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CROSSLINKED AMINE POLYMERS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

In patients with normal kidney function, calcium and
phosphorus balance 1s maintained through the interaction of
parathyroid hormone (PTH) and calcitriol, an active metabo-
lite of vitamin D. PTH provides a mechanism for controlling
extracellular calctum and phosphate concentrations by regu-
lating intestinal reabsorption, renal excretion, and exchange
of these 10ns between the extracellular fluid and bone.

With progressive renal insulliciency, however, there 1s
increased phosphorus retention by the failing kidney. In
order to restore phosphorous balance, compensatory eleva-
tion 1n PTH levels 1s triggered, which increases renal resorp-
tion of calcium, while decreasing tubular resorption of phos-
phorus. The net effect of compensatory hyperparathyroidism
in this early stage of renal disease 1s that serum phosphorus
levels are maintained within the normal range.

The retention of phosphorus as a result of the decreased
ability of the diseased kidney to excrete the filtered phos-
phate leads to a decrease in serum free calcium, which in
turn stimulates the secretion of more PTH. With each pro-
gressive reduction in kidney function, a new steady state 1s
achieved 1n which serum phosphate 1s restored to normal at
the expensive of a sustained high level of PTH. The cycle 1s
repeated as renal Tunction declines until sustained and severe
hyperparathyroidism 1s present; eventually the compensa-
tory mechanism 1s not able to control the increasing serum
phosphorus levels. Once the glomerular filtration rate has
decreased to <20% of normal, overt hyperphosphatemia
becomes evident. In end-stage renal disease patients (where
the compensatory mechanism mediated by PTH 1s no longer
cifective), the increase i plasma phosphate results not only
from decreased excretion but also from continual high levels
of PTH, which further exacerbates the problem by releasing
calcium and phosphate from the bone.

The climical manifestations of hyperphosphatemia are var-
ied and have considerable mortality risks. Severe hyperphos-
phatemia can induce hypocalcemia, which aggravates the
imbalance 1n PTH levels further by increasing the produc-
tion of this hormone. Hyperphosphatemia inhibits renal syn-
thesis of calcitriol, which causes an exacerbation of the
hypocalcemia condition. The occurrence of severe hypocal-
cemia with tetany and ectopic calcifications 1s the most
severe manifestation of hyperphosphatemia. Calcification
may occur in the joints, soit tissues, lungs, kidney, and con-
junctiva. Soft tissue calcification has been linked to cardio-
vascular risk, and cardiovascular disease 1s the cause of
death 1n more than 45% of all dialysis patients. Renal
osteodystrophy with effects on the bones and muscles 1s
common 1n end stage renal disease (ESRD) patients, as well
as severe pruritis. The high PTH level associated with devel-
oping and severe renal disease has indirect actions on the
central and peripheral nervous system, and the myocardial
tissues, creating further disorders such as hyperlipemia,
muscle growth retardation, arteriosclerosis, bone loss, and
immunodeficiency.

Prevention and treatment of hyperphosphatemia is
achieved by a variety of means, including dietary control of
phosphorus intake, dialysis and oral phosphate binders.
Dialysis, however, does not remove phosphate ions well
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from the serum because of the slow equilibrium between
intracellular and extracellular phosphorus. The treatments of
choice focus 1nstead on a phosphorus controlled diet and the
administration of phosphate binders taken at meals. A low
phosphorus diet 1s not a long-term option, however, since
patient compliance 1s difficult and the early dietary phospho-
rus intake cannot be lowered below ~1000 mg/day, without
restricting protein intake even further than the 1.2 g/kg/day
of protein recommended for hemodialysis patients.

Oral phosphate binders comprise two main classes: 1nor-
ganic metal salts and polymer resins, often referred to as
metal-free binders. Examples of the former category include
compounds such as aluminum carbonate, calcium carbonate,
calcium acetate (PhosLo), and lanthanum carbonate
(Fosrenol). While aluminum and calcium salts have been the
treatment of choice for years, they produce soluble metal
ions that cross the gastrointestinal membrane and enter the
blood stream, producing toxic eflects. For instance, alumi-
num carbonate salts have been shown to be involved 1n cases
of encephalopathy and aluminum osteopathy due to alumi-
num bone absorption. Calcium binders also generate large
amounts of soluble calcium cations, the absorption of which
can cause hypercalcemia. Further, although the causative
elfect 1s not fully demonstrated, high calcium x phosphate
product has been held responsible for soit tissue calcification
and cardiovascular disease. Lanthanum carbonate seems to
produce less metal absorption, but bone accumulation of lan-
thanum has been established and the long-term effect of such
accumulation 1n humans 1s still unclear.

Metal free binders include ion exchange resins and
crosslinked polyallylamine resins. Ion exchange resins
include cholestyramine, colestipol hydrochloride, and
Dowex. These resins have been proposed as an alternative to
metal salts, but their low capacity and their lack of palatabil-
ity have precluded their wide use 1n the clinic. Crosslinked
polyallylamine, like sevelamer hydrochloride (Renagel),
was introduced as the next generation of metal-free phos-
phate binder resins. However, the phase 1 clinical trials per-
formed on healthy volunteers indicate that the 1n vivo bind-
ing capacity of Renagel 1s much lower than anticipated from
in vitro studies. As a consequence ESRD patients still need a
high dosage of Renagel to meet clinical end-points, leading
to adverse effect such as gastrointestinal discomifort and
problems with patient compliance.

Accordingly, there 1s a need to develop better phosphate
binding therapies, with reduced side effects for patients with
hyperphosphatemaia.

BRIEF SUMMARY OF THE INVENTION

In one aspect, the present invention relates to polymeric
compositions comprising crosslinked amine moieties. In a
first embodiment the 1nvention 1s a crosslinked amine poly-
mer comprising an amine of formula I

(D)

R, ]Tl f‘iq-

\
N—HC—N—R,
AN
R R,

where each n, independently, 1s equal to or greater than 3; m
1s equal to or greater than 1; and each R, independently, 1s H
or optionally substituted alkyl or aryl, or 1s linked to a neigh-
boring R, to form an optionally substituted alicyclic,
aromatic, or heterocyclic group; and the amine 1s crosslinked
with a crosslinking agent.
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A second embodiment of the invention 1s a crosslinked
amine polymer comprising an amine of formula II

(1)

wherein p 1s 1, 2, 3, or 4; each R, independently, 1s H or
optionally substituted alkyl or aryl or 1s linked to a neighbor-
ing R, to form an optionally substituted alicyclic, aromatic,
or heterocyclic group; R, and R, each independently, are H
or optionally substituted alkyl or aryl, with the proviso that
when p=1, both R, and R, are not H and when p=2, 3, or 4,
R, and R, are H, alkyl or —C(R,),—R,—N(R,),, R, being
cither a bond or methylene; and the amine 1s crosslinked
with a crosslinking agent.

A third embodiment of the invention 1s a crosslinked
amine polymer comprising an amine of formula III

(I1)

[leq C

wherein q 1s 0, 1, or 2; and each R,, independently, 1s H or
optionally substituted alkyl or aryl or 1s linked to a neighbor-
ing R, to form an optionally substituted alicyclic, aromatic,
or heterocyclic group; and the amine 1s crosslinked with a

crosslinking agent.
A Tourth embodiment of the mvention i1s a crosslinked
amine polymer comprising an amine of formula IV

(IV)

Ry (Rpar| Ry R,
rd | | rd | “y /
N=T (‘HgN ¢ (‘3 T N\
Rl Rl Rl

wherein each n, independently, 1s equal to or greater than 3;
each r, independently, 1s 0, 1, or 2; and each R,,
independently, 1s H or optionally substituted alkyl or aryl or
1s linked to a neighboring R, to form an optionally substi-
tuted alicyclic, aromatic, or heterocyclic group; and the
amine 1s crosslinked with a crosslinking agent.

A fifth embodiment of the invention 1s a crosslinked
amine polymer comprising an amine of formula V

) i ) _ (V)
R, Ry | Rpr-2 Ry Rpr2| Ry R,
N—¢ I*lJ—&Cﬁ—I*‘J (Ij N/
/ *’f N
Ry R R R R
o - F o -F

wherein each n, independently, 1s equal to or greater than 3;
each r, independently, 1s 0, 1, or 2; and each R,
independently, 1s H or optionally substituted alkyl or aryl or
1s linked to a neighboring R, to form an optionally substi-
tuted alicyclic, aromatic, or heterocyclic group; and the
amine 1s crosslinked with a crosslinking agent.
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In another aspect, the invention provides methods of treat-
ing an animal, including a human. The method generally
involves administering an effective amount of a crosslinked
amine polymer described herein.

