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QQATERNARY AMMONIUM SALTS DERIVED FROM CHITOSAN

This invention relates to quaternary ammonium
salts of polysaccharides, the method of making, and the
method of using the same, particularly as hypoéhole—
sterolemic agents.

Background of the Invention

Generally, known products possessing hypocholest-

erolemic activity are cross-linked synthetic polymer

. derivatives, for example of polystyrene. These

polymers are insoluble in water and thus have
significant drawbacks. For example, cross-linked,
water-insoluble, bile-acid-binding polystyrene-based
resins, €.9.. Cholestyraminee®, have a gritty
"mouth~-feel”, and thus have poor palatability. 1In
additibn, these resin beads have a low in vivo
efficiency. Thus the effective hypocholesterolemic
dose of these materials is excessive, typically 18-24
grams of formulated product per day.

Chitosan is a natural water soluble polymer that
exhibits hypocholesterolemic activity when administered
to a mammal in the form of a salt (e.g., the
hydrochloride salt). However, in the known art M.
Sugano, T. Fujikawa et al., Am. J. of Clinical
Nutrition, 33, April 1980, PP-. 787, 793), the positive
charges on the polysaccharide macromolecules of the
chitosan are obtained by simply protonating the amino
group, so that under the pH conditions of the
intestinal tract (pH approximately 7.2), the proton is
almost completely removed as the pKa of the chitosan is
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6.3. For this reason the capacity of the polymer to
interact with bile salts is very low.

U.S. Patent No. 4,436,731 teaches that when a
chitosan quaternisation reaction is conducted directly
on the amino group present in the amino-glucoside ring,
the positive charge remains present under all pH and
ionic conditions of the gastro-intestinal tract.

Published European Application 86108708.8, Publi-
cation No. 0212145, describes a variant of the
compounds described in U.S. Patent No. 4,436,731 in
which the positive charge is displaced from the
polysaccharide backbone (in comparison to that
disclosed in 4,436,731) on a branch which is easily
available for interaction with the bile acid molecules.
These quaternary ammonium salts of polysaccharides have

the following general formula:

+?+m + /R i
B-CH 2-('2}1- (CH,) n-N;R pA
OH R

Formula I

in which Q represents the monomer unit of a natural
polysaccharide, m is a whole number between 100 and
1000, n is a whole number between 0 and 4, B is 0 or S
or NH or NR, R is a linear alkyl radical of 1-4 carbon
atoms, and 2  is an anion such as C1~, Br , I, HSO4-,
or CH3O-SO3 .

In the compounds of U.S. 4,436,731 and EP

0,212,145, the polycationic polysaccharide has an

)

L #)
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anionic counterion (e.g., 2” in the formula I
compounds). Typically, this counterion is an
inorganic, or low molecular weight organic, radical
having a single negative charge (e.qg., Cl™ or CH3SO3 ).

Many of the hypocholesterolemic compounds of U.S.
4,436,731 and EP 0,212,145 are water soluble. As such
they have greater palatability than the water insoluble
compounds of the cholestyramine type.

Finally U.S. Patent No. 4,436,731 teaches the use
of gum arabic as a pharmaceutical carrier for a
polycationic polysaccharide. However, there is no

mention or suggestion of salt formation with this
letter species.

U.S. Patent No. 4,071,478 does teach the use of
alginate and polyacrylate as counterions to
nonpolysaccharide polycatlon bile acid sequestrants.

Although the above compounds make a significant
contribution to the art there is a continuing search in
this field of art for improved hypocholesterolemic
pharmaceuticals.

Summary of the Invention

Tt has been discovered that the above water
soluble polycationic polysaccharides suffer from side
effects. They show cytotoxicity, and they have been
observed to cause substantial gastrointestinal side
effects.

The present invention is based on the discovery
that these unwanted properties of the water soluble,
polycationic bile acid sequestrants can be greatly
reduced or eliminated by formlng a salt of the

polycation with a counterion (X ) which has a
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plurality of negative charges on each molecule. This
discovery is particularly applicable to the compounds
of formula I above, in which Q is derived from
chitosan.

Thus this invention provides new quaternary
ammonium salts of chitosan possessing

hypocholesterolemic activity of the formula

tA}

m +

|
NH-CH2-$H-C¥2-N(R

OH

13 X

Formula II

in which A represents the monomer unit of a chitosan, m
is a whole number between 100 and 1,000, R1 is Cl--C4
linear alkyl and X"  is a physiologically acceptable
water soluble polyanion, where n is at least 10 but not
greater than about 10,000, and any remaining positive
charges are balanced by nonpolymeric anions.
Nonpolymeric anions are anions having negative charges
less than 10 such as inorganic or organic anions (e.g.,
chloride, bromide, iodide, sulfate, benzoate, succinate
or glucuronate). The term polyanion as used herein is
defined as a polyanionic polymer.

Preferred salts of the invention are the salts of
formula II, wherein the alkyl substituent is methyl.
Within this preferred group, particularly preferred
salts are those in which the polyanion is an anionic
polysaccharide, an anionic polyvinyl polymer, anionic
poly (amino acids), polyphosphates or polynucleotides.
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preferred compounds within this group are
carboxymethylcellulose, polyacrylic acid and
co-polymers, polymetaphosphate, alginic acid, pectin
(pectinic acid), gum arabic (acacia), xanthan gum, gum
ghatti, gum tragacanth, locust bean gum, welan gum,
carboxyl modified polyacrylamide, polymethacrylic acid
and copolymers thereof, polyvinyl sulfate, zooglan,
agaropectin, succinoglycan, carboxymethylhydroxyethyl-
cellulose, carboxy-guar gum, carboxymethylamylose,
hyaluronic acid, heparin, heparin sulfate, keratan
sulfate, dermatan sulfate, chondroitin sulfate, poly-
aspartic acid, polyglutamic acid, pentosan polysulfate,
fucoidin, albumin, other anionic proteins or poly
inosinic acid. Preferred compounds within this group
are carboxymethylcellulose, polyacrylic acid and
co-polymers, polymetaphosphate, alginic acid, pectin
(pectinic acid), gum arabic (acacia), xanthan gum, gum
ghatti, gum tragacanth, locust bean gum, Or welan gum.
Especially preferred compounds within this group are
gum arabic or carboxymethylcellulose.

