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Abstract

Comparative investigation of obtaining conditions and the �stability� of water-soluble intermolecular
complexes of low-soluble pharmaceutical substances and different polysaccharides with β-cyclodextrin was
carried out. Substantial improvement of the pharmacological characteristics of resulting complexes in
comparison with initial pharmaceutical substances was demonstrated.
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INTRODUCTION

Many pharmaceutical substances (PS) are
poorly soluble in aqueous solutions, which of-
ten decrease the biological availability and ef-
ficiency of medications based on them. In this
connection, to achieve the basic therapeutic
effect, it is necessary to apply increased doses
of PS, which causes an increase in the proba-
bility of undesirable side effects. The methods
frequently used to improve the solubility in
aqueous / physiological media and toxicophar-
macological properties of PS are based on the
formation of their complexes /conjugates with
water-soluble synthetic or natural polymers or
oligomers [1, 2]. Previously we demonstrated
the possibility of mechanochemical preparation
of intermolecular complexes of the plant
polysaccharide arabinogalactan (AG), which is
water-soluble polysaccharide of Larix sibirica

Ledeb. and Larix gmelinii (Rupr.) with poorly
soluble PS (indometacin, sibazon, mezapam and
azaleptin) [3]. In all the cases we achieved sub-
stantial increase in water solubility, a decrease
in doses (up to 20 times) and toxic side effects
of PS. The mechanochemical route to obtain
these complexes or solid dispersed systems form-
ing these complexes during dissolution in wa-
ter has advantages in comparison with the con-
ventional liquid-phase method in the aspect of
the strength of formed complexes and their
solubility in water.

Dissolution and complex formation for poorly
soluble PS can be represented as [3]
PSs ↔ PSsol    (1)
PSsol + Csol ↔ (PS ⋅ C)sol    (2)
Equilibrium according to equation (2) is
described as
Kf = [(PS ⋅ C)sol]/[ PSsol] ⋅ [Csol]   (3)
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where PSs is the solid crystal phase of the phar-
maceutical substance in equilibrium with solu-
tion; PSsol is the pharmaceutical substance in
solution in the free form; Csol is complex form-
ing agent in solution in the free form; (PS ⋅ C)sol
is the complex between the complex forming
agent and the pharmaceutical substance in so-
lution; Kf is the constant of formation of in-
termolecular complex.

The [PSsol] value corresponds to the equi-
librium (thermodynamic) solubility without com-
plex forming agents. In the case of complexation,
the total concentration of PS in solution (CPS)
will be determined as a sum of the concentra-
tions of free PS and PS in the complexes:
CPS = [PSsol] + [(PS ⋅ C)sol]    (4)
Thus, an increase in the solubility of PS in
solution (X) in the presence of complex forming
agent can be calculated using equation
X = CPS/[PSsol] = 1 + Kf[Csol]   (5)
In our opinion, it is convenient to use X value
to characterize the �strength� of intermolecu-
lar water-soluble complexes of PS with vari-
ous water-soluble polymers.

In the present work we carried out compar-
ative studies of the efficiency of different con-
ditions of mechanochemical synthesis and the
use of different complex forming agents � ara-
binogalactan, fibregum, pectin, hydroxyethyl
starch, dextran 10, 40, 70, and β-cyclodextrin.
All the complex forming agents are allowed for
use in food or pharmaceutical industry. As a
reference, we chose β-cyclodextrin which is
widely used in pharmaceutical industry to en-
hance solubilisation of poorly soluble PS. Two
modes of mechanical treatment were used: in-
tense (in the planetary laboratory mil) and a
softer one (in a rotary ball mill). The intense
mode is more popular in laboratory studies of
mechanochemical modification of medicines [4]
and allows one to mix the components at the
molecular level; however, in this case partial
destruction of the substances under treatment
is possible. In addition, it is a problem to scale
the application of such a high-intensity mech-
anochemical process. Therefore, we also used
low-intensity mechanochemical action realized
in a usual rotary ball mill. We demonstrated
previously [5] that this kind of treatment al-
lows one to obtain solid dispersed systems of
components � composite aggregates of ultrafine

particles the hydration of which is accompa-
nied by the interaction of the treated substanc-
es. This allows one to decrease the energy strain
of the mechanical treatment process and to
provide the possibility of scaling in for flow
industrial mills.

