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CONTRAST MEDIA TASTE MASKING FORMULATIONS

CROSS-REFERENCE TO RELATED APPLICATION
This application claims priority to U.S. Provisional Application No. 81/911,950, filed

December 4, 2013, which is hereby incorporated by reference in its entirsty.

BACKGROUND OF THE INVENTION
Field of the invention
The disclosure provides oral solid particle formulations comprising of an iodinated
imaging agent and al lsast one taste masking agsnt showing improved bioadhesive

properties, and are also useful for imaging of the gastrointestinal tract.

Description of Related Art

Barium sulfate and iodinated contrast media are examples of contrast agents used {o
enhance computed tomography (CT), magnetic resonance imaging (MR}, or conventional
radiographic imaging {-ray) diagnosis. In gastrointestinal radiography applications, the
contrasting agents should provide a homogeneous coating of the gastrointestinal mucosa,
without intsracting with gut secretions and without absorption. Due io the low solubility in
water, barium sulfate is typically used to visualize the esophagus, stomach, small and large
intesting. But barium sulfate has a generally unpleasant taste that is depsndent on the exact
makeup of the barium sulfate solution the patient ingssts.  In addition, the presence of the
barium sulfate makes the drink have a mild acidic burning sensation. The consumption of
the barium sulfate solution is often considered the worst part of a radiography scan by the
patients.

iodinated contrast agents, such as ichexol and iopamidol, are water-soluble materials
mostly used intravenously (for example o improve visualization of blood vessels and fymph
nodes). Because of their solubility in water, iodinated conirast agents have not been

generally used in the upper gasirointestinal radingraphy applications.

SUMMARY OF THE INVENTION
in a broad aspect, the disclosure provides formulations comprising of an iodinated
imaging agent and at least one tasie masking agent. These formulations are suitable for
oral administration and have optimized bicadhssive properties as well as other
characteristics such as transit time, cohesion, particle size, surface area, viscosity, and taste
{ palatability, making them parficularly useful for the gastrointestinal radiography

applications.
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Thus, one aspect of the disclosure provides oral formulations comprising of an
iodinated imaging agent and ab least one taste masking agent, wherein the iodinated
imaging agent and the {aste masking agent are formulated into solid parlicles.

in another aspect, the disclosure provides oral formulations as described hersin
prepared by a method comprising:

{a) feeding a molten mixiure comprising one or more of indinated imaging agents and
one or more of taste masking agents to a nozzie;

{h) atomizing said molten mixiure to droplets; and

{c} cooling said droplets to particles.

In another aspect, the disclosure provides oral formulations as described herein
prepared by a method comprising:

{a) mixing one or more of indinated agents and one or more of taste making agents in a
solvent or mixiurs of solvents (o obtain a solution or a suspension;

{h) feeding and alomizing said solution or suspension into a drying chamber to oblain
droplets; and

{c) drying said droplets to particles.

in a further aspect, the disclosure provides methods for imaging gastrointestinal tract
in a patient, comprising administering to the patient oral formulations of the disclosure. The
disciosure also provides use of oral formulations of the disclosure for imaging of the

gastrointestinal tract,

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 illustrates spray congsaling sxperimental setup exemplified for Laboratory
scale spray dryer in open loop mode.

Figure 2 illustrates spay drving experimental setup exempiified for a pilot scale spray
dryer {with secondary drying step).

Figure 3 shows Polarized Light Microscopy (PLM) imaging of encapsulation of
jopamidol prepared by spray congealing using Precirol ® ATOS.

Figure 4 shows Scanning Electron Microscopy (SEM) image of encapsulation of
iopamidol prepared by spray congealing using Precirol ® ATOS.

Figure 5 and Figurs & show PLM and SEM imaging, respectively, of iopamidol
dispersions prepared by spray drying using Eudragit L-100 (poly(msthacrylic acid-co-methyl
methacrylate)).

Figure 7 shows SEM imaging of iopamidol dispersions prepared by spray drying
using hypromellose acetats succinate (HPMCAS).

Figure 8 shows SEM imaging of iohexol dispersions prepared by spray drying using

Eudragit L-100 {poly(methacrylic acid-co-methyl methacrylate)).
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Figure 8 shows SEM imaging of iohexol dispersions prepared by spray drying using
HPMCAS.

Figure 10 and Figure 11 show PLM and SEM imaging, respectively, of
microgncapsulated iopamidol preparad by spray drving using HPMCAS.

Figure 12 shows SEM imaging of microencapsulaled iopamidol prepared by spray
drying using Eudragit L-100.

Figure 13 shows SEM imaging of microencapsulated iohexol prepared by spray
drving using HPMCAS.

Figure 14 shows cohesion valuss of the materials of ths disclosurs measursd in FT4
powder rheometer at 300 myg lodine fmi.

Figure 15 shows SEM imaging of microencapsulation of iopamidol through spray

drying with ulirasonic nozzls using HPMCAS.

DETAILED DESCRIPTION OF THE INVENTION

Before the disclosed materials and methods are described, it is to be understood that
the aspects described hersin are not limited o specific embodiments, or configurations, and
as such can, of course, vary. It is also {o be undersiocd that the terminology used herein is
for the purpose of describing particular aspects only and, unless spacifically defined hersin,
is not intended to be limiting.

In view of the present disclosure, the methods and active materials described herein
can be configurad by the person of ordinary skill in the art to mest the desired need. In
general, the disclosed methods and materials provide improvements in imaging applications,
particularly in the gastrointsstinal imaging applications. For example, in certain aspect, the
oral formulations of the disclosure have optimized characleristics such as fransit time,
cohesion, bicadhesion, particle size, surface area, viscosity, osmofic pressure, and laste /
paiatability. in cerfain embodiments, the formulations of the disclosure also have improved
encapsulation efficiency. In other embodiments, the formulations of the disclosure are iso-
onsmatic or hypo-osmotic.

The oral formulations of the disclosure comprise an iodinated imaging agent and at
least one tasts masking agent, whersin the iodinated imaging agent and the taste masking
agent are formulated into solid particles.

One of skill in the arl would recognize that a waler soluble iodinated imaging agent
could be detscted in vivo following its administration. In one embodiment, the iodinated
imaging agent is an organic or polvmeric compound that contains one or more of ioding
substituents. Particularly useful iodinated imaging agents include, but are not limited to,
iopamidol {(1-N,3~-N-Bis(1, 3-dihydroxypropan-2-y)-8-{{285)1-2-hydroxypropanamido}-2,4,.6-

triiodobenzene-1,3-dicarboxamide, also known as lopamiro, Isovue, lopamiron, and

el
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Niopam), ichexol (1-N,3-N-bis(2,3-dihydroxypropy3-5-{N-{2 3-dihydroxypropylacetamidal-
2,4 B-triicdobenzene-1 3-dicarboxamide, also known as Omnipaqus), or iodixano! (5-{N-[3-
{N-{3,5-bisi(2, 3-dihydroxypropylicarbamoyi]-2,4 G-triliodophenyilacetamido)-2-
hydroxypropyllacelamidol-1-N 3-N-6/s(2, 3-dihydroxypropyi)-2 4 S-triedobenzene-1,3-
dicarboxamide, also known as Visipaque) As the person of ordinary skill in the art will
appreciate, other iodinated imaging agents may be used. In certain embodiment, the
iodinated imaging agent of the disclosure is iopamidol or ichexal. In other embadiments, the
iodinated imaging agent of the disclosure is iopamidol.  In ancther embodiment, the
iodinatad imaging agent of the disclosure is iohexal.

The iodinated imaging agents can be provided i various content, depending, €.g., on
the desired snd properties of the oral formulations. For example, in certain embodiments, an
iodinated imaging agent as describad hersin is present from about .1 to about 80 weight %
of the oral formulation.  In cerlain embodiments, a iodinated imaging agent as described
herein is present from about 0.1 to about 85 weight %, or about .1 to about 80 weight %, or
about 0.1 to about 75 weight %, or about 0.1 to about 70 weight %, or about 0.1 {o about 80
weight %, or about 0.1 to aboutf 50 weight %, or abouf 10 to about 90 weight %, or about 10
o about 85 weight %, or about 10 o about 80 weight %, or about 10 to about 75 weight %,
or about 10 to about 70 weight %, or about 1{} to about 80 weight %, or about 10 to about 50
weight %, or about 0.1 to about 50 weight %,or about 1 to about 50 weight %, or about 5 to
abaout 50 weight %, or about 20 to about 50 weight %, or about 30 to about 50 weight %, or
about 40 to about 50 weight %, or about 10 to about 45 waight %, or about 20 {o aboul 45
weight %, or about 10 to about 40 weight %, or about 20 {o about 40 weight %, or up 1010
weight %, or up fo about 20 weight %, or up to about 30 weight %, or up to about 40 weight
%, or up to about 50 weight %. In one embodiment, an iocdinated imaging agent is present
from about 0.5 o about 75 wsight % based on the oral formulation. In another embodiment,
an iodinated imaging agent is present from about 0.5 to about 90 weight % based on the oral
formulation. In another embodiment, an iodinaled imaging agent is present up o about 50
weight % based on the oral formulation.

in one embodiment, the faste masking agent is selected from a surfactant, sugar,
flavoring agent, and polymer. The tasle masking agent may be varied depending on the
desired formulations. In some embadiments, the oral formulations of the disclosure may
further comprise one or mare of excipients. Suitable excipients may be selected fraom the
group consisting of surfactants, lipids or waxes, falty acids, sugars, flavoring agents, and
poiymers. The excipients may be varied depending on the desired formulations.