Another aspect of this invention is a process for
preparing quaternary ammonium salts of chitosan
possessing hypocholesterolemic activity by contacting a
physiologically acceptable water soluble polyanion with

£a} .

] m
NH-CH2—$H—CH2-N (Rl) 3 Y
OH

Formula III
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in which A represents the monomer unit of a chitosan,
m is a whole number between 100 and 1,000, R1 is Cl-C4
linear alkyl and Y- is a physiologically acceptable
water soluble inorganic or monomeric organic
counterion.

The present invention is also directed to pharma-
ceutical compositions for the control of hypercholest-
erolemia which comprise a salt of claim 1 in a pharma-
ceutically acceptable carrier. Yet another pharma-
ceutical composition having hypocholesterolemic
activity comprises a compound of formula III and a
physiologically acceptable water soluble polyanion.

Another aspect of this invention is a process for
preparing a pharmaceutical composition of claim 1
comprising dissolving a compound of formula III and a
physiologically acceptable water soluble polyanion in a
common protic solvent, precipitating the thus formed
polycation-polyanion salt, collecting the polycation-
polyanion salt and adding sufficient inorganic salt
such that said polycation-polyanion salt is
substantially soluble upon mixing in an aqueous
solution.

Yet another aspect of this invention is directed
to a method of controlling chronic hypercholesterolemia
which comprises administering to a mammal suffering
from chronic hypercholesterolemia a chronic
hypercholesterolemia controlling amount of a compound
of claim 1.

Other features and advantages will be apparent
from the specification and claims which describe an
embodiment of this invention.
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Detailed Description of the Invention

The compounds of this invention may be made by
contacting: a compound of formula III and a physiolog-
ically acceptable water soluble polyanion. Thus the
two components may be combined in a solution in order
to form the salt. However, the two polymeric polyions
may also be combined in the solid form as a mixture and
later solubilized (e.g., in vivo) to form the formula
III compound. Exemplary physiologically acceptable
inorganic or monomeric organic counterions of Formula
III are Br , Cl, HSO4-, lactate  and benzoate .

Any solvent (or combination of solvents) may be
used that solubilizes the polycation and polyanion so
that they form the desired compound of formula II.
Generally any protic solvent performs the above
function. Preferably an aqueous solution is used as it
is nontoxic. The components are conveniently combined
at ambient conditions. However, the components may
also for example, be combined at a temperature of about
0°C to about 100°C. Any reduced pressure at which the
solvent does not boil and elevated pressures up to 10
atm. and above may be used. The salt formation may
occur instantaneously, or may require mixing until both
components are dissolved and well mixed (typically
within 2 days).

Any proportion of polyanion to formula III
compound may be used that provides the desired in vivo
result (hypocholesterolemic activity with the absence
of undesired side effects). Typically the proportion
of Formula III polycation to polyanion is from about 1
to 5 to about 20 to 1, because below about 1 to 5 the
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absolute dose becomes too large to be practical for
human therapy and above about 20 to 1 the protection
afforded by the polyanion becomes relatively
insignificant. It is preferred that the proportion of
formula III compound to polyanion is about 1 to 2 to.
about 5 to 1. The resultant complex (polycation-
polyanion) typically falls within the above
proportions.

A desired form of the salt is a water soluble
powder. This may be produced by combining a compound
of formula III and the desired polyanion in a common
protic solvent in order to form a polycation-polyanion
salt which is then precipitated. The order of addition
of a formula III compound solution and an anionic
polymer solution is not critical (See Example 7). The
precipitation can be performed by a variety of
procedures such as spray drying, reduction in ionic
strength, change in pH, addition of a non-solvent and
freeze~-drying. The ionic strength may be changed by
reducing the concentration of components (See Examples
8, 12, 13). The precipitate is collected and
sufficient water soluble physiologically acceptable
salts are added to the mixture to ensure solubility
upon redissolution (See Examples 9, 11 and 12).
Typically inorganic salts such as sodium chloride,
sodium phosphate, and potassium chloride may be used,
however, organic salts such as sodium or potassium
benzoate, ascorbate, citrate, or acetate may also be
used.

Surprisingly a solution of the polycation-
polyanion salt can be precipitated by, for example,
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further dilution of the salt. Upon addition of
additional water soluble salts, the precipitate can be
redissolved. Thus, this provides a simple method for
collecting the'polycation-polyanion salt and producing
a water soluble product from the precipitate by
addition of sufficient quantities of a suitable salt.

Any physiologically acceptable water soluble
polyanion may be used that in combination with the
compounds of formula III produces a salt having the
desired hypocholesterolemic effect. By water soluble
is meant soluble in water or physiological fluid.
Soluble refers to a solubility greater than about 0.1
ng/ml. Preferable polyanion compounds were listed
above in the Summary Section. Preferably the polyanion
has a mglecular weight sufficiently high such that the
polyanion will not be absorbed through the gastro-
intestinal wall. It is preferred that the molecular
weight of the polyanion is between about 1,000 and
1,000,000 because Below about 1,000 absorption may
occur and above about 1,000,000 solutions may be too
viscous. It is especially preferred that the molecular
weight of the polyanion is between about 10,000 and
about 700,000.

The compound of formula III may be produced by
reacting chitosan (typically pretreated as described
below) with a salt having formula IV in a reaction

medium consisting of a mixed solvent as described

below.

AON 4 - _
Chitosan + CHZ—CH—-N-(CI-C4 linear alkyl)3 Y

Formula IV
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The resulting gquaternary ammonium salts of
chitosan preferably have a degree of substitution of
between 0.5 and 2. The term "degree of substitution®
signifies the ratio of the number of moles of side
chain containing the quaternary ammonium group to the
number of monomer units of the chitosan.

The chitosan to be reacted with the compound of
formula IV may be subjected to pretreatment with an
acid, with a base or with a solvent in order to adjust
its molecular weight to within the desired range and to
increase its reactivity; Water-insoluble chitosan is
either pretreated by acid hydrolysis to obtain polymers
with a suitable molecular weight of between 10,000 and
300,000 or are dissolved .in suitable solvents (for
example formic acid) and are then precipitated in an
aqueous environment at pH 10-12 to obtain an almost
amorphous polymer able to also react in the hetero-
genous phase.

