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ABSTRACT
New complex compounds based on apple pectin and platoy

ically active organic acids (nicotinic, salicylicaminosalicylic and

anthranilic acids) were synthesized. The obtained complexes were characterized by a number of physicochemical resea(th/methc
IR, and™*C NMR spectroscopy, electron micropy, viscosimetry, polarimetry, and elemental analysis). Based on pharmacophol
containing pectins, stable iodiwentaining films were obtained. The effect of the structure of a polysaccmaoidié/ing drug
compound on the properties of iodioentainingpolymeric materials was shown: iodine content, time of release of iodine from the filn
diffusion and surface characteristics. The formation of a new set of properties in the production edaotiimeng films based on

pharmacophoreontaining pectinprovides an increase in antimi
matrices.

crobial activity by-1.8 times in comparison with the initial polymer

Keywords: pectin; medicinal compounds; iodine; complexatibimlogical activity.

1. INTRODUCTION

The use of biopolymers to create leacting drugs that| impart antiseptic and antibacteriabperties to new biomaterials.

combine the drug effectiveness with address delivery to the t
is an actual tendency of bioorganic chemistry. Polysacchal

|

rypdern medicine, with a wide arsenal of antibacterial agents,
idased with the problem of the resistance development of

complexes with biologically active compounds of organic anehicroorganisms to antibiotics. It seems attractive to introduce

inorganic nature are among the most interestiny31 A natural

polysaccharidé pectin (PC) has proved to be a good polyn
matrix, which not only contains functional groups providi
effective complexation, but also has a variety of biological acti
and is easily biodegradable [18]. Regarding alltis, pectin can
be considered as a promising basis for the creation of new ¢
with different spectrum of action.

The functional properties of the materials obtained
immobilization of the drug substance (DS) on the polymer mg
depend both on the ddbgical action of the low molecular weigl
component and on the mutual influence of the polymer matrix
pharmacologically active substance on each other's propertieg
20]. Therefore, the understanding of the nature and streng
drugs binding wih biopolymer will allow determining the
prospects of using the obtained complex materials for medi
and pharmacology, as well as the methodology for

iodine into the modified pectin matrix, fahere is no fact of
henabituation for any of the known microorganisms to iodine [21].
ndHowever, iodine has an irritating effect on the tissue and is toxic
Vit large quantities, which limits its use. The reduction of toxicity
and uniform release of iodine iscflitated by its immobilization
Irogsa polymer matrix, additional modification of which by organic
compounds can contribute to the production of iodioetaining
bgrugs that are resistant to leteym storage and have a synergistic
trtkerapeutic effect [226]. This article dscusses the results of a
t study of the apple pectin interaction with organic and inorganic
abwblogically active compounds and the conditions for obtaining
5 [i®w stable iodineontaining materials with controlled dynamics
hoof iodine release. Phaacologically important compounds:
nicotine (NA), salicylic (SA), Eminosalicylic (5ASA) and
cianthranilic (AA) acids were selected as low molecular weight
therganic components [27].

introduction of inorganic components (for example, iodine)

2. MATERIALS AND METHODS
2.1.Materials.

Apple pectin of Unipectine XPP24 trademark with
molecular weight 26000 Da and degree of esterification 66%
used. All medicinal compounds: NA, SA-ABA, AA, mark
"c.f.a.", were used without further purification. lodine metal, m
"c.", twice sublimed was used in experiments.
2.2.Physico-chemical methods.

IR spectra were recorded on ShimadzuPliRstige21

to

spectra were recorded on the Bruker Avance Ill 500 MHz
spectrometer (solvent D, concentration 10 mmot). The
wetsaracteistic viscosity of aqueous solutions of the samples was
measured at 2%.1 °C in a capillary Ubbelode viscometer with a
arkanging level. The samples surface properties were studied usin
an electron microscope AxioLab Pol. The specific rotation of
aqueous dations of compounds (C=0.1 g/100 ml) was measured
using a PerkifElmer polarimeter (model 141). UV spectra of