The selection of suilable tasts masking agents andfor suitable excipients and the
quantity to be used for the oral formulation of the present disclosure is within the skill of the

person skilled in the arl using routing trial and experimeantation.
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The surfactants, lipids or waxes, and fatly acids suilable for use in the oral
formulations of the disclosure include, but are not limited lo, hydrogenated castor ol
polyoxyethylene castor off derivales, mono falty acid ester of polyoxysthylene sorbitan,
polyoxyethylene alkyl ethers, polbvoxyethylene alkyiaryl ether, polyethylens glyeol fatty acid
ester, alkiylene glycol fatty acid mono ester, sucrose fatly acid ester, sorbitan falty acid mono
ester, poiyoxyethyleneglycerol Wiricinoleate, polyoxyl 35 castoer off  {Cremophor®;,
poiyoxyethyleneglycerol oxystearate, mono fatly acids ester of polyoxyethyiene sorbitan,
PEG-200 monolaurate, PEG-200 dilaurate, PEG-300 dilaurate, PEG-400 dilaurate, PEG-300
distearate, PEG-300 dioleate, propylene glycol monolaurate, D-alpha-tocopheryl
polyethyleng giyeol 1000 succinate, sucrose monostearate, sucrose distearate, sucrose
monolaurate, sycrose dilaurate, sorbitan mono laurats, sorbitan monooleats, sorbitan
monopalnitate, sorbitan stearate, glvceryt behenate {Compritol®), hydrogenated palim off
hydrogenated cottonseed oil, lanclin, mone-, di-, and tri alkyl glycerides, polyethviene glycol
stearate and polyethvlene glycol distearate, macrogolglycerides lauriques {e.q. Gelucire ®),
glycaryl palmitostearate (Precirol @), cetyl alcohol, polyglyceryl diisostearate, glvesryl
stearate, palmitic acid, steary! alcohol, stearic acid, stearic acid, benzolc acid, citric acid,
fumaric acid, factic acid, and maleic acid, lanolin, yellow wax, Carnauba wax, paraffin wax,
microcrystalline wax, poloxamers, polysorbates, sodium lawryl sulfate or a combination
thersof,

Sugars and flavoring agents useful in the oral formulations of the disclosure include,
but are not limited to, aspariame, compressible sugar, dextrates, dextran, dexirin, dexirose,
maltodextrinn, calcium carbonats, dibasic calcium phosphats, dexirose, lacioss, mannitol,
glucose sucrose, maliose, sodium saccharin, sorbifol, tribasic calcium phosphate, calcium
sulfate, magnesium carbonate, magnesium oxide, xylitol, and flavors such as banana, grape,
vanilla, cherry, eucalyplus oil, menthol, orange, pappermint oll, raspberry, strawberry, and
watermelon.

One or more polymers may be included in the oral formulations. Polymers provide
bicadhesive strength and may contribute to other properties of the oral formulation. A person
skiffed in the arl will be aware that polymers contribule fo the bicadhesive strength, viscosity
and application characteristics of the oral formulations. A person skilled in the art will
therefore appreciate that the choice of polymer will have an effect on the choice of other
ingredients such as other excipients. A skilled artisan will determine the appropriate
selection of polymer and the quantily to be used using routine trial and experimentation.

Polymers suitable for use in the oral formulations of the disclosure include, but are
not limited to, N-vinyl lactam, copolymer of N-vinvi lactam, cellulose ester, celluloss sther,
polyalkylene oxide, polyacrylate, polymethacrylate, poly{methacrylic acid}), poly{methyl

methacrylate), polvacrylamide, polyvinyt alcohol, vinyl acetate polymer, oligosaccharids,

j%)]
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polysaccharide, homopolymer of Neviml pyrrolidone, copolymer of N- vinyl pyrrolidone,
copolymer of N-vinyl pyrrolidone and vinyl acetate, copolymer of N-vinyl pyrrolidone and
vinyl propionate, graft copolymer of polyethylens glycolfpolyvinyl caprolactam/polyviny
acelate {(e.g., Soluplus®), polyvinylpyrrolidone, hydroxyalkyicslivloses, hydroxypropyl-
celiulose, hydroxyalkylalkyiceliulose, hydroxypropyimethylcsiiulose, cellulose phihalate,
celiulose succinate, cellulose acstate phthalate, hydroxypropyimethyicellulose phthalate,
hydroxypropylmethyiceliuiose succinate, hydroxypropylimsthyiceliulose acelate succinate
{e.g. HPMCAS), polysthylene oxide, polypropylene oxide, copolymer of ethylene oxide and
propylene oxide, methacrylic acidfethyl acrylate copolymer, methacrylic  acid/methyl
methacrylate copolymer {8.g., Eudragit® L 100}, bubyl methacrylate/Z2-dimethylaminoethyl
meathacrylate copolymer, poly(hydroxyalkyl acrylate), crosslinked polvacrylic acid, {e.q.
Carbopol ®), poly(hydroxyalkyl methacrylate), copolymer of vinyl acsiate and crotonic acid,
partially hydrolyzed polyvinyl acetats, carrageenan, galactomannan, or xanthan qum, or a
combination thereof.

The oral formulations described herein can be provided in a variety of different
particle sizes, depending, e.g., on the methods used for making them and the desired end
use. For example, in certain embodiments, an oral formulation as described herein has a
particle size within the range of abaout 1 to about 500 ym, or about 1 to about 400 um, or
abaut 1 to about 300 um, or about 1 to about 250 um, or about 1 to about 200 ym, or abaout
5 o about 500 um, or about 5 to about 488 um, o aboul 5 1o about 300 um, or about 5 0
abaut 250 um, or about 10 to about 500 um, or about 10 to about 250 um, or about 50 to
about 500 pm, or about 50 to about 400 um, or about B0 to about 300 um, or about 50 o
about 250 um, or about 100 o about 250 um, or about 1 to about 100 um, or about 2
about 100 ym, or about 5 to about 100 pum, or about 1 to about 50 um, or about 2 o about
50 um, or about 5 to about 50 pm, or about 10 o about 50 pm, or about 20 to about 50 um,
or about 30 to about 50 um, or about 5 o about 40 um, or about 5 to about 30 pm, or about
5 to about 25 pm, or aboul 8 {0 about 20 um, or about 2 to aboul 40 um, or about 2 {6 about
30 um, or about 2 to about 25 um, or about 2 to about 20 um. In various embodiments, an
oral formulation as described herein has a particle size of up to about 5 ym, or up to about
10 um, or up fo about 20 um, or up to aboul 40 pm, or up to about 50 pm, or up o about 75
um, or up to about 106 um or up to about 150 um, or up fo about 200 um, or up to aboul 250
um, or up to about 360 um, or up to about 400 pm, or up to about 500 ym in diamester. In
particular embodiments, the oral formulation as described herein has a particle size within
the range of about § to about 50 pm in diameter. In other particular embodiments an oral
formulation as described hersin has a particle size within the range of about 1 to about 50
um in diametsr. in other embodiments, an oral formulation as described harein has a

parlicle size within the range of about 1 to about 100 pm in diameler. In particular
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embodiments, an oral formulation as described hersin has a pariicle size within the rangs of
about 50 to about 300 ym. In other particular embodiments an oral formulation as described
herein has a particle size within the range of about 50 to about 250 pm. In other
embodiments, an oral formulation as described herein has a parlicle size within the range of
about 100 to about 250 pm. The person of ordinary skill in the art can, in view of the
meathods described herein, provide a desired particle size to an oral formulation.

