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METHOD FOR PRODUCING AND USING A COPOLYMER OF SODIUM
CARBOXYMETHYL CELLULOSE AND GOSSYPOL

The 1invention relates to the field of organic chemistry,
pharmacology and medicine and concerns a method for producing a
copolymer of sodium carboxymethyl cellulose and gossypol, 1ts
use 1n complex therapy of patients with autistic spectrum
disorders and cognitive impairments, as well as a pharmaceutical
composition comprising thereof to be used 1n the treatment of
patients with  autistic spectrum disorders and cognitive
impairments, a combination for the treatment of patients with
autistic spectrum disorders and cognitive impairments and a
method for treating such patients.

Background

In recent decades, the aim of finding new agents for the
treatment of autistic spectrum disorders accompanied by severe
cognitive 1mpailrments becomes more medically and socially
important 1in view of the duration of treatment, severe

disability and maladjustment of patients with autistic spectrum

disorders (V.M. Bashina, Childhood Autism, Moscow, “Meditsina”,

1999) .

Childhood autism 1S characterized by disorders of
psychological development, autistic form of contact with others,
disorders of speech and motor skills, activities and stereotyped

behavior that lead to social maladjustment. A generally accepted

concept of the etiology of autistic disorders does not currently
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exist. The reasons are different - from endogenous genetic to
exogenous organic and psychogenic. Childhood autism is

considered to have a neurobiological basis and to be a result of

general brain disorders.

There are known medicaments for the treatment of autistic
spectrum disorders accompanied by severe cognitive impailrments,
which include, first of all, neuroleptics. Among neuroleptics
for the treatment of autistic disorders with severe cognitive
impalirments there are useful aminazine, neuleptil, haloperidol,

teraligen, triphtazine, eglonil, azaleptin, chlorprothixene. In

addition, such conditions are treated with antidepressants
(anafranil, azaphene, plirazidole, amitriptyline, etc.),
anticonvulsants (finlepsin, trileptal, topamax). (V.V. Kovalev,

Psychiatry of childhood, Moscow, “Meditsin”, 1979; V.M. Bashina,
Childhood autism, Moscow, “Medicine”, 1999).

It should be noted that the use of neuroleptics 1is
accompanied by a high risk of undesirable side effects including
extrapyramidal disorders, neuroleptic malignant syndrome, etc. A
long-term treatment with such neuroleptics and other
psychotropic agents results 1n evident side effects; they can
cause psychological, neurological, and somato-vegetative
disorders, which certainly limits the duration required for the
neuroleptic therapy to be effective.

sometimegs, nootropics are used for the treatment of autistic

disorders with severe cognitive 1mpalirments, as additional

medicaments. Nootroplics are considered to have a direct
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activating effect on learning, improving memory and mental
activity, 1.e. cognitive function. The most commonly used

nootropics 1in the treatment of autistic disorders with severe

cognitive 1impairments are glycine, nootropil (Pyracetam) ,
encephabol (Pyriditol), aminalone (Gammalon), tanakan (L.M.
Kuzenkova, O0.I. Maslova, L.S. Namazova, etc., Nootropics in

cognitive neuroscience in childhood // Manual for physicians,
M., | 2008, P.54). Dose regimen of nootropics 1s adjusted
individually. Although nootropics are basically characterized by
good tolerability 11 children with severe intellectual
maldevelopment, thelir administration can lead to 1ncreased motor
disinhibition, 1irritability, hyperthymia, and sleep impairment.
Nootropics are described to have other side effects: Piracetam
can cause dyspeptic disorders and increased coronary
insufficiency; aminalone can cause dyspeptic disorders, fever-
sensation and changes 1in blood pressure; Pyriditol can cause
nausea and headache, and 1n children - psychomotor agitation.
With that, Pyracetam 1s contraindicated 1in renal failure;
Pyriditol 1is contraindicated in high convulsion-readiness (L.M.

Kuzenkova, O0.I. Maslova, L.S. Namazova et al., Nootropics 1in

cognitive neuroscience 1in childhood // Manual for physicians,
M., 2008, p.54; S.Yu. Shtrygol, T.V. Kortunova, D.V. Shtrygol,

Side Effects of Nootropics, Provisor, 2003, Issue 11).
In addition, 1n recent vyears a complex therapy with the
above 1ndicated drugs 1s most effective for the treatment of

autistic disorders with severe cognitive impairments. However,
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in this case, patients with very severe forms of autism often
demonstrate resistance to neuroleptics, which requlres

increasing the average dailily doses of medicaments. In this case,
a deslired effect 1s not always observed, and side effects are
often 1ncreased.