Another aspect of the ivention 1s a pharmaceutical com-
position comprising one or more polymers of the present
invention with at least one pharmaceutically acceptable car-
rier. The polymers described herein have several therapeutic
applications. For example, the crosslinked amine polymers
are uselul 1n removing phosphate, from the gastrointestinal
tract. In some embodiments, the crosslinked amine polymers
are used 1n the treatment of phosphate imbalance disorders
and renal diseases.

In yet another aspect, the crosslinked amine polymers are
usetul for removing other anionic solutes, such as chloride,
bicarbonate, and/or oxalate 1ons. Polymers removing oxalate
ions find use 1n the treatment of oxalate imbalance disorders.
Polymers removing chloride i1ons find use in treating
acidosis, for example. In some embodiments, the
crosslinked amine polymers are useful for removing bile
acids and related compounds.

DETAILED DESCRIPTION OF THE INVENTION
Crosslinked Amine Polymers

In one aspect, the present mvention provides methods of
using compositions comprising a polymer that contains
crosslinked amine moieties. Polymers, including homopoly-
mers and copolymers, with repeating crosslinked amine
units are referred to herein as crosslinked amine polymers.
The repeating amine units 1n the polymer can be separated
by the same or varying lengths of repeating linker (or
intervening) units. In some embodiments, the polymers
comprise of repeat units of an amine plus intervening linker
unit. In other embodiments, multiple amine units are sepa-
rated by one or more linker units.

In a first embodiment the mvention 1s a method for remov-
ing phosphate from the gastrointestinal tract of an amimal by
administering an eflective amount of a crosslinked amine
polymer, wherein said polymer comprises an amine of for-
mula I

(D)

R, Ry Ry
Nemntr

CCT NTR;
/ | s
R R,

wherein each n, mndependently, 1s equal to or greater than 3;
m 15 equal to or greater than 1; and each R, independently, 1s
H or optionally substituted alkyl or aryl or 1s linked to a
neighboring R, to form an optionally substituted alicyclic,
aromatic, or heterocyclic group; and the amine 1s crosslinked
with a crosslinking agent.

Preferred amines of formula I include:

H,
H,N—-C --NH; ‘

n: 3.4, 0r 5 N~
HN< >N—(-gz—);NH2

X
P

NH,

A second embodiment of the mvention 1s a method of
removing phosphate from the gastrointestinal tract of an ani-
mal subject by administering an effective amount of a
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crosslinked amine polymer, wherein said polymer comprises
an amine of formula II D)

R,
\N.-f'

Rz_ECﬂ?R3

H,C

~ le

AN

R,

Wherein p 1s 1, 2, 3, or 4; each R,, independently, 1s H or
optionally substituted alkyl or aryl or 1s linked to a neighbor-
ing R, to form an optionally substituted alicyclic, aromatic,
or heterocyclic group; R, and R, each independently, are H
or optionally substituted alkyl or aryl, with the proviso that
when p=1, both R, and R, are not H and when p=2, 3, or 4,
R, and R, are H, alkyl or —C(R,),—R,—N(R,),, R, being
either a bond or methylene; and the amine 1s crosslinked
with a crosslinking agent.

Preterred amines of tformula II include:

HzN\/I\ I HgN\)< I
N~ N~

H H
NH,
-~ NH,
NH, NH, NH, NH, ‘ ‘ ‘ ‘
NH, NH, NH, NHS,.
™~ NH, ™~ NH,

A third embodiment of the invention 1s a method of
removing phosphate from the gastrointestinal tract of an ani-
mal by administering an eflective amount of a crosslinked
amine polymer, wherein said polymer comprises an amine
of formula III

(I11)

H;
Rt

wherein q 1s O, 1, or 2; and each R, independently, 1s H or
optionally substituted alkyl or aryl or 1s linked to a neighbor-
ing R, to form an optionally substituted alicyclic, aromatic,
or heterocyclic group; and the amine 1s crosslinked with a
crosslinking agent.

Preferred amines of formula III include:

H CH;

NH NG 15}?2 NH, \ﬁﬁb
2 2

A fourth embodiment of the invention 1s a method of
removing phosphate from the gastrointestinal tract of an ani-
mal by administering an eflective amount of a crosslinked

amine polymer, wherein said polymer comprises an amine
of formula IV

(IV)

Ry Rpar| Ry R,
N
N——&(‘jﬁ?N k(‘?-)?N\
o - F

- -3

wherein each n, independently, 1s equal to or greater than 3;
cach r, independently, 1s 0, 1, or 2; and each R,,
independently, 1s H or optionally substituted alkyl or aryl or
1s linked to a neighboring R, to form an optionally substi-
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6

tuted alicyclic, aromatic, or heterocyclic group; and the
amine 1s crosslinked with a crosslinking agent.
A preferred amine of formula IV includes:

A fifth embodiment of the invention 1s a method of remov-
ing phosphate from the gastrointestinal tract of an animal by
administering an eflfective amount of a crosslinked amine
polymer, wherein said polymer comprises an amine of for-
mula V

i i ] i (V)
R, Ry [ (Rpr2 Ry Rpro] Ry R,
\ | | /
N—C—N—¢C5—N C—N
/ \
Ri Rj R R R)

I _F'l I

wherein each n, independently, 1s equal to or greater than 3;
cach r, independently, 1s 0, 1, or 2; and each R,,
independently, 1s H or optionally substituted alkyl or aryl or
1s linked to a neighboring R, to form an optionally substi-
tuted alicyclic, aromatic, or heterocyclic group; and the
amine 1s crosslinked with a crosslinking agent.

Preferred amines of formula V include:

HZN—\_\N_(_C_)_N/_/—Nﬂz
/ \E \_\_

e

n=3,4,orb

n: 3,4,or S

In another aspect, the present invention provides composi-
tions comprising a polymer that contains crosslinked amine
moieties. These polymers, including homopolymers and
copolymers, comprise of repeating crosslinked amine units.

In a first embodiment the invention 1s a crosslinked amine
polymer, wherein said polymer comprises an amine of for-
mula I as described above. A second embodiment of the
invention 1s a crosslinked amine polymer, wherein said poly-
mer comprises an amine of formula II as described above. A
third embodiment of the invention 1s a crosslinked amine
polymer, wherein said polymer comprises an amine of for-
mula III as described above. A fourth embodiment of the
invention 1s a crosslinked amine polymer, wherein said poly-
mer comprises an amine of formula IV as described above. A
fifth embodiment of the invention 1s a crosslinked amine
polymer, wherein said polymer comprises an amine of for-
mula V as described above.

The polymers comprising of an amine of Formula II have
been described above with p=1-4. In addition, 1n some of the
embodiments, the amines of Formula II include amines
wherein p 1s greater than 4. In various embodiments, p can
be more than 8, more than 12, more than 16, or more than 20.

In other embodiments, p can be less than 25, less than 20,
less than 15, or less than 10.

The amines represented by general formula I-VI can be
synthesized by methods well known 1n the art. These synthe-
s1s techniques include catalytic conversion from alcohols,
reductive amination of carbonyl compounds. Michael
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additions, and hydrogenation of nitriles (see, for example,
Karsten Eller et al, Ullmann’s Encyclopedia of Industrial

Chemistry 2002 by Wiley-VCH Verlag GmbH & Co.

KGaA). Several small amine monomers and/or amine plus
intervening linker units are also commercially available.

In one embodiment, an amine useful 1 the present
invention, tetramethylene tetramine, depicted below, 1s syn-
thesized by catalytic hydrogenation of the commercially
available diaminomaleonitrile (DAMN):

H,N NH,

\N—/
/ O\

NC CN

Polymerization can be achieved by methods known to
those 1n the art, examples of which are illustrated in detail in
the Examples disclosed herein. For example, the crosslink-
ing reaction 1s carried out either in solution of bulk (1.e.
using the neat amine and neat crosslinker compounds) or 1n
dispersed media. When a bulk process 1s used, solvents are
selected so that they co-dissolve the reactants and do not
interfere with the amine crosslinking reaction. Suitable sol-
vents include water, low boiling alcohols (methanol, ethanol,
butanol), dimethylformamide, dimethylsulfoxide, acetone,
methylethylketone, and the like.