Similarly, the oral formulation particles described herein can be provided with a
variety of different surface areas, depending, .g., on the methods used for making them and
the desired end use. The surface areas are measured using the Brunauer-Emmett-Tellar
{(BET) Surface Area method. In certain embodiments, an oral formulations as described
herein has a surface area within the range of from about 0.5 to about 400 m¥/g, or about 1 to
about 400 m¥/g, or about 5 to about 400 m%g, or about 10 to about 400 m*/g, or about 50 to
about 400 m/g, or about 70 to about 400 m/g, or about 100 to about 400 m%g, or about 200
to about 400 m?/g, or about 300 to about 400 m/g, or about 1 1o about 300 m/g, or about 10
to about 300 mg, or about 50 to about 300 mig, or about 70 to about 300 m?fg, or about
100 to about 300 m¥g, or about 200 to about 300 m?/g, or about 100 to about 250 m/g, or
about 1 to about 200 m?%/g, or about 10 to about 200 m%/g, or about 50 to about 200 m/g, or
about 70 to about 200 mzig, or about 100 to about 200 mzl’g in other embodiments, an oral
formulations as described herein has a surface area within the range of from about 0.5 ©
about 10 m%g, or about 1 to about 10 m%g, or about 2.5 to about 10 m%g, or about 5
about 10 m%g, or about 0.5 to about 9 m%/g, or about 0.5 to about & m“/g, or about 0.5 to
about 7 m%g, or about .5 to about 5 m%g, or about 0.75 to about 8 m?/g, or about 0.75 to
about 8 m%g, or about 0.75 to about 7 m?/g, or about .75 to about 5 m%/g, or about 1 to
about 8 m/g, or about 1 to about 8 mi/yg, or about 1 to about 7 m*/g, or about 1 to about 5
m’/g, or about 1.5 to about 7 mg, or about 1.5 to about B m¥/g, or about 2 to about 7 mg,
or about 2 to about 5 mg./g, or about 0.5 to about 4 mz/g, or about 0.75 to about 4 m:’:/g, ofr
about 1 to about 4 m¥g, or about 1.5 1o about 4 m%g, or about 2 to about 4 m%/g, or about
0.5 to about 3 m¥g, or about 0.75 to about 3 m¥g, or about 1 to about 3 m%g, or about 1.5 to
about 3 mzfg, or about 2 to about 3 mz,/gs or about 0.5 to about 2.5 mz/'g, or about .75 to
about 2.5 m/g, or about 1 to about 2.5 m?/g, or about 1.5 to about 2.5 m?/g, or about 2 to
about 2.5 m¥/g, or up to about 1 m%/g, or up to abaut 2 m%/g, or up to about 3 m¥/g, or up to
about 4 m?/g, or up to about 5 m'/g, or up fo about 10 m¥g, or up to about 50 m%/g, or up to
about 100 m%/g, or up fo about 2({ m*/g, or up to about 300 m%g. In one embodiment, an
oral formulation as described herein has a surface area of about 0.5 to about 5 m%g. in
ancther embodiment, an oral formulation as dascribed hersin has a surface area of about 1

to about 5 m/g. In another embodiment, an oral formulation as described herein has a
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surface area of about 2 to about 4 m™lg. The person of ordinary skill in the art can, in view of
the methods described herain, provide g dasired surface arsa to oral formulations.

The oral formulation particles described herein can have various particle o parlicle
cohesions and peak bioadhesive strengths, depending, e.g., on the methods used for
making the particles and the desired end use. The particle to particle cohesions and peak
bicadhesive strengths are measurad using rheological method. For example, in certain
embodiments, an oral formulation as described hersin has patrticle {o particle cohesion and
peak bicadhesive strength within the range of about .01 to about 500 kPa, or about 0.01 to
about 400 kPa, or about (.01 to about 300 kPa, or about (.01 to about 250 kPa, or about 0.1
to about 500 kKPa, or about 0.1 to about 250 kPa, or about 1 to about 500 kPa, or about 10
to about 400 kPa, or about 10 to about 380 kPa, or about 10 o about 250 kPa, or about 50
to about 250 kPa. In varicous embodiments, an oral formulation as described herein has
particle o particle coheasion and peak bioadhsesive strength of at least about 5 kPa, or at
least about 10 kPa, or at least about 50 kPa, or at least about 100 kPa, or at least about 150
kPa, or at lsast about 200 kPa, or at least about 250 kPa, or at least about 300 kPa, or at
least about 400 kPa, or about 500 kPa. iIn particular embodiments, the oral formulation as
described herein has particle to particle cohesion and peak bicadhesive strength within the
range of about 10 1o aboul 300 kPa. In other particular embodiments an oral formulation as
dascribed herein has pariicle to particle cohesion and peak hinadhesive strength within the
range of about 50 t about 250 kPa. In other embodiments, an oral formulation as described
herein has patticle to particle cohesion and peak bivadhesive strength within the range of
about 100 to about 250 kPa. The person of ordinary skill in the art can, in view of the
methods described hsarein, provids a desired particle to particle cohsesion and peak
binadhesive strength to an oral formulation.

in an exemplary embodiment, an iodinated imaging agent Is iopamidol or ioheaxol,
and at least one taste masking agent is sslecled from a surfactant and polymer.

in ancther exemplary embodiment, an iodinated imaging agent is iopamidol, and at
least one taste masking agent is selecled from a surfactant and polymer.

in ancther exemplary embodiment, an iodinated imaging agent is ichexol, and at
least one taste masking agent is selecled from a surfactant and polymer.

In an exemplary embodiment, an iodinated imaging agent is iopamidol or ichexol,
and at least one taste masking agent is selected from hydroxypropyimethylcellulose acetate
succinate, poly(methacryiic acid-co-methyi methacrylate, and glyceryl palmitostearate.

In another exemplary embodiment, an iodinated imaging agent is iopamidol, and at
least one taste masking agent is selectsd from hydroxypropyimethylcesllilose acetate

succinate, poly{methacrylic acid-co-methyi methacrylate, and glyceryl palmitostearate.
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in another examplary embodiment, an lodinated imaging agent is ichexol, and at
least one ifaste masking agent is selected from hydroxypropylmethyicellulose acetals
succinate, poly{methacrylic acid-co-methyl methacryiate, and glyceryl paimilostearate in one
aspect, the disclosure provides methods for preparing oral formulations of the disclosure, the
method comprising:

{a) feeding a molten mixiure comprising one or more of indinated imaging agents and
one or more of taste masking agents to a nozrle;

{h) atomizing said molten mixiure to droplets; and

{c} cooling said droplets to particles.

In one embodiment, the method of the disclosurs comprisss melling ong or more of
iodinatad imaging agents optionally comprising one or more of excipients prior to step (a) to
obtain a molten mixture. The molten mixture temperature is delermined based on the
physicochemical properties of the mixiure {8.g., melling temperature). Typical meslling
temperatures may vary between 20 and 250 °C. Additional mechanical forces, such as
shear, may be employed to facilitate the entanglement of the components, as well as fo
decrease their viscosity.

in one embodiment, the atomization occurs at a nozzie. The feeding of the molten
mbdure to the nozzle is performed through a heated line to assure consistent temperatures.
The nozzle is also heated up to control the molten mixture temperature during atomization.
The nozzle types suitable for use in the disclosure include, but are not limited o rolary
nozzie, pressure nozzles, fluid nozzies, and ultrasonic nozzies, A skilled artisan will
datermine the appropriate selection of droplet-forming system using routine trial and
axperimentation.

The controlled cocling can he promoted by a stream gas or liguid.  In ons
embodiment, the stream of gas or liquid is at an initial temperature of betwesn about 40
and about 100 °C. The temperature of the inlet gas determines the cooling rate of the
molten droplets, and thersfors should be adjusted depending on the system tesied. One of
skill in the art will recognize that the temperature should be chosen to allow the droplets {o
solidify in less than about 20 ssconds,

in one embadiment, the stream of gas or liquid is co-current or counter-current with
respect to the melt spray direction. in another embodiment, the stream of gas or liquid is a
stream of gas. The gas suilable for use may be nitrogen, air, carbon dioxide, or mixiures
thereof. In ancther embodiment, the stream of gas or liquid is a stream of gas combined with

a stream of liqguid. The liquid suitable for use may be liquid carbon dioxide or liquid nitrogen.

In another aspect, the disclosure provides methods for preparing oral formulations of

the disclosurs, the method comprising:
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{a) mbdng one or more of iodinated agenis and one or more of taste making agenis in a
solvent or mixture of solvants to obiain a solution or a suspension;

(b} feeding and afomizing said solution or suspension into & drying chamber to oblain
droplets; and

(¢} drying said droplets to parlicles.

The drving can be promoted by a sitream gas. In ane embodiment, the dryving is
performed at a temperature of betwaen about 20 and about 300 °C. One of skill in the art
will recognize that the temperature should be chosen o allow the droplets to dry affording
the desired particles.

