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The new polymeric forms of clopheline based on natural polysaccharides have been developed. By means equilibrium dialysis
method the interaction of clopheline with sodium salts of carboxymethylcellulose, pectic and alginic acids was studied. The dynamic
of drug release into physiological solution was investigated. It was concluded the possibility of natural polysaccharides application

for prolongation action of clopheline.

One of ways for development of prolonged forms
of drugs is formation of their complexes or salts with
water-soluble polymers. Use of such polymeric drugs
at injected introduction allows to reduce collateral
toxic action of drugs and also to receive long thera-
peutic effect at unitary injection [1, 2]. Among the
big circle of the water-soluble polymers intended for
these purposes, the greatest interest represents natu-
ral polysaccharides. These polymers are physiolo-
gically inert, hydrophilic, good soluble in water, ac-
cessible and cheap [3, 4].

One of the most widespread diseases of the car-
diovascular system is arterial hypertension. This ill-
ness suffers about 22-23 % of the population in the
age of 35-55 years and about 15 % have boundary
levels of arterial pressure. Presence arterial hyper-
tension is one of the major factors resulting in death
as a result of insult or heart attack of myocardium.

The most effective drug for hypertension treat-
ment is clopheline, representing hydrochloride of 2-
(2,6-dichlorphenilamino)-imidazoline [5]. The main
pharmacological feature of clopheline is strongly
pronounced hypothensive action at very small dos-
es (0,000075 g). Clopheline is not toxic and has

extraordinary big therapeutic breadth. Clopheline has
found wide application in clinical practice for treat-
ment of various forms of arterial hypertension. Fa-
vorable hypothensive effect was achieved at 50-80 %
of patients. Clopheline also widely used in ophthal-
mology for decrease intraocular pressure at glauco-
ma and stops of bleeding at eye traumas [6].

However, alongside with a number of positive
properties, clopheline has certain drawbacks. It is
low-molecular substance and its pharmacological
effect is kept quickly and accompanied by sharp de-
crease of arterial pressure at the initial moment after
reception. For increase of pharmacological duration
of action there is a necessity of repeated dose of drug,
which results in its excessive concentration in an
organism and to occurrence of toxic-allergic reac-
tions. The sudden discontinuance of clopheline
doses or significant reduction of dose can result in
development of «syndrome of cancellation» which
is shown by fast increase of pressure, tachycardia,
headache, nausea and other symptoms of a hyper-
tonic crisis.

With the purpose of elimination these drawbacks,
the researches on development of new highly effec-
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tive medicinal forms of clopheline with long hyper-
tensive action are widely conducted. Such medici-
nal forms allow to provide constant concentration
of drug at the therapeutic level during a long time
[7-9].

In the present study the polymeric forms of
clopheline based on natural polysaccharides such
as sodium salts of carboxymethylcellulose
(CMC), pectic (PAc) and alginic (AAc) acids are
described.

Materials and methods. Sodium alginate, pec-
tic acid and carboxymethylcellulose were purchased
from Sigma Chemicals, St.louis, MO. Clopheline
was used pharmaceutical grade.

For detailed understanding of character and na-
ture of binding, the interaction between drug and
macromolecules was studied by means equilibrium
dialysis method. Such interaction can be one of the
major factors determining rate of drug release and,
hence, prolongation of action. In researched systems
the complex formation can occur due to electrostat-
ic interaction of clopheline ion with carboxyl-anion
of polysaccharides and also due to hydrophobic in-
teractions between molecule of drug and polymeric
chain. Experimental data were shown that the de-
gree of binding linearly grows with increase of con-
centration of polymers in solution. It is caused that
with increase content of macromolecules the num-
ber of the functional groups capable to formation of
ionic bonds with drug is increased. From the received
dependences the values of binding constant were
calculated. These values were equal for CMC -5,71,
and for pectic and alginic acids - 3,74 and 3,86, ac-
cordingly.

The release behaviour of clopheline from SPU
polymeric solutions was examined by dialysis meth-
od in a modelling biological medium at 37°C. The
amount of drug released was determined spectropho-
tometrically by measuring the absorbance maximum
at 278 nm. UV spectra were recorded on a Jasco
UV-VIS (Japan) spectrophotometer.