Processes 1n dispersed media, include mnverse suspension,
direct suspension and aerosols, and the like. The continuous
phase can be selected from apolar solvents such as toluene,
benzene, hydrocarbon, halogenated solvents, supercritical
carbon dioxide, and the like. With a direct suspension
process, water can be used, although salt brines are also
usetul to “salt out” the amine and crosslinker reagents 1n a
droplet separate phase, as described 1n U.S. Pat. No. 5,414,
068.

The crosslinker to amine mole ratios control the extent of
gel material formed as well as 1ts crosslinking density. Too
low a ratio may lead to mcomplete crosslinking and forma-
tion of soluble oligomers, while too high a ratio may pro-
duce extremely tight network with little binding properties.
The amine component can be either one or a combination of
several amines, and the same applies to the crosslinker com-
ponent. Optimization may be required for any new combina-
tion of amines and crosslinkers, since the functionality of
either can 1influence the extent of gel formation and swelling
characteristics. In some embodiments, crosslinker to amine
molar ratios comprise between about 0.2 to about 10, preter-

ably about 0.5 to about 5, and most preferably about 0.5 to
about 2.

The crosslinking reaction 1s run in a batch or semi con-
tinuous mode. In the latter mode, either the amine or the
crosslinker 1s added as the initial charge and the co-reactant
1s then metered up for a given period of time. In one
embodiment, a soluble prepolymer 1s first prepared by add-

Catalyst

-

Label

B-SM-20-TeA Tetramine
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ing the entire amine monomer component and then adding
continuously a fraction of the crosslinker, forming a syrup.
The syrup 1s then emulsified as droplets in an o1l continuous
phase and the remaining fraction of crosslinker 1s added to
form crosslinked beads. When the crosslinker 1s an alkylha-
lide compound, a base can be used to scavenge the acid
formed during the reaction. Inorganic or organic bases are
suitable. NaOH 1s preferred. The base to crosslinker ratio 1s
preferably between about 0.5 to about 2.

Polymers of the invention are crosslinked materials,
meaning that they do not dissolve in solvents, and, at most,
swell 1n solvents. The ratio of swelling 1s expressed as the
weight ratio of the swollen gel 1 a buffer to the dried
crosslinked polymer. The ratio of swelling 1n physiological
1sotonic builer, representative of the milieu of use, 1.e. the
gastrointestinal tract, 1s typically 1n the range of about 1.2 to
about 100, preferably about 2 to 20.

The polymers described herein exhibit phosphate binding,
properties. Phosphate binding capacity 1s a measure of the
amount of phosphate 1on a phosphate binder can bind 1n a
given solution. For example, binding capacities of phosphate
binders can be measured in vitro, €.g., in water or in saline
solution, or 1n vivo, e.g., from phosphate urinary excretion,
or €x vivo, for example using aspirate liquds, e.g., chyme
obtained from lab animals, patients or volunteers. Measure-
ments can be made 1n a solution contaiming only phosphate
1on, or at least no other competing solutes that compete with
phosphate 1ons for binding to the polymer resin. In these
cases, a non interfering bufler would be used. Alternatively,
measurements can be made 1n the presence of other compet-
ing solutes, e¢.g., other 1ons or metabolites, that compete with
phosphate 10ns (the target solute) for binding to the resin.

Phosphate binding capacity for a polymer can be calcu-
lated as V*(C,,,,~C, )P, expressed in mmol/gr, where V 1s
the fixed volume of the solutionused, in L; C_,__1s the initial
phosphate 1on concentration of the solution in mM; C,, 1s
the equilibrium phosphate 10n concentration in the solution
in mM, after a weight P, in grams, of polymer 1s added and
equilibration allowed.

The phosphate binding capacity can range from about 0.5
mmol/gr to about 10 mmol/gr, preferably from about 2.5
mmol/gr to about 8 mmol/gr, and even more preferably from
about 3 mmol/gr to about 6 mmol/gr. Several techniques are
known 1n the art to determine the phosphate binding capac-
ity. Examples of suitable techniques are described in the
Examples section below.

Amines that may be used 1n the present invention are not
limited to, but are typically small amines that serve as mono-
mers or parts of monomeric units for the polymerization
reactions. Examples of amines that are suitable for synthesis
of the polymers of the present invention include, but are not
limited to, the amines shown 1n Table 1.

TABLE 1
MW
Type Structure (g/mol)
NH, 316.54

NH,

N

NH,
H,N
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TABLE 1-continued

MW
Label Type Structure (g/mol)
B-SM-22-DA  Diamine /\/\ 61.1
H>N NH>
B-SM-23-DA  Diamine /\/\/ NH> 88.15
H5N
B-SM-24-DA  Diamine ‘/ 74.13
H>N NH>
B-SM-25-DA  Diamine /_é 88.15
H>N NH>
B-SM-26-DA  Diamine 129.21

B-SM-27-DA  Diamine 114.19
HN
NH

B-SM-28-TA  Triamine NH> 196.08

2HCI

B-SM-29-TA  Triamine HzNYyNHz 125.13

B-SM-31-DA  Diamine NH> 184.07
/ N/\/

B-SM-32-DA  Diamine 136.2

NH, NH,

Crosslinking agents are typically compounds having at invention include, but are not limited to, the crosslinkers
least two functional groups that are selected from a halogen 6° shown in lable 2.
group, carbonyl group, epoxy group, ester group, acid anhy-
dride group, acid halide group, 1socyanate group, vinyl 1ABLE 2
group, and chloroformate group. The crosslinking agent may I abel Structure M
be attached to the carbon backbone or to the pendant nitro-

gen of the amine polymer. Examples of crosslinking agents D\/Cl
that are suitable for synthesis of the polymers of the present

L1

63 X_EP-1 0 92.52



[abel

X-EP-2

X-EP-3

X-EP-4

X-EP-5

X-EP-6

X-EP-7

X-EP-8

X-CI-1

X-CI-2

X-CI-3

X-CI-4

11

TABLE 2-continued

Structure

O/\O
O
O
/O
O
N O\/<I
\O
O

a <
_ \_<T
~ <

Cl Cl

Mw

174.19

302.37

297.27

277.32

86.09

202.25

184.41

175.06

112.99

178.49
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[abel

X-CI-5

X-CI-6

X-AC-1

X-AC-2

X-AC-3

X-AC-4

X-AH-1

X-AH-2

X-AH-3

X-Mc-1

12

TABLE 2-continued

Structure

Cl

N-l-
Cl/\/ H Cl

O

OMe O

240.99

127.01

203.02

203.02

265.48

154.98

198.13

112.08

168.2



Label

X-Mc-2

X-Mc-3

X-Mc-4

X-1C-1

X-1C-2

X-1C-3

X-1C-4

X-ME-1

X-ME-2

X-ME-3

TABL

13

L 2-continued

Structure

O /
OCN\/\/\/\
NCO
NCO
NCO
NCO

\

OCN

\—NCO

NCO
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118.16

158.15

169.19

174.16

188.1%

222.28

86.09

158.16

146.14

10

15

20

25

30

35

40

45

50

55

60

65

14

TABLE 2-continued

L.abel Structure Mw
X-ME-4 O 194.19
\ \)J\O/

O
X-ME-5 0 HO 5 2342
e ~
O O
) T
X-ME-6 ‘ 25222
O O
B
0 = O
O O
s
X-ME-7 0 0 194.19
\O)k ‘/\ O/
\/
X-ME-R OH O 178.14
e V ~
O
O OH
X-ME-9 O 108.53
CI/Y N
O

Other aspects of the invention are a crosslinked amine
polymer comprising an amine of formula VI

1,N NH,
\/\eo /\9/

IF

(VD)

and methods of using the same; wherein each m,
independently, 1s equal to or greater than 3 and the amine 1s
crosslinked with a crosslinking agent.
Treatment of Phosphate Imbalance Disorders and Renal Dis-
€ases

The term “phosphate imbalance disorder” as used herein
refers to conditions 1n which the level of phosphorus present
in the body 1s abnormal. One example of a phosphate 1mbal-
ance disorder includes hyperphosphatemia. The term
“hyperphosphatemia’ as used herein refers to a condition 1n
which the element phosphorus 1s present 1n the body at an
clevated level. Typically, a patient 1s often diagnosed with
hyperphosphatemia 1f the blood phosphate level 1s, for

example, above about 4.5 milligrams per deciliter of blood
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and/or glomerular filtration rate 1s reduced to, for example,
more than about 20%.