In this context, the search f[or new additional agents for
pathogenic therapy allowing for enhanced safety and efficacy of
the treatment of mental i1llness 1is an important c¢linical and
soclal challenge.

summary of the Invention

The present 1nventors have surprisingly found that a known
sodium salt of copolymer of carboxymethyl cellulose with a

degree of substitution of 0.35 to 0.80 and gossypol, of formula

(1) :

CH-O-CH2-COONe 7
‘ CH20H CHp-0-CH-COONa
H 0 H 0 |
HOH H S HOH  H
.
' O H 0 H J
1 l H OH b H OH ¢

where

a:b:¢c = 1:(3-6) :(5-7),

n = 40-50;

with a molecular weight of 120,000-130,000, and
of the followling empirical formula:

[ (C3gH39Na015) 5 (CsH1005) , (CgH11NaOy) ] 4,
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wherein the sodium salt has antiviral activity and is used
for the treatment of various viral infections, can  be
successfully used to treat patients with autistic spectrum
disorders and cognitive i1mpairments.

The compound and the method for producing thereof are
described 1n RU 2270708. According to the known method an
agqueous solution of sodium carboxymethyl cellulose 1s reacted
with an aqueous solution of periodic acid or sodium periodate 1n
the presence of isopropyl alcohol, followed by washing the
resulting dialdehyde carboxymethyl cellulose with a mixture of
isopropyl alcohol and water acidified with hydrochloric acid,
treating with gossypol or gossypol-acetic acid and then with an
agueous solution of sodium hydroxide, and 1isolating the desired
product by precipitation of a solvent.

The product obtained by the known method 1s contaminated
with hydrochloric acid and isopropyl alcohol. In addition,
operations involving hydrochloric acid solutions are always
associated with certain difficulties.

Therefore, the object of the present invention i1s to develop
an 1mproved method for producing a copolymer of carboxymethyl
cellulose with a degree of substitution of 0.35 to 0.80 and
gossypol, of formula (1) without the above i1ndicated drawbacks.

Thus, an aspect of the present 1nvention 1s a method for
producing a copolymer of sodium carboxymethyl cellulose with a
degree of substitution of 0.35 to 0.80 and gossypol, of the

above formula (I), with a molecular weight of 120,000 ¢to
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130,000, wherein the method comprises reactlng an agueous
solution of sodium carboxymethyl cellulose with a degree of

substitution of 0.35 to 0.80 with an agqueous solution of
periodic acid or sodium periodate when carbon dioxide 1s passed
through the reaction solution until reaching a pH of 3.0 to 4.5,
followed by 1solation of dialdehyde carboxymethyl cellulose,
treatment of the obtained product with gossypol or gossypol-
acetic acid and then with an aqueous alkaline solution, and
isolation of the desired product by precipitation with an
organic solvent.

In order to 1isolate dialdehyde carboxymethyl cellulose, the
reaction mixture, after reaching a pH of 3.0 to 4.5, 1s
incubated at 5-8°C in a light-protected place for from 15 to 18
hours; the obtained dialdehyde carboxymethyl cellulose 1s
precipitated with acetone and washed with an organic solvent,
preferably with 70% aqueous acetone and 80% aqueous alcohol.
Further treatment with gossypol or gossypol-acetic acid 1s
performed at a temperature of 18 to 20°C, followed Dby
neutralization of the reaction mixture with an alkaline solution
and isolation of the desired product by precipitation with an
organic solvent, preferably with acetone.

The proposed method excludes processes 1involving 1sopropyl
alcohol and hydrochloric acid solutions, and provides a high
vield of the deslred product.

Another aspect of the present invention 1s a use of a

copolymer of sodium carboxymethyl cellulose with a degree of
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substitution of 0.35 to 0.80 and gossypol, of the above formula
(I) 1in complex therapy of patients with autistic spectrum
disorders and cognitive impairments. In particular, said polymer
1s used 1in combination with a medicament used for the treatment
of cognitive disorders, which are selected from one or more
neuroleptics, antidepressants, anticonvulsants, or a combination
thereof. It is most preferable to use said polymer produced by
the method according to the present invention.

