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ABSTRACT

A new approach to the problem of construction of
efficient antimutagenic ( at y-irradiation ) systems has been
developed on the basis of the models- synthetic cationic

polyelecirolytes- polyquaternary salts of diallyldimethyl-

ammonium type.

Studies designed to reveal correlation between the structure
and activity of polymers are of great importance for targetted
synthesis of polymers capable to protect cells from y-radiation.

From this point of view a positive contribution of the total charge
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of the macroion and antiradical activity of polycations into their
antimutagenic effect were revealed.

Taking into account the dependencies found, the
macromolecular design of super efficient antimutagenic systems on
the basis of the natural biodegradable polycation-chitosan has
been realized. The protective efficiency ( up to 93%) of the systems
is achieved by combination of an adsorption ability of the
polycation matrix and antiradical activity of a hydrophobic
derivative of hindered phenol incorporated into the polymer
structure. These systems are able to scavenge short-lived radicals
formed in water and to some extent to prevent the membrane lipid
peroxidation processes responsible for genetic damage at

+¢ - irradiation.

INTRODUCTION

In connection with the deteriorating environmental radiation
background caused by technogenic factors a search for compounds able to
minimize a risk of genetic damage 1s very important problem now. Only not far
ago it has become obvious that substances able to protect a living organism
from a lethal dose of iomizing radiations don’t exhibit pronounced protective

abibity from mwlagenic consequencies of y-irradiation at low and moderate doses.



3
It makes developement of new approaches to creation of efficient antimutagenic
substances absolutely nesessary.

From this point of view a natural biopolymer - chitosan is interesting as
an initial polymeric matrix for creation of such protective systems of prolonged
action because of possible chitosan ability to exhibit properties of both an
adaptogen ( as a polysacharide ) and a polycation. In this case at such a
combination of properties general unspecific resistance of the organism can be
increased due to haemo- and immunostimulation{1,2].

However, for targetted modification of the macromolecule it is nesessary
to reveal the factors which make a positive contribution into the antimutagenic
effect. We have carried out such investigation using synthetic polycations of a
diallyldimethylammonium type as models. A posilive coniribution of the total
charge of the macroion and antiradical activity of polycations into their

antimutagenic effect were revealed.

EXPERIMENTAL

Investigation of the adsorbability of a polyelectrolyte on bilayer lipid
membranes (BLM).

Caionic polyelectrolytes of the diallyl series developed at the Institute of

Petrochemical ~ Synthesis Russian  Academy of Sciences- polycation
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poly(diallyldimethilammonium  clonide) - PDADMAC and copolymers of
diallyldimethylammonium cloride (DADMAC) and acrylic acid (AA )of various

composition were taken as objects of study.
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The samples of PDADMAC and copolymers of DADMAC and AA
were thoroughly purified according to the known method [ 3 ]. The purity of the
substances was controlled vsing the data of BC NMR spectra obtained by an
MSL-300 spectrophotometer ( Brucker, Germany).

The bilayer lipid membranes were formed in a teflon cell on a hole of 0.8
mm in diameter according to Mueller-Rudin’s method from solutions of the

lipids 1n decane (50 mg/ml ). All expenments were carnied out in the 10 mM
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phosphate buffer in the presence of 100 mM KCL at pH 6.8. The membranes were
formed from soybean L-o-phosphatidylcholine (Sigma, USA).The detailed
procedures are described in the previous paper [4]. The value of maximal change
in the BLM boundary potential was taken as a criterion of polymer adsorbability.
This is such a magnitude at which any further change in the potential at a ris¢ in
concentration did not exceed the confidence interval of 2-5 mV. This value is the
most correct and independent on the measurement procedure .

Synthesis of ternary copolymers of a diallyldimethilammonium type
{TCPs ).
Ternary copolymers with a different quantity of the hindered phenol
( HP) in the copolymer side chain on the basis of the copolymer DADMAC and
AA (30: 70 ) were synthesized in accordance with the procedure developed by
authors [5 ].
Antiradical activity.

Antiradical properties of TSPs were evaluated by noting of a degree to
which a 0.5 % methanol solution of 1,1-diphenyl-2-picrilhidrazil (DPPH) was
discolored [ 6 ]. The decline in the level of free DPPH was momtored
specirophotometrically at =516 nM relative to the solution with completely
discolored DPPH ( in the presence of a 10- fold excess of o-tocoferol reactive in

an equmolar manner with DPPH).