Other diseases that can be treated with the methods,
compositions, and kits of the present invention include
hypocalcemia, hyperparathyroidism, depressed renal syn-
thesis of calcitriol, tetany due to hypocalcemia, renal
insuificiency, and ectopic calcification 1n soft tissues includ-
ing calcifications in joints, lungs, kidney, conjunctiva, and
myocardial tissues. Also, the present ivention can be used
to treat ESRD and dialysis patients, including prophylactic
treatment of any of the above.

Also, the polymers described herein can be used as an
adjunct to other therapies e.g. those employing dietary con-
trol of phosphorus intake, dialysis inorganic metal salts and/
or other polymer resins.

The compositions of the present invention are also usetul
in removing chloride, bicarbonate, iron 1ons, oxalate, and
bile acids from the gastrointestinal tract. Polymers removing,
oxalate 10ons find use 1n the treatment of oxalate imbalance
disorders, such as such as oxalosis or hyperoxaluria that
increases the risk of kidney stone formation. Polymers
removing chloride 1ons find use in treating acidosis,
heartburn, acid reflux disease, sour stomach or gastritis, for
example. In some embodiments, the compositions of the
present invention are useful for removing fatty acids,
bilirubin, and related compounds. Some embodiments may
also bind and remove high molecular weight molecules like
proteins, nucleic acids, vitamins or cell debris.

The present mvention provides methods, pharmaceutical
compositions, and kits for the treatment of animal. The term
“animal” or “animal subject” as used herein includes
humans as well as other mammals. One embodiment of the
invention 1s a method of removing phosphate from the gas-
trointestinal tract of an animal by administering an effective
amount of at least one of the crosslinked amine polymers
described herein.

The term “treating” and 1ts grammatical equivalents as
used herein mcludes achieving a therapeutic benefit and/or a
prophylactic benefit. By therapeutic benefit 1s meant
eradication, amelioration, or prevention of the underlying
disorder being treated. For example, 1n a hyperphosphatemia
patient, therapeutic benefit includes eradication or ameliora-
tion of the underlying hyperphosphatemia. Also, a therapeu-
tic benefit 1s achieved with the eradication, amelioration, or
prevention of one or more of the physiological symptoms
associated with the underlying disorder such that an
improvement i1s observed 1n the patient, notwithstanding that
the patient may still be afilicted with the underlying disorder.
For example, administration of crosslinked amine polymers,
described herein, to a patient suffering from renal 1nsuifi-
ciency and/or hyperphosphatemia provides therapeutic ben-
efit not only when the patient’s serum phosphate level 1s
decreased, but also when an improvement is observed 1n the
patient with respect to other disorders that accompany renal
failure and/or hyperphosphatemia like ectopic calcification
and renal osteodistrophy. For prophylactic benefit, for
example, the crosslinked amine polymers may be adminis-
tered to a patient at risk of developing hyperphosphatemia or
to a patient reporting one or more of the physiological symp-
toms of hyperphosphatemia, even though a diagnosis of
hyperphosphatemia may not have been made.

The pharmaceutical compositions of the present invention
include compositions wherein the crosslinked amine poly-
mers are present 1n an elffective amount, 1.e., 1n an amount
elfective to achieve therapeutic and/or prophylactic benefit.
The actual amount effective for a particular application will
depend on the patient (e.g. age, weight) the condition being
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treated; and the route of administration. Determination of an
cifective amount 1s well within the capabilities of those
skilled 1n the art, especially 1n light of the disclosure herein.

The effective amount for use 1 humans can be deter-
mined from animal models. For example, a dose for humans
can be formulated to achieve circulating and/or gastrointes-
tinal concentrations that have been found to be effective in
animals.

The dosage of the crosslinked amine polymers 1n animals
will depend on the disease being, treated, the route of
administration, and the physical characteristics of the animal
being treated. In some embodiments, the dosage levels of the
crosslinked amine polymers for therapeutic and/or prophy-
lactic uses can be from about 1 gm/day to about 30 gm/day.
It 1s preferred that these polymers are administered along
with meals. The polymers may be administered one time a
day, two times a day, or three times a day. The preferred
dosage range 1s from about 2 gm/day to about 20 gm/day and
an even preferred dosage range 1s from about 3 gm/day to
about 7 gm/day. The dose of the polymers described herein
can be less than about 50 gm/day, preferably less than about
40 gm/day, more preferably less than about gm/day, even
more preferably less than about 30 gm/day, even more pre-
terred less than about 20 gm/day, and most preferred is less
than about 10 gm/day.

Preferably, the crosslinked amine polymers used for
therapeutic and/or prophylactic benefits can be administered
alone or in the form of a pharmaceutical composition. The
pharmaceutical compositions comprise the crosslinked
amine polymers, one or more pharmaceutically acceptable
carriers, diluents or excipients, and optionally additional
therapeutic agents. For example, the crosslinked amine poly-
mers ol the present invention may be co-administered with
other active pharmaceutical agents depending on the condi-
tion being treated. Examples of pharmaceutical agents that
maybe co-administered include, but are not limited to, pro-
ton pump inhibitors, calcimimetics (for example,
cinacalcet), Vitamin D and analogs thereof, and phosphate
binders. Examples of suitable phosphate binders include, but
are not limited to, aluminum carbonate, calcium carbonate,
calcium acetate (PhosLo), lanthanum carbonate (Fosrenol),
and Renagel. This co-administration can include simulta-
neous administration of the two agents 1n the same dosage
form, simultaneous administration 1n separate dosage forms,
and separate administration. For example, for the treatment
of hyperphosphatemia, the crosslinked amine polymers may
be co-administered with calcium salts which are used to treat
hypoclacemia resulting from hyperphosphatemia. The cal-
cium salt and the polymer can be formulated together 1n the
same dosage form and administered simultaneously.
Alternatively, the calcium salt and the polymer can be simul-
taneously administered, wherein both the agent are present-
ing separate formulation. In another alternative, the calcium
salt can be administered just followed by the polymer, or
vice versa. In the separate administration protocol, the poly-
mer and calcium slat may be administered a few minutes
apart, or a few hours apart, or a few days apart.

The polymer can be administered by 1njection, topically,
orally, transdermally, or rectally. Preferably, the polymer or
the pharmaceutical composition comprising the polymer 1s
administered orally. The oral form 1n which the polymer 1s
administered can include powder, tablet, capsule, solution,
or emulsion. The effective amount can be admimstered 1n a
single dose or 1n a series of doses separated by appropriate
time 1ntervals, such as hours.

Pharmaceutical compositions for use in accordance with
the present invention may be formulated in conventional
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manner using one or more physiologically acceptable carri-
ers comprising excipients and auxiliaries which facilitate
processing of the active compounds into preparations which
can be used pharmaceutically. Proper formulation 1s depen-
dent upon the route of administration chosen. Suitable tech-
niques for preparing pharmaceutical compositions of the
amines are well known 1n the art.

All publications and patent applications mentioned 1n this
specification are herein incorporated by reference to the
same extent as 11 each individual publication or patent appli-
cation was specifically and individually indicated to be
incorporated by reference.

It will be apparent to one of ordinary skill in the art that
many changes and modification can be made to the disclo-
sures presented herein without departing from the spirit or
scope of the appended claims.

EXAMPLES

Example 1

Libraries of Crosslinked Polymers Formed 1n a Bulk
Solution Process and Measurement for Phosphate
Binding Capacity

Creation of Polymer Libraries

The following five examples each comprise a library com-
prising up to 24 crosslinked polymers. Polymers were pre-
pared 1n batch reactors arranged 1n a 4x6 array format. Each
reactor had either a 350 microliters or a 3 ml volume, was
magnetically stirred, and temperature-controlled. In a typi-
cal procedure, amine, crosslinkers, solvents and optionally
base were dispensed robotically 1n each reactor, optionally
under agitation. The reactors were then sealed and heated up
to the indicated temperature for 15 hours. The reactor array
was then dismounted and plugs of crosslinked polymers
transferred 1n glass vials, ground, washed repeatedly with
de-1onized water, and lyophilized. The five libraries are
identified below in Table 3 along with the corresponding
reaction conditions used 1n their creation.