spectrophotometer (768600 cm ! vaseline oil). *C NMR

solutions wer e recorded in
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SPECORD M1 40 spectr o-p0f omh cegion.
The composition and stability cstants of the formed compoung
in the interaction of PC with pharmacophores and in
interaction of PC and/or pharmacophemntaining pectin (PCP
with iodine were determined by spectrophotometric method
isomolar series and molar ratios [28]. Théakaoncentration of]
the PC and DS in isomolar series has been a constant of
*mol/l for PC+DS systems. Molar ratio of [PC]/[DS] was vari
from 50/1 to 1/20. The PC concentration was changed f
0.25-10° and to 1-1Gmol/l in the series of solutionwith a
constant drug concentration of 1-flol/l. For the PC+l and/or
PCP+} systems, the total concentration of PC and/or PCP
iodine in the isomolar series was constant Tri6l/l. The molar
ratios [PCJ/[b] and/or [PCP]/[}] varied from 50/1 to /20. In a
series of solutions with constant iodine concentration of "1
“mol/l, concentration of PC and/or PCP has changed from 0.2!
* to 1-10°mol/l. lonic strength of solutions was maintain
constant, equal to 0.1 mol/l (NaCl, "ch. c.").
2.3.Preparation of pharmacophore-containing pectins

1 g of polysaccharide was dissolved in 20 ml of wg
with pH 7-7.1. 0.70 g of DS were dissolved in 20 ml
watersolution pH being adjusted to 77 . 1 wi t h 0
solution The DS solution at 25 °C was added the
polysaccharide solution under intensive stirring. The reaction
carried out for 4 hours. At the end of the reaction the product
isolated by precipitation with ethyl alcohol, once more precipitg
with alcohol, the precipitate was separated\wadhed three time
with alcohol, then with diethyl ether and dried under vacuum
temperature of 25 °C.

24Prepanationt ohPE€P-bas2ddilms.
Is Film materials based on PCP and PC were formed from
tH2% aqueous solutions of compounds by casting on a glas
sutstrate, followed by evaporation of the solvent in vacuum over
5 piosphorus pentoxide. Further, the films were vacduead at 25
°C to a residual humidity of-B%. The film thickness in all
ledperiments was maintained constant and equal to 0.1 mm.
e@.5.Preparation of PCP iodine-containing films.
rom Doping of PC or PCP films was carried out at room
temperature as follows: weighted samples in glass containers wel
placed in a desiccator purged with argon, wherein anothel
andntainera metal iodine was placed. The degmf iodine
saturation was assessed by maintaining a constant weight of th
samples at exposure for three days. The total iodine content in th
18amples was determined gravimetrically. The total content of
b- iblecular iodine was determined by iodometriation [29].
e.6.Biological activity.
Antimicrobial activity of the complexes was determined
by the disediffusion method. To determine the sensitivity, a
tarutrient medium prepared from measptone broth with agaagar
ofaddition was used. Megeptone agar #nm thick was poured in
sterilef PetN adidiés and pure cultures of purulent infection
pathogens(Staphylococcus aureus, Staphylococcus epidermidis,
wascherichia coli)were seeded by the "solid lawn" method. No
wlaser than 5 minutes after inoculation, the gtdccompounds were
teapplied to the surface of the nutrient mediukter that Petri
5 dishes werencubatedat 37 °C for 24 houis a thermostatAfter
atircubation, the size of the growth delay zones of microbial
cultures at the application places of the stddsystems was

3. RESULTS
3.1. Physico-chemical characteristics of PCP.

estimated.

The results of*C NMR spectroscopy are presented in

PC interaction with DS was studied by UV, IR and NMRTables 3, 4. It can be seen that all DS carbon nuclei signals ar
%C spectroscopy, electron microscopy, viscosimetry, polarimetspifted towards the ved field after complexation. The most
and elemental analysis. The data obtained showtkiatpple| significant shifts of**C nuclei signals are observed for carbon
pectin forms 1:1 complexes with selected organic substances @®ms directly connected to the amino group (in case of AA and

1 drug molecules per 1 pectin monomer unit).This is confirme
elemental analysis (Table 1) and spectrophotometric studies
the method of isomolar series and molar ratiag(Ej 2).

The values of PC complexes stability with investiga
drugs (Table 2) show that the complexation effectiveness dep
significantly on the structure of the pharmacophore. Accordin
the results, the stability of the complexbg) (ncreasessafollows:
PCGNA>PC5ASA>PGAA>PC-SA.

As expected, nitrogeoontaining pharmacophores exhil
a greater affinity for biopolymer in comparison with salicylic ad
This is quite consistent with the tendency of the heteroatom w
the second period to resiibute the electron density to th
acceptor (NO>F).

Formation of PC complexes with pharmacophores is
confirmed by IR and™C NMR spectroscopy. The shifts
absorption maxima af(C=0), n(OH), n(C-O, GC) PC groups to
the low frequency region ardserved in the IR spectra (Table
Fig. 3). The most significant displacements are recorded fof
n(C=0) group.