EXPERIMENTAL

Initial compounds and experimental procedures

We used arabinogalactan (AG) extracted
from Siberian larch using the procedure de-
scribed in [6], certified according to TU 363-
015-39094141�03, registered as a raw materi-
al for the production of biologically active ad-
ditive (BAA) under the trademark of Fibro-
lar,  additionally purified through redeposition in
ethanol. The content of the major substance in
the product exceeded 99.5 %, humidity was
0.01 %, and phenol admixtures (flavonoids) were
present in the amount of 0.15 %. In addition, we
used fibregum (glycoprotein from acacia gum; its
macromolecules are composed of arabinogalac-
tan by 95�99 % and proteins by 1�5 %) manu-
factured by CNI (France), pharmacopeic β-cy-
clodextrin, citrus pectin, dextran 10, 40 and 70,
and hydroxyethyl starch (HES).

Reagents: 1-2-(4-isobutylphenol)-propionic
acid (ibuprofen, water solubility 0.030 g/L), 1-
(para-chlorobenzoyl)-5-methoxy-2-methylin-
dole-3-acetic acid indometacin, water solubili-
ty 0.036 g/L), 7-chloro-2,3-dihydro-1-methy-5-
phenyl-1H-1,4-benzodiazepin-2-on (sibazon,
water solubility 0.05 g/L), 7-chloro-2,3-dihydro-
1-methy-5-phenyl-1H-1,4-benzodiazepin (meza-
pam, water solubility 0.020 g/L), (8-chloro-11-
(4-methyl-1-piperazinyl)-5H-dibenzo[b,e],[1,4]-
diazepin (azaleptine, water solubility 0.039 g/
L), dimethyl ester of 2,6-dimethyl-4(2′-nitro-
phenyl)-1,4-dihydropyridine-3,5-dicarboxylic
acid (nifedipine,  water solubility 0.179 g/L),
1,2-diphenyl-4-n-butyl-3,5-pyrazolidinedione
(butadione), sodium 2,3-dimethyl-1-phenyl-4-
methylaminopyrazolone-5-N-methanesulpho-
nate hydrate (analgin) of  �kh. ch.� reagent
grade or pharmacopeic were used without ad-
ditional purification. We also used dihydroquer-
cetin (DHQ) substance (Diod-Taksifoliya Co.,
Belgorod, Russia), water solubility 0.633 g/L.
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Two modes of mechanochemical treatment
were used:

1. Soft treatment was carried out in a jar
roller BM-1 with the cylinder equipped with
fluoroplastic lining. Milling tools were steel balls
(ShKh-15 grade) 15 mm in diameter, total ball
mass was 675 g. The acceleration of milling bod-
ies was 1g (free fall). The volume of the cylin-
der was 300 mL. Total mass of the components
of mixture under treatment was 20 g. The du-
ration of the joint mechanical treatment was 1
to 24 h.

2. Planetary mill AGO-2 was used for intense
treatment. Treatment mode: acceleration of
milling bodies 60g, the mass of the mixture
under treatment 3 g, cylinder volume 40 mL,
milling bodies were steel balls 6 mm in diame-
ter, load mass 75 g. Treatment time was 3 to
10 min. Longer treatment caused partial decom-
position of samples, while shorter time of me-
chanical activation can be the reason of insuf-
ficient homogenization of the sample.

To determine the solubility of PS, mechani-
cally treated mixtures of a complex forming
agent with PS in the amount of 0.4 g, as well
as weighted portions of individual substances
equivalent to their content in the above-indicat-
ed mixtures, were dissolved in 5 mL of water
under stirring with a magnetic mixer (frequen-
cy 600 min�1) for 6 and 24 h at a temperature
of 24 °Ñ. The concentration of PS in sampled
taken from the mixtures was analyzed with the
help of HPLC. Constant concentrations in solu-
tions were achieved within dissolution time <<6 h.
In all the cases, PS in solution was present in
equilibrium with non-dissolved PS  precipitate.
Complex forming polysaccharides and β-cyclo-
dextrin passed into solution completely.

