 h, the erosion rate of the tablet
was measured and expressed as the % of disintegrated tablet (D%). If the tablet was completely
disintegrated before the end of the experiment, its disintegration time was noted (DT). Table 6 illustrates

D% and DT values for the different tested tablets.

53 Polysaccharide powder characteristics
Polysaccharide powders were characterized by measuring their angle of repose, dynamic cohesive

index, their bulk and tapped densities, their compressibility index (Carr index), and their Hausner ratio.
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Powder properties were determined following USP <1174> specifications. Dynamic cohesive index was
estimated using the correlation existing between a value (angle of repose) and the cohesive index
(Boschini et al., 2015).

These properties are indicators of powder flowability, texture, and cohesiveness. Angle of repose
values (o) and powder cohesive index are strongly correlated (Boschini et al., 2015), thus, a values were

used to determine the corresponding cohesive index value.

5.4 Results
P. acidilactici was selected as the active ingredient. All tablets had the same formulations (see

Table 5), wherein only the polysaccharide type or origin varied (see Table 6).

Table 6: Tablet disintegration D% and DT

Time until complete

Polysaccharide Supplier Formulation %o Tablet dls.l ntegration tablet disintegration
powder after 1h in SGF .

(if <1h)

Kappa-carrageenan B 5-1 100% 32 min
A 5-2 5% -
Xanthan gum B 5-3 3% -
C 5-4 57% -
D 5-5 7% -

E 5-6 100% 12 min

Gellan B 5-7 100% 29 min

G 5-8 100% 38 min
Pectin LM B 5-9 8% -
Pectin HM B 5-10 22% -
Agar B 5-11 15% -
Alginate A 5-12 11% -
B 5-13 3% -
F 5-14 4% -

The results in Table 6 showed that the formulations 5-2, 5-3, 5-5, 5-9, 5-10, 5-11, 5-12, 5-13, and
5-14 (bolded) exhibited significant resistance following lh exposure to SGF, suggesting that these
formulations would be suitable for gastric protection/modified release applications. In contrast,
formulations 5-1, 5-6, 5-7, and 5-8 provided virtually no gastric resistance following 1h exposure to SGF,
precluding their use in gastric protection/modified release oral delivery systems. Formulation 5-4
exhibited intermediate gastric resistance to SGF.

Surprisingly, formulations 5-1 and 5-2 exhibited completely opposite erosion results (100% vs

5%) despite consisting of all the same ingredients. In fact, the only difference between formulations 5-1
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and 5-2 was the source of the polysaccharide (kappa-carrageenan; supplier A vs B). Similarly,
formulations 5-3, 5-4, 5-5, and 5-6, differ only in the source of the polysaccharide (xanthan gum,
suppliers B, C, D, or E), yet each formulation gave vastly different erosion results ranging from 3% to
100%. Moreover, the results could not be explained from the specification sheets provided by the various
suppliers for each of the polysaccharide powders tested. Thus, the characteristics and properties of each of
the polysaccharide powders were studied in order to attempt to understand the contradictory results from
erosion testing.

For each of the polysaccharide powders, different parameters were compared, including powder
densities, compressibility, Hausner ratio, angle of repose, cohesiveness, pH in solution and viscosity
(which is, among other things, related to polymer molecular weight). Moreover, it is reported in the
literature that low salt concentrations promote interactions while high salt concentrations tend to diminish
or supress coacervation (Schmitt, 2000; de Kruif et al., 2004). Thus, salt content, based on each of the
polysaccharide powders’ Certificate of analysis, were also compared. These data are shown ranked in

order of disintegration efficiency in Table 7.

Table 7: Characteristics of polysaccharide powders (5-1 to 5-6) sorted based on D (%) /DT (min)

Formulation: 5-3 5-2 5-5 5-4 5-1 5-6
Polysaccharide Xanthan carl;:gre);an Xanthan Xanthan carliggre);an Xanthan
[Supplier] gum [B] [A] gum [D]  gum[C] [B] gum [E]
- i 100% 100%
0, 0, 0, 0, 0,
D (%) (DT in mins) 3% 5% 7% 57% (32 min) (12 min)
pH (0.2% in water) 6.7 6.9 6.7 6.9 6.9 6.7
(\glszizsﬁw) ) 169+ 12 14+1 186+10  181+11 1541 172+8
[Salts] (% wiw)* 4.3% 9.8% 9.6% 9.2% 43% 2.5%