The reaction between the chitosan and compound of
formula IV is conducted in a solvent under agitation at
a temperature of between 40°C and 100°C for a time of
between 4 and 16 hours with a molar ratio of chitosan
to epoxy compound of between 1:1 and 1:6 and a weight
ratio of chitosan to reaction medium of between 1:5 and
1:35.

The compounds of this .invention are all readily
adapted to therapeutic use as hypocholesterolemic
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agents. They are administered orally in dosages
ranging from 60 to 1000 mg/kg of body weight per day in
single or divided doses. Of course, in particular
situations, at the discretion of the attending
physician, doses outside of this range will be used.
The compounds of this invention can be
administered in a wide variety of different dosage
forms, i.e., they may be combined with various pharma-
ceutically-acceptable inert carriers in the form of
tablets, capsules, lozenges, troches, hard and soft
candies, powders, elixirs, or syrups and the like.
Such carriers include solid diluents or fillers,
aqueous media and various non-toxic organic solvents.
For purposes of oral administration, tablets
containing various excipients may be employed. For
example sodium citrate, calcium carbonate and calcium
phosphate may be employed along with various
disintegrants such as starch and preferably potato or
tapioca starch, alginic acid and certain complex
silicates, together with binding agents such as
polyvinyl pyrrolidone, sucrose, gelatin and acacia.
Additionally, lubricating agents such as magnesium
stearate, sodium lauryl sﬁlfate and talc are often very
useful for tableting purposes. Solid compositions of a
similar type are also employed as fillers in soft and
hard gelatin capsules; preferred materials in this
connection also include lactose or milk sugar as well
as high molecular weight -polyethylene glycols. When
agueous suspensions and/or elixirs are desired for oral
administration, the essential active ingredient therein

can be combined with various sweetening agents,
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flavoring agents, coloring agents, emulsifying agents
and/or suspending agents, as well as such diluents as
water, ethanol, propylene glycol, glycerin and various
like combinations thereof. '

In a pharmaceutical composition comprising a
compound of formula II, the weight ratio of carrier to
active ingredient will normally be in the range from 1
to 19 to 9 to 1. However, in any given case, the ratio
chosen will depend on such factors as the solubility of
the active component, the dosage contemplated and the
precise route of administration.. ,

The compounds of this invention are useful for the
control of hypercholesterolemia. The activity can be
determined by, for example, the dosage (by oral gavage)
which reduces serum blood cholesterol of male Golden
Syrian hamsters. The hamsters received doses of the
polycation-polyanion once a day for 5 days and
approximately one hour after the compound dosage on day
5, the hamsters were sacrificed and serum samples
taken. Solutions of the formula III compound in 1% and
2% gum arabic reduced the cholesterol levels and
protected the gastrointestinal tract of animals from
damage observed when gum arabic was used at lower
concentrations. The details and results of these
experiments are further detailed in Exaﬁples 1 and 2
below. j _

Activity can also be determined by for example the
amount of polyanion that reduces the cytotoxic/
cytostatic effects associated with formula III

compounds on mouse lymphoma or mouse mastocytoma cells.
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Mouse lymphoma cells grown in suspension culture
were treated with the polycation-polyanion for 3 hours
and subsequent cell growth was measured for an
additional 45 hours. Cytostatic effects on mouse
lymphoma cells associated with 5 micro-g/ml - 320
micro-g/ml concentrations of formula III compounds were
reduced by the inclusion of carboxymethylcellulose in
the culture medium at concentrations nearly equal to or
greater than the concentration of the formula III

compound tested. The details and results of these

‘ experiments are further detailed in Example 3 below.

Mouse mastocytoma cells grown in suspension
culture were treated with the polycation-polyanion for
3 hours and resultant cytotoxicity was assessed by
release of previously incorporated radiolabeled 51CR
into the culture medium. Cytotoxic effects of formula
III compounds on the mouse mastocytoma cells were
reduced by the inclusion of carboxymethyl-cellulose,
polyacrylic acid, carbopol, or gum arabic. The details
and results of these experiments are further detailed
in Example 4 below.

Activity can also be determined by for example the
amount of polyanion that reduces a decrease in initial
cell adhesion associated with formula III compound
effects on HLLC18 clone of HEP-G2 cells. HLLC18 cells
were treated for 3 hours with the polycation-polyanion
during the initial attachment phase of cell growth
after having been enzymatically removed from tissue
culture flasks. Formula III compound was associated
with a decrease in initial plating efficiency of the
HLLC18 clone of HEP-G2 cells which was prevented by the
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inclusion of 50 micro-g/ml carboxymethylcellulose. The
details and results of these experiments are further
detailed in Example 5 below.

10
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EXAMPLE 1

Serum cholesterol lowering in chow-fed Golden
Syrian hamsters dosed by oral gavage with 10% (w/v) a
compound of Formula I1II-A (herein defined as a Formula
III compound wherein Y is Cl__and Ry is methyl) (1
g/kg) dissolved in solutions of .25% (w/v) gum arabic
(25 mg/kg), .5% (w/v) gum arabic (50 mg/kg), 1.0% (w/v)
gum arabic (100 mg/kg), or 2.0% (w/v) gum arabic (200
mg/kg) .

Six groups of 5 or 6 male Golden Syrian hamsters
were acclimated to Agway RMH rodent chow and reversed
light cycle (lights on 3 p.m. to 3 a.m.) for approxi-
mately one week prior to initiation of the following
experiment. Hamsters mean body weight at beginning of
experiment was approximately 144 g. On days 1, 2, 3, 4
and 5 test compounds were presented to the animals by
oral gavage of 1 ml test solution per 100 g body weight
between 9 a.m. and 10 a.m. Group 1 received water.
Group 2 received 2% (w/v) gum arabic (200 mg/kg) .