Another aspect of the present invention is a pharmaceutical
composition for the treatment of patients with autistic spectrum
disorders and cognitive impairments, comprising, as an active
agent, a therapeutically effective amount of a copolymer of
sodium carboxymethyl cellulose with a degree of substitution of
0.35 to 0.80 and gossypol, of the above formula (I), and
pharmaceutically acceptable additives.

The proposed pharmaceutical composition can be prepared in

various formulations depending on the method of using thereof.
An oral pharmaceutical composition can be used in the form of

tablets, capsules or suspensions. In addition, suppositories can

be used for rectal administration. The amount of an active agent
iln a pharmaceutical composition can vary within a wide range
depending on various factors well known 1in the pharmaceutical
field. As pharmaceutically acceptable additives, substances

generally wused for the above formulations can be used. For

example, starch, such as potato starch, calcium or magnesium
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stearate, lactose, and other  pharmaceutically  acceptable

additives can be used as an excipient in tablets.

Currently, the problem of reducing the amount of allergenic
agents 1n pharmaceutical preparations acqguires more importance.
In this regard, the wuse of ludipress comprising direct-
compression lactose, povidone, pyrrolidone and crospovidone as a
pharmaceutically acceptable additive allows complete replacement
of lactose 1in pharmaceutical preparations and reduction of the
amount of such allergenic agents such as starch, and reduction
of the amount of calcium or magnesium stearate, increasing

thereby the strength of tablets.

In this regard, 1n a preferred embodiment the proposed

pharmaceutical composition can have the following ratio of the

components, 1n wt.%:

active agent of the above formula (I) - 10.0-16.0

starch - 10.0-20.0

calcium or magnesium stearate - 0.6-0.8

ludipress - up to 100.

The pharmaceutical composition of the present invention is
generally used 1n combination with a medicament used for the
treatment of cognitive disorders, which is selected from one or

more neuroleptics, antidepressants, anticonvulsants, or a

combination thereof.

Thus, another aspect of the present invention is a
combination for the treatment of patients with autistic spectrum

disorders and cognitive lmpalrments, comprising a
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therapeutically effective amount of a copolymer of sodium
carboxymethyl cellulose with a degree of substitution of 0.35 to

0.80 and gossypol, of the above formula (I) or a pharmaceutical
composition comprising thereof; and a therapeutically effective
amount of a medicament used for the treatment of cognitive
disorders, which is selected from one or more neuroleptics,
antidepressants, anticonvulsants or a combination thereof.

Accordingly, another aspect of the present invention 1is a
method of treating patients with autistic spectrum disorders and
cognitive impairments, comprising administering to a patient a
therapeutically effective amount of a copolymer of sodium
carboxymethyl cellulose with a degree of substitution of 0.35 to
0.80 and gossypol, of the above formula (I) in combination with
a therapeutically effective amount of a medicament used for the
treatment of cognitive disorders, which 1s selected from one or
more neuroleptics, antidepressants, anticonvulsants, oY a
combination thereof.

The method can be used for the treatment of autistic
disorders and cognitive impairments 1n 6-year children. A
treatment regimen is selected by a specialist depending on the
severity of a disease, condition and age of a patient. In
particular, the treatment can be performed according to the
following regimen: administration of a medicament 3 times per
day for 5 days followed by the 5-day break. This ten-day cycle

is repeated 2 times. The total duration of the treatment 1s 30
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days. A dose of the active agent is 36 mg/day. Then, the course

should be repeated.

A medicament used for the treatment of cognitive disorders
is selected from neuroleptics, antidepressants and
anticonvulsants. Aminazine, neuleptil, haloperidol, teraligen,
triphtazine, eglonil, azaleptin, and chlorprothixene are used as
commonly used neuroleptics. Medicaments such as anafranil,
azaphene, pirazidole, and amitriptyline <c¢an be used as
antidepressants. Finlepsin, trileptal, and topamax are commonly
used as anticonvulsants.