Results and its discussion. In table 1 values of
coefficient of clopheline distribution at dialysis equi-
librium are presented. This parameter characterizes
the ratio of free drug amount to drug amount bound
with polymer. The observed data show that the in-
crease of polymer concentration in solution resulted
of reduction value of coefficient of distribution, tes-
tifying about more full clopheline interaction with
polymers.
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Table 1. Values of coefficient of distribution
clopheline at dialysis equilibrum

Ratio Polymer
Clopheline : Polymer CMC PAc AAc
1:1 0,48 0,54 0,56
1:2 0,36 0,43 0,44
1:3 0,29 0,35 0,32
1:4 0,22 0,28 0,28

Comparison of values of binding constants and
also coefficients of distribution for the investigated
polymers shows that interaction of clopheline with
CMC occurs more strongly that with pectic and algi-
nic acids. It is caused by that CMC has more strong
acidic properties due to different location of carboxyl
groups in elementary links of these polysaccharides.

The formation of salt bonds between positively
charged ions of drug and polymeric chain of poly-
saccharides is found out at viscosimetric titration of
water solutions of polymeric Na-salts by the solution
of drug. The addition of growing quantities of drug
to solutions of polymers is accompanied on initial
site of curve by downturn of the reduced viscosity,
that is testified about electrostatic interaction bet-
ween cation of drug and carboxyl-anion of polymers.

Full charge at association decreases, that is
results in reduction of intramolecular forces of
electrostatic pushing away and reduction of the sizes
of macromolecules, and, hence, and to reduction of
viscosity of system. Formation of polymeric salts
proves to date of IR-spectroscopy. So, in spectrum
ofthe product of interaction of drug with investigated
polysaccharides there are intensive strips at 1420 and
1610 sm™, characteristic for salts of carboxylic acids.

Thermodynamic parameters of interaction,
received from Klotz dependence [10] at various
temperatures, are presented in table 2. It is shown,
that the binding of drugs proceeds with allocation
of heat, and for Na-CMC the contribution of electro-
static forces in complexation is more significant,
since exothermity of the process in this case is higher.
Additional confirmation of presence of such inter-
action is reduction of value of enthalpy at increase
of ionic force of system (in Ringer-Lock). However,
this fact practically has not effected for value of free
energy, the basic contribution in which is put entropy.
Besides, the decrease of enthalpy can characterize
also hydrophobic interactions, which become more
stable with increase of temperature. For systems Na-
pectic acid and Na-alginic acid the increase of ionic
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Table 2. Thermodynamic parameters of complexation
clopheline with polysaccharides

Table 3. Dynamic of clopheline release from polymeric
complexes into physiological solution

Tempe- | Kx10?, Free Enthalpy, | Entropy,
rature, L/mole | Energy, kG/mole E.u
°C kG/mole
Na-pectic acid
25 28,2 - 18,76 -6,14 42.4
37 27.4 -20,22 - 5,13 46,8
50 26,0 -21,02 -4,12 50,4
Na- alginic acid
25 332 - 19,04 -7.45 42,8
37 324 - 20,06 - 6,68 44.6
50 312 - 21,46 - 6,06 48,2
Na-CMC
25 186,2 -25,08 -11,62 48.4
37 1744 - 25,54 -9.84 50,6
50 166.4 - 26,26 - 7,64 548

Polymer Ratio Quantity of released drug, %
CfPolymer | 1h | 2h | 4h [ 6h | 8h

- 23 | 46 | 72| 84 | 96
CMC 1:1 16 | 28 | 43 54 61
1:2 11 24 | 36 | 42 46

1:3 8 14 |22 | 34 38

1:4 6 12 19 | 27 31

AAc 1:1 18 | 29 | 47 59 68
1:2 15 29 | 44 51 60

1:3 13 22 | 40 | 46 52

1:4 11 19 | 36 | 42 45

PAc 1:1 14 | 28 | 46 58 64
1:2 12 | 25 | 42 52 56

1:3 10 | 22 | 37 | 48 52

1:4 8 20 | 38 | 44 48

force not influences so significantly on thermody-
namic parameters of complexation. The obtained
facts are testified that electrostatic forces alongside
with hydrophobic interactions are played the signi-
ficant role in formation of these complexes.

For estimation of prolonging properties of
polymeric salts the dynamic of drug release into
physiological solution is investigated by method of
equilibrium dialysis [11,12]. For comparison, the
amount of drug passed through membrane from
solution in absence of polymer was determined.
Results of investigation presented in table 3.