Tap density (g/cm’) 0.80 £0.00 0.58 £0.02 0.85+0.02 0.80+0.00 0.76 £ 0.02 0.88 £0.02
Bulk density (g/cm?) 0.56 £0.05 0.43£0.01 0.51£0.02 0.68+0.01 0.59£0.02 0.75+£0.02

Hausner ratio 1.45 £0.12 1.34 £ 0.01 1.65+£0.10 1.17+£0.02 1.28 £0.03 1.17£0.05

Carr index/

compressibility (%) 316 25+1 39+4 15+£2 2242 15+4

Angle of repose 515 553 48+3 34+2 32+7 28+2

Dynamic cohesive

. 30-40 30-40 30-40 5-10 5-10 <5
index

* According to certificate of analysis from supplier.
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The results shown in Table 7 reveal that tablet erosion in SGF (D/DT) could not reliably be
predicted from polysaccharide powder parameters such as pH, viscosity, salt concentration, tap density, or
bulk density. In fact, most polysaccharide powders had very different salt concentrations. For example,
while the polysaccharide powders of formulations 5-3 and 5-1 had the same salt content (4.3%),
formulations 5-3 and 5-1 performed very differently in erosion testing (3% vs. 100%). Considering the
well-known effect of ionic force and counter ions on protein/polysaccharide complex formation, these
results were quite surprising.

Interestingly, however, polysaccharide powders with higher Hausner ratios and Carr
index/compressibility (indicative of powder flowability) were those that tended to form more slowly
disintegrating tablets (and vice versa). These results suggest that polysaccharide powders which tend to
aggregate with proteins to form sufficiently strong coacervates in sifu should be cohesive (have poor
flowability), and conversely, that granular or sandy powders (¢.g., which are without fine particles or
fibers), are less capable of interacting with the protein powders upon exposure to SGF, thereby resisting
erosion.

Angle of repose measurements showed that polysaccharide powders with higher angle values
were more capable of complexing with protein powders upon exposure to SGF, thereby resisting erosion
(and vice versa). Angle of repose values indicate that cohesive powders were suitable for slowly
disintegrating oral (or tablet/capsule) formulations and, on the contrary, that free flowing powders would
not. This result goes hand in hand with those obtained from compressibility index and Hausner ratio
values.

Finally, angle of repose can be directly related to dynamic cohesive index (Boschini et al., 2015).
It appears that polysaccharide powders with a dynamic cohesive index below 10 were not capable of
aggregating with proteins, while polysaccharides powders with a cohesive index over 10 are those
susceptible to interact with protein materials and form coacervates.

Interestingly, the least erosion resistant formulations were obtained using the polysaccharide
powders having a cohesive index below 5 and angles of repose below 30 (e.g., see formulation 5-6 in
Table 7 exhibiting complete disintegration after only 12 min). Conversely, progressively more erosion
resistant formulations were obtained with polysaccharide powders of increasing cohesive index and angle
of repose (Table 7).

Table 8 summarizes for each tested polysaccharide powder Hausner ratio, Carr index , angle of
repose, dynamic cohesive index and their corresponding disintegration time in SGF (if applicable) and
disintegration % at the end of the gastric step. Overall, parameters relating to polysaccharide powder

cohesiveness were observed to reliably predict the polysaccharide powder’s suitability to form
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coacervates with proteins in sifu, in the context of oral delivery systems described herein. More
specifically, polysaccharide powders having higher dynamic cohesive index, angle of repose, Hausner
ratio, and Carr index (compressibility index) were observed to result in the formation of stronger
coacervates in situ upon exposure to SGF, thereby providing greater gastric protection and/or slower

5 release of the active ingredient.
Interestingly, for suitable polysaccharides, increasing their concentrations in the tablet
formulations led to an increase in disintegration time as well as a decrease in disintegration % at the end

of simulated gastric step (results not shown).

10 Table 8: Coacervate-forming characteristics of polyvsaccharide powders sorted based on D (%) / DT
min
. . . Hausner Carr mfle_x_/ Angle Dy NAMIC -y o, DT
Polysaccharide  Supplier  Formulation . compressibility of cohesive L
ratio . in min)
(%) repose index
Xanthan gum B 5-3 1.45 31 51 30-40 3%
Alginate B 5-13 1.62 38 42 20-30 3%
Alginate F 5-14 1.72 42 47 30-40 4%
Kappa- A 5-2 1.34 25 55 30-40 5%
carrageenan
Xanthan gum D 5-5 1.65 39 48 30-40 7%
Pectin LM B 5-9 1.32 24 39 10-20 8%
Alginate A 5-12 1.53 35 43 20-30 11%
Agar B 5-11 1.63 39 44 20-30 15%
Pectin HM B 5-10 1.51 34 45 30-40 22%
Xanthan gum C 5-4 1.17 15 34 5-10 57%
0,
Gellan G 5-8 1.23 18 28 5-10 100%
(38 min)
- 0,
Kappa B 5-1 1.28 2 32 5-10 100%
carrageenan (32 min)
0,
Gellan B 5.7 1.19 23 33 5-10 100%
(29 min)
100%
Xanthan gum E 5-6 1.17 15 28 <35 (12 min)
Example 6:
Conditioning of polysaccharide powder for increased coacervate formation and improved gastric
15 protection