Group 3 received 10% (w/v) a compound of Formula III-A
(1 g/kg) dissolved in .25% (w/v) gum arabic (25 mg/kg) .
Group 4 received 10% (w/v) a compound of Formula III-A
(1 g/kg) dissolved in .50% (w/v) gum arabic (50 mg/kg) .
Group 5 received 10% (w/v) a compound of Formula III-A
(1 g/kg) dissolved in 1% (w/v) gum arabic (100 mg/kg) .
Group 6 received 10% (w/v) a compound of Formula III-A
(1 g/kg) dissolved in 2% (w/v) gum arabic (200 mg/kg) .
A1l of these solutions were clear and free from
precipitated material. Hamsters were allowed free
access to pelleted rodent chow and water throughout the

experiment. Approximately 1 hour after the compound
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dose on day 5, the hamsters were sacrificed under
pentobarbital anesthesia and blood was collected via
cardiac puncture. Serum obtained from the blood
samples was analyzed for total cholesterol.

Results: Group 1 - 142 % 10 mg/dl; Group 2 - 133
+ 17 mg/dl; Group 3 - 120 # 39 mg/dl; Group 4 - 129 ¢

27 mg/dl; Group 5 - 117 % 17 mg/dl; Group 6 - 110 % 8
mg/dl. GI tracts of animals in Groups 1, 2, 5, and 6
looked normal. In Group 3, 4 of the 5 hamsters
developed diarrhea, and upon inspection at sacrifice,
one had enlarged seminal'vesicles, all had small gall
bladders and small livers., In Group 4, 3 of 5 hamsters
developed diarrhea, and upon inspection at sacrifice
two had bloodly cecums, one had internal organ
adhesions.
EXAMPLE 2
Serum cholesterol lowering in chow-fed Golden

Syrian hamsters dosed by oral gavage with 10% (w/v) a

- compound of Formula III-A (1 g/kg) dissolved in

solution of 10% (w/v) gum arabic (1 g/kg) or with 10%
(w/v) a compound of Formula III-A (1 g/kg) dissolved in
solution of 2% (w/v) gum arabic (200 mg/kg).

Four groups of 5 (or 3 in Group 4) male Golden
Syrian hamsters were acclimated to Agway RMH rodent
chow and reversed light cycle (lights on 3 p.m. to 3
a.m.) for approximately one week prior to initiation of
the following experiment. Hamsters mean body weight at
beginning of experiment was approximately 136 g. On
days 1, 2, and 3 test compounds were presented to the
animals by oral gavage of 1 ml test solution per 100 g
body weight between 9 a.m. and 10 a.m. Group 1
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received water; Group 2 received 10% (w/v) gum arabic
(1 g/kg); Group 3 received 10% (w/v) a compound of
Formula III-A (1 g/kg) dissolved in 10% (w/v) gum
arabic (1 g/kg). Group 4 received 10% (w/v) a compound
of Formula III-A (1 g/kg) dissolved in 2% (w/v) gum
arabic (200 mg/kg). All of these solutions were clear
and free from precipitated material. Hamsters were
allowed free access to pelleted rodent chow and water
throughout the experiment. Approximately 1 hour after
the compound dose on day 3, the hamsters were
sacrificed under pentobarbital anesthesia and blood was
collected via cardiac puncture. Serum obtained from
the blood samples was analyzed for total cholesterol.

Results: Group 1 - 108 * 8 mg/dl; Group 2 - 109 %
11 mg/dl; Group 3 - 88 % 12 mg/dl; Group 4 90 % 17
mg/dl. GI tracts of animals in all groups looked
normal.

EXAMPLE 3

Cell cytotoxicity caused by a compound of Formula
III-A can be prevented by carboxymethylcellulose.

A stock solution of a compound of Formula III-A
was made in sterile deionized water at 64 mg/ml by
dissolving 115.9 mg in 1.81 ml. This was diluted
serially in sterile deionized water to give additional
stock solutions of 16 mg/ml, 4 mg/ml, and 1 mg/ml. A
stock solution of carboxymethylcellulose was made at 10
mg/ml in sterile deionized water by dissolving 23.92 mg
of carboxymethylcellulose in 2.39 ml. This was further
diluted in sterile deionized water to another stock
solution of 2 mg/ml. Fifteen tubes were set up such

that #1-#5 received 100 micro-l of sterile deionized
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water, #6-#10 received 100 micro-1 of the 2 mg/ml stock
solution of carboxymethylcellulose, and $11~#15
received 100 micro-1 of the 10 mg/ml stock solution of
carboxymethylcellulose. Further, tubes $1, #6, and #11
received 100 micro-l of sterile, deionized water; tubes
#2, #7, and #12 received 100 micro-1 of the 1 mg/ml
stock solution of Formula III-A; tubes #3, #8, and #13
received 100 micro-l of the 4 mg/ml stock solution of a
compound of Formula III-A; tubes $#4, #9, and $#13
received 100 micro-l of the 16 mg/ml stock solution of
a compound of Formula III-A; arnd tubes #5, #10, and #15
received 100 micro-1 of the 64 mg/ml stock solution of
a compound of Formula III-A. These mixes gave three
series of 5 tubes that contained 0, 500, 2000, 8000,
and 32,000 micro-g/ml of a compound of Formula III-A in
water, in 1000 micro-g/ml carboxymethylcellulose, or in
5000 micro-g/ml carboxymethylcellulose. In the series
made in the 1000 micro-g/ml carboxymethylcellulose, all
tubes containing a compound of Formula III-A showed
some turbidity. In the series made in the 5000
micro-g/ml carboxymethylcellulose, the solutions
containing 0 micro-g/ml and 500 micro-g/ml remained
transparent and the rest showed turbidity.

Mouse lymphoma cells (L5178Y 3.7.2C/TK:) were
grown in RPMI 1640 tissue culture medium containing 10%
(v/v) fetal bovine serum. 10 ml of cell suspension (6
x 10E5/ml) was added to each of 15 sterile 50 ml
polypropylene culture tubes that were numbered from #1
to #15. 100 micro-1 of the correspondingly numbered
solutions described above above was added to each of
these cell suspensions. This diluted the
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concentrations of both the compound of Formula III-A
and the cqrboxymethylcellulose by a factor of 100. The
capped tubes containing the cell suspensions were
placed in rotating drums in a 37°C incubator for 3
hours. The tubes were removed from the incubator and
were pelleted by centrifugation. The medium was
decanted and replaced by 10 ml of fresh growth medium.
After another centrifugation, this step was repeated
once. The final cell pellet was then suspended in 20
ml of growth medium such that the cell concentration
was 3 x 10E5 cells/ml. The tubes were returned to the
incubator.