TABLE 3
Library Reaction temperature Reactor volume
Example  1dentification (° C.) (microliters)
1 100275 85 350
2 100277 60 350
3 100279 80 350
4 100353 80 350
5 100384 80 3000

Phosphate Binding Capacity Measurements 1n a Non Inter-
tering Buffer

Binding capacities for phosphate 1on were also deter-
mined for each of the polymers of the libraries. An aliquot of
dried resin of weight P(gr), was mixed under gentle agitation
with a fixed volume, V(L), of a phosphate 1on solution of
concentration C_,__(mM) builered at pH 6.5. The solution
can be referred to as a non-interfering buffer as it contains no
other competing solutes that compete with the phosphate
ions for binding to the polymer resin. After resin
equilibration, the solution was decanted by centrifugation
and the supernatant analyzed for residual phosphate concen-
tration by 1onic chromatography, C, (mM). The binding
capacity was calculated as V*(C,,,,—C, )P, expressed in
mmol/gr as indicated in the tables for the corresponding
polymers.
Results

Tables 4-8 provide materials and the quantities used in
forming the polymers of each of the 5 libraries, along with
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the measured phosphate binding capacities 1n a non interter-
ing buifer for the polymers formed. Entries correspond to the
weilght of chemicals used 1n each reaction well in mg, along
with the phosphate binding capacity of the polymer gel
obtained (blank indicates no crosslinked gel was formed 1n
that particular reaction).

TABL.

L1l

4

Library: Plate3 (ID: 100275) Unit: mg

Phosphate
B-SM- binding

Row Col  water 22-DA X-CI-3 NaOH DMSO (mmol/gr)

1 1 128.51 67.74 51.63 9.14 0.00

1 2 130.70  57.94 61.82 10.94 0.00

1 3 132.33  50.61 69.43 12.29 0.00

1 4 133.59  44.93 75.33 13.33 0.00 3.042

1 5 134.60  40.39 80.04 14.17 0.00 0

1 6 13543  36.69 83.89 14.85 0.00 0

2 1 136.42  32.26 88.50 15.66 0.00 3.703

2 2 137.05 2941 91.45 16.19 0.00 3.624

2 3 137.58  27.03 93.93 16.63 0.00 2.858

2 4 138.03  25.00 96.03 17.00 0.00 2.566

2 5 138.42  23.26 97.84 17.32 0.00 2.761

2 6 138.76  21.74 99.42 17.60 0.00 2.82

3 1 132.04  64.98 46.52 17.53 34.60

3 2 134.77  55.13 58.82 20.82 47.26

3 3 136.79  47.87 65.67 23.25 57.22

3 4 138.34  42.30 70.93 25.11 65.27 3.087

3 5 139.57  37.90 75.09 26.58 71.91 2.946

3 6 140.56  34.32 78.47 27.78 77.48 2.535

4 1 141.75  30.06 82.48 29.20 79.773 2.674

4 2 142.50  27.35 85.04  30.11 90.45 3.038

4 3 143.13  25.09 87.18 30.86 97.98 2.895

4 4 143.66  23.17 88.99 31.50 103.56 2.571

4 5 144.12  21.52 90.54  32.05 107.86 2.636

4 6 0.00 0.00 0.00 0.00 0.00 5.374

TABLE 5
Library: Platel (ID: 100277) Unit: mg
Phosphate
B-SM- binding

Row Col  water 20-TeA X-EP-1 X-EP-4 DMF (mmol/gr)

1 1 123.69 110.75  12.95 0.00

1 2 124.02 107.66  16.36 0.00 0.00

1 3 124.33 104.74  19.59 0.00 0.00

1 4 124.63 101.98  22.65 0.00 0.00

1 5 124.91 99.35  25.55 0.00 0.00 4.183

1 6 125.17 96.86  28.31 0.00 0.00 4.237

2 1 125.59 9298  32.61 0.00 0.00 4.631

2 2 125.89 90.08  35.81 0.00 0.00 4.594

2 3 126.18 87.37 38.81 0.00 0.00 4.667

2 4 126.45 84.81 41.64 0.00 0.00 4.586

2 5 126.71 82.40  44.31 0.00 0.00 4.535

2 6 126.95 80.12  46.83 0.00 0.00 4311

3 1 0.00 181.12 0.00 34.60 0.00

3 2 0.00 1359.58 0.00 47.26 104.77

3 3 0.00 142.63 0.00 57.22  118.23 3.112

3 4 0.00 128.93 0.00 65.27 128.56 2.991

3 5 0.00 117.63 0.00 71.91 136.73 2.798

3 6 0.00 108.15 0.00 7748 143.35 3.271

4 1 0.00 104.33 0.00 79.73 148.83 3.285

4 2 0.00 86.08 0.00 9045 156.12 3.062

4 3 0.00 73.27 0.00 97.98 160.76 2.176

4 4 0.00 63.77 0.00 103.56 164.62 2.228

4 5 0.00 56.46 0.00 107.86 167.8%8 2.407

4 6 0.00 0.00 0.00 0.00 170.67 5.224

4 6 0.00 0.00 0.00 0.00 0.00
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Library: Plate3 (ID: 100279) Unit: mg

B-SM-
water 20-TeA X-CI-3 X-CI-2
123.95 10847 1549 0.00
124.34 10488 1947 0.00
12470  101.51  23.19 0.00
125.04 98.36  206.6% 0.00
125.36 9540 2997 0.00
125.66 92.61  33.06 0.00
126.13 88.30  37.82 0.00
126.47 85.14 41.33 0.00
126.78 82.19 44,59 0.00
127.08 7944  47.64 0.00
127.36 76.87 5049 0.00
127.62 7446  53.16 0.00
0.00 11841 0.00 26.19
0.00 102.78 0.00 29.56
0.00 90.80 0.00 32.14
0.00 81.32 0.00 34.18
0.00 73.64 0.00 35.84
0.00 67.28 0.00 37.21
0.00 58.81 0.00 39.03
0.00 43.43 0.00 40.19
0.00 48.96 0.00 41.15
0.00 45.17 0.00 41.97
0.00 41.93 0.00 42.67
0.00 0.00 0.00 0.00
TABLE 7

Phosphate binding
(mmol/gr)

Library: Platel (ID: 100353) Unit: mg

142.77
117.71
100.13
87.12
77.10
69.15
64.71
57.99
52.54
48.02
44.22

40.98
111.71
89.37
74.4%
03.85
55.87
49.66
46.24
41.13
37.04
33.69
30.90
0.00

B-SM-20-TeA 22-DA  X-CI-3
11.14  33.97
0.19  44.82
7.82  52.42
6.80  58.03
6.02  62.39
540  65.83
505 67.75
453  70.66
410  73.01
375  74.97
345 76.61
3.20  78.02
26.16  39.87
2093  51.04
17.44  58.49
1495  63.81
13.08  67.80
11.63  70.91
10.83  72.62
0.63  75.17
R.67  77.22
7.89  78.90
7.24  80.29
0.00  0.00
TABLE 8

NaOH

24.05
31.73
37.12
41.10
44.17
46.61
47.97
50.03
51.70
53.08
54.24
55.24
28.23
36.14
41.41
45.18
48.01
50.20
51.42
53.23
54.67
55.86
56.85

0.00

Library: Platel (ID: 100384) Unit: mg

X-CI-3

643.8%
692.40
731.79

B-SM-22-DA

422.44
378.56
342.94

water

1752.36
1743.80

1736.85

NaOH

2277.94
245.12
259.06

US RE41,316 E

3.958
4.309
4.417
4.424
4.392
4.407
4.14

4.314

2.237
2.403
2.704
2.614
1.714
2.294
5.295

Phosphate
binding
(mmol/gr)

5.83%
5.3%

5.549
5.826
5.452
3.35%
3.45

4.27

3.469
4.058

5.154
5.784
5.596
5.2%87
5.261
4.743
4.076
3.924
2.896
5.2%87

Phosphate
binding
(mmol/gr)

4.362
4.09
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TABLE 8-continued