In one embadiment, the feeding is io a nozzle. The nozzle types suitable for use in
ths disclosure includs, but are not limited to rotary nozzle, pressure nozzies, fluid nozzles,
and ultrasonic nozzles. A skilled artisan will determine ths appropriate selection of droplet-
forming system using routine irial and experimentation.

The controlled drying can be promoted by a stream of gas or liquid. In one
embodiment, the stream of gas or liquid is at an initial temperature of between about 25 and
about 100 °C. The temperature of the inlet gas determines the drying rate of the molten
droplets, and thersfors should be adjusted depsnding on the system lested. Ons of skill in
the art will recognize that the temperature should be chosen to sliow the droplets to solidify
in less than about 20 seconds. The gas suitable for use may be nitrogen, air, carbon dioxide,
or mbdures thereof.

in one embodiment, the stream of gas or liquid is co-current or counter-current with

respect o the melt spray direction. In another embodiment, the stream of gas is hot nitrogen.

One aspect of the disclosure provides use of the oral formulations as described
herein for imaging of the gastrointestinal tract. One of skili in the art will recognize that the
imaging of the gastrointestinal tract includes both, imaging the entire gastroiniestinal tract or
imaging one or more of individual organs that make up the gastrointestinal tract. For
example, one embodiment provides imaging of the entire gastrointestinal tract.  Another
embodiment provides imaging one or more individual organs of the gastrointestinal tract. Ina
particular embodiment, the disclosure provides oral formulations for imaging the upper
gastrointestinal tract.  in one embadiment, the upper gastrointestine!l ftract includes
asophagus, stomach, and ducdenum. In another embodiment, esophagus and stomach ars
imaged. In yetl another embodiment, only the stomach is imaged. In another particular
embodiment, the disclosure provides oral formulations for imaging the lower gastrointestinal
tract. A skilled artisan will determine the appropriate dosage and the time of administration

to achieve the desired effect.

10
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Definitions
The following terms and expressions used have the indicated meanings.
Throughout this specification, uniess the context requires otherwise, the word

”

‘comprise” and include” and variations (e.g., ‘comprises,” “comprising,” “includes.
“including”) will be understood to imply the inclusion of a stated component, feature,
elemeant, or step or group of components, features, elements or steps but not the exclusion
of any other integer or step or group of integers or sieps.

As used in the specification and the appended claims, the singular forms “a,” “an/”
and “the” include plural referents unless the context clearly dictates otherwise.

Ranges can be exprassad hersin as from “aboul” one particular value, andfor to
“about” ancther particular value. When such a range is exprassed, another aspect includas
from ths one particular valus and/or to the other particular value. Similarly, when values are
expressad as approximations, by use of the antecedent “about,” it will be understood that the
particular value forms another aspact. It will be furthsr understood that the endpoints of sach
of the ranges are significant both in relation o the other endpoint, and independently of the
other endpoint.

All percentages, ratios and proportions herein are by weight, unless otherwise
speciflied. A weight percent (weight %, also as wt %) of a component, unless specifically
stated fo the contrary, is based on the otal weight of the formulation or compaosition in which
the component is included (e.g., on the total amount of the formulation). All mol% values are
based on the moles of the active compounds.

The term “gastrointestinal fract” as used herein, refers to a series of hollow organs
joined in a iubs from the mouih to the anus. The hollow organs that make up ths
gastrointestinal tract are the mouth, esophagus, stomach, small intestineg, largs intesting
{which includes the rectum), and anus. The term “upper gasirointestinal tract” as used
herein, refers to the mouth, esophagus, stomach, and, optionally, the duodenum. The term
“lower gastrointestinal tract” as ussd hersin, refers o the small infestine, large inlestine, and
anus.

The term “polymer” as used herein, is synonymous with “copolymer”, “heteropolymer”
and “alternating copolymer” and means a large molecule (macromolecule) composed of a
repeating series of one or more alternaling monomeric species. These sub-units are typically

connacted by covalent chemical bonds.

EXAMPLES
The methods of the disclosure are illustrated further by the following examples, which
are not to be construad as limiting the disclosure in scope or spirit to the specific proceduras

and in them.
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Example 1: General Methods
Precirol ® Encapsulation efficlency

To assess morphology and microencapsulation efficiency alt the solids produced
were analyzed through Scanning Eleclron Microscopy with Energy Dispersive X-Ray
Spectromelry (SEM-EDG). This technique allows the deleclion of specific atoms on the
sutface of the powders ((0.2-10 uny deep). By calculaling the mass percentage of iodine
detected on the surface of the malerials (from the total mass of inading, oxygen and carbon
detected), and comparing to the values detectad in a standard physical midure of the
contrast agent and the excipient, it is possible to estimale the encapsulation efficiency. In
the following examples, an encapsulation sfficiency of 0 % w/w means the levels of lodine
detacted ars those expected in the physical mixiure, and an sncapsulation sfficiency of 160
% wiw means no iodine is detected. Negative values of encapsulation efficlency mean more
contrast agent than that expected in a physical mixture is detected on the surface of the
particies. Molecular iodins content of iopamidol and ichexol constitules 49 %wiw and 46

“%wiw of the total molscular weight, respectively.

Brunauer-Emmett-Teler surface area analysis

By squilibrating each of the powders produced at diffsrent nitrogen prassurss, the
amount of gas that is adsorbed on the surface of the particles can be estimated {Langmuir
theory). Ths total surface area availabls on the materials is then calculated by approximating
the slope and the y-intercept point of the trend line drawn from the diffsrent equilibration

points,

Osmotic pressurs

The asmotic pressure analysis measures the driving force of g solution to displace
water moleculss through a membrane from the medium in one side {o the other. Considering
ths membrans is the ssophagsal epithelium, high osmolality means loss of watsr from the
surrounding tissues to the Gl tract.

Samples were diluted o 300 mg lodine/ml (mg 1/ ml) in order to perform the
osmotic pressure measuremsnt in an osmometer. In the cases where the sample did not
produce an aqueous phase to load the sampling cell, dilutions were performed to obtain 15
mg { fml.. The osmolalily of the powders produced through micre-encapsulalion using spray
congealing and spray drying were measured and compared to those of the pure conirast

agents,

Powder rheology
The cohesion of the powder was measured be assessing the rheology of the

materials produced. A powder rheometer, from Fraeman, model FT4 was used fo conducted
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shear stress tests. The cohasion coeflicient for the powders is then estimated by drawing the
Mohr circles along the curve oblained from the experimental points of normal versus shear
stress. Measurements were performed with powders swelled in water in a concentration of

300 mg t/ mi (standard dose used in Gl track imaging).

Melt / Selution / Suspension preparation

Dapending on the system three preparations were possible: (1) achivs
pharmaceutical ingredient (APl was suspended in a mell of excipients; (2) APl was
suspsnded in a solution where the sxcipients were previously dissolved; and (3) both AP
and polymer were dissolved in a common solvent system.  Preparation {1) was used to
suppaort spray congesaling activities while preparations (2} and/or {3} were used {o support
spray drying.

Preparation {1} Mells were prepared in a heated beaker, with temperature control
using a thermic fluid recirculation system. A magnetic stirrer was inserted in the beaker to
assist the process and obiain a homogeneous suspension. The following procedure was
exscuted:

{a) the excipient (Frecirol ® or Gelucire ®) was weighed and transferred into the beaker;
{b) temperature was increased up to 80°C; and

{c} after the complete msalt of the excipient, the contrast agent was suspendead in the meli,
under agitation.

Praparation (2). Spray drying suspensions were prepared in a glass flask, using a
magnetic stirrer to obiain a homogensous suspension. The procadure was the following:

{a) the process solvent was weighed inio the clean, tared, labeled and suitably sized flask.
{b) the polymer fexcipient was weighted and transferred into the flask under agitation;

{c) after complete dissolution of the polymer, the contrast agent was weighed and
transferred into the flask, under agilation; and

{d) the solution was agitated uniil obiaining a homogenaous suspension of the contrast
agent.

Preparation (3). The spray drying solutions were prepared according o the following
procedure;

{a) the process solvent was weighad into the clean, tared, labeled and suitably sized flask.
{Ix) the polymer was weighted and transferred into the flask under agitation;

{c} afier complete dissolution of the polymer, the contrast agent was weighed and
transferred info the flask, under agitation; and

{d) the solution was agitated untll complste dissolution of the solids.
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Example 2: Spray congealing procedure

A lab scale spray dryer, equippsd with a two-fiuid nozzle 1.2 mm orifice assembled,
was ussed o exscule the Precirol ® spray congealing ests. The thermal fluid recirculatlion
system was assembied o maintain the temperature of the beaker and heatl the feeding line
to the tip of the nozzle. The spray congealing unit was operaled in open cycle mode, ie.
without recirculation of the congealing gas. A simplified scheme of the spray congealing
equipment is shown in Figure 1.