Eighteen hours and 24 hours later, 1 ml of cell
suspension from each tube was added to 9 ml of counting
solution (Isoton II [TM]; Coulter, Inc.). The cell
concentration was then determined using a Coulter cell
counter. From the data obtained at the 24 hour time
point, the cell concentration in each tube was diluted
with fresh growth medium to a final cell concentration
of 2 x 10E5 cells/ml before being put back into the
incubator for an additional 24 hours. At this time,
cell concentrations were determined as just described.

Results: Tubes #1-#5 (no carboxymethylcellulose;
0, 5, 20, 80 320 micro-g/ml a compound of Formula
III-2A) had final calculated cell concentrations
(determined by the product of the dilution at 24 hours
and the final cell concentration reached at 48 hours)
of 36.8, 15.91, 2.94, 5.52, and 2.22 x 10E5 cells/ml
respectively. Tubes #6-#10 (10 micro-g/ml
carboxymethylcellulose; 0, 5, 20, 80, 320 micro-g/ml a
compound of Formula III-A) had final calculated cell
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concentration of 47.23, 46.40, 19.35, 3.30, and 2.55 x
10E5 cells/ml respectively. Tubes #6-#10 (50
micro-g/ml carboxymethylcellulose; 0, 5, 20, 80 320
micro-g/ml a compound of Formula III-A) had final
calculated cell concentrations of 39.19, 47.5, 48.79,
4.38, and 1.42 x 10E5 cells/ml respectively.

EXAMPLE 4 :

Carboxymethylcellulose, polyacrylic acid (2000
Mr)' carbopol (polyacrylic acid co-polymer with
polyalkyl sucrose) and gum arabic protect mouse
mastocytoma cells from polycationic-induced
cytotoxicity.

Mouse mastocytoma cells (P815) were grown in
suspension culture in RPMI 1640 medium plus 10% fetal
bovine serum (FBS) using standard tissue culture
technigues. On the day of the assay, 5 x 10E6 cells
were suspended in 100 micro-1 of Hank's Balanced Salt
Solution (HBSS) plus 10% FBS. 50 micro-l of 51Cr was
added to the cells and they were incubated in a shaking
water bath at 37°C for 30 minutes during which time
they took up the 51Cr. The cells were then washed 4
times in 15 ml HBSS plus 10% FBS. They were
resuspended in RPMI 1640 medium plus 10% FBS at
approximately 2.5 x 10E5/ml.

To begin the cytotoxicity assay, 100 micro-1 of
effector solution (e.g., test agent plus polyanionic
polymers; see below) at 1.2 x final concentration was
added to gquadruplicate wells of V-bottomed microtiter
51Cr-loaded
mouse mastocytoma cells were added to each well

plates. To being the assay, 20 micro-1 of

resulting in approximately 5000 cells per well. The
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plate was then incubated at 37°C in a tissue culture
incubator. The remaining effector solution was
vortexed and 150 micro-l1 of each was pipetted into 3
wells each of flat-bottomed microtiter plates and the
optical density at 610 nm read with a plate reader as a
measure of solution turbidity.

After the 3 hour incubation, the microtiter plates
were centrifuged to pellet any suspended cells and 50
micro-1 samples of medium from each well were counted
for radioactivity. Radioactivity released from cells
incubated with 0.1% Triton X-100 (a detergent) was used
as the 100% control. Medium from cells incubated
withou effector substanced was used to measure

spontaneous 51Cr release.

] 5-1Cr released = (sample dpm - spontaneous
dpm) / (TX-100 dpm - spontaneous dpm).

Stock solutions of a compound of Formula III-A,
carboxymethylcellulose-LF, carbopol, gum arabic, and
polyacrylic acid were all made in sterile water at 3%
(w/v; 30,000 micro-g/ml). A compound of Formula III-A
was diluted to 303.03 micro-g/ml and 612.24 micro-g/ml
with RPMI 1640 plus 10% FBS. For one series (final
concentration of a compound of Formula III-A = 250
micro-g/ml) 990 micro-1 of the 303.03 micro-g/ml stock
was mixed with 10 micro~l of polyanion stock solution
(see below) and 100 micro-1 of this was added to each
of quadruplicate wells. For the other series (final
concentration of a compound of Formula III-A = 500
micro-g/ml) 980 micro-1 of the 612.24 micro-g/ml stock
was mixed with 20 micro-1 of polyanion stock solution
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(see below) and 100 micro-1 was added to each of
quaduplicate wells,

This experiment waé designed to test two
concentrations of a compound of Formula III-A (250
micro-g/ml and 500 micro~g/ml; final concentration) and
to titrate the various polyanionic compounds so that
they comprised from 0% to 50% of the total polymeric
compounds in the assay. Thus, 50% anionic polymer is a
1:1 mix of a compound of Formula III-A and the test
anionic polymer. These mixes were accomplished by
diluting each of the polyanionic polymer stock
solutions (3% w/v; 30,000 micro-g/ml) with sterile
water to form solutions of 2.45%, 2%, 1.61%, 1.29%, 1%,
0.75%, 0.53%, 0.33% and 0.16% (w/v) so that by mixing
10 micro-1 (for a compound of Formula III-A at 250
micro-g/ml series) or 20 micro-l (for a compound of
Formula III-A at 500 micro-g/ml series) one obtains
mixtures at 5% intervals from 0% polyanion to 50%
polyanion. For example, 20 micro-l of the 0.53%
polyanion mixed with 980 micro-l of 612.24 micro-g/ml a
compound of Formula III-A gives a solution that has 106
micro~-g/ml polyanion and 600 micro-g/ml a compound of
Formula III-A. The polyanion makes up 15% of the total
polymer in the solution in this example.

Results: Carboxymethylcellulose: A compound of
Formula III-A at 0% CMC caused ~35% and ~40% release of
51Cr from the cells at 250 micro-g/ml and 500 mg/ml
respectively. This decreased to background in both
series by 35% CMC. Concommitantly, the medium
turbidity increased as the percent polymer increased in
both series.
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Carbapol: A compound of Formula III-A at 0%
Carbapol caused ~32% and ~58% release of 51Cr from the
cells at 250 mg/ml and 500 mg/ml respectively. This
decreased to near background in both series by 40%
Carbapol. Concommitantly, the medium turbidity
increased as the percent polymer increased in both
series.