Physicochemical analysis of the samples

The HPLC analyses were carried out on an
Agilent 1200 chromatograph with Zorbax
Eclipse XDB-C18 column,  4.6×150 mm. Column
temperature was 30 °Ñ. Diode matrix detector
was used. The HPLC procedure was used to
determine the water solubility of PS from the
compositions complex forming agent/PS. The
eluent was 25 % acetonitrile + 75 % acetate
buffer (pH 3.4); detection was carried out with-
in the range 254 to 280 nm. The concentrations

of PS under investigation were determined
with respect to their specially prepared solu-
tions in ethanol.

X-ray phase analysis (XPA) of  the resulting
products was carried out on a DRON-3 diffracto-
meter using CuKα radiation; the frequency of
counter rotation was 2 degrees per minute.

Molecular mass distribution (MMD) of sam-
ples was determined on an Agilent 1200 with
PL aquel-OH 30 column, 300×7.5 mm. Column
temperature was 25 °Ñ. Refractometric detec-
tor was used. A solution of 0.1 M LiNO3 was
used as a solvent and eluent; flow rate was
1 mL/min. Calibration was carried out using
dextran standards from Sigma-Aldrich with
molecular masses 1, 5, 12, 25, 80, 150, 270
and 410 kDa. The results were processed and
MMD was calculated using Agilent GPC Data
Analysis software) assuming the linear depen-
dence of log MM on retention time.

Pharmacological characteristics

The work was performed with white out-
bred mice with body mass 20�25 g, and rats
of Wistar line with body mass 200�220 g from
the Laboratory of Experimental Animals of the
Institute of Cytology and Genetics, SB RAS
(Novosibirsk, Russia). The animals were kept
under standard vivarium conditions with free
access to water and standard granulated food.
Experimental groups were formed by taking 8�
10 individuals of the same mass.

Standard tests were used to determine phar-
macological activity [7].

To study analgesic activity of  the complex-
es, we used two models of experimental pain:
acetic convulsions (0.75 % acetic acid in the
amount of 0.1 mL per one animal) and ther-
mal irritation hot plate (54 °Ñ).

Anti-inflammatory activity was determined
using the standard carrageenan model (1.5 %
solution, 0.05 aponeurosis). The effect was
estimated from the percentage of a decrease
in edema caused by the flogogenic agent.

Along with the positive properties, many
nonsteroidal anti-inflammatory means cause
injury of the mucous coat of stomach (ulcero-
genic action), which substantially limits their
application for curing inflammation processes.
We estimated the effect of complex formation
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TABLE 1

Increase in the water solubility of pharmaceutical substances (PS) from compositions with arabinogalactan

(arabinogalactan/PS = 10 : 1) mechanically activated under different conditions

P S Method of obtaining* Solubility (CPS), g/L Increase in solubility (Õ)

Sibazon Without mechanical activation 0.058     1.2

AGO-2 0.130     2.6

VM-1 2.408   48.2

Indometacin Without mechanical activation 0.044     1.1

AGO-2 0.144     4.0

VM-1 1.587   39.7

Mezapam Without mechanical activation 0.097     4.9

AGO-2 0.215   10.8

VM-1 2.812 140.6

Azaleptin Without mechanical activation 0.174     4.4

AGO-2 0.656   16.4

VM-1 4.317 107.9

Nifedipine Without mechanical activation 0.322     1.8

AGO-2 1.234     6.9

VM-1 2.457   13.7

DHQ Without mechanical activation 1.030     1.6

AGO-2 2.850     4.5

VM-1 3.751     5.9

Ibuprofen Without mechanical activation 0.036     1.2

VM-1 0.853   28.4

* Without mechanical activation � the mixture of powdered initial substances that were not subjected
to mechanical treatment; AGO-2 � intense mode of mechanical treatment in the planetary mill AGO-2;
VM-1 � soft mode of mechanical treatment in a rotary ball mill VM-1.

on the degree of ulceration of the mucous coat
of stomach under the action of nonsteroidal
anti-inflammatory means. For this purpose, we
carried out separate experiments to estimate the
number of ulcerous damage sites on the mu-
cous coat of stomach after intragastric intro-
duction of the complexes under investigation
in comparison with the individual substance of
the medical preparations.