The fiow of cooling nitrogen was adjusted to (.45 m®/min {approximately 30 kg/h).
Befors initiating the run, the unit was stabilized with gas, adjusting the inlst temperaturs,
T _in, to that estimated for the run.

After stabilization, the malt was fed o the spray dryer o initiate the run. Feeding of
the melt was made by pressurizing the beaksr. The feed pressure, P_feed, was sst fo
approximately 7 har.

After atomization in the nozzie, the droplats of melt were cooled and solidified in the
drying chamber, by the co-current nitrogen. After leaving the chamber, the stream containing
the cooled product enters the cyclone where solid particles are separated from the gas and
coliected in a glass flask. Al the end of the run, the feed was stopped, maintaining the gas
flow to perform a controlied shutdown of the unit,

The product collected from the cyclone was weighed and the vield calculated as the

mass percentage of the solidified product in relation 1o the total initial solids.

Example 3: Spray drying procedure

The same lab scale unit, squipped with a two-fluid nozzle and an orifice of 0.8 mm for
the spray dried dispersions or an orfice of 1.2 mm for the micro-encapsulation of
suspensions, was used to execule the spray drying lests. The spray dryving unil was
operated in open cycle mode, e, without recirculation of the drying gas. A simpilified scheme
of the spray drying equipment is shown in Figure 2.

The flow of drying nitrogen was adjusted fo .45 m°/min {approximately 30 kg/h).
Before initiating the run, the spray dryer was i) stabilized with drying gas, adjusting the inlet
temperature, T_in, to that estimated for the run; and then i) stabilized with the corresponding
solvent, adjusting the feed flow, F_feed, to the correspondent amount of solvent expected o
be sprayed in the run. During stabilization with the solvent, T_in was adjusied in order
achieve the target outlet temperature value, T_out, of the run.

After temperatures stabilization, the solution/suspension was fed to the spray dryer (o
initiate the run. Feeding of the stabilization solvent and of the solution was made through the

use of a peristaitic pump, controlling the feed flow rate, F_feed.
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After alomization in the nozzle, the droplets of solution/suspension were dried in the
drying chamber, by the co-current hot nitrogen. After leaving the drving chamber, the stream
containing the dried product enters the cyclons where solid parlicles are separated from the
gas and collected in a glass flask. At the end of the run, the feed was commuied o
stabilization solvent in order to rinse the feed line and to perform a controlled shutdown of
the unit.

The product collected from the cyclone was weighed and the vield calculated as the
mass perceniage of the wat product in relation to the tofal solids in the solution/suspension

fad to the spray dryer.

Micro-encapsulation through spray drying using an ultra-sonic nozzle was also

performed.

Example 4: Secondary drying procedure

The malerials collected after spray drying were secondarily dried in order to reduce

the residual solvents content down o below standard limits (Ethanol: 5001, Methanol: 3000

ppr; Acetone: 5000 ppmy). Secondary drying of each batch was conducted during for 24

hours, under vacuum with nifrogen sweep, at 60 °C.

Example 5: Encapsulation of lopamidol through spray congealing

Table 1 oullines the spray congealing conditions, respective process vield and

properties for the lopamidol-containing preparations using Precirol ®,

Table 1.
Trial ; 4 l 2 ; 3
Faad solution parameters
Total solids g 40.0 40.0 40.0
loparidal g 0 8.0 16.0
Precirol ® ATOS g 40.0 32.0 24.0
APl / polymer ratio Placabo 20:80 40:60
Spray congealing parameters
Nozzle mm 1.2 2 1.2
T _fesd °C 80.0 80.0 80.0
T in °C 23.6 248 50.0
T out °G 24.8 - 388
P feed bar Max Max Max
F_atomiz mL/min 9.7 15.0 25.4
R_atomiz - ~ - -
F_congealing m/min 0.45 0.45 0.45
Process throughput and yield
Yield g 20.8 16.4 -
Yield {wet basis) % 51.5 41.0 -9
in process resulls
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lodine by SEM-EDS

(n‘]asked material / Yowiw - 2687/98 11.38/19.6
Physical mixture)

Encapsulation % - 727 22.5
Total surfacs arsa m/g 035z 0.02 .53+ 0.04 1.06 £0.03
Osmolality 9 mQOsm/l. - < L.OD -

*Only an amount of material enough for sampling was considerad. APl load was tested without
hi N . . . - X . ' .

¥ Calculation: ((% lodine in the molecule x % AR}/ 100) - % Dstecled iodine) / (% fodine in the
mofecuie x Y% AP/ 100) ,

“ Valuas measured at a concantration of 15 mg i/ mi.

Clogging of the nozzle was observed in Irial 3. T_in was increased in order to
decrease the temperature difference near the nozzle and avoid dlogging, but without
success. Al the end of each trial, a significant amount of material remained in the beaker
resulting in the low yield. As known by one skilled in the art, yield couid be easily increased
by increasing baich size andfor minimizing the amount of material thal remains in the
beakers and/or adding & more efficient collection mechanism to the apparatus.

Polarized Light Microscopy (PLM) results are illustrated in Figure 3, which shows that
particlss are spherical and between 2 ym and 50 uim in size. Scanning Electron Microscopy
{SEM) results are shown in Figure 4. The SEM images show irregular patrticles, with soms
clusters formed. Without being bound to a particular theory, & is helisved that loss of
integrity might he due o slectron beam andfor sampls preparation befors analysis and/or a
rasult of the low melling points of the ingredients.

Encapsulation efficiency was 72.7 % and 22.5% for the samples containing 20 and
40 % of contrast agent, respectively. This result suggests that micro-encapsulation of
iopamidol through spray congealing delivers good encapsuiation efficiency particularly with
low iopamidol / excipient ratios.

The materials produced through spray congealing showed low surface area as a
result of large particle sizes. See Table 1, Total surface area entry. Morsover, the decrease
in the encapsulation sfficlency for higher iopamidol load suggests that more iopamidol
particies, which have approximately 3 ym in diameter, are not encapsulated, leading to
higher surface area.

The sample containing 20 % wiw iopamidol load was alsc tested for osmotic
pressurs. The osmotic pressure decreassd for the encapsulated material comparad {o the

raw iodinated imaging agents.

Examnple §: Encapsulation of lopamidol through spray drying
Table 2 outlines the spray drying conditions, respective process yield and properties
for the lopamidol-coniaining preparations using tudraght® L-100 (poly{methacryiic acid-co-

methyl methacrylate).
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Table 2.
Trial E 1 E 2 E 3 E 4
Feed solution parametars
Total solids g 10.0 10.0 10.0 10.0
loparmidol ¢ { 2.0 4.0 5.0
Eudragit L-100 g 10.0 8.0 6.0 50
Methanol g 180.0 180.0 180.0 190.0
_feed Yaw/w 8.0 8.0 8.0 5.0
Agent / polymer ratio Placebo 20:80 48:60 5858
Spray drying paramasters
Nozzie mEn 4.8 4.8 4.8 .8
T in °C 1340402 § 1351+0.1 ) 1383+03 § 1368+ 04
T ouf °C 798048 | 80308 794+ 0.6 7951203
F_feed g/min 8.0 8.0 8.0 8.0
F_atomiz mL/min 12.0 12.0 12.0 12.0
R_atomiz ~ 1.5 1.5 1.5 1.5
F_drying m°/min 0.45 0.45 0.45 0.45
Process throughput and yield
Yield g 8.4 8.2 8.0 7.9
Yield {wel basis} %o wiw 81.0 82.6 &8G.0 79.0
In process resuils
lodine by SEM-EDS o s PO U =
(masked material / Yo wiw - 1245/98 | 24.60/19.6 | 40.90/245
Physical mixture)
Encapsulation Y% - -27.1 -25.5 -67.0
Total surface area Mg 346007 | 331009 | 250006 | 273+0.08
Osmolality mQsm/L - - - -

¥ Calculation: (% lodine in the molecule x % API} / 100) - % Datected inding) / (% odine in the
molecufe x % AP/ 100).

Nagative values mean that was detectad more iodine than expadcied.
¥ \alues measured at a concentration of 15 mg {/ mL.

.

RPLM imaging resulis ars illustraled in Figure 5, which shows thal particles are
baetween 2 um and 10 um in size. SEM Imaging resulls are presented in Figure § and show

irregular particles. In addition, no degradation was observed.

Example 7: lopamidol dispersions through spray drying
Table 3 outlines the spray drving conditions, respective process vield and properties
for the lopamidaol-containing preparations using HPMCAS (hypromellose acetate succinate,

also as hydroxypropylmethyleellulose acetate succinate, also as HPMG-AG).