Polyacrylic acid: A compound of Formula III-A at
0% polyacrylic acid caused ~30% and -~60% release of
51Cr from the cells at 250 mg/ml and 500 mg/ml
respectively. This decreased to near background in
both series by 30% polyacrylic acid. Concommitantly,
the medium turbidity increased as the percent polymer
increased in both series.

Gum Arabic: A compound of Formula III-A at 0% gum
arabic caused ~34% and ~42% release of 51Cr from the
cells at 250 mg/ml and 500 mg/ml respectively. This
decreased in both series with increasing percentage of
gum arabic. Concommitantly, the medium turbidity
increased slightly as the percent polymer increased in
both series.

EXAMPLE 5

A compound of Formula III-A causes a decrease in
initial cell adhesion to tissue culture plastic that
can be prevented by inclusion of
carboxymethylcellulose.

HEP-G2 cells (clone HLLC18) were grown in 175 cm2
tissue culture flasks uéing standard techniques. The
cells were metabolically labelled with 60
micro-ci3H-glycine for 20 hours. The cell monolayer
was washed 3 times with fresh medium to remove
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non-incorporated radiolabel. Cells were enzymatically
removed from the flask and suspended at 2 x 10ES
cells/ml in complete medium.

A stock solution of 1000 micro-g/ml a compound of
Formula III-A was made in tissue culture medium by
dissolving 5 mg compound of Formula III-A in 5 ml of
tissue culture medium. This stock solution was further
diluted in tissue culture medium to give 2 ml of
working stock solutions of a compound of Formula III-A
at 400, 300, 200, 100, 40, and 20 micro-g/ml. A 2000
micro-g/ml stock solution of carboxymethylcellulose was
made in tissue culture medium by dissolving 20 mg of
carboxymethylcellulose in 10 ml medium. This was
diluted by a factor of 10 in tissue culture medium to
give a working stock solution of 200 micro-g/ml.

To each well of a 24 well tissue culture plate,
250 micro-l of medium or 250 micro-l of the 200
micro-g/ml working stock of carboxymethylcellulose was
added. Then, to each well, 250 microliters of each
medium or 250 microliters of the various stock
solutions of a compound of Fomula II-A compound was
added. Finally, to each well, 500 micro-1 of the above
cell suspension was added, the plate was gently swirled
and placed in a humidified tissue culture incubator
containing 95% air/S%'CO2 at 37°C for 3 hours. At the
end of the incubation, the plates were swirled 10
times, tipped at a 45° angle, and the medium was
aspirated. Attached cells were dissolved by adding 1
ml of 0.1 N NaOH. 800 micro-1 of this was transferred
to a scintillation vial, 200 micro-l1 of 4N HCl was

added and the vials counted for radioactivity. This
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radiocactivity was compared to that obtained from 80% of
the number of cells that had initially been plated.
Thus the conditions tested consisted of 2 series: one
in which the effects of 0, 5, 10, 25, 50, 75, 100, and
250 micro-g/ml of a compound of Formula III-A were
examined; and the second in which the effects of the
same concentrations of a compound of Formula III-A plus
50 micro-g/ml carboxymethylcellulose were examined.
Results: A compound of Formula III-A decreased

initial plating efficiency in a dose dependent manner

- as follows (0 micro-g/ml to 250 micro-g/ml as described

above): 86%, 82%, B86%, 86%, 83%, 74%, 76%, 67%. The
decrease was significant at compound Formula III-A
concentrations egual to and greater than 75 micro-g/ml.
In the presence of 50 micro-g/ml carboxymethylcellulose
and the same compound Formula III-A concentrations as
above,‘the plating efficiencies were: 85%, 84%, 85%,
gss, 75%, 80%, 82%, and 83%.

EXAMPLE 6

Physical Characteristics of Solutions of Cationic
Polymers Formula III compound when mixed with Solutions
of Gum Arabic.

A stock solution of a Formula III-A compound was
made in water at 50 mg/ml (5% w/v) by dissolving 190 mg
of a formula III-A compound in 3.8 ml deionized water.
The solution was transparent. A stock solution of gum
arabic (an example of an anionic polymer) was made in
water at 50 mg/ml (5% w/v) by dissolving 413 mg of gum
arabic in 8.27 ml of deionized water. This solution
was transparent. 50 micro-1 of water was pipetted into

6 small glass vials and 350 micro-1 of a formula III-A
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compound was pipetted into 6 additional vials. This
gave 2 series of vials containing water and formula
III-A compound. Vial 1 of each series then received
150 micro-1 water, vial 2 133.3 micro-l water, vial 3
125 micro-1 water, vial 4 100 micro-l1 water, vial 5 50
micro-l water, and vial 6 no addition. Then no
addition was made to vial i, 16.67 micro~1 gum arabic
was added to vial 2, 25 micro-l1 of gum arabic to vial
3, 50 micro-1 gum arabic to vial 4, 100 micro-1 gum
arabic to vial 5, and 150 micro~l gum arabic to vial 6.
One additional vial received only 200 nicro-1 of qum
arabic. Thus two series of 6 vials were obtained that
contained from 0 to 37.5 mg/ml gum arabic alone or 0 to
37.5 mg/ml gum arabic + 12.5 mg/ml a compound of
Formula III-A. The last vial contained only 50 mg/ml
gum arabic. All vials were mixed thoroughly by
vortexing and were then observed.

Results: All the vials containing gum arabic
alone remained transparent. The vials with no gum
arabic and 4.17 mg/ml gum arabic (3:1::a compound of
Formula III-A:GA) remained transparent. The vial
containing gum arabic at 6.25 mg/ml (2:1::a compound of
Formula III-A:GA) was slightly cloudy, the vial
containing gum arabic at 12.5 mg/ml (l:1::a compound of
Formula III-A:GA) was cloudy, and the vials containing
25 mg/ml and 37.5 mg/ml gum arabic {1:2 and 1:3::a
compound of Formula III-A:GA) demonstrated frank

precipitation.

»
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EXAMPLE 7

Order of addition of cationic polymer solution or
anionic polymer solution is not important to the
formation of a precipitate.