Examples of producing a copolymer of sodium carboxymethyl
cellulose with a degree of substitution of 0.35 to 0.80 and
gossypol, of formula (I) and examples of pharmaceutical
compositions comprising the copolymer and a method of treating
are provided below.

Example of production 1-8

Procedure: A 3% aqueous solution 1is prepared from 100 g of
sodium carboxymethyl cellulose (Na-CMC) with a degree of
substitution of 0.35 1in a reactor equipped with a mechanical
stirrer. A 1% aqueous solution of periodic acid or sodium
periodate in an amount of 1600 ml was added to the obtained Na-
CMC solution. After complete mixing, gaseous carbon dioxide 1s
passed through the solution until reaching a pH value of the
solution of 3.0 to 4.5. Then, the reaction mixture 1is 1incubated

at a temperature of 5 to 8°C for 15-18 hours. The reaction

product 1is precipitated and washed with 70% acetone and 80%
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agqueous alcohol solution from the excess of the oxidant and the

products of degradation thereof. Gossypol (or gossypol-acetic

acid) in an amount of 15% of the 1nitial mass of sodium
carboxymethyl cellulose is added to the washed product, which 1is
dialdehyde carboxymethyl cellulose, and stirred at 18-20°C for 5
minutes. The reaction mixture 1s neutralized with a 6% aqueous
solution of sodium hydroxide to a pH factor of 9.0. The desired
product 1s 1isolated by precipitation with acetone followed by
washing with the same solvent to complete removal of the excess
of gossypol or its adduct, and drying on air. The vyield of the
desired product 1s 88%.

Specific data of examples 1-8 of the production of the

claimed compound are shown in Table 1.
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Example of formulation 1. Tablets

Tablets
particular,

machine.

were

are shown 1in Table 2.

Table 2

produced

by a

conventional

method,

Examples of the quantitative composition of a tablet

in

by mixing components and pressing on a tableting

Examples of the gquantitative composition of a tablet

No of example 1 2 3
Tablet weilght 100 mg 150 mg 200 mg
Components Amount,
% Amount, mg s Amount, mg s

my
Active agent '™ 12 12 18 12 24 12
Potato starch 10 10 15 10 20 10
Calcium

0.65 0.65 0.98 0.65 1.30 0.65
stearate
Ludipress 77.35 77 .35 116.02 77 .35 154.70 77 .35

(*)

- copolymer of sodium carboxymethyl cellulose with a degree

(I).

of substitution of 0.35 to 0.80 and gossypol, of formula

The solubility test has demonstrated that 100% of the active
agent transfers to the solution when dissolving a tablet in 500

ml of water on a mixer at 100 rpm for 45 minutes.

Treatment of 6-year children with autistic spectrum

disorders and severe cognitive impairments

The efficacy and safety of the use of sodium carboxymethyl

cellulose polymer with a degree of substitution of 0.35 to 0.80

of formula (I) 1n a complex therapy of 6-year

and gossypol,
children with autistic spectrum disorders and severe cognitive

impairments were studied. The children were admilinistered wilith a
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medlicament comprising a copolymer of sodium carboxymethyl
cellulose with a degree of substitution of 0.35 to 0.80 and
gossypol, of formula (I) (tablets containing 12 mg of the active
agent, which composition i1s shown 1n Table 2) on the background
of basic therapy with  neuroleptics such  as neuleptil,
haloperidol, aminazine, teraligen, triphtazine, eglonil,
azaleptin chlorprothixene. Antidepressants (e.g., anafranil) and
anticonvulsants (finlepsin, trileptal, or topamax) were used in
some cases. Neuroleptics, antidepressants and anticonvulsants
were used 1n optimal therapeutic doses. The group of patients
administered, additionally to the Dbasic therapy, with a
medicament comprising a copolymer of sodium carboxymethyl
cellulose with a degree of substitution of 0.35 to 0.80 and
gossypol, of formula (I) demonstrated a decreased resistance to

especlally the patients with very

F_ N

therapy with neuroleptics,
severe autism. Before the administration of a medicament

comprising a copolymer of sodium carboxymethyl cellulose with a

degree of substitution of 0.35 to 0.80 and gossypol, of formula
(I), these patients did not demonstrate a positive therapeutic
effect 1n 1increasing doses of neuroleptics, and in some cases,
complications of the conducted therapy were amplified to the
loss of neatness skills (encopresis, enuresis). When the therapy
was supplemented with a medicament comprising a copolymer of
sodium carboxymethyl cellulose with a degree of substitution of
0.35 to 0.80 and gossypol, of formula (I), the manifestations of
encopresis and enuresls ceased, catatonic disorders decreased,

cognitive functions improved, and speech appeared. In patients
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with mi1ild to moderate autism, restricted repetitive behavior

disappeared.