Table 3.
Trial ; 1 E 2 E 3
Faed solution parameters
Total solids s 10.0 10.0 10.0
IOPAMIDOL G 2.0 4.0 5.0
HPMCAS g 8.0 6.0 50
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Methanol g 190.0 180.0 190.0
C_feed Sow/w 5.0 50 5.0
Agsnt/ polymer ratio 20:80 40:60 50:50

Spray drying parameters
Nozzle mm 0.8 0.8 4.8
T in “C 138.0+ 0.8 1381+ 01 137.9+£0.2
T out °C 7868+09 804+02 79306
F_feed afmin 8.0 8.0 8.0
F_atomiz mblfmin 12.0 12.0 12.0
R_atomiz - 1.5 1.8 15
F_drying e imin (.45 .45 0.45
Process throughput and yield
Yield g 8.3 7.9 g.4
Yield (wet basis) Yowiw 83.0 79.0 64.0
in process resuils
lodine by SEM-EDS
(njasked material / Yow/w 20.00/9.8 33.33/18.86 37.80/245
Physical mixture)
Encapsulation efficiency % -104.1 -70.1 -54.3
Total surface area meig 2.89+ 0.1 255+£0.08 218+ 0.08
Osmolality ¥ mOsm/L - - -

¥ Calculation: (% lodine in the molecule x % API} / 100) - % Datacted inding) / (% iodine in the

molecufe x % AP/ 100).

Negastive values mean that was detected more iodine than expected.
hi N P ;
” Values measured at a concentration of 15 mg t/ mi.

SEM imaging resulls are presented in Figure 7 and show irregular particles with

particls sizes of approximately 10 pm.

Example 8: lohexol dispersions through spray drying

Table 4 outlines the spray drying conditions, respective process vield and properties

for the lohexol-containing preparations using Eudragit L-100. Figure 8 shows SEM imaging

rasulis.
Table 4.
Trial | 1 | 2 3
Feed solution parametsrs
Total solids g 20.0 20.0 20.0
IOHEXCL g 4.0 8.0 1.0
Eudragit L-100 g 16.0 12.0 1.0
Mathanol 0 180.0 180.0 180.0
C_feed Yow i 10.0 10.0 10.0
Agent / polymer ratio 20:80 40:60 50:50
Spray drying parametlers
Nozzle mm 0.8 0.8 .8
T in °C 1362+ 07 140.0+£ 0.0 138.1 £ 01
T out °C 803+03 80.0+07 80.0+04
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F_feed gimin 6.5 6.5 6.5
F_atomiz mL/min 6.5 6.5 6.5
R_atomiz - 1.0 1.0 1.0
F_drying mimin 0.45 0.45 0.45

Process throughput and yield
Yield g 8.8 10.4 17.0
Yield (wet basis) Yewiw 44 0 52.0 85.0

In process resulis

lodine by SEM-EDS - _
imasked material / Yewiw 18.79/9.3 63.39/185 69.48723.2
E‘i‘hysicai mixture)
Encapsulation efficlency % -1032.6 -241.8 -199.8
Tolal surface area m/g 1.69 £ 0.03 1.91 + 0.07 1.86 £ 1.08
Osmolality ¥ mOsm/L - - -

¥ Calcutation: (% fodine in the molecule x % AP}/ 100) - % Detected iodine) / (% lodine in the

moofecude » S AP/ 100}

Negative values mean thal was detactied more iodine than axpectad.
[IRYIN . el o o e e JEETI 7
Values maeasurad at 8 concentration of 15 mg 1/ mi.

Example 9: lchexol dispersions through spray drying

Table 5 cutlines the spray drying conditions, respective process vield and properties

for the iohexol-containing preparations using HPMCAS.

Table 5.
Trial | 1 | 2 3
Feed solution parameters
Total solids g 24.0 20.0 20.0
IOHEXOL ¥ 8.0 8.0 10.0
HPMCAS g 16.0 12.0 10.0
Methanol g 180.0 180.0 180.0
C_feed Yowiw 11.8 10.0 10.0
Agsnt / polymer ratio 33:87 40:60 50:50
Spray drying parameters
Nozzle mim 0.8 0.8 0.8
T in °C 138704 138802 140.0 ¢ 0.1
T oul °C 786 %03 79.9+ 01 79.6:0.8
F_feed g/min 8.5 6.5 6.5
F_atomiz mbL/min 12.0 12.0 12.0
R_atomiz - 1.8 1.8 1.8
F_drying e /min 0.45 0.45 0.45
Process throughput and yield
Yield g 208 18.8 1835
Yield {wet basis) Sow/iw 85.8 84.0 77.5
in process results
lodine by SEM-EDS
(masked material / Yowiw 2627793 54 .37 /1 18.5 45357232
Physical mixiure)
Encapsulation efficiency % -71.7 -193.2 -95.6
Total surface area mefg 132+ 0.03 1.50 + 0.04 170+0.08
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| Osmolality ” mOsmil | - - | -
# Calculation: {(% fodine in the moleculs » % API} / 100) - % Detected iodine} / (% iodine in the
mofecule x % AR/ 100},

Negative values mean thal was detected more iadine than expectad.
) e -
2 values measured at a concantration of 15 mg H/ mi.

Spherical particles with up to 50 pum in diameter were observed in all trials, and the

resulis are shown in Figure 9.

Example 10: Encapsuiation of lopamidol through spray drying
Table & outlines the spray drying conditions, respective process vielkd and properties
for the iopamidol-cantaining preparations using HPMCAS. The reaction conditions were

madified o mainiain homogsneously suspended iopamidol during the run.

Table 6.
Trial 1 | 2 | 3
Faad solution paramsters
Total solids ¢ 20.0 20.0 20.0
lopamidol g 4.0 8.0 10.0
HPMCAS g 16.0 12.0 10.0
Acsione g 180.0 180.0 180.0
C_feed Yowelw 10.0 10.0 10.0
Agsnt / polymer ratio 20:80 40:60 50:50
Spray drying parameters
Nozzle mm 1.2 1.2 1.2
T in G 126.0 £ 01 1259+ 0.1 135.0 £ 0.1
T out °G 79.0+ 141 784+ 06 82003
F_feed g/ min 8.5 6.5 6.5
F_atomiz mb/min 25.0 125 12.5
R_atomiz - 3.9 1.9 1.9
F_drying mfmin 0.45 0.45 0.45
Process throughput and yield
Yield g 2.4 111 12.4
Yield {wet basis) Yowlw 82.0 55.0 62.0
in process results
lodine by SEM—.EDS _— . a PO o e
(masked material / ow e 3.158/98 12897198 18.02724.5
Physical mixiure)
Encapsulation efficiency % 67.8 41.4 284
Total surface area m/g 2141 £ 0.07 1.86 + 0.07 .81+ (.05
Osmolality mQsm/l. - 11 7
Cohesion ¢ kPa 2.93 3.42 3.96

* Calculation: {{% lodine in the molecule » % API} 7/ 100) - % Detectad jodine) / (% lodine in the
mofeculs ® % AR/ 100}
) : ~
" Values measured at a concentration of 15 mg {/ mL.
7 Measurements performed with powders swellad in water in 8 conceniration of 300 mg |/ miL
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PLM imaging results are ilfustrated in Figure 10, which shows thal parlicles are

betwesn 2 um and 20 pm in size for trials 1 and 2, and up to 150 pm for trial 3.

imaging results are presenied in Figure 11 and show irregular particles.

Example 11: Encapsulation of lopamidol through spray drying

SEM

Table 7 outlines the spray drying conditions, respective process yield and properties

for the inpamidol-containing preparations using Eudragit L-100.

Table 7.
Trial E 1 ! 2 3
Feed solution parametars
Total solids g 20.0 20.0 20.0
loparmidal g 4.0 8.0 10.0
Eudragit L-100 g 16.0 12.0 10.0
Ethanol 180.0 180.0 180.0
{_feed Yaw/w 10.0 1.0 10.0
Agent / polymer ratio 20088 46060 50:50
Spray drying paramasters
Nozzle mm 1.2 1.2 1.2
T in G 143.0 £ 01 130.0 £ 01 130.0 £ 0.0
T ouf °C 802+ 1.0 810z 158 810x06
F_feed g/min 6.5 6.5 6.5
F_atomiz mb/min 7.5 7.5 7.5
R_atomiz ~ 1.2 1.2 1.2
F_drying T/ min 0.45 0.45 {1.45
Process throughput and yield
Yield g 18.0 12.8 12.8
Yield {wel basis} Yowiw 80.0 3.0 64.0
In process resulls
todine by SEM-EDS )
(masked material / Yowihw §.32/5.8 84271986 285712438
Physical mixture)
Encapsulation Yo 35.5 57.0 -16.6
Total surface area mg 261014 216 £0.08 218007
Osmuolality ¥ mOsm/L <L0OD < LOD <LOD
Cohesion kPa 1.53 2.80 3.24

¥ Calculation: ({% lodine in the molecule x % AP} / 100} - % Detscted iodine) / (% jodine in the

mofecufe x S AP/ 100},

Negative values mean that was detected more iodine than expected.
hi . .
“Values measured at a concentration of 18 mg 1/ miL.
7 Measurements performed with powders swelled in water in & concentration of 300 mg I/ mL

The SEM imaging results are shown in Figure 12.
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Table 8 outlines the spray drving conditions, respeclive process vield and properties

for the {ohexobconiaining preparations using HPMCAS.