The results in Example 5 demonstrate that polysaccharide powders having higher cohesiveness

(e.g., higher dynamic cohesive index, angle of repose, Hausner ratio, and Carr index) formed stronger
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coacervates in situ upon exposure to SGF, thereby providing greater gastric protection and/or slower
release of the active ingredient. In Example 6, we demonstrate that a polysaccharide powder having low
cohesiveness and providing poor gastric protection in the context of oral delivery systems described
herein, can be conditioned for increased cohesiveness, and that this conditioning results in dramatically
improved gastric protection.

Xanthan gum powder from supplier E (5-6) was selected since it provided the least gastric
protection (100% disintegration in 12 min) amongst all the polysaccharide powders shown in Table 8.
We attempted to modify the physical properties of the xanthan gum powder from supplier E as follows. A
solution at 2% (w/v) was prepared in double distilled water and was subsequently lyophilized. Following
lyophilization, the powder was over-dried for five days at 60° C and was then grinded. After grinding,
polysaccharide powders were sifted through a No. 20 mesh (2 841 um). Table 9 illustrates the powder
characteristics before and after conditioning. Then, tablets were manufactured into formulations as
described in Table 5, with each xanthan gum powder (original and modified), and tested using a

disintegration apparatus as described in Example 5. Table 10 illustrates results obtained from each

polysaccharide.
Table 9: Polysaccharide properties before and after conditioning
Unconditioned xanthan Conditioned xanthan gum

gum powder powder

Tap density (g/cm?) 0.88 +£0.02 0.52 £0.04

Bulk density (g/cm?) 0.75+0.02 0.27+0.02

Hausner ratio 1.17 £0.05 1.92 £0.12

Carr index/ compressibility (%) 15+4 48 £3

Angle of repose 28+£2 51+4

Dynamic cohesive index <5 30-40

As shown in Table 9, conditioning of the xanthan gum powder resulted in decreased density
(bulk and tapped) and a marked increase in parameters relating to greater powder cohesiveness (Hausner
ratio, Carr index, angle of repose, and dynamic cohesive index). The conditioned xanthan gum powder
also resulted a noticeably more fluffy powder. As shown in Table 10, a formulation using the conditioned
xanthan gum powder resulted in tablets with very low disintegration rate in simulated gastric step (only
1% measurable).

Table 10: Tablet disintegration parameters

D% DT (min)
Unconditioned xanthan 100% 12 min
Conditioned xanthan 1% -
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Example 7:

Protein material type and its effect on tablet disintegration and probiotic survival

In the present Example, we focused on the effect of protein type on the tablet release properties of
different formulations. To do so, a probiotic formulation containing a Lactobacillus helveticus was made
including different protein source materials (Table 11). Six different protein materials from eight
different suppliers were test. For each protein type, post-SGF disintegration % was measured 0 after 60
min in a disintegration apparatus (as described in Example 5). At the end of the gastric step, tablets were
transferred in 750 mL of a simulated intestinal fluid (SIF) consisting of a KH,PQO, buffer (50 mM), pH
6.9, containing 0.5 g/L of pancreatin. For each tablet, disintegration was assessed and disintegration time
was measured. Subsequent to disintegration, CFUs were measured and were compared to initial counts in
order to evaluate cell survival %. All experiments were performed twice, and the results are shown in

Table 12.