RESULTS AND DISCUSSION

Complexes AG�PS. Dependence on the
conditions of mechanochemical preparation

The data on the changes of PS solubility
from the mixtures with arabinogalactan are
presented in Table 1. In all the cases under in-
vestigation, a substantial increase in the solu-
bility of poorly soluble PS was detected, which

demonstrates the high efficiency of AG as a
complex forming agent. Also in all the cases,
the solubility of PS increases depending on the
method of preparing mixtures in the following
sequence: mixing without mechanical treatment
< intense mechanical treatment < mechanical
treatment under soft conditions.

We studied X-ray diffraction patterns of the
resulting powdered mixtures AG-PS. The results
of  X-ray phase analysis are illustrated for the
system indometacin�AG as example (Fig. 1).
Other studied systems (see Table 1) have similar
characteristics.

Mechanical treatment of the initial medical
substances, as well as AG, did not cause sig-
nificant changes of their diffraction patterns.
At the same time, these changes are observed
after mechanical treatment of the mixtures of
all the studied PS with AG. In all the cases,
the patterns of untreated mixtures contain re-
flections characteristic of the crystal phase of
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Fig. 1. X-ray diffraction patterns of initial indometacin (1),
arabinogalactan (2), a mixture of arabinogalactan and
indometacin (1 : 10) before (3) and after (4) mechanical
treatment: a � AGO-2, treatment time 10 min; b � VM-1, 2 h.

PS, and there is a phase transition of melting
in thermograms; these features disappear af-
ter mechanical treatment in AGO-2 mill. It fol-
lows from these data that characteristic signs
of the crystal phase of studied PS disappear
in mechanically treated mixtures. Evidently,
either complete disordering of the solid PS
phase or molecular dispersing of PS into the
excess of the solid phase of AG occurs with
the formation of solid solutions or intermolec-
ular complexes. Mechanical treatment of a mix-
ture of AG and PS in the roller mill VM-1
causes less substantial changes of X-ray dif-
fraction patterns and DSC thermograms. Only
relatively small decrease in the intensity and
broadening of the reflections of crystal PS
phases is observed. Only partial disordering of

the crystal structure of PS is likely to occur.
So, the soft mechanochemical treatment results
in the formation of a solid dispersed system of
components composed of ground partially dis-
ordered crystal particles of PS and amorphized
arabinogalactan particles.

Molecular mass characteristics
of arabinogalactan before and after mechanochemical
treatment under different conditions

One can see from the data presented in Ta-
ble 1 that the solubility of PS from dispersions
with AG is essentially dependent on the meth-
od of mechanochemical treatment. In our opin-
ion, to verify the choice of the modes of me-
chanical treatment, it is necessary to take into
account possible transformations of polysaccha-
ride macromolecules. It is known that polymer
macromolecules under intense mechanical ac-
tion can undergo partial destruction accompa-
nied by a decrease in molecular mass. To study
this phenomenon int eh systems under investi-
gation, we used gel filtration chromatography
(Fig. 2). Calculated data on molecular mass dis-
tributions are presented in Table 2.

It follows from these results that the use of
the intense (rigid) mode of mechanical treat-
ment (AGO-2 mill) involves substantial decrease
in the molecular mass of AG macromolecules.
In fact, according to the chromatographic data
obtained, its macromolecules with
MM ~ 17.5 kDa get broken into two practically
equal fragments with MM ~ 8 kDa. It is inter-

Fig. 2. Gel chromatograms of 0.02 mass % solution of
arabinogalactan: 1 � initial; 2, 3 � after treatment in mills:
VM-1 (2 h) and AGO-2 (10 min), respectively; eluent:
0.1 M LiNO3 solution.
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esting that such a phenomenon is observed dur-
ing chemical destruction of  AG from Canadi-
an larch [8]. In our opinion, it is this phenome-
non that can explain the differences in PS sol-
ubility and therefore in the strength of com-
plex  formation. It is likely that native AG mac-
romolecules form stronger complexes with PS
molecules than the macromolecules formed as
the product of mechanochemical destruction.
From the viewpoint of using the studied dis-
persions in BAA and medicines, in the techno-
logical processes of their preparation it is de-
sirable to avoid noticeable changes of the mo-
lecular mass characteristics of polymer mate-
rials because otherwise additional tests and
standardization might be necessary. As a con-
sequence, on the basis of the entire set of data
obtained,  it is reasonable to use preferentially
soft mode of mechanical treatment to obtain
water-soluble dispersions of PS with AG.