Table 8.
Trial | 1 | 2 3
Feed solution parametsrs
Total solids g 20.0 20.0 20.0
tohexal 0 4.0 8.0 10.0
HPMCAS g 16.0 12.0 10.0
Acetone g 180.0 180.0 180.0
C _feed Shwiw 10.0 10.0 10.0
Agent / polymer ratio 20:80 40:60 50:50
Spray drying paramelers
Nozzie mm 2 1.2 1.2
T in °G 143.3 £ 01 142.1+£ 0.1 1432+ 0.0
T out °C 807 1.2 &3.1+£0.3 79302
F_feed g/min 8.5 6.5 6.5
F atomiz mb/min 250 250 25.0
R_atomiz - 3.8 1.2 1.2
F_drying Y/ min 0.45 0.45 (.45
Process throughput and yield
Yield g 1.9 12.8 10.3
Yield (wet basis) Yowiw 59.0 54.0 51.5
In process results
lodine by SEM-EDS
(masked material / Yowiw 0783 12507 18.5 6.18723.2
Physical mixture)
Encapsulation sfficiency % 100.0 321 734
Total surfacs arsa Mg 1.66 £ 0.06 1212004 2.24 +0.08
Osmolality ¥ mQsm/L - < LOD 15
Cohesion @ kPa 2.18 - -

¥ Calculation: ((% fodine in the molecule x % API} / 100) - % Delected ioding) / (% lodine in the

molecule x % API/ 100).

h i .
“ Values measured at a concentration of 15 mg |/ mL.
7 Measurements performed with powders swelled in water in a concentration of 300 mg I/ mi

SEM imaging shows particle size of up & 10 um for trial 1 and trial 2, and smaller for

trial 3. Sphearical particles with approximately 30 ym in diameter are observed in all trails,

decreasing in number for trial 3 (Figure 13}

Example 13: Analysis of Results of Exampies 9-12

High encapsulation efficiencies were obtained for almost all microencapsulates

malerials obtained by spray dryving. Also, all materials produced by microencapsulation

through spray drying pressented similar surface areas, which wers relatively low.
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Osmolality valuss were measured for different formulalions o assess the
improvement oblained over the pure contrast agenis. The osmolality (mQOsmol) of iopamidol
and iohexol were measured at a concentration of 300 mg 1/ mb and 15 mg | / mb {Table 8},

and compared to that of biood.

Table 0.
mOsmol at 30 mg H/ mblimOsmol at 15 mg i/ ml

fopamidol (raw} 572 30

iohexol {raw) 413 36

biood 285-31¢ ND

Ex. 8, trial 2 {48 % wiw load) ND i1
Ex. 198, trial 2 (48 % wiw load) ND < detection Emit
Ex. 11, trial 2 (40 % wiw load) ND < detsction mit

Ex. 9, trial 3 {50 % wiw load) ND 7
Ex. 9, trial 3 {50 % wiw load) ND < detschion mit

Ex. 114, trial 3 (58 % wiw load) ND 15

ND: not determined

The microencapsulated materials of the disclosure produced by spray drying
methods reduced the osmotic pressure by more than 50 %. Moreover, several materials of
the disclosure had osmotic pressure below the dstection limit of the equipment.

The cohesion of swelled microencapsulates in water 300 mg | /mb {standard dose
used in Gl track imaging) was assessed using & powder rheomster (FT4 from Freeman).
The results are lustrated in Figure 14. Without being bound to a particular theory, it is
believed that the increase in cohesivensess with the AP content is correlated with tolal

concentration of APL which was set at 300 mg | /mL.

Example 14: Encapsuiation of lopamidol through spray drying with ultrasenic nozzie
To assess the influence of droplet size in the microencapsulation efficisncy the spray

drying trials were repealed using an ultrasonic nozzle. Tabls 10 outlines the spray drying

conditions, respective process yield and properties for the iopamidol-containing preparations

using HPMCAS, Figure 14 shows SEM imaging results.

Table 10.
Trail E 4 : 2 | 3
Faad solution paramseters
Total solids g 6.0 40.0 40.0
fopamidol s 12.0 16.0 20.0
HPMCAS G 48.0 24.0 20.0
Acsione g 1140.0 760.0 760.0
C_feed {polymer in Yowlw 5.0 50 5.0
Agsnt/ polymer ratio 20:80 40:60 50:50
Spray drying parameters
Nozzie {Type) | uitrasonic i ullrasonic | ultrasonic
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T in °C 1001+ 01 79020 822+ 0.2
T ouf °C 746+0.2 601202 588 £ 01
F_feed afmin 5.0 5.0 5.0
Polency_atomiz W 55+0.5 30205 30x05
F_drying mfrnin 0.45 0.45 0.45

Process throughput and yield
Yield g 28.6 23.8 276
Yield (wet basis) Yowiw 443 54.5 89.0

in process resuits

lodine by SEM-EDS . _
(masked material / Yowiw 523/9.8 11.34 /196 17.93/724.5
physical mixdure}
Encapsulation efficiency % 46.6 42.1 268

¥ Calculation: ({% lodine in the molecule x % AP} / 100} - % Detacted ioding) / (% jodine in the

mofecufe x S AP/ 100},

Exarnple 15: Encapsulation of lopamidol through spray drying with ultrasonic nozzle

Table 11 outlines the spray drying conditions, respective process vield and properties

for the iopamidol-containing preparations using Eudragit L-100.

SEM imaging showed

particles with up 1o approximately 100 um in diamster. Moreover, SEM imaging also showed

that most of the APl was entrapped inside the shell of the particies.

Table 11.
Trial E 1 | 2 i 3
Feed solution parameters
Total solids G 40.0 40.0 40.0
XRO1 G 8.0 16.0 20.0
Eudragit L-100 G 32.0 24 0 20.0
Ethanol G 760.0 760.0 760.0
C_feed {polymer in solution) Yowiw 5.0 5.0 5.0
Agent / polymer ratio 28:80 40:60 54:50
Spray drying parameters
Nozzle {Type) ultrasonic ultrasonic ultrasonic
T in °C 116.0+ 0.1 8.1+ 0.2 1M7.0+ 02
T ouf °C 79.9+0.1 79.8+ 0.3 79.7 £ 0.1
F_feed fmin 5.0 5.0 5.0
Potency_atomiz W 306208 3005 2605
F_drying mfmin 0.45 0.45 0.45
Process throughput and yield
Yield G 288 23.9 27.9
Yield (wet basis) Yowriw 72.0 58.8 69.8
In process results
lodine by SEM-EDS (masked  s%wiw 585/9.8 13.70 /196 18.30/24 5
material / physical mixiure}
Encapsulation efficiency @ Yo 40.3 30.1 253

¥ Calculation: (% lodine in the molecule x % API} / 100) - % Datacted inding) / (% iodine in the

molecufe x % AP/ 100).
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Example 18: Microencapsulation of lopamidol through spray drying with ultraseonic
nozzie
Table 12 cutlines the spray drying conditions, respective process vield and properties

for the iopamidol-containing preparations using HPMCAS. Figure 14 shows SEM imaging

resulis.
Table 12.
Trial | 1 | 2 i 3
Feed solution parametars
Total solids g 40.0 40.0 40.0
XRO2 g 3.0 16.0 20.0
HPMCAS g 32.0 24.0 20.0
Acetone g 760.0 760.0 760.0
_feed {polymer in soiution) Yowriw 5.0 5.0 5.0
Agent / polymesr ratio 20:80 48:60 58.58
Spray drying paramasters
Nozzle {Type) ultrasonic ultrasonic ultrasonic
T in G 80.0+ 01 86.0 £ 0.1 80.0+£0.2
T out °C 59.8 £ 0.1 598+ 0.1 58.8 £ 0.1
F_feed g/min 5.0 5.0 5.0
Potency_atomiz w 36x05 34x05 34+05
F_drying m{min 0.45 (.45 (.45
Process throughput and yield
Yield g 26.9 26.0 271
Yield {wet basis) Yowiw 67.3 65.0 67.8
In procass resuits
fodine by SEM-EDS (masked oy 89.47/9.3 14.89/ 18.5 17.41/23.2
material / Physical mixture)
Encapsulation efficiency ¥ % -2 18.7 245

* Calculation: {(% fodine in the moleculs » % API} / 100) - % Detected iodine} / (% iodine in the
mofecule x % AR/ 100},

Negative values mean that was detectad more iodine than expacted.
Example 17: Encapsuiation of lopamidol through spray drying with ultrasenic nozzle
The solvent system usead to solubilize Eudragit L-100 while maintaining loexol (XR02)
in suspension was acetone with 3.0 % wiw of deionized water. Table 13 oullines the spray
drying conditions, respective process vield and properties for the iohexolcontaining

preparations using Eudragit L-160.