Library: Platel (ID: 100384) Unit: mg

Phosphate
binding
Row Col X-CI-3 B-SM-22-DA  water NaOH  (mmol/gr)
4 764.40 313.44 1731.10 270.61 3.198
5 791.85 288.62 1726.26 280.33 2.951
1 6 815.27 267.44 1722.12 288.62 2.005
2 1 643.88 422.44 175236 227.94
2 2 692.40 378.56 1743.80 245.12
2 3 731.79 342.94 1736.85 259.06
2 4 764.40 313.44 1731.10 270.61 4.794
2 5 791.85 288.62 1726.26 280.33
2 6 815.27 267.44 1722.12 288.62 4.332
3 1 643.88 422.44 1752.36 227.94
3 2 692.40 378.56 1743.80 245.12
3 3 731.79 342.94 1736.85 259.03
3 4 764.40 313.44 1731.10 270.61 4.511
3 5 791.85 28%.62 1726.26 280.33 5.086
3 6 815.27 267.44 1722.12 288.62 4.61
4 1 643.88 422.44 1752.36 227.94
4 2 692.40 378.56 1743.80 245.12
4 3 731.79 342.94 1736.85 259.06
4 4 764.40 313.44 1731.10 270.61
4 5 791.85 28%.62 1726.26 280.33 4.816
4 6 0.00 0.00 0.00 0.00 5.17

Example 2

Synthesis of 1,3-Diaminopropane/epichlorohydrin
Crosslinked Beads Formed 1n a Suspension Process

A 3-liter reaction vessel was used, comprising a three
necked round bottom flask with four side battles. The reac-
tion flask was equipped with an o1l heating bath, cold-water
reflux condenser, and mechanical stirrer with a 3 inch pro-
peller. To this reaction vessel was introduced a solution of
1,3-diaminopropane (90.2 g, 1.21 mole) dissolved 1n 90.2 g
of water, surfactant (branched dodecylbenzene sulfonic acid
sodium salt, 6.4 g dissolved 1n 100 g of water) and 1 Kg of
toluene. This mitial charge was agitated to 600 rpm for 2
minutes and then lowered to 300 rpm for 10 minutes before
the epichlorohydrin was added. The 300 rpm speed was
maintained through out the remainder of the experiment.
The solution was heated to 80° C. and also maintained at this
temperature through out the experiment.

In a separate vessel, a 40 mass % solution of epichlorohy-
drin 1n toluene was prepared. Using a syringe pump, 1.2
equivalents of epichlorohydrin (134.7 g, (1.45 mole)) were
added to the imitial charge reaction vessel over a 3 hour
period. The reaction was continued for an additional 2 hours
betore adding 0.75 equivalents of sodium hydroxide (36.5 g
(0.91 mole)) 1n a 40 weight % solution. The sodium hydrox-
ide solution was added to the reaction via a syringe pump
over a 2.5 hour period. The reaction was maintained at 80°

C. for a further 8 hours.

After this time, beads that formed were purified by remov-
ing the toluene, washing with 1000 ml of acetone, followed
by methanol, a 20% solution of NaOH (to remove the
surfactant), and then twice more with deionized water. The
beads were freeze dried for 3 days to give a fine white pow-
der weighing at 160 g (92% vyield) and having a mean diam-
eter of 93 um.

Example 3

Synthesis of 1,3-Diaminopropane/1,3-
Dichloropropane Crosslinked Polymer

Using water as solvent, 1000 mg of B-SM-22-DA was
mixed with 1524 mg of X—CI-3 and 2524 mg of water 1n a
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20 mL scintillation vial. The reaction was subjected to mag-
netic stirring and maintained at a temperature of 80° C.
overnight, followed by a temperature of 90° C. for two addi-
tional hours. A 34 wt. % of reaction mixture (1716 mg) was
purified by 3 washing 1n water/centrifugation steps and gave
144.7 mg of powder of the polymer of the present example.

Example 4

Synthesis of 1,3-Diaminopropane/1,3-
Dichloropropane Crosslinked Polymer

Using water as a solvent, 2000 mg of B-SM-22-DA was
mixed with 3048 mg of X—CI1-3 and 5048 mg of water 1n a
20 mL scintillation vial. The reaction was subjected to mag-
netic stirring and maintained at a temperature of 80° C. over-
night.

3597 mg of NaOH solution at 30 wt. % 1n water was
added after 3 hours of reaction to scavage the acid formed
during the reaction as the crosslinker used was an alkylha-
lide. A 20.3 wt. % of reaction mixture (2773.5 mg) was
purified by 3 washing 1n water/centrifugation steps and gave
591.3 mg of powder of the polymer of the present example.

Example 5

Synthesis of Crosslinked Beads Prepared with 1,3-
Diaminopropane/1,3-dichloropropane Using a
Prepolymer Approach

Preparation of Pre-Polymer

The reaction vessel used was a 250 mL., two necked round
bottom flask, equipped with a cold-water reflux condenser,
magnetic stirrer, and run over an argon atmosphere. To this
reaction vessel 1s 1ntroduced a solution of 1,3-
diaminopropane (31.15 g, 0.42 mole) dissolved in 30.15 g of
water. This initial charge 1s agitated to 300 rpm. The solution
was heated to 80° C. and maintained at this temperature
through out the experiment. Using a syringe pump, 1 equiva-
lent (47.47 g, 40.0 mL, 0.42 mol) of 1,3 dichloropropane
(Aldrich 99%) was added over a 2-hour period. The reaction
was continued for an additional 2 hours before adding 10
mol % (with respect to 1,3-diaminopropane) of sodium
hydroxide (1.68 g (0.042 mole) of NaOH and made up to a
40 weight % solution of water). The sodium hydroxide solu-
tion was added to the reaction via pipette over a 2 minute
period. The reaction was maintained at 80° C. for a further 4
hours. The solution at 80° C. 1s viscous and open cooling to
25° C. becomes a solid plug that 1s readily soluble 1n water.
Purification

To the solid plug water 1s added, washing with 200 ml of
water and 200 mL of MeOH. This 1s then added to a 1 L
beaker that contains a 50/50 solution of MeOH/Isopropyl
alcohol. The white polymer precipitates. After placing the
suspension 1nto a centrifuge, the supernatant liquid 1s
removed. This process 1s repeated using 1sopropyl alcohol a
turther 2 times. The white precipitate 1s then dried under
reduced pressure at room temperature to remove the 1sopro-
pyl alcohol. Weight of polymer 1solated: Mn (GPC relative
to polyethylenimine standard) ~600.
Synthesis Crosslinked Particles

The white pre-polymer (8.7 g) was placed into a flask with
1.3 g of branched dodecylbenzene sulifonic acid sodium salt
(30 wgt % solution in water) and 34.8 g of toluene. This gave
a 20 weight % solution of polymer suspended in toluene.
The polymer was ground to micron sized particles with a
mechanical grinder (Brand: IKA. Model: Ultra-Turax T8).
2.2 g of the resulting suspension was loaded into a 10 mL
reaction flask equipped with a heater, a mechanical stirrer,
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and a syringe pump. The reaction flask was charged with an
additional 3779 mg of toluene. The tlask was heated to 80°
C. and the stirrer was turned on (500 RPM). After 3 hours of
stirring at this temperature, 112.2 mg (0.0012 mole) of
epichlorohydrin was added over a 1.5-hour period. The reac-
tion was allowed to proceed a further 2 hours before the
addition o1 224.4 mg (0.0056 mol) of sodium hydroxide (1n a
40 weight % solution of water), which was delivered over a 2
hour period. The reaction was allowed to cool to room tem-
perature and the stirring was stopped. The beads were puri-
fied by removing the toluene, washing with methanol, and
then a 20% solution of NaOH (to remove the surfactant) and
twice more with deionized water. The beads were Ireeze
dried for 3 days to give a fine white powder. The binding
capacity measured 1 a non interfering buffer was 3.85
mmol/gr.

Example 6

Binding Capacity in a Digestion Model

This procedure was designed to mimic the conditions of
use of a phosphate binding polymer 1n a GI tract and mea-
sure the binding characteristics of the polymer for phosphate
(target solute) in the presence of other metabolites
(competing solutes). A liquid meal was prepared and the
polymers of each of Examples 2, 3, or 4 were added to the
meal composition and the meal was artificially digested in
the presence of pepsin and pancreatic juice. The sequence of
addition of enzymes and the pH profile were controlled so
that the digestion process was simulated down to the
jequnum level. An aliquot of the digested meal mimic was
centrifuged and the supernatant assayed for phosphate. The
phosphate binding assay was like the one described above
with non-interfering builer, except that liquid of the meal
digest mimic was used. The binding capacity in the meal
digest was calculated as indicated above and results are
reported 1in Table 9 below.