Complexes of medical substances with different
polysaccharides and β-cyclodextrin

For comparative estimation of the possibili-
ties to use other oligo- and polysaccharides than
AG to obtain intermolecular complexes of low-
soluble PS, we studied oligosaccharide β-cy-
clodextrin (Mw = 1135 Da) and polysaccharides
pectin (Mw = 38 kDa), fibregum (Mw = 526
kDa), dextrans (Mw = 10, 40, 70 kDa) and hy-
droxyethyl starch (Mw = 180 kDa). The data on
the changes of solubility of PS from mixtures

with indicated poly- and oligosaccharides are
listed in Table 3.

In all the cases studied, an increase in the
solubility of poorly soluble PS occurs. In this
situation, the strength of intermolecular com-
plexes increases in the row: dextran 70 < dex-
trans 40 and 10 < HES < β-cyclodextrin, fib-
regum < pectin < arabinogalactan. In the case
of pectin with mezapam and azaleptini, com-
plex formation occurs most probably due to
acid-base interactions, which explains relatively
high bonding strength. However, other com-
plex forming agents do not contain acid-base
functional groups;  therefore,  the most proba-
ble mechanism is the interaction due to the for-
mation of hydrogen bonds PS�complex form-
ing agent. In all the examples described above,
mechanochemical treatment of the mixtures
causes a substantial increase in the strength of
bonding. In the opinion of the authors, this
phenomenon is connected with the difference
in the dynamics of  mixture dissolution. Hydra-
tion of mechanochemically synthesized solid
dispersed systems involves simultaneous trans-
fer of all the components of PS complex
former mixtures into the solution. Thus, under
experimental conditions, a supersaturated PS
solution is formed at first, and then intermo-
lecular complexes are rapidly formed. During
the dissolution of mixtures that were not sub-
jected to mechanochemical treatment, the dy-
namics of  dissolution is different: at first,  the
complex forming agent is dissolved rapidly,

TABLE 2

Molecular mass characteristics of arabinogalactan (AG) samples before
and after mechanochemical treatment

Parameters Method of obtaining AG

Initial VM-1 (2 h) AGO-2 (10 min)

t1 8.9 8.9 9.0

Mw/Mn 17 515/14 070 17 230/13 790 15 930/15 900

S 163 443 165 129 35 367

t2 9.3

Mw/Mn 8150/7740

S 120 397

ΣS 163 443 165 129 155 764

Note. t1, t2 are times of peak appearance; Mw is mass-average molecular mass; Mn is number-
average molecular mass; S is peak area, relative units; ΣS is a sum of the areas of all the
peaks in the chromatogram.
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TABLE 3

Increase in the water solubility of pharmaceutical substances (PS) from compositions

with different polysaccharides and β-cyclodextrin at a ratio of 10 : 1

Sample composition Solubility of PS, g/L Increase in solubility

AGO-2*

β-Cyclodextrin/sibazon 0.090   1.8

β-Cyclodextrin/mezapam 0.092   4.6

β-Cyclodextrin/azaleptine 0.604 15.1

β-Cyclodextrin/indometacin 0.096   2.4

Pectin/mezapam 1.542 77.1

Pectin/sibazon 0.711 14.2

Pectin/azaleptine 1.632 40.8

Fibregum/DHQ 4.491   4.4

VM-1**

Fibregum/DHQ 5.550   8.8

Dextran 10/sibazon 0.094   1.9

Dextran 40/sibazon 0.096   1.9

Dextran 70/sibazon 0.059   1.2

HES/azaleptine 0.222   5.4

HES/sibazon 0.075   1.5

HES/mezapam 0.042   2.0

HES/indometacin 0.525 13.5

HES/DHQ 1.972   2.3

HES/ibuprofen 0.079   2.6

*  Intense mode of mechanical treatment in planetary mill AGO-2.