Stock solutions were same as used in Example 6.
100 micro-1 of gum arabic was added to vial 1 and 100
micro~1l of a compound of Formula III-A was added to
vial 2. 100 micro-1 of a compound of Formula III-A was
then added to vial 1 and 100 micro-l gum arabic was
added to vial 2. Vials were mixed and then observed.

Results: Both vials turned cloudy.

EXAMPLE 8

Solubility of 1:1 mixes of a compound of Formula
III-A and gum arabic in water are dependent upon
polymer -concentration.

A 10% (w/v) solution of gum arabic was made in
water by dissolving 10 g of gum arabic into a final
volume of 100 ml of deionized water. A 10% (w/v)
solution of a compound of Formula III-A was made in the
10% (w/v) solution of gum arabic by dissolving 5 g of a
compound of Formula III-A in a final volume of 50 ml.
The resulting solution was transparent. 200 micro-l
of this solution was mixed with 200 micro-l deionized
water and the resulting solution (5% w/v in each
polymer) was transparent. The addition of 50 micro-1
more deionized water (4.44% w/v each polymer) started
to turn cloudy. An additional 50 micro-1l of deionized

water (4.0% w/v in each polymer) was added and the

solution turned cloudy.
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EXAMPLE 9

Solubility of 1:1 mixes of a compound of Formula
III-A and gum arabic in water are dependent upon
concentration and ionic strength.

A 10% (w/v) solution of gum arabic was made in
water by dissolving 10 g of gum arabic into a final
volume of 100 ml of deionized water. A 10% (w/v)
solution of a compound of Formula III-A was made in the
10% (w/v) solution of gum arabic by dissolving 5 g of a
compound of Formula III-A in a final volume of 50 ml.
The resulting solution was transparent. 200 micro-1 of
this solution was mixed with 200 micro-1 154 mM NaCl
and the resulting solution (5% w/v in each polymer; 77
mM NaCl) was transparenf. The solution after addition
of 200 micro-l1l more 154 mM NaCl (3.33% w/v each
polymer; 103 mM NaCl) remained transparent. An
additional 200 micro-1 of 154 mM NaCl (2.5% w/v in each
polymer; 116 mM NaCl) turned the solution slightly
cloudy. An additional 200 micro-1 of 154 mM NaCl (2.0%
w/v each polymer; 123 mM NaCl) also gave a slightly
cloudy solution. Additional 154 mM NaCl (200 micro-1
and 400 micro-l bringing each polymer to 1.67% and
1.43% w/v and NaCl to 128 mM and 132 mM respectively)
gave resultant solutions that were turbid.

EXAMPLE 10

Decreased pH brings piecipitated compound of
Formula III-A gum arabic precipitate back into
solution.

A 10% (w/v) solution of gum arabic was made in
water by dissolving 10 g of gum arabic into a final
volume of 100 ml of deionized water. A 10% (w/v)

solution of a compound of Formula III-A was made in the
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10% (w/v) solution of gum arabic by dissolving 5 g of a
compound of Formula III-A in a final volume of 50 ml.
The resulting solution was transparent. One ml of the
above solution was mixed with 3 ml of deionized water
and the solution turned turbid. Three 1 ml aliquots of
the turbid solution were mixed with 10 micro-1 of 1N
NaOH, 1N HCl, or 1M NaCl (resulting in final
concentration of 10 mM for the base, acid, or salt).
Only the sample mixed with HCl went back into a
transparent solution. PH of this solution was
approximétely'3 (as measured by pH test strips).
EXAMPLE 11

1:1 mixes of a compound of Formula III-A and gum
arabic remain soluble in solutions of increased ionic
strengths.

A 108 (w/V) solution of gum arabic was made in
water by dissolving 10 g of gum arabic into a final
volume of 100 ml of deionized water. A 10% (w/v)
solution of a compound of Formula III-A was made in the
10% (w/v) solution of gum arabic by dissolving 5 g of a
compound of Formula III-A in a final volume of 50 ml.
The resulting solution was transparent. 500 mM Na
phosphate buffer, pE 7.1 was prepared by mixing 500 mM
solutions of dibasic (4 ml) and monobasic (1 ml) Na
phosphate together. This Na phosphate solution was
further diluted with water to give concentrations of
400 mM, 300 mM, 200 mM, 100 mM, 80 mM, 60 mM, 40 mM,
and 20 mM. 750 micro-1 of each of these was mixed with
250 micro-1 of the 10% (w/v) Formula III-A in 10% (w/v)
of a compound of gum arabic so that the resulting
solutions were 2.5% (w/v) in each polymer and 375 mM,
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300mM, 225 mM, 150 mM, 75 mM, 60 mM, 45 mM, 30 mM, and
15 mM in Na phosphate.

Results: At Na phosphate concentrations greater
than 75 mM, the resulting solutions were transparent.
At Na phosphate concentrations of 75 mM and 60 mM the
solutions were slightly cloudy, and at all lower Na
phosphate concentrations, the solutions were very
cloudy.

EXAMPLE 12

Increased ionic strength allows 1:1 mixes of a
compound of Formula III-A and carboxymethylcellulose to
remain soluble upon dilution.

Stock solutions of a compound of Formula III-A and
carboxymethylcellulose were made in water at 50 mg/ml
(5% w/v) by dissolving 190 mg of a compound of Formula
III-A in 3.8 ml deionized water or 353 mg of
carboxymethylcellulose in 7,06 ml deionized water.
These solutions were transparent. Each of these stock
solutions were further diluted to a final concentration
of 2.5% (w/v) by mixing 500 micro-1 of the stock with
either 500 micro-1 deionized water or 500 micro-1 500
mM Na phosphate buffer, pH 7.1. This resulted in 2
solutions of each polymer (2.5% w/v) either in
deionized water or 250 mM Na phosphate. 100 micro-1l of
each solution of a compound of Formula III-A was mixeg
with 100 micro-l of either carboxymethylcellulose made
in deionized water or in Na phosphate buffer. All four
mixes contained 1,25% (w/v) of each polymer, and either
0 mM, 125 mM (two tubes), or 250 mM Na phosphate.