TABL.

(L]

9

Phosphate binding in a
meal digest

Phosphate binding in a non

interfering buffer

Cstart Ceq Cﬂpﬂﬂity Catart Ceq Cﬂp ﬂCity

Example (mM) (mM) (mmol/gr) (mM) (mM) (mmol/gr)
2 20.1  10.56 3.81 8.01 5.31 1.08
3 20,1 12.27 3.13 8.01 5.83 0.74
4 20.1 9.32 4.31 8.01 3.87 1.66

Example 7

Binding Capacity 1in Ex-vivo Aspirates

Using a tube placed in the lumen of the small intestine,
healthy patients are given a meal of the same composition as
the one prepared for the digestion mimic 1n Example 6 and
aliquots of chyme are then sampled.

Subjects are intubated with a double lumen polyvinyl tube
with a mercury-weighted bag attached to the end of the tube
to facilitate movement of the tube into the small intestine.
Using fluoroscopy to direct placement, one aspiration aper-
ture of the double lumen tube 1s located 1n the stomach, and
the other aperture 1s at the Ligament of Treitz (in the upper
jefunum ).

After correct tube placement, 550 mL of the liquefied test
meal (supplemented with a marker, polyethylene glycol
(PEG) -2 g/550 mL) 1s infused into the stomach through the
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gastric aperture at a rate of 22 mL per minute. It requires
approximately 25 minutes for the entire meal to reach the
stomach, simulating the duration at time required to eat nor-
mal meals.

Jejunal chyme 1s aspirated from the tube whose lumen 1s
located at the Ligament of Treitz. This fluid 1s collected con-
tinuously during 30 minute intervals for a two and a half
hour period. This results 1n 5 specimens that are mixed, mea-
sured for volume, and lyophilized.

A phosphate binding assay can be carried out on the
ex-vivo aspirates. The phosphate binding procedure can be
like the one described above with non-interfering butfer,
except that the ex-vivo aspirate liquid 1s used (after reconsti-
tution of the freeze-dried maternial 1n the proper amount of
de-1onized water). The phosphate binding capacities 1n the
ex-vivo aspirate can be calculated in the same way and are
expected to be similar to those reported with the meal mimic

experiments.

What 1s claimed 1s:

1. A polymeric composition comprising a crosslinked
amine polymer, wherein said polymer comprises a
crosslinked amine, said amine being at least one of

HEN—\

N

or

\
SR

HzN J
HgN—\

\
SR

HzNJ \—NH

2

and said amine being crosslinked with a crosslinking agent,
wherein the crosslinking agent is a compound having at least
two functional groups, each functional group being selected
from halogen and epoxy.

2. A polymeric composition comprising a crosslinked
amine polymer, the polymer comprising a crosslinked
amine, the amine having the formula

HZN—\

NH,

h

\, ./
/TEIN

4

HENJ

NH,

wherein n 1s 3, 4 or 5, and the amine 1s crosslinked with a
crosslinking agent, wherein the crosslinking agent is a com-
pound having at least two functional groups, each functional
group selected from halogen and epoxy.

3. The polymeric composition of claim 2 wherein n 1s 3.

4. The polymeric composition of claim 2 wherein n 1s 3.

5. A polymeric composition comprising a crosslinked
amine polymer, the polymer comprising a crosslinked
amine, the amine having the formula
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H->N —\ /
\N/\/\/ N\

N J_/

wherein the amine 1s crosslinked with a crosslinking agent,
wherein the crosslinking agent is a compound having at least
two functional groups, each functional group selected from
halogen and epoxy.

[6. The polymeric composition of claim 1 wherein the
crosslinking agent 1s a compound having at least two func-
tional groups, each functional group being selected from
halogen, carbonyl, epoxy, ester, acid anhydride, acid halide,
isocyanate, vinyl, and chloroformate.]

7. The polymeric composition of claim 1 wherein the
crosslinking agent 1s epichlorohydrin.

8. The polymeric composition of claim 1 wherein the
molar ratio of crosslinking agent to amine ranges from about

0.2 to about 10.

9. The polymeric composition of claim 1 wherein the
molar ratio of crosslinking agent to amine ranges from about
0.5 to about 5.

10. The polymeric composition of claim 1 wherein the
crosslinked amine polymer 1s insoluble 1n a physiological
1sotonic buifer.

11. The polymeric composition of claam 1 wherein the
crosslinked amine polymer has a swelling ratio 1n physi-
ological 1sotonic buffer ranging from about 1.2 to about 100.

12. The polymeric composition of claam 1 wherein the
crosslinked amine polymer has a swelling ratio 1 physi-
ological 1sotonic buffer ranging from about 2 to 20.

13. The polymeric composition of claiam 1 wherein the
crosslinked amine polymer has a phosphate binding capacity
in a non-interfering butier ranging from about 0.5 mmol/g to
about 10 mmol/g.

14. The polymeric composition of claim 1 wherein the
crosslinked amine polymer has a phosphate binding capacity
in a non-interfering buifer ranging from about 2.5 mmol/g to
about 8 mmol/g.

15. The polymeric composition of claim 1 wherein the
crosslinked amine polymer has a phosphate binding capacity
in a non-interfering bufler ranging from about 3 mmol/g to
about 6 mmol/g.

16. The polymeric composition of claam 1 wherein the
crosslinked amine polymer 1s a copolymer comprising sev-
cral different amines as crosslinked amine moieties.

17. The polymeric composition of claiam 1 wherein the
crosslinked amine polymer 1s a copolymer further compris-
ing a diamine, a triamine or a tetramine as crosslinked amine
moieties.

18. The polymeric composition of claim 1 wherein the
crosslinked amine polymer 1s a copolymer further compris-
ing a diamine as crosslinked amine moieties.

19. The polymeric composition of claim 1 wherein the
crosslinked amine polymer 1s a copolymer further compris-
ing 1,3-diaminopropane as crosslinked amine moieties.

20. The polymeric composition of claim 5 wherein the
crosslinked agent 1s epichlorohydrin, the molar ratio of
crosslinking agent to amine ranges from about 0.2 to about
S, the crosslinked amine polymer 1s msoluble 1n a physi-
ological 1sotonic buller, the crosslinked amine polymer has a
swelling ratio in physiological 1sotonic butfer ranging from
about 2 to 20, and the crosslinked amine polymer has a bind-

\_ NH2
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ing capacity in a non-intertering buffer ranging from about
2.5 mmol/g to about 8 mmol/g.

21. A polymeric composition comprising a crosslinked
amine polymer [in bead form], the crossiinked amine poly-

mer comprising repeat units dertved from polymerization of 4

an amine and a crosslinking agent, the amine having the
formula

HEN—\ /—NH2

\ /
SR

HZNJ \—NH2

whereinn is 3, 4 or 5 and the crosslinked amine polymer is in
a bead form.

22. The polymeric composition of claim 21 wherein the
crosslinked amine polymer has a phosphate binding capacity
in a non-interfering bufiler ranging from about 0.5 mmol/g to
about 10 mmol/g.

23. The polymeric composition of claim 21 wherein the
molar ratio of crosslinking agent to amine ranges from about
0.2 to about 10, the crosslinked amine polymer 1s mnsoluble
in a physiological 1sotonic butler, the crosslinked amine
polymer has a swelling ratio 1n physiological 1sotonic butier
ranging from about 2 to 20, and the crosslinked amine poly-
mer has a phosphate binding capacity 1in a non-interfering
butler rangmg from about 0.5 mmol/g to about 10 mmol/g.

24. The pol ymerlc composition of claim 21 wherein n 1s 3.

25. The polymeric composition of claim 21 whereinn 1s 4.

26. The polymeric composition of claim 21 whereinn 1s 5.

277. The polymeric composition of claim 22 wherein n 1s 3.

28. The polymeric composition of claim 22 whereinn 1s 4.

29. The polymeric composition of claim 22 whereinn 1s 5.

30. The polymeric composition of claim 23 wherein n 1s 3.

31. The pol ymeric composition of claim 23 wherein n 1s 4.

32. The polymeric composition of claim 23 whereinn 1s 5.

33. The polymeric composition [as recited in] of claim 2
wherein [said] tze crosslinking agent is 1,3-dichloropropane
or epichlorohydrin.