** Soft mode of mechanical treatment in rotary ball mill VM-1.

then the crystal PS particles get slowly dis-
solved until the saturation concentration is
achieved. The rates of the formation of inter-
molecular complexes and their strengths differ.
The described phenomenon is of substantial
interest from the viewpoint of governing the
mechanisms of intermolecular interactions and
the choice of technological processes for ob-
taining the described solid systems, and requires
further investigation.

Specific choice of complex forming agents
for the development of new medicines and BAA
depends not only on the strength of water-sol-
uble complexes but also on a number of other
parameters, such as biological activity of the
complex forming agent, its cost, purity, the
existence of corresponding certifying documents
etc. In our opinion, all the studied polysaccha-
rides can be used to increase the solubility of
poorly soluble biologically active substances
along with popular complex-forming agent

β-cyclodextrin which was included in our study
as a reference. However, the use of AG allows
one to achieve the highest PS water solubility
and in the majority of cases also to increase
their pharmacological activity substantially.

Pharmacological properties of intermolecular
complexes

In this paper we present the results of phar-
macological investigations confirming the effect
of complex formation between pharmacons
(PS) and water-soluble polysaccharides on the
basic properties of PS.

The subjects of investigation were nonste-
roidal anti-inflammatory medicines (butadion),
non-narcotic analgesic agents (ibuprofen and
analgin). In the first series of  experiments with
two models of experimental pain (chemical ir-
ritation �acetic convulsions� and thermal irri-
tation �hot plate�),  we studied the analgesic
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activity of the complex of HES with ibupro-
fen in the mass ratio of 10 : 1, which corre-
sponds to the molar ratio of 4 : 1. The dose of
ibuprofen in the complex was 20 mg/kg. For
correctness of experiment, we also tested HES
itself. The reference for comparison was ibu-
profen introduced in the dose of 200 mg/kg.
All the agents were introduced intragastrically
1 h before the reproduction of models.

In the second series we estimated the anti-in-
flammatory activity of butadion with the stan-
dard carrageenin (1.5 % solution, 0.05 aponeuro-
sis) model. For correctness of experiment, butadi-
on was introduced intragastrically in the same doses
in which it was present in the complexes (Table 4).

One can see in the data shown in Table 4
that the use of HES as the complex forming
agent helped a ten-fold decrease in ibuprofen
dose with the conservation of  the high anal-
gesic activity only for the model of visceral pain
�acetic convulsions�. HES itself, unlike ibupro-
fen,  demonstrated reliable analgesic activity
with both models.

In the next series of experiments, using the
above-described design,  we studied the anal-
gesic action of the complexes of plant polysac-
charide AG with nonsteroidal anti-inflamma-
tory means and non-narcotic analgesic agents
(ibuprofen,  analgin and butadione) possessing
different mechanisms of action.

TABLE 4

Analgesic activity of  the complexes of  pharmaceutical substances

Complexes Hot plate, s P Acetic convulsions, P

number

Hydroxyethyl starch (HS)/ibuprofen

Reference, H2O,

    0.2 mL/10 g per os 12.7±0.9   7.1±1.2

Ibuprofen,

    200 mg/kg per os    10±0.6 <0.05 0.75±0.4 <0.004*

HES/ibuprofen (10 : 1),

    200 mg/kg per os 12.5±1.4 <0.9   0.6±0.26 <0.001*

HES, 180 mg/kg per os 9.75±0.5 <0.05*   2.7±0.9 <0.02*

      Arabinogalactan/ibuprofen

Reference, H2O,

    0.2 mL/10 g per os 26.6±2.5 4.25±0.94

Arabin/ibuprofen (10 : 1),

    200 mg/kg per os 23.5±2.4 � 0.75±0.01 <0.05

Ibuprofen,

    200 mg/kg per os 19.5±2.45 � 1.5±0.03 <0.05

       Arabinogalactan/analgin

Reference, H2O,

    0.2 mL/10 g per os 26.2±2.95 5.12±1.14

Arabin/analgin (10 : 1),

     50 mg/kg per os 32.5±3.7 � 1.75±0.08 <0.004*

Analgin,  50 mg/kg per os 30.4±3.2 � 0.63±0.1 <0.004*

Analgin,  5 mg/kg per os 17.7±2.3 <0.02* 4.25±0.75 <0.56

       Arabinogalactan/butadione

Reference, H2O,

    0.2 mL/10 g per os 33.4±3.0   4.9±1.4

Arabinogalactan/butadion

    (10 : 1), 120 mg/kg per os 42.2±5.2 <0.05   2.0±0.09 <0.05

Butadion, 12 mg/kg per os 11.4±0.8 � 4.25±0.5 �

*P < 0.05 with respect to reference.
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The data on analgesic activity of  complex-
es with ibuprofen,  butadion and analgin are
presented in Table 4.