BASA), to heteroatom (in case of NA), and to hydroxyl group (in

Istage of SA).
According tothe spectral data, the following structures of

efdectin complexes with pharmacophores can be suggested (Fig. 4)
ends PCP  microstructure analysis showed that the
j pharmacophores with ordered structure lead to a more ordere

structure of PCP (e.g. PHA). Amino-cortaining drugs do not

have a structurerganizing effect on the polymer matrix (Fig. 5).
itThus, the pharmacophore heteroatom contributes to the structurin
idpolymer complex, which may lead to sustainabilitywas found
tHimat the complexation of PC with DS meases the characteristic
eviscosity for the PENA system, containing heteroatom in the ring,

and a significant drop in this parameter for the remaining aromatic
hléeids compared to the unmodified biopolymer (Table 2). The
f viscosity increase for RNA is assaiated with the structuring of

the macromolecule, the increase in its rigidity, and as a
p consequence, the unfolding of the polymer chains. The decrease
piscosity for the remaining samples indicates the compression o

the macromolecular ball, due to taematic ringinteraction with

the oxygercontaining groups of pectin.
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3.2. Iodine containing PCP.

In order to increase the PCP biological activity and
obtain materials with soft prolonged antiseptic action, iod
containing PCRwvas considered. A diffusn doping method wag
usedi saturation of films with iodine vapors at room temperat
(Fig. 6, Table 5). Doping of films with iodine by diffusio
depends on the type of pharmacophore introduced into
polymer matrix. It was found that the polymer matwith drug
substance more strongly absorbs and retains iodine compa
pure apple pectin. It is known that the introduction of organic
into the polymer system significantly changes the state of
system through the appearance of stable hydrdgerds and
contributes to its iodine enrichment [30].

Determination of the mass fraction of iodine in t
samples immediately after saturation and after desorption sk
that besides native pectin, all modified samples retain a suffi
amount of iodineup t02040%, after desorption (Table 5, Fi
6).Desorption curves show that there are at least 2 different ig
forms coexist in the samples. One form is rather volatile and
be easily removed from the sample by simple air exposure. I
be ascribedo molecular iodine. The other form is quite stable g
doesnobt |l eave the sample e\
exposure. It seems possible to assume that this form consigts|
and some higher polyiodides. The existence of different io
forms is also confirmed by iodometric titration of the samp
after desorption (Table 5).

lodine sorption and desorption curves of the PCP fi
were used to estimate the values of iodine diffusion coefficig
To determine the diffusion coefficient D a Stéfam  appr g
was used [31]. Itates that at short times (up t¢Mk =0.5), the
amount of substance diffused is proportionalfo t

Y2

M, /M, =4(Dt/pl?)",
where M denotes the total amount of diffusing substance wh
has entered the sheetiate t,
M. - the corresponding quantity after infinite time,
ti time,
D1 diffusion coefficient,
|7 thickness of the film.

The diffusion coefficients were also calculated from
Crankbés solution of Fickos
nonsteady diffusion
concentrations the following equation was obtained:
-4———exp DB(n szt N2
na:o(2n+1)2,02 p{ ( ¥ }
Taking n=0 for latetime approximation results in:

Moog -%f—z G Bpt 17).

<]

M,
ME!

M

These equations were used to determine Ch Hot
sorption and desorption processes. It should be noted that
molecular iodine was taken into account in calculations
diffusion coefficients during desorption. The results
calculations are shown in Table 6.

The calculations by both methodsosh quite similar
results. The highest diffusion coefficient is observed for p

1ed to

in a plane sheet with equal surface

polymer matrixcontributesina decreasef its free volume and, as
ta resultjn a significant reduction of thdiffusion coefficients. The
inemallest diffusion coefficient during sorption is observed for PC
5ASA. Probably the presence of three potentially active groups ir
Ur&-ASA molecule (amino, hydroxyl and carbonyl groups) leads to
h some steric obstacles to the icglipenetration into the sample by
ttieelation with hydroxyl groups of pectin.
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For three samples (PEA, PGAA and PCGNA) the
diffusion coefftients values in the process of desorption are much
uIsé'naller than in the sorption process. During desorption these