Apparently from the received data, release of
drug from polymeric solutions occurs more slowly
than from water solutions. So, for 8 hours at molar
ratio polymer:drug equal 1:1, drug diffused at
60-70 % while from water solution the drug diffused
through membrane to 96 %. The increase of the
concentration of drug is resulted in delay of release
rate. Most brightly this effect is shown in case of
CMC. So, at molar ratio CMC:drug equal 4:1 for
8 hours the drug is released at 31 % , whereas from
solutions of the PAc and AAc at the same ratio drug
diffused at 45-55 %. The difference of drug release
rate from salts with different polysaccharides is
stipulated for difference of spatial orientation of their
macromolecules.

As is known, the polymeric chair of cellulose is
characterized by the rigid strictly ordered distribution
of units, and also presence of significant number of
hydrogen bonds between rings of macromolecules.

At interaction of such polymer with molecules of
drugs the ordered structure of macromolecules is
kept. It creates some kind of «depot», as complicates
diffusion of drug from polymeric solution. To the
contrary, pectic substances and alginic acids have
non-uniform structure due to small amount of
branches and are characterized by smaller degree of
orderliness and orientation of macromolecules.
These polymers lesser degree binds with drug and
are not capable «to grasp» it in the structure.
Therefore release of drug from these polysaccharides
occurs the greater rate. On the basis of the received
results diagrams of logarithmic dependence of
amount of released drug in time were constructed
and constants of rate of drug diffusion through
membrane, submitted in table 4 are designed. As for
research of drug release the method of equilibrium
dialysis which gives the comparative data was used,
the amount of released drug and the designed
constants of rate diffusion were compared to released
amount of drug in absence of polymer.

Table 4. Constants of rates of clopheline diffusion
through membrane from polymeric complexes

Ratio Kdiff x 10°, s
Cf: Polynmer CMC PAc AAc
1:1 3,86 4,98 522
1:2 2,44 4,86 4,78
1:3 1,81 4,22 4,16
1:4 1,26 3,60 3,64
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Apparently from the table, value of diffusion
constant rate of drug from polymeric salts in 3-6 times
are lower, than at free drug (Kdiff. = 8,92 x 105 s-1).
The increase of the content of polymeric carrier in
system results in reduction of diffusion constant values.

Thus, the obtained data show that binding of drug
with natural polymers such as Na-salts carboxyme-
thylcellulose, pectic and alginic acids results to gra-
dual release of drug and allows to prolong its action.
On the basis of these water-soluble polymers it is
possible to receive injectable drug delivery systems
with long hypertensive action.
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Pezrome

Taburu monucaxapuaTap HeTiziH e KIo(enuH mpemapatsi-
HBIH JKaHa TTONAMEPIIK J9PITK Typiaepi ansiuHisl. TeHecTipy
JIMain3 dJliciMeH KIo(eTHHHIH KapOOKCHMETHIIICIUTIONO3aHbIH,
HEKTHHHBIH XOHE albIHH KBIIKBUIBIHBIH HATPHH TY3bIMEH
opekertecyi 3eprTenii. IlpemaparTThlH (GH3HOIOTHSIIBIK
epiTiHJTiciHE OOMIHII ITBIFY UHAMUKACKI 3epTTe. Taburn momm-
caxapuITapbl KIOGETHHHIH 9Cep €Ty YaKbIThIChIH CO3/bIPY YIIiH
KoJJaHyra OONATHHIBIFRl KOPCETII.

Pezrome

PaBpa6OTaHbI HOBHE IIOJIMMEPHHE JIEKAPCTBEH—
HHE @OpMI::I Knogbem/ma Ha OCHOBe IIPUPOIOHHX
IIoJMcaxapmunos . MeTomom PaBHOBECHOT'O OMaJMsa
N3YyUYeHO BBaMMOHeﬁCTBMe KJ'IOQ)eJ'H/IHa C HaTpue-
BHIMM COJIAMU Kap6OKCMMeTI/IJ'ILI,eJ'IJ'HOJ'IOBI:I, IIeKTO—
BOM M aJIbTMHOBOM KMCJIOT. UccrnepopaHa OUHaMMU—
Ka BHCBOBOXIOEHMUSI IIperapaTa B @MBMOJ’IOI‘ME{GC—
KU pacTeop. CoelylaHO SBaKJInYeHNEe O BO3MOXHO—
CTHM MCIIOJIB3OBaHMUA IIPHMPOINHHX IIOJIMCaAXapUIOoB
OJIA INIPOJIOHTUPOBAHUSA ,]IeﬁCTBI/IH KJ'IOQ)eJ'H/IHa.
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