Table 13.
Trial ; 4 | 2 l 3
Fead solution parameters
Tolal solids g 40.0 4.0 40.0
XRO2 g 8.0 16.0 20.0
Eudragit L-100 g 32.0 24.0 20.0
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Acetone (with 3 %w/w waler} g 760.0 760.0 760.0
C_feed {polymer in solution)  Yew/w 5.0 5.0 5.0
Agsnt/ polymer ratio 20:80 40:60 5050

Spray drying parameters
Nozzle {Type) ulirasonic ultrasonic ultrasonic
T in G 80.0+ 0.1 8.1+ 0.1 80.0+ 01
T out °C 680.0x01 599+ 01 59.9+ 01
F_feed a/min 5.0 5.0 5.0
Potency _atomiz W 30205 30205 3.0:x05
F_drying m/min 0.45 0.45 0.45
Process throughput and yield
Yield 3 319 327 30.5
Yield (wet basis) Yowiw 79.8 81.8 76.3
In process resulis
lodine by SEM-EDS Yow/w £.06/9.3 15.5/18.5 19.05/23.2
{maskead material / Physical
Encapsulation efficiency ¥ % 346 16.3 17.8

al . ) Y Y e N : RN N )
¥ Calculation: ((% fodine in the molecule » % AP / 100} - % Detected iodine) / (% lodine in the

mofecufe x S AP/ 100).

it is understood that the examples and embodiments described herein are for
ilustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the ant and are o be incorporated within the spirit and
purview of this application and scope of the appended claims. All publications, patents, and

patent applications cited harain are hereby incorporatad herein by referance for all purposes.
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We claim:

1. An oral formulation comprising of an indinated imaging agent and at least one taste
masking agent, wherein the iodinated imaging agent and the taste masking agent are

formulated into solid particles.

2. An oral formulation of claim 1, wherein the imaging agent is iopamidol, iohsxol, or
jodixanol.

3. An oral formulation of claim 1 or 2, wherein the imaging agent is prasent up o about
903% by weight.

4, An oral formulation of any one of claims 1-3, whersin the faste masking agent is

selected from one or more polymer, surfactant, sugar, and flavoring agent.

A, An oral formulation of any one of claims 1-4, further additionally comprising one or
more of excipients, wherein the excipient is selected from the group consisting of polymers,

surfactants, lipids or waxes, fatty acids, sugars, and flavoring agents.

&. An oral formulation of any one of claims 1-5, wherein the particles are between about

1 and about 560 um in diamster.

7. An aral formulation of any one of claims 1-6, wherein the parlicles have a surface

area between 0.5 and 100 m%g.

& An oral formulation of any oneg of claims 1-7, wharein the particles have a particle to

particle cohesion and peak biloadhesive strength of up to about 500 kiPa.

g. An oral formulation of any of claim 1-8, whersin the formulation is iso-osmotic or

hypo-osmotic.

10. An oral formulation of any one of claims 1-8, with optimized transit time andfor

cohasion, and/or particle size, and/or surface area, and/or viscosily, and/or taste/palatability.

11 An oral formulation of any one of claims 1-10 prepared by a method comprising:

{a) fesding a molten mixture comprising one or more of ndinated imaging agents and
one or more of taste masking agents to a nozzle;

{h) atomizing said molten mixiure to droplets; and

{c} cooling said droplets to particles.
12. An oral formulation of any one of claims 1-11, wherain one or more of taste masking
agents is selected from a surfactant and a polymer.
13. An oral formulation of claim 12, wherein ons or more of taste masking agenis is
selected from hydroxypropyimsthyicellulose acetate succinate, poly{methacrylic acid-co-

methyl methacrylate, and glyceryl palmitostearate.
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14, An oral formulation of claim 12, wherein the taste masking agents is

hydroxypropyimethylcelluiose acetale succinate.

15, Any oral formulation of claim 12, whersin the taste masking agents is poly{methacrylic

acid-~co~-methyl mathacrylate.

18. A method for preparing a formulation of any one of claims 1-1, and 12-15, the
method comprising:

{a) feeding a mollen mixture comprising one or mors of iodinated imaging agents and
one or more of laste masking agenis o a nozzle;

{b) atomizing said molten midure io droplets; and

{¢} cooling said droplets to particles.

17, The method of claim 16, comprising melting one or more of iodinated imaging agsnis

optionally comprising one or more of excipients prior to step (a).

18. The method of claim 17, wherein the melting is done at a tempsrature of belwesn

about 20 o about 250 °C.

14, The method of any ons of claims 16-18, wherein the nozzle is of rolary, pressure,

fluid, or ultrasonic configuration.

240 The method of any one of claims 16-19, wherein cooling is promoted by a stream of

gas o liquid,

21 The method of claim 20, wherein the stream of gas or liquid is at an initial

temperature of between about ~40 and about 100 °C.

22. The method of claim 20, wherein the stream of gas or liquid is co-current or counter~

current with respect to the melt spray direction.

23 The method of claim 20, whersin the stream of gas or liquid is a stream of gas

comprising nitrogen, air, carbon dioxide, or mixtures thereof.

24, The methaod of claim 20, whersin the stream of gas or liquid is a stream of gas

combined with a stream of liquid comprising liquid carbon dioxide or liquid nitrogen.

25. An oral formulation of any one of claims 1-10 prepared by a method comprising:

{a) mixing one or more of indinated agents and one or more of {aste making agenis in a
solvent or mixiurs of solvents (o obtain a solution or a suspension;

{h) feeding and atomizing said solution or suspension into a drving chamber {o obtain
droplets; and

{c) drying said droplets to particles.
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26. An oral formulation of claims 25, wherein one or mors of lasle masking agsnis is

selected from a surfactant and a polymer.

27. An oral formulation of claimy 26, wherein one or more of taste masking agents is
selected from hydroxypropylmethyicsliulose acetale succinate, poly{methacrylic acid-co-

methyl methacryiats, and glyceryl palmitostearate.

28, An oral formulation of claim 26, wherein the taste masking agents is

hydroxypropyimethylcelluiose acetale succinate.

29, An oral formulation of claim 28, whersin the taste masking agents is poly{methacrylic

acid-co-methyl methacrylate.

3 A method for preparing a formulation of any one of claims 1-10 and 26-28, the
method comprising:

{a) mbdng one or more of iodinated agenis and one or more of taste making agents in a
solvent or mixiure of solvants to obitain a solution or a suspensia;

{b) feeding and atomizing said solution or suspension info a drying chamber to obtain
droplets; and

{c} drving said droplets to particles.
31. The method of claim 30, wherein drying is promoted by a stream of gas.

32. The method of claim 30 or 31, whersin drving is done at a temperaiure of belween

about 20 and about 300 °C.

33, The method of any one of claims 30-32, wherein feeding is 1o a nozzle, which is of

rotary, pressure, fluid, or ultrasonic configuration.

34 The method of any one of claims 30-33, wherein drving is promoted by a stream of
0as.
35. The method of claim 34, wherein the stream of gas or liquid is co-current with respect

o the melt spray direction.

36. The method of claim 34, wherein the stream of gas comprises nitrogen, air, carbon

dioxide, or mixtures thersof,
37. The method of claim 36, wherein the stream of gas is hot nitrogen.

38. Use of an oral formulation according to any one of daims 1-18 and 25-29 for imaging

of the gastrointestinal tract.

38. Use according to claim 38, wherein the gastrointestinal tract is the upper track.

i
D
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4. A method for imaging gastrointestinal tract in a patlient, comprising administering to

the patient an oral formulation according o any one of claims 1-15 and 25-20.

41. The method of claim 40, wherein the gastroinfestinal fract is upper gastrointestinal

tract.

30