Ctﬁz?mples contain a significant amount of iodine in various forms,

pectin. The introduction of bulk pharmacophores into the pe
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which also leads to a decrease in free volume and a diminishi

diffusion coefficients.
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For PC and PGASA, the diffusion coefficients i
sorption and desorption processes areoatnidentical. For pur

pectin, this is quite expected result, since the amount of iodine
incorporated into the polymer matrix is very small and can hardind dissolving of the pectin matrix itself. The amount of iodine in

‘vg in

Figure 3.IR spectra in 1600800 cnt region of DS and their complexes with pectin.
microstructure of the sample surface after doping play a role her

(Fig.5, 7).
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Desorption of iodine in water is accompanied by swelling

affect the diffusion rate. The reason for -BESA anomalous| water was controlled by intensity AB at 290 nm () (Fig. 8).
behavior is not so obvious. Perhaps sosiemnges in th
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Figure 4.Supposed structures of PC complexes with DS.
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The complete release of iodine from the pectin filnPCP water solutions (Table 7) show that iodine interaction occurs
occurs after 280 minutes, while in samples with pharmacophofesn carbonyl and hydroxyl groups.
the time of iodine release increases up 4ohdurs, providing @ 3.3. Biological activity of PCP.
prolongation effect. The results of bacteriological studies of original and
The compositions of PGB complexes were determinediodine-doped PCP films are presented in Table 8 and figufé®.
by the method of isomolar series and molar relations (1:1) [aadtivity of the compounds was evaluated by the degree of
stability constants (Table. 7). A stability series of iodipeinhibition of infectious agents growth in comparison with the
containing pectin complexes duringsoeption in water looks a$ control sample. As it can be seen from Table 8, the largest growtl
follows: PCIl,<PGAA-I,<PG5ASA-1,<PGSA-1,<PGNA-I,. delay zone was observed in the-RE&-1, sample. The results

The introduction of pharmacophore into the polymeindicae the prospects of the use of these materials in medica
matrix increases the stability of iodigentaining complexes by practice that, along with the prolongation of the action and the
50-250 times compared to the REsystem. IR spectra obdine | lack of aggressiveness inherent in iodine, nsakeromising to
use them as antiseptic materials of mild action.

PCiodine PC-NA-iodine PG5ASA-iodine

Figure 7.Microstructure of polymer matrices doped with iodise; al e bar 100 & m.

Output of 100
three-iodide
ioms, %

1 I
0 0.5 1 15 6 12 24
Time, h

Figure 8.Kinetic curves of iodine ions release from the PCP films inwatet: T ,it ) A, T 135 ¢ SAI,t GBA, 51 { NA. o=2"
nm,I=L 0 cm?C.uv=25

Figure 9.Inhibition zone of microorganisms grow8taphylococcus aureasmdEscherichia colisamples 1 PCl,, 21 PGSA; 31 PGSA-
lo; 47 PGNA; 57 PGNA-I; 61 PG5 ¢ & At PGB ¢ SlA

Table 1.Elemental composition of pharmadmpe containing pectins

Sample
PC-AA 46.01 44.40 5.21 4.70 4.95 3.45
PC-S5ASA 45.33 44.30 5.02 4.92 5.01 3.44
PC-SA 47.22 46.15 4.97 4.61 - -
PC-NA 44.79 42.90 4.80 4.20 5.44 3.59
PC 40.25 42.11 5.49 4.86 - -
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Table 2.Physicochemical characteristics of pectin interaction products with drug compounds
20

Compound B.-107, Vmol | max, N, a’p, [n], d/g
H,0 (C 0.01; H,0)
PC - 210 3388n( {1) , +180+2 2.3
1741n( &= [ ) ,
11041015n( & , -4
PC-5ASA 2.840.1 310 3315n( {1 ) ., +52+2 0.8
1734n( u = [ ) ,
11031022n( & , -4
PC-NA 4.0+0.2 265 3300n( {1) , +115+2 35
1718n( & = [ ) ,
11141032n( 4 , -4
PC-AA 2.7+0.1 304 3304n( {1) ; +47+1 1.1
1720n( ¢ =) ,
11031014n( & , -44
PC-SA 2.0+0.1 303 3237n( { ) ; +84+2 0.9
1746n( ¢ = [ ) ,
11001021n( & , -44
Table 3.Structure of drug compounds with carbon atoms numeration
Compounds
HO__O HO.___O
|
6.
57 \l/N_b 3= \:I_/O-|
| | | \
4\3/£ 4\5/!5
Anthranilic acid AA Salicylic acid SA
H.__0 o
| 4 7
~ ~
o 9
| \é
4 AN
I—bN/ N5 N