The mental condition of the patients 1s 1mproved when
administering a medicament comprising a copolymer of sodium
carboxymethyl cellulose with a degree of substitution of 0.35 to
0.80 and gossypol, of formula (I). The use o©of sodium
carboxymethyl cellulose polymer with a degree of substitution of
0.35 to 0.80 and gossypol, of formula (I) as a component of
complex therapy of children with autistic spectrum disorders and
severe cognitive 1mpalrments allows elimination of the body's
resistance to psychotropic drugs, thereby achieving a
therapeutic effect with decreased single and daily doses of the
medlicaments for basic therapy, and a significant improvement in
cognitive functions of patients. The wuse of a medicament
comprilising a copolymer of sodium carboxymethyl cellulose with a
degree of substitution of 0.35 to 0.80 and gossypol, of formula
(I) does not have negative side effects on a patient. The
medicament 1s well tolerable; toxic and allergic reactions were

not reported.

Thus, the present 1nvention allows the production of a
copolymer of sodium carboxymethyl cellulose with a degree of

substitution of 0.35 to 0.80 and gossypol, of formula (I) by a
safe work method providing a high yield of the desirable product
and allows an effective use of said product in complex therapy
of patients with autistic spectrum disorders and cognitive

impalirments.
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CLAIMS
1. A method of producing a copolymer of sodium carboxymethyl
cellulose with a degree of substitution of 0.35 to 0.80 and

gossypol, of formula (1):

CH»-0-CH-COONa B
\(t i CH>I\ CH20H [ CHy-OCHyCOONa|
H o H Hm1° :
HOH HOH \OHOHHH ‘-\ HHI
* “ seol LS
H3 H3
H3C” ‘CHa H3C’ Uons Ja

(1)

where

a:b:¢c = 1:(3-6):(5-7),

n = 40-50;

with a molecular weight of 120,000-130,000,

the method comprising reacting an aqueous solution of sodium
carboxymethyl cellulose with a degree of substitution of 0.35 to
0.80 with an agqueous solution of periodic acid or sodium

periodate, followed by isolation of dialdehyde carboxymethyl

cellulose, treatment of the resulting product with gossypol or

gossypol-acetic acid and then with an aqueous alkaline solution,

and isolation of a desired product by precipitation with an
organic solvent, characterized 1in that the agqueous solution of
sodium carboxymethyl cellulose with a degree of substitution of

0.35 to 0.80 1is reacted with the aqueous solution of periodic
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acid or sodium periodate when passing carbon dioxide through the

reaction solution until reaching a pH of 3.0 to 4.5.

2. The use of a copolymer of sodium carboxymethyl cellulose

with a degree of substitution of 0.35 to 0.80 and gossypol, of

formula (1) :

CHp-O-CH2-COON® -
I 0
\ HH >j\ : CHIOH -
: CHOU H CH2-0-CHp-COONa|
// \\ H O H 0 |
Y 0 H HOH |
HOH H
HO‘ M Q0 H OH \0 H \0 M
1 “ AL .
H3 H3
H3C” ‘CHa CH3  J,
- “n

where

a:b:¢c = 1:(3-6):(5-7),

n = 40-50;

with a molecular weight of 120,000-130,000,

in complex therapy of patlients with autistic disorders and
cognitive 1mpalrments.

3. The use according to c¢laim 2, wherein the copolymer of
sodium carboxymethyl cellulose with a degree of substitution of

0.35 to 0.80 and gossypol, of formula (1), 1s produced by the

method according to claim 1.

4., The use according to claim 2 or 3, wherein the copolymer
of sodium carboxymethyl cellulose with a degree of substitution
of 0.35 to 0.80 and gossypol, of formula (1) 1s used 1in

comblnation with a medicament for treatment of cognitive
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disorders selected from one to more neuroleptics,
antidepressants, anticonvulsants or a combination thereof.