Synthesis of the chitosan derivatives.

The chitosan commercical material (Russia) from shell chitin with 80- 85
% deacetylation was used as an initial polymer matrix for the synthesis. The
chitosan derivatives with various ratios of quaternary ammonium and primery
amine groups in the polymer chain were obtained by interaction of chitosan with
Mel in the presence of ( Et ;N [ 7 ]. The chitosan derivatives with the
quaternary ammonium groups and the hindered phenol fragments in the polymer
side chain were obtained by interaction of partially quaternized chitosan with p-
[(4-hydroxy-3,5-ditretbutyl)phenyl}-propionic acid, accoding to the procedure
reportedin [ 8 ].

Testing of the polymers for antintutagenic activity.

The original copolymer, TSPs and chitosan derivatives were tested for
their effects on gamma-radiation induced structural changes in plant
chromosomes by recording the number of chromosome aberruiions at the
metaphase of mitosis in the meristematic cells of barley ( Moskovskii-121 variety )

seedling roots. The experimental prosedure is described in detail elsewhere 91



RESULTS AND DISCUSSION

it’s known that biological activity of cationic polyelectrolytes results
mainly from electrostatic interaction of the positively charged macromolecules
with the negatively charged cell membranes.

We were interested whether there was any correlation between a
polymer structure which determined its adsorbability and efficiency of the
polymer as a bioprotector. To answer this question we have investigated the
adsorbability of a polycation - PDADMAC and copolymers of DADMAC and
AA  of various compositions. For this purpose we use,d the experimental
technique of BLM .The data of Fig.1 show that when a part of the cationic
groups in the polymer chain goes down the polymer exhibits a decrease of the
maximal change in the BLM boundary potential.

Antimutagenic activity of the polymers mentioned above has been
investigated using a plant test system ( seeds of barley ). Comparing results
obtained (Fig.1 and Fig.2) one can see that bothladsorbabi]ity and antimutagenic
efficiency of the polymers decrease noticably with the decrease in a part of the
cationic groups in the copolymer chain. Hence, there is certain correlation
between the fotal charge of the macroion and antimutagenic efficiency of the

polycation.
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Fig.l The maximal changes in the boundary potential of BLM from L-a-
phosphatidylcholine, measured at the adsorption of polyelectrolytes of the

diallyl series with various contents of cationogenic and anionogenic groups

in the polymer chain.
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Fig.2 The antimutagenic activity in a serics of diallyl copolymers at
various contents of the cationogenic and anionogenic groups in the
polymer chain : 1, protection before the irradiation ; 2, protection after the

radiation.



Taking into account this consideration we supposed that the increase of
the total charge of the chitosan macromolecule would result in enchancement of
it’s antimutagenic properties. To confirm this suggestion chitosan derivatives
with the various ratios of quaternary ammonium and primary amine groups in the
polymer chain were synthesized. The antimutagenic efficiencies of the polycations
obtained were tested on the plant test-system ( seeds of barley ). The data of Fig.3
demonstrate that the increase in the quantity of quaternary ammonium groups in
the structure of the chitosan derivatives results in enchancement of the
antimutagenic effect up to 70 %.

Thus, the results obtained confirm that the definite correlation exists
indeed between the total charge of the macroion and the efficiency of a polymer
as a bioprotector.

However, it should be noted that the strong polycations can disturb
membrane architecture at adsorbtion on the surface of cells. Hence, it is
undesirable to use strong polycations for creation of effective antimutagenic
systems for possible bio-medical application.In connection with said above the
question arises whether there is any possibility to enhance the protective efficiency
of the weak and moderate polycations with maintaining their low toxicity and the
other beneficial properties. To answer this question we tried to increase antiradical
activity of synthetic polycations by introdhcing into the copolymer side chain a

derivative of a hindered phenol. It is known that such phenols are able to form
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Fig.3 The antimutagenic activity of the chitosan derivatives containing a
different number of quaternery ammonium groups. The polycations were
tested in a plant system at y- radiation in a dose of 1500 rad., and their
antimutagenic activity is expressed in percent of mutation incidence in the
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control cells taken as 100 % after this dose.
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stable radicals of a phenoxy type, thereby breaking the chains of free-radical
reactions.

The ternary copolymers were obtained by interaction of DADMAC and
AA ( 30: 70 ) - binary copolymer with hydrazide of P-{(4-hydroxy-3,5-
ditertbutyl)phenyl] propionic acid {10 ].