Table 11: Tested formulations

Ingredient Quantity (mg)
Protein/polysaccharide powder Native prote.ln powder 150
mixture Polysacchaqde powder 40
xanthan: alginate (80:20)
Active ingredient Lactobacillus helveticus 140
MCC 335
Additives Silicon dioxide 5
Stearic acid 30

Table 12: Post SGF disintegration %, Disintegration time (SIF) and probiotic survival rate as a

function of protein type

Protein Material  Supplier = D% post SGF DT (min) in SIF  Probiotic survival (%)

Pea protein G 3% 131+5 53
Pea protein H 5% 118+7 45
Pea protein I 3% 133+3 48
Rice protein J 2% 152+3 51
Rice protein K 2% 154 +5 42
Rice protein L 4% 142 +4 55
Rice protein M 3% 144 +2 45
Coconut protein M 4% 98 +5 46
Sacha inchi protein M 3% 129 +3 41
Tara protein M 0% 172+ 8 50
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Hemp protein M 9% 44 +6 41
N

Hemp protein 3% 105+3 49

The results shown in Table 12 show that protein type and source did not appear to greatly
influence tablet disintegration in SGF. Cell survival rate was only slightly influenced and, irrespective of
protein type or source, L. helveticus showed post-SGF survival between 40 and 55% and was therefore
protected against the gastric harsh conditions. This effect is associated with the buffering capacity of
protein materials in these conditions. Furthermore, protein type appeared to have an impact on simulated
intestinal disintegration duration. Faster disintegration was observed for hemp and coconut proteins,
while longer disintegration time were observed for rice and tara proteins. Pea protein showed
“intermediate” disintegration time in simulated intestinal fluids. Without wishing to be bound by theory,
these results may be explained — at least in part — by the fact that the protein concentrate/isolate
composition and protein primary structure (e.g., quantity of hydrophobic amino acids, and quantity of
ionizable amino acids) can influence coacervate formation and their dissociation rate at pH 7.

Finally, the same formulations were tested by replacing L. helveticus with other actives
ingredients (e.g., vitamin C, caffeine). Dissolution experiments also demonstrated that these proteins were
suitable for prolonging active ingredient release in vitro through coacervation. Overall, these results

demonstrate that coacervate formation is attainable using different protein materials and suppliers.

Example 8: Methods for Examples 9-22

8.1 Tablet and capsule preparation

Tablets were prepared by direct compression using a TDP-6 single punch press (Yangzhou Nuoya
Machinery co. Ltd., Jiangju, China). Powders were weighed and subsequently mixed together in a mortar
prior to tableting. Tablet diameters and thicknesses were respectively 11.2 mm and 4.5-6.5 mm. 24 h after
manufacturing, tablet hardness was measured following USP <1217>, using a Tablet Hardness Tester
YD-1 (Minsheng Pharmaceutical Machinery Ltd., Shanghai, China). Hardness was between 5 and 9 kp.
Each of the polysaccharide powders employed had angles of repose greater than 35, Hausner ratios
greater than 1.18, Carr index/compressibility index greater than 15, and dynamic cohesive index greater
than 10.

In the case of capsule formulations, once powder mixed, capsules were filled using a manual

capsule-filling machine. All tests were performed using “vegetarian” (HMPC) capsules “0”.
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8.2 Tablet/capsule dissolution properties

In vitro performance of tablet/capsule formulations was tested using a dissolution apparatus SR6
Dissolution test station, USP II (Hanson Research Corp., Chatsworth, CA). Guidelines described in USP
<2040> (Disintegration and dissolution of dietary supplements) were followed.

During experiments, paddle speed was set at 60-100 rpm and the temperature was maintained at
37°C. Prior to measurements, samples were filtered, and background absorbance was subtracted. Release
was followed by measuring the concentration of the active ingredient (Al) dissolved in the release
medium as a function of time. Depending on the active ingredient, release measurements were performed
by HPLC or directly by spectrophotometry.

Typical dissolution experiments consisted in the immersion of 3 tablet formulations into a
simulated gastric fluid (SGF) for 2 h followed by the immersion of the tablets into a simulated intestinal
fluid (SIF), until complete dissolution. In the case of capsule formulations, immersion was ensured using
stainless steel sinkers with six spirals.

SGF consisted of a diluted HCI (37%) solution, pH 1.0, containing 2 g/L. of NaCl and 0.1 g/L of
pepsin. SIF consisted of a KH;POs buffer (50 mM), pH 6.9, containing 0.5 g/L of pancreatin.

Experiments were repeated at least two times.

8.3 Tablet disintegration properties

Tablet disintegration was tested using a disintegration apparatus (Tianjin Guoming Medicinal
Equipment Co., Tianjin, China). Tests were performed following USP specifications <2040>
(Disintegration and dissolution of dietary supplements). In a typical experiment, one tablet was placed in
each of the three tubes of the basket. Sinkers were not used. The apparatus was operated using SGF at
37°C as the immersion fluid for 1h. Tablets were then transferred into SIF until complete disintegration.

Tablet disintegration was followed gravimetrically. Experiments were repeated at least two times.