5. A pharmaceutical composition for use in complex therapy
of patients with autistic disorders and cognitive impalrments,
comprising, as an active agent, a therapeutically effective
amount of a copolymer of sodium carboxymethyl cellulose with a

degree of substitution of 0.35 to 0.80 and gossypol, of formula

(1)

I CH»-0-CH2-COCONa 7

f M O
; \ HH j\ HaOH . _
: CHU H . CH2-0-CH2-COONa|
| .// AN H O | H 0 ’
? HOH H HOH H
HO-CH O O HE-OH ]~ H ~\ H
HO o || © O
1 enwee ¢ ol MUK ISI IO
0 ~ CH3 M OH
Gl .CH
H3C™ "CH3 HiC™ "CH3 g
- ~“n

where

a:b:c = 1:(3-6):(5-7),

n = 40-50;

with a molecular weight of 120,000-130,000,

and pharmaceutically acceptable additives.

6. The pharmaceutical composition according to c¢laim 5,
comprising following components, % by weight:

the active agent of formula (1) - 10.0-16.0,

starch - 10.0-20.0,

calcium or magnesium stearate - 0.6-0.8

ludipress - up to 100.
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7. The pharmaceutical composition according to claim 5 or 6,

for use 1in a combination with a medicament for treatment of
cognitive disorders, selected from one or more neuroleptics,
antidepressants, anticonvulsants or a combination thereof.

8. A combination for treatment of patients with acoustic
disorders and cognitive impalirments, comprising a
therapeutically effective amount of a copolymer of sodium
carboxymethyl cellulose with a degree of substitution of 0.35 to

0.80 and gossypol, of formula (1)

r CHp-O-CHp-COONa .

: H 0 |
| \\ H >l\ i . -
H CHT H CH20H CH-0-CH2-COONa

o//. \\Q ‘ H O | H 0 f
HOH H HOH H ,

HO- t 0 H OH ~ R ~ H

O 0
4 H OH H OH J
i'ﬂ | b ¢
”CHIH1
H3C” cns H3C’ “CH3 Ja
- “n

where
a:b:¢c = 1:(3-6) :(5-7),
n = 40-50;

with a molecular weight of 120,000-130,000,

or the pharmaceutical composition according to claim 5 or 6;
and

a therapeutically effective amount of a medicament for
treatment of cognitive disorders, selected from one or more

neuroleptics, antidepressants, anticonvulsants or a comblnation

thereof.
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9. A method for treating patients with autistic disorders
and cognitive impairments, comprising administering to a patient
a therapeutically effective amount of a copolymer of sodium

carboxymethyl cellulose with a degree of substitution of 0.35 to

0.80 and gossypol, of formula (1)

CH2-O-CH2-COCNa

\g <+C >l\ CHo0H [ CH-OCHP-COONa]

H 0 | H 0 |
| H
; HO H ) H OH K H H - HOH H !
’ > H 0 OH J
‘ 00 OO I Mot °
' H3 H3
H3C” CH3 H3C” “0H3 Ja

— ~“Nn

where

a:b:¢c = 1:(3-6):(5-7),

n = 40-50;

with a molecular weight of 120,000-130,000,

or the pharmaceutical composition according to c¢laim 5 or 6,

in combination with a therapeutically effective amount of a

medicament for treatment of cognitive disorders, selected from
one or more neuroleptics, antidepressants, anticonvulsants or a
combination thereof.

10. A use of a copolymer of sodium carboxymethyl cellulose
with a degree of substitution of 0.35 to 0.80 and gossypol, of

formula (1)
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I CH2>-0O-CH2-COONa

\(t i CH>[\ CHz0H CHp-0-CH2-COONa|

where

a:b:c = 1:(3-6):(5-7),

n = 40-50;

with a molecular weight of 120,000-130,000,

for producing the pharmaceutical composition according to
claim 5 or 6.

11. The use according to claim 10, wherein the copolymer of
sodium carboxymethyl cellulose with a degree of substitution of

0.35 to 0.80 and gossypol, of formula (1) 1s produced by the

method of claim 1.



CH2-0-CH)-COONa 7

CH20H CH2-0-CH9-COONa
H O H 0
HOH H HOH  H (1)
H OH H OH
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