Ternary copolymers ( TCPs ) differing in the proportion of modified
acrylic acid units were synthesized (1%, 5%and 15%in TCP- 1, TCP-2 and
TCP - 3 respectively ), Fig. 4. In this investigation we made an attempt to
determine correlation between the antiradical activity and antimutagenic
efficiency of ternary copolymers.

Antiradical properties of the TCPs were evaluated spectro-
photometrically by finding the degree to which a solution of the stable radical
DPPH was discolored. The results obtained confirmed that the more number of
HP fragments in the mucromolecules the greater the capacity of the copolymer to
recombine with DPPH.

Howewer. as we can see irom the data (Tabl. 1 ) the proporiion of
active HP fragments taking part in the homolytic reaction with DPPH was some
what lower - 60 % in the test with TCP-3, then that in the test with TCP-1 and
TCP-2 - 80 %. Thus, a high relative content of HP fragments is not reasonable

for high an antiradical activity achievement.
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Fig. 4 Temary copolymers of a diallyldimethylammonium type, containing

hindered phenol fragments.
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Fig. 5 The antimutagenic activity of cationic polyelectrolytes containig
different numbers of hindered phenol fragments. The polyelectrolytes were
tested in a plant system before ( dark bars ) or after { white bars ) their
exposure at y- radiation in a dose of 500 rad., and their antimutagenic
aciivity is expressed in percent of muiation incidence in the conirol cells

taken as 100 %4 after this dose.
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Table 1. Dependence of Antiradical Activity of Ternary Copolymers

(TCPs) on the Levels of Hindered Phenol Fragments

Copolymer | Percentage Cexp. M C theor. M |C exp.
of modified C theor.y %
COOH
groups
TCP-1 1 6.8x107 | 8.3x107 80
TCP-2 5 1.7x10-¢ | 2.1x10% 80
TCP-3 15 2.7x10% |  3.8x10-% 60

Note. Cexp.= concentration of DPPH- reacting HP fragments in the TCPs;

C weor.= theoretical concentration of these fragments in the TCPs.
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Testing TCPs for antimutagenic activity on the plant test system
indicated that the protective efficiency increased with the growth in the number of
HP fragments in the copolymers as it can be seen from the data of the Fig.5.
However, with the growth in the number of HP - fragments the toxicity of TCPs
increased ,and  the protective efficiency diminished, and the maximal
antimutagenic effect for TCP-3 was equal to only 58 % , as it was shown in the
test for micronuclears in mouse bone marrow erythrocytes in the previous paper
{ 1 1]. Thus the incorporation in the copolymer side chain a relatively high
quantity of the hindered phenol is not favorable for achievement of both an
antiradical and antimutagenic high efficiency with maintaining of polymer low
toxicity.

Taking into account this consideration we tried to obtain a high efficient
antimutagenic polymeric system on the chitosan basis introducing in the structure
of partially quaternized chitosan a relatively low quantity of the hindered phenol.
For this purpose chitosan in which 50 % of primary amine groups has been
converted into the quaternized ammontum groups was chosen as an initial
polymer. Hindered phenol fragments in quantity of 4% Mol. were introduced by
interaction with chitosan primary amine groups.

The antimutagenic activity of this chifosan derivative was investigated
on the plant test - system ( barley seeds ). The data of Fig.6. confirmed that

targetted modification of the chitosan matrix resulted in enchancement of the
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Fig. 6 Antimutagenic activity of chitosan and chitosan derivatives

coniaining quaternary ammonium groups and hindered phenol fragments,
The polymers were tested in a plant test system before ( left bars) or after

{ right bars) their exposure at y- radiation in a dose of 1500 rad. and their

antimutagenic activity is expressed in percent of the mutation incidence in

the controtl cells taken as 100 % after this dose.
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antimutagenic efficiency of the polymer system up to 89 - 93 %. It should be
noted that the high efficiency of such chitosan denvatives was retained in a wide

range of polymer concentrations.

CONCLUSIONS

Thus, the new approach to the problem of construction of efficient
antimutagenic al y - irradiation systems has been developed using as models
synthetic polycations of a diallyldimethylammonium type. Taking mnto account
the dependencies found the macromolecular deswign of  superetficient
antimutagenic systems on the basis of the natural bicdegradable nontoxic

polycation - chitosan has been realized.
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