84 Probiotic survival

When the active ingredient (Al) was a probiotic or a mix of probiotics, a particular attention was
given to post-gastric cell survival. Thus, at the end of the disintegration experiments, microbial counts
were performed. Strains were cultured following adequate procedures.

In the case of yeasts, strains were cultured using a YPD agar. All samples were cultured in
aerobic conditions and incubated at 30°C for 48-72 h.

In the case of lactobacillus/bifidobacterial, strains were cultured using an MRS agar. All samples

were cultivated in anaecrobic conditions and incubated at 37°C for 48-72 h.
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8.5 Proteolytic activity

Pancreatin proteolytic activity (%) was measured as follows: at the end of the simulated gastric
step, pH was adjusted to 7-7.5, tablet formulations were disintegrated using a rotor-stator homogenizer
and 500 mg of native whey proteins were added. After 4 hours of incubation at 37°C, proteolysis was
measured by dosing free amino groups, using OPA (orthophthadialdehyde) reagent. Experiments were
done using the same amount of unencapsulated/unprotected pancreatin, with (negative control) or without
(positive control) simulating a gastric passage. Proteolytic Activity (%) was determined by calculating the

ratio of free amino group concentration for a given tablet formulation to the positive control.

Example 9: Probiotic tablet formulation and release

Post-gastric survival of probiotics strains and survival of the strains using the formulation
described in Table 13 and Fig. 8A, and survival of the unformulated strains are shown in Fig. 8B. The
probiotics used were a mixture of Lactobacillus paracasei, Lactobacillus rhammosus and Lactobacillus
plantarum. Protein:polysaccharide mixtures were at a weight ratio of 90:10. Disintegration kinetics of the

formulation described in Table 13 is shown in Fig. 9.

Table 13: Three probiotic strains formulation

Ingredient Quantity (mg)
Protein/polysaccharide powder mixture  Denatured pea proteins - carrageenan 165
Active ingredient Probiotics 110
MCC 115
. Magnesium stearate 6
Additives Silicon dioxide 6
Stearic acid 50

Example 10: Curcumin tablet formulation and release

Dissolution profile obtained from the formulation described in Table 14 is shown in Fig. 10.

Protein:polysaccharide mixtures were at a ratio of 92:8.

Table 14: Curcumin tablet formulation

Ingredient Quantity (mg)
Protein/polysaccharide powder mixture Denatured soy proteins — carrageenans 83
Active ingredient Curcumin 225
. MCC 142
Additives Magnesium stearate 4
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Silicon dioxide 2

Example 11: S-HTP tablet formulation and release

Dissolution profile obtained from the formulation described in Table 15 is shown in Fig. 11.

Protein:polysaccharide mixtures were at a ratio of 85:15.

Table 15: 5-HTP tablet formulation

Ingredient Quantity (mg)
Protein/polysaccharide Denatured pea proteins - 200
powder mixture xanthan
Active ingredient 5-HTP 100

MCC and Dibasic Calcium

142

Additives Phosphate

Magnesium stearate 6

Silicon dioxide 3

Example 12: Peppermint extract tablet formulation and release

Dissolution properties of the formulation described in Table 16 is shown in Fig. 12.

Protein:polysaccharide mixtures were at a ratio of 70:30.

Table 16: Peppermint extract tablet formulation

Ingredient Quantity (mg)
Protein/polysaccharide powder mixture  Succinylated pea proteins - alginate 72
Active ingredient Peppermint extract 250
MCC 142
Stearic acid 26
Additives Vitamin B6 2
Magnesium stearate 6
Silicon dioxide 3

Example 13: Caffeine tablet formulation and release

Dissolution properties of the formulation described in Table 17 is shown in Fig. 13.

Protein:polysaccharide mixtures were at a ratio of 92:8.
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Table 17: Caffeine tablet formulation

Ingredient Quantity (mg)
Pyoteill/polysacchaﬂde powder Denatured soy proteins — 300
mixture carrageenans
Active ingredient Caffeine 150
MCC 206
Additives Magnesium stearate 8
Silicon dioxide 4.5

Example 14: Goldenrod extract/ginger tablet formulation and release

Dissolution properties of the formulation described in Table 18 is shown in Fig. 14.