One can see that the complexes with ibu-
profen in a decreased pharmacon dose (10 times)
exhibit rather high analgesic activity only with
the model of visceral pain.

The introduction of butadione in the form
of the complex in which pharmacon content is
decreased by a factor of 10, too, caused the
manifestation of  analgesic activity not only for
chemical irritation model but also for thermal
action, which can broaden the range of its ap-
plication as analgesic means (see Table 4). A
noteworthy fact for this PS is that complexing
caused levelling of one of the basic effects
(anti-inflammatory).

Analgin occupies a special place among the
studied pharmacons due to its high water solu-
bility. As a consequence, it is impossible to con-
firm the formation of a complex between it
and polysaccharides on the basis of an increase
in its water solubility, unlike for other phar-
macons. However, NMR studies (similar to [3])
of the relaxation of aqueous solutions of mech-
anochemically prepared solid dispersions with
AG point to the presence of intermolecular com-
plexes of  analgin molecules and AG. Accord-
ing to the data shown in Table 5, in the case
of  complexing of  analgin with AG with a de-
crease in dose (10 times) the high analgesic ac-
tivity was conserved with two models of ex-
perimental pain.

Complexing of pharmacons with AG and
HES confirmed the previously discovered ef-
fect of pharmacon clathration by polysaccha-
rides, which is a decrease in the actual dose of
PS with the conservation of the high basic ac-
tivity and therefore this means a decrease in
the degree of apparent side effects [9, 10].

CONCLUSIONS

In the present work, we carried out a com-
parative investigation of obtaining conditions
and strength of water-soluble intermolecular
complexes of poorly soluble medical substances
and different polysaccharides, as well as β-cy-
clodextrin; we also demonstrated the effect of
complex formation on the pharmacological prop-
erties of some PS. On the basis of results ob-
tained, the following conclusions were drawn:

1. It was shown that the mechanochemical route
of obtaining solid dispersed systems PS�complex
forming agent allows one to achieve the highest
strength of intermolecular complexes. Mechani-
cal treatment should be carried out under soft
conditions excluding destruction of polysaccha-
ride macromolecules. Additional advantage of  this
mode of mechanical treatment is the possibility
of scaling it to industrial flow mills.

2. The use of arabinogalactan, water-soluble
polysaccharide of Siberian larch (Larix sibirica
Ledeb.) and Gmelin larch (Larix gmelinii (Rupr.))
as complex-forming agent allows one to achieve
the highest water solubility in comparison with
other studied poly- and oligosaccharides. Addi-
tional advantages of  AG include unique almost
unlimited raw material basis at the territory of
Russia and the existence of industrial technolo-
gies of its isolation and purification [11, 12].

3. Complexing of medical substances (phar-
macons) with polysaccharides, similarly to the
case of complexing with plant glycosides, al-
lows substantial (10 times) decrease in the ac-
tual dose, therefore, this means a decrease in
undesirable side effects and increase in the sol-
ubility of PS.

The obtained results open outlooks for the
development of the technology for pharmaceu-
ticals with increased efficiency and safety.

TABLE 5

Anti-inflammatory activity of  the complexes arabinogalactan/butadion (10 : 1) with the model of  carrageenan edema

Reference Butadion, Complex, Reference Butadion, Complex

(carrageenan) 50 mg/kg 100 mg/kg 30 mg/kg 300 mg/kg 500 mg/kg

72.2±5.3 49.7±4.0* 70.9±4.8 58.3±5.4 40.8±4.7* 36.4±5.5* 53.9±2.5

* P < 0.05 with respect to the reference.
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