S-aminosalicylic acid SASA

Nicotinic acid NA

Table 4.Values of chemical shif§C CH-groups of individual substances and their complexes

Complex PC-AA Complex PC-5ASA Ad, ppm
C! 146.40 146.78 0.38 153.41 153.73 0.32
Cc? 118.24 118.09 0.15 116.81 116.87 0.06
c? 131.08 131.05 0.03 123.22 123.45 0.23
ct 120.70 120.77 0.07 136.81 136.10 0.70
[ 132.29 132.20 0.09 120.15 120.19 0.04
[ 118.86 118.58 0.28 117.90 117.69 0.21
c’ 175.34 175.63 0.29 175.28 175.21 -0.07
NeC SA Complex PCGSA qd, ppm NA Complex PGNA qd, ppm
C! 159.60 159.60 0 - - -
C? 117.88 117.77 0.11 142.96 143.43 0.53
c? 134.03 134.03 0 126.83 126.74 0.09
ct 119.35 119.35 0 142.40 142.85 0.45
c’ 130.47 130.47 0 135.38 135.39 0.01
ct 116.28 116.28 0 145.78 145.36 0.42
C’ 175.38 175.38 0 168.14 168.58 0.44

The name of the sample

Table 5. Maximum iodine content in samples after doping and after desorption

Iodine content of the sample

After doping [ed, % After desorpibn
mass [l ged, % mass [I5], % mass
PC-I, 4.2 1.1 0.6
PC-NA-I, 65.5 33.0 14.4
PC-AA-I, 65.5 33.0 18.6
PC-5ASA-I, 60.5 33.2 5.5
PC-SA-L, 39.2 25.0 4.4

Table 6. lodine diffusion coefficients
Iodine diffusion coefficient D, 1075 m?%/sec
Sorption

Desorption

Stefan Crank Stefan

Crank

181.00 190.50 159.00

233.20
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PC-5ASA 7.24 6.66 8.17 6.93
PC-SA 13.70 9.40 181 3.54
PC-AA 12.50 16.90 3.42 2.74
PC-NA 9.16 13.60 1.39 3.08
Table 7. Physical and chemical characteristics of aqueous sadutibthe samples obtained
Compound IR spectra, /1, cm™ B.:10”, /mol
PC-I, 3312n( {1 ) ; n(W7=3[3 ; 0.7+0.1
1149, 1025( &, -[ &
PC-SA-I, 3324n( {1 ) ; n(la7=4]5 ; 69.0£3.0
1155, 1018 ( &, -[ &
PC-5ASA- 1, 3367n( {1 ) ; n(7=3(0) ; 6.4+0.1
1135, 1014( &, -[ &
PC-AA-I, 3326n( 1) ; n(7=2(0 ; 6.2:0.1
1100, 1005( &, - &
PC-NA-I, 3338n( {1 ) ; n(7=0[7) ; 190.0+15.0
1114, 103( &, -{ &

Table 8.The zone of growth inhibition of microorganisms, fam
Staphylococcus
epidermidis

Compound Staphylococcus

aureus

Escherichia coli

PC-NA-IL, 22 - -
PC-5ASA 9 - 8
PC-5ASA-I, 20 - 10
PC-AA - - -
PC-AA-L 17 - -

4. CONCLUSIONS

New complex compounds based on apple peatid
pharmacologically active organic acids (nicotinic, salicylie,
aminosalicylic and anthranilic acids) were synthesized. It
shown that the apple pectin forms ké@mplexes with selecte

organic substances (i.e. 1 drug molecules per 1 pectin mon

unit). The structures of the complexes obtained were suggeste
The conditions for obtaining stable iodinentaining

films based on pharmacophores modified pectin have

developed. It was shown that the

pectin films not only with a high iodineontent butalso with its
5controlled and prolonged release. lodine diffusion coefficients
alsiring sorption and degation processes were calculated.
) According to the results of microbiological tests, it was
pritemd that film materials based on tR&-SA-1,, PG5ASA-I,,
.PGNA-I,systems are better in antibacterial activity toR@l,by
1.31.5 times (depending on therwstture of the modifying

egmarmacophore). Thus, our approach makes it possible to obtai

inclusion of organiodinecontaining film materials based on pectin polysaccharides

pharmacophore in pectin mixt leads to an increase in iodinemodified with pharmacologically active acidsathhave an
content in polymer by 1IB0 times and makes it possible to obtairantimicrobial effect
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