5  Protein:polysaccharide mixtures were at a ratio of 75:25.

Table 18: Goldenrod & ginger tablet formulation

Ingredient Quantity (mg)
Protein/polysaccharide Native pea proteins — 230
powder mixture carrageenans
. . Goldenrod extract & ginger 200
Active ingredients Caffeine 43
MCC 110
Additives Magnesium stearate 10
Silicon dioxide 9

Example 15: 8. boulardii tablet formulation and release

10 Post-gastric survival of Saccharomyces boulardii. Survival of the strain using the formulation
described in Table 19 is shown in Fig. 15A (76.1%) and survival of the unformulated strain is shown in
Fig. 15B (3%). Disintegration kinetic of the formulation described in Table 19 is shown in Fig. 16.

Protein:polysaccharide mixtures were at a ratio of 85:15.

15 Table 19: S. boulardii tablet formulation
Ingredient Quantity (mg)

Protein/polysaccharide powder mixture  Succinylated soy proteins - pectin 180
Active ingredient S. boulardii 120
MCC 126

. Magnesium stearate 6

Additives Silicon dioxide 6

Stearic acid 55
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Example 16: Beta-alanine tablet formulation and release

The disintegration kinetics of the formulation described in Table 20 is shown in Fig. 17.

Protein:polysaccharide mixtures were at a ratio of 85:15.

5 Table 20: Beta-alanine tablet formulation
Ingredient Quantity (mg)
Protein/polysaccharide powder mixture Native pea protein - xanthan 300
Active ingredient Beta-alanine 400
Nu rice 25
iy Nu flow 25
Additives Calcium carbonate 200
Dextrose 200

Example 17: Peppermint — Vitamin B6 capsule formulation and release

Dissolution properties of the formulation described in Table 21 is shown in Fig. 18
Protein:xanthan: polysaccharide mixtures were at a ratio of 80:10:10.
10

Table 21: Peppermint capsule formulation

Ingredient Quantity (mg)
Protein/polysaccharide powder mixture Native pea protein — xanthan - carrageenan 133
Active ingredient L-Menthol 42
. MCC 150
A L
dditives Stearic acid 15

Example 18: Melatonin - ginger tablet formulation and release

Dissolution properties of the formulation described in Table 22 is shown in Fig. 19.

15  Protein:polysaccharide mixtures were at a ratio of 80:20.

Table 22: Melatonin — ginger tablet formulation

Ingredient Quantity (mg)
Protein/polysaccharide powder mixture Native pea protein - Xanthan 100
Active ingredients I\G/[l:lif;n_ifmbloucs 21 120
MCC 270
Additives Magnesium stearate 5
Silicon dioxide 2.5
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Example 19: Nicotinamide MonoNucleotide (NMN) tablet formulation and release

Dissolution properties of the formulation described in Table 23 is shown in Fig. 20.

Protein:xanthan:guar gum mixtures were at a ratio of 78:18:4.

5 Table 23: NMN tablet formulation
Ingredient Quantity (mg)

Protein/polysaccharide powder mixture Native rice protein — xanthan — guar gum 300
Active ingredients Nicotinamide MonoNucleotide (NMN) 250

Isomalt 600
Additives Stear.lc acid . 20

Calcium palmitate 10

MCC 30

Example 20: Vitamin C capsule formulation and release

Dissolution properties of the formulation described in Table 24 is shown in Fig. 21.
Protein:polysaccharide mixture was at a ratio of 78:22.
10

Table 24: Vitamin C capsule formulation

Ingredient Quantity (mg)
Protein/polysaccharide powder mixture Native pea protein — Xanthan 200
Active ingredients Vitamin C 300
MCC 120
Additi L
HHves Stearic acid 20

Example 21: Pancreatin tablet formulation and release

Dissolution properties of the formulation described in Table 25 are shown in Fig. 22.
15  Protein:xanthan:alginate mixtures were at a ratio of 80:16:4. Post-SGF enzyme proteolytic activity of

pancreatin versus negative control is shown in Fig. 23.
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Table 25: Pancreatin tablet formulation

Ingredient Quantity (mg)
Protein/polysaccharide powder mixture Native whey protein — xanthan — alginate 250
Active ingredients Pancreatin 100
Dicalcium phosphate 800
Additives Steaﬁc acid 4 30
Calcium palmitate 15
MCC 30

Example 22: Garlic tablet formulation and release

Dissolution properties of the formulation described in Table 26 are shown in Fig. 24.

Protein:polysaccharide was at a ratio of 86:14.