Results: The tube at 0 mM Na phosphate gave a
precipitate, the tubes at 125 mM Na phosphate were
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éloudy, while the tube at 250 mM Na phosphate was very
slightly eloudy.
EXAMPLE 13

Stock solutions of a compound of Formula III-A and
gum arabic were made at 100 mg/ml (10% w/v) in water by
dissolving 5 g of each in a final volume of 50 ml
dionized water. 10 ml of each of these were mixed
together with a resultant.clear solution (5% w/v in
each polymer). Upon the addition of 30 ml of deionized
water, a precipitate formed (2% w/v of each polymer).
This tube was centrifuged at 15,000 x g for 15 minutes
and approximately 2 ml of precipitate was pelleted. In
another experiment, 10 ml of 10% (w/v) of a compound of
Formula III-A and 20 ml of 10% (w/v) gum arabic were
mixed together and a turbid solution resulted (3.33%
w/v of a compound of Formula III-A and 6.66% w/v gum

arabic). 20 ml of deionized water was added and the
solution remained turbid (2% w/v of a compound of
Formula ITI-A and 4% gum arabic). This tube was

centrifuged at 15,000 x g for 15 minutes and
approximately 7.5 ml of precipitate was pelleted.

It should be understood that the invention is not
limited to the particular embodiments described herein,
but that various changes and modifications may be made
without departing from the spirit or scope of this
concept as defined by the following claims.
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CLAIMS
1. Quaternary ammonium salts of chitosan

possessing hypocholesterolemic activity of the formula:

2}

{ m +

NH-CHZ-CH-CHZ-N-(R

o

n-
13

Formula II

in which A represents the monomer unit of a chitosan, m
is a whole number between 100 and 1,000, R1 is Cl-C4
linear alkyl and X"~ is a physiologically acceptable
water soluble polyanion where n is at least about 10
but not greater than about. 10,000 and any rehaining
positive charges are balanced by nonpolymeric anions.

2. The salts as recited in claim 1 wherein the
alkyl substituent is methyl. _

3. The salts as recited in claim 2 wherein said
polyanion has a molecular weight sufficiently high such
that the polyanion will not be absorbed through the
gastrointestinal wall.

4. The salts as recited in claim 3 wherein the
molecular weight of said polyanion is about 1,000 to
about 1,000,000,

5. The salts as recited in claim 4 wherein the
molecular weight of the polyanion is about 10,000 to
about 700,000.
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6. The salts as recited in claim 1 wherein said
polyanion is an anionic polysaccharide, an anionic
polyvinyl polymer, an anionic poly(amino acid), an
polyphosphate, or an polynucleotide.

7. The salts as recited in claim 1 wherein said
polyanion is carboxymethylcellulose, polyacrylic acid
and co-polymers thereof, polymetaphosphate, alginic
acid, pectin (pectinic acid), gum arabic (acacia),
xanthan gum, gum ghatti, gum tragacanth, locust bean
gum, welan gum, carboxyl modified polyacrylamide,
polymethacrylic acid and copolymers thereof, polyvinyl
sulfate, zooglan,ragaropectin, succinoglycan,
carboxymethylhydroxyethylcellulose, carboxy-guar gum,
carboxymethylamylose, hyaluronic acid, heparin, heparin
sulfate, keratan sulfate, dermatan sulfate, chondroitin
sulfate, polyaspartic-acid, polyglutamic acid, pentosan
polysulfate, fucoidin, albumin, other anionic proteins
or poly inosinic acid.

8. The salts as recited in claim 7 wherein said
polyanion is carboxymethylcellulose, polyacrylic acid
and co-polymers, polymetaphosphate, alginic acigd,
pectin (pectinic acid), gum arabic (acacia), xanthan
gum, gum ghatti, gum tragacanth, locust bean gum, Or
welan gum.

9. The salts as recited in claim 8 wherein said

polyanion is gum arabic or carboxymethylcellulose.
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10. A process of preparing quaternary ammonium
salts of chitosan possessing hypocholesterolemic
activity comprising contacting a physiologically

5 acceptable water soluble polyanion with

A }m +
NH-CHZ-EH-Cﬂz-N-(R1)3 Y
H

10
Formula IIIX

in which A represents the monomer unit of a chitosan, m
is a whole number betweenrloo and 1,000, Rl is Cl-C4
15 linear alkyl, and Y 1is a physiologically acceptable
water soluble inorganic or monomeric organic
counterion.
11. The process as recited in claim 10 wherein
said contacting occurs in an aqueous solution.
20‘ 12. A pharmaceutical composition having hypo-
cholesterolemic activity comprising a compound of claim
1 in a pharmaceutically acceptable carrier.
13. The pharmaceutical composition as recited in
claim 12, said composition in solid form, and including
25 sufficient inorganic salt such that said composition is
water soluble.
14. The method of making the composition as

recited in claim 13 comprising dissolving

30 ta, .
NH-CH2

"C‘H-CHZ_N— (Rl) 3 Y
OH
‘Formula III

[
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in which A represents the monomer unit of a chitosan, m
is a whole number Eetween 100 and 1,000, R1 is Cl-C4
linear alkyl and Y is a physiologically acceptable
water soluble inorganic or monomeric organic
counterion, and a physiologically acceptable water
soluble polyanion, in a common protic solvent;

precipitating the thus formed polycation-polyanion
salt; ,

collecting said polycation-polyanion salt; and
adding sufficient inorganic salt such that said
polycatioh-polyanion salt is substantially soluble upon
mixing in an agueous solvent.

15. The method of making the composition as
recited in claim 14 wherein said precipitation occurs
by reducing the ionic strength of the solution.

16. The method of making the composition as
recited in claim 15 wherein said ionic strength is
reduced by diluting said solution.

17. A pharmaceutical composition having
hypocholesterolemic activity comprising a compound of
formula II and physiologically acceptable water soluble
polyanion. )

18. The composition as recited in claim 17
wherein said polyanion is gum arabic or carboxymethyl
cellulose.

19. A method of controlling chronic hyper-
cholesterolemia which comprises administering to a
mammal suffering from chronic hypercholesterolemia a
chronic hypercholesterolemia controlling amount of a
compound of claim 1,

20. The method as recited in claim 13 wherein

the compound of claim 1 is formulated as the

composition of claim 12.
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