34. The polymeric composition of claim 2 wherein the
crosslinking agent 1s epichlorohydrin.

35. The polymeric composition of claim 2 wherein the
molar ratio of crosslinking agent to amine ranges from about
0.2 to about 10.

36. The polymeric composition of claim 2 wherein the
molar ratio of crosslinking agent to amine ranges from about
0.5 to about 5.

37. The polymeric composition of claim 2 wherein the
crosslinked amine polymer 1s msoluble 1n a physiological
1sotonic butler.

[38. The polymeric composition of claim 2 wherein the
crosslinking agent 1s a compound having at least two func-
tional groups, each functional group being selected from
halogen, carbonyl, epoxy, ester, acid anhydnde, acid halide,
isocyanate, vinyl, and chloroformate.]

39. The polymeric composition of claim 2 wherein the
crosslinked amine polymer has a swelling ratio 1n physi-
ological 1sotonic buffer ranging from about 1.2 to about 100.

40. The polymeric composition of claim 2 wherein the
crosslinked amine polymer has a swelling ratio 1n physi-
ological 1sotonic buller ranging from about 2 to 20.

41. The polymeric composition of claim 2 wherein the
crosslinked amine polymer has a phosphate binding capacity
in a non-interfering butler ranging from about 0.5 mmol/g to
about 10 mmol/g.
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42. The polymeric composition of claim 2 wherein the
crosslinked amine polymer has a phosphate binding capacity
in a non-interfering butfer ranging from about 2.5 mmol/g to
about 8 mmol/g.

43. The polymeric composition of claim 2 wherein the
crosslinked amine polymer has a phosphate binding capacity
in a non-interfering bufler ranging from about 3 mmol/g to
about 6 mmol/g.

44. The polymeric composition of claim 2 wherein the
crosslinked amine polymer 1s a copolymer comprising sev-
eral different amines as crosslinked amine moieties.

45. The polymeric composition of claim 2 wherein the
crosslinked amine polymer 1s a copolymer further compris-
ing a diamine, a triamine or a tetramine as crosslinked amine
moieties.

46. The polymeric composition of claim 2 wherein the
crosslinked amine polymer 1s a copolymer further compris-
ing a diamine as a crosslinked amine moieties.

4'7. The polymeric composition of claim 2 wherein the
crosslinked amine polymer 1s a copolymer further compris-
ing 1,3-diaminopropane as crosslinked amine moieties.

48. The polymeric composition [as recited in] of claim 5
wherein [said] #2e crosslinking agent is 1,3-dichloropropane
or epichlorohydrin.

[49. The polymeric composition of claim 5 wherein the
crosslinking agent 1s a compound having at least two func-
tional groups, each functional group being selected from
halogen, carbonyl, epoxy, ester, acid anhydrnide, acid halide,
isocyanate, vinyl, and chloroformate.]

50. The polymeric composition of claim 5 wherein the
crosslinking agent 1s epichlorohydrin.

51. The polymeric composition of claim 5 wherein the
molar ratio of crosslinking agent to amine ranges from about
0.2 to about 10.

52. The polymeric composition of claim 5 wherein the
molar ratio of crosslinking agent to amine ranges from about
0.5 to about 5.

53. The polymeric composition of claim 5 wherein the
crosslinked amine polymer 1s mmsoluble 1n a physiological
1sotonic buifer.

54. The polymeric composition of claim 5 wherein the
crosslinked amine polymer has a swelling ratio in physi-
ological 1sotonic bufier ranging from about 1.2 to about 100.

55. The polymeric composition of claim 5 wherein the
crosslinked amine polymer has a swelling ratio in physi-
ological 1sotonic buffer ranging from about 2 to 20.

56. The polymeric composition of claim 5 wherein the
crosslinked amine polymer has a phosphate binding capacity
in a non-interfering butfer ranging from about 0.5 mmol/g to
about 10 mmol/g.

57. The polymeric composition of claim 5 wherein the
crosslinked amine polymer has a phosphate binding capacity
in a non-interfering butfer ranging from about 2.5 mmol/g to
about 8 mmol/g.

58. The polymeric composition of claim 5 wherein the
crosslinked amine polymer has a phosphate binding capacity
in a non-interfering builer ranging from about 3 mmol/g to
about 6 mmol/g.

59. The polymeric composition of claim 5 wherein the
crosslinked amine polymer 1s a copolymer comprising sev-
eral different amines as crosslinked amine moieties.

60. The polymeric composition of claiam 5 wherein the
crosslinked amine polymer 1s a copolymer further compris-
ing a diamine, a triamine or a tetramine as crosslinked amine
moieties.

61. The polymeric composition of claim 5 wherein the
crosslinked amine polymer 1s a copolymer further compris-
ing a diamine as crosslinked amine moieties.
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62. The polymeric composition of claim 5 wherein the
crosslinked amine polymer 1s a copolymer further compris-
ing 1,3-diaminopropane as crosslinked amine moieties.

63. The polymeric composition of claim 2 wherein the
polymeric composition consists essentially of the polymer-
1zation product of the amine corresponding to the structure

HEN—\ /7NH2

\ /
SR

HZNJ \—NH2

wherein n is 3, 4 or 5; and a crosslinking agent|, wherein n is
3, 4, or 5].

64. The polymeric composition of claim 63 wherein the
crosslinking agent 1s epichlorohydrin.

65. The polymeric composition of claim 63 wherein the
crosslinking agent 1s 1,3-dichloropropane.

66. The polymeric composition of claim 63 wherein the
polymeric composition consists essentially of the polymer-
1zation product derived from crosslinking the amine with the
crosslinking agent using a molar ratio of crosslinking agent
to amine ranging from about 0.5 to about 3.

67. The polymeric composition of claim 2 wherein the
polymeric composition consists essentially of the polymer-
1ization product of the amine corresponding to the structure

NH,
HzN—\ /

/
AP
a \

/ \_ NH2
N

and a crosslinking agent, the crosslinking agent being
epichlorohydrin.

68. The polymeric composition [as recited in] of claim 1
wherein [said] #2e crosslinking agent is 1,3-dichloropropane
or epichlorohydrin.

69. A crosslinked amine polymer consisting essentially o
repeat units derived from the polymerization of an amine
monomer of formula

10

15

20

30

35

40

45

28

/_/7 NH;

\
VALIA
H>N J \_ NH;,

wherein n is 3, 4 or 5; and a crosslinking agent.

70. The crosslinked amine polymer of claim 69 wherein n
is 3.

71. The crosslinked amine polymer of claim 69 wherein n
is 4.

72. The crosslinked amine polymer of claim 69 wherein n
Is J.

73. The crosslinked amine polymer of claim 69 wherein
the crosslinking agent is epichlorohydrin.

74. The crosslinked amine polymer of claim 69 wherein
the crosslinking agent is 1,3-dichlovopropane.

75. A crosslinked amine polymer consisting of vepeat units
dervived from the polymerization of an amine monomer of

HZN—\

Jormula

HZN—\ /—NH2

\ , ./
LA

HzN J \_ NHz,

wherein n is 3, 4 or 5; and a crosslinking agent.

76. The crosslinked amine polymer of claim 75 wherein n
is 3.

77. The crosslinked amine polymer of claim 75 wherein n
is 4.

78. The crosslinked amine polymer of claim 75 wherein n
Is J.

79. The crosslinked amine polymer of claim 75 wherein
the crosslinking agent is epichlorohydrin.

80. The crosslinked amine polymer of claim 75 wherein
the crosslinking agent is 1,3-dichlovopropane.

81. The crosslinked amine polymer of claim 75 wherein n
is 4 and the crosslinking agent is epichlovohydrin.

¥ ¥ # ¥ ¥



PATENT NO.
APPLICATION NO.
DATED
INVENTOR(S)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

: RE41,316 E
. 12/163767

: May 4, 2010
. Chang et al.

Page 1 of 1

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

On the Title page of the patent, Item [64],

Delete

“Patent No.:

Issued:
Appl. No.:
Filed:

should read

--Patent No.:

Issued:
Appl. No.:

Filed:

7,335,795
Feb. 26, 2008
10/806,495
Sep. 22, 2005”

7,335,795
Feb. 26, 2008
10/806,495

Mar. 22, 2004--.

Signed and Sealed this
Seventeenth Day of April, 2012

David J. Kappos
Director of the United States Patent and Trademark Office



	Front Page
	Specification
	Claims
	Corrections/Annotated Pages