Table 26: Garlic tablet formulation

Ingredient Quantity (mg)

Protein/polysaccharide powder mixture Denatured pea protein — xanthan 200
Active ingredients Garlic extract 400

Dicalcium phosphate 260

Stearic acid 30
Additives Calcium palmitate 15

Silicon dioxide 5

MCC 100
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CLAIMS:

1. An oral delivery system comprising or consisting essentially of a dry homogenous mixture
comprising a protein powder and a polysaccharide powder mixture, and an active ingredient dispersed
therein, the protein and polysaccharide powder mixture forming a protein/polysaccharide complex
coacervate in siti upon immersion of the oral delivery system in a gastric fluid, thereby conferring gastric
protection and/or modified release to the active ingredient, wherein varying the ratio of protein powder to
polysaccharide powder in the oral delivery system varies the level of gastric protection and/or rate of

release of the active ingredient.

2. The oral delivery system of claim 1, wherein the polysaccharide powder has, or is conditioned to
have, one or more of the following powder flow characteristics:
(a) an angle of repose (o) greater than about 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43, 44,45, 46,47, 48, 49, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, or
65 degrees;
(b) adynamic cohesive index greater than about 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23,24,25,26,27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, or 50;
(c) acompressibility index (Carr index) greater than about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, or 38%;
(d) aHausner ratio greater than about 1.18, 1.19, 1.2, 1.21, 1.22, 1.23, 1.24, 1.25, 1.26, 1.27,
1.28,1.29,1.3,1.31,1.32,1.33,1.34,1.35,1.36, 1.37,1.38, 1.39, 1.4, 1.41, 1.42, 1.43, 1.44,
145,146,147,148,1.49, 15,151,152, 1.53, 1.54, 1.55, 1.56,1.57, 1.58, 1.59, or 1.6; or

(e) any combination of (a) to (d).

3. The oral delivery system of claim 2, wherein the polysaccharide powder has, or is conditioned to

have, all the powder flow characteristics as defined in (a), (b), (c) and (d).
4. The oral delivery system of any one of claims 1 to 3, wherein the protein and polysaccharide
powder mixture forms a protein/polysaccharide complex coacervate in sifu upon immersion of the oral

delivery system in a solution of pH below the pKa of the polysaccharide.

5. The oral delivery system of any one of claims 1 to 4, wherein:
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(@)

(b)

©

()

increasing the ratio of polysaccharide powder to protein power in the oral delivery system
increases the level of gastric protection and/or decreases the rate of release to the active
ingredient;

the weight ratio of polysaccharide powder to protein power in the oral delivery system is
1:20to 1:1, 1:15to 1:1.5, 1:10t0 1:2, 1:9.5t0o 1:2.5, 1:9to 1:3, or 1:8.5t0 1:3.5, 1:8 to 1:4,
1:7.5t0 1:4.5,0or 1:7 to 1:5;

the oral delivery system comprises about 5% to 50%, 10% to 45%, 15% to 40%, or 20% to
35% w/w of the protein and polysaccharide mixture; or

any combination thereof.

The oral delivery system of any one of claims 1 to 5, wherein:

(@)

(b)

(c)

(d)

the protein and polysaccharide powder mixture forms a protein/polysaccharide complex
coacervate in sifu upon immersion of the oral delivery system in a simulated gastric fluid
(SGF) consisting of a 37% v/v solution of diluted HCI at pH 1.0, containing 2 g/L of NaCl
and 0.1 g/L of pepsin;

the active ingredient’s rate of release is inversely proportional to the strength of the
protein/polysaccharide complex coacervate formed in situ upon immersion of the oral
delivery system in the gastric fluid;

the protein/polysaccharide complex coacervate formed in situ upon immersion of the oral
delivery system in the SGF is characterized by the presence of intramolecular beta-sheets,
alpha-helices, and/or unordered structures (e.g., as measured by Fourier transform infrared
(FTIR) spectroscopy); or

any combination thereof.

The oral delivery system of any one of claims 1 to 6, which is:

1)
(i1)
(iif)

(iv)

a delayed-release oral delivery system;

an extended-release oral delivery system;

an oral delivery system providing increased gastric protection to the active ingredient upon
oral administration, as compared to administration of an unformulated active ingredient; or

any combination thereof.

The oral delivery system of claim 7, wherein:
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(1) the delayed release oral delivery system delays the time required for 50% of the active
ingredient to be released by at least 30, 60, 90, 120, 150, 180, 210, or 240 minutes, as
compared to a corresponding oral delivery system lacking the polysaccharide powder;

(i1) the extended-release oral delivery system results in release of the active ingredient over a
period of atleast 3, 4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, or 18 hours; and/or

(i1) the oral delivery system provides increased gastric protection to the active ingredient as
compared to administration of an unformulated active ingredient;

upon dissolution testing comprising immersion of the oral delivery system at 37°C in SGF for two hours
followed by immersion in simulated intestinal fluid (SIF), wherein the SGF consists of a 37% v/v diluted
HCI solution, pH 1.0, containing 2 g/L of NaCl and 0.1 g/L of pepsin, and the SIF consists of a 50 mM
NaH,PO, or KH,PO, buffer solution at pH 6.9, containing 0.5 g/L of pancreatin.

9. The oral delivery system of any one of claims 1 to 8, wherein the protein powder comprises or
consists of: natural proteins; food-grade and/or pharmaceutical-grade proteins; native proteins; denatured
proteins (¢.g., thermally denatured proteins); chemically unmodified proteins; chemically modified
proteins (e.g., succinylated proteins); plant proteins (e.g., hemp, sacha inchi); animal proteins; dairy
proteins (e.g., whey protein); legume proteins (¢.g., pea or soy protein); fruit protein (e.g., coconut);

cereal proteins (e.g., rice) ; or any mixture thereof.

10. The oral delivery system of any one of claims 1 to 9, wherein the polysaccharide powder
comprises or consists of: natural polysaccharides; food-grade and/or pharmaceutical-grade
polysaccharides; chemically unmodified polysaccharides; chemically modified polysaccharides; plant
polysaccharides; animal polysaccharides; polysaccharides containing negatively charged/acidic groups
(anionic polysaccharides); carrageenan (e.g., kappa-carrageenan), xanthan gum; alginate; pectin powder;
agar, gellan, guar gum, carboxymethylcellulose, locust bean gum, mannan, glucomannan, hyaluronan,
tamarind gum, psyllium seed gum, tara gum, acacia gum, arabic gum, ghatti gum, tragacanth gum, karaya
gum, cassia gum, thamsan gum, welan gum, macrophomopsis gum, curdlan, pullulan, fucoidan, or any

mixture thereof.

11. The oral delivery system of any one of claims 1 to 10, wherein the active ingredient is a dictary

supplement, a drug, a probiotic, a vitamin, an amino acid, a food extract, or an herbal supplement.
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12. The oral delivery system of any one of claims 1 to 11, further comprising one or more
nutraceutically or pharmaceutically acceptable excipients and/or additives (e.g., a filler, a binder, a

lubricant, and/or a flow agent).

13. The oral delivery system of claim 12, wherein the additive is or comprises microcrystalline

cellulose, magnesium stearate, and/or silicon dioxide.

14. The oral delivery system of any one of claims 1 to 13, which is a tablet or a capsule.

15. The oral delivery system of any one of claims 1 to 14, wherein the oral delivery system does not

comprise an enteric coating.

16. A process for preparing a solid oral dosage form, the process comprising dispersing an active
ingredient in a dry homogenous mixture comprising a protein powder and a polysaccharide powder, and
formulating the resulting mixture into a solid oral dosage form, the polysaccharide powder having powder
flow characteristics enabling interaction with the protein powder such that immersion of the solid oral
dosage form in a gastric fluid results in formation of a protein/polysaccharide complex coacervate in situ,

thereby conferring gastric protection and/or modified-release to the active ingredient.

17. The process of claim 16, wherein the polysaccharide powder has one or more of the powder flow

characteristics as defined in claim 2.

18. The process of claim 16 or 17, wherein solid oral dosage form is the oral delivery system as

defined in any one of claims 1 to 15.

19. The oral delivery system as defined in any one of claims 1 to 15, or the oral dosage form

produced by the process of any one of claims 16 to 18, for use in therapy.

20. A method for producing a protein/polysaccharide complex coacervate in situ that confers gastric
protection and/or modified-release to an active ingredient dispersed therein, the method comprising
providing the active ingredient formulated in the oral delivery system as defined in any one of claims 1 to
15, or formulated in the oral dosage form produced be the process of any one of claims 16 to 18, and

orally administering the oral delivery system or the oral dosage form to a subject, wherein the protein and
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polysaccharide powder mixture forms the protein/polysaccharide complex coacervate in situ upon

immersion of the oral delivery system in the subject’s gastric fluid.

21. A method for treating a disease or condition ameliorated by administration to a subject of an
active ingredient which would benefit from gastric protection and/or modified-release, the method
comprising providing the active ingredient formulated in the oral delivery system as defined in any one of
claims 1 to 15, or formulated in the oral dosage form produced be the process of any one of claims 16 to
18, and orally administering the oral delivery system or the oral dosage form to a subject, wherein the
protein and polysaccharide powder mixture forms a protein/polysaccharide complex coacervate i situ

upon immersion of the oral delivery system in the subject’s gastric fluid.
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