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SYNTHESIS AND BIOPROTECTIVE PROPERTIES OF HYBRID
MONTMORILLONITE-POLYSACCHARIDE COMPOSITES

Abstarct. Polysaccharide-silicate composites based on pectin (PC) and Tagansorbent (TS) - montmorillonite of
the Tagansky deposit — have been synthesized. The calculated amount of pectin in the composites was 5, 10, 20, and
40%. Viscosimetric method showed the degree of fixation of pectin on the surface of the inorganic sorbent Samples
of the prepared pectin-containing composites have been studied by various physicochemical methods (IR-
spectroscopy, scanning electron microscopy, X-ray diffraction). The data of IR — spectroscopy and scanning electron
microscopy showed the presence of polysaccharide in the prepared composites. The IRS method has confirmed the
shifting absorption bands of the pectin functional groups in the polymer fixed to Tagansorbent. SEM images has
demonstrated modification of the surface of inorganic sorbent after treatment with pectin.

The adsorption of lead ions (Pb*") on the developed polysaccharide-silicate composites has been studied for
further their testing as enterosorbents. The optimum adsorption activity was observed in the presence of the
composite with a pectin content of 9.4%. The polysaccharide-silicate composites have shown bioprotective
properties at the study of the total proteolytic activity (TPA) of the intestinal walls of lead-intoxicated rats.

Keywords: Pectin, polysaccharides, tagansorbent, organo-inorganic composite, sorption activity, bioprotective
properties.

Introduction

Recently a wide variety of new technologies on syntheses of polymer-inorganic nanocomposites is
being developed. One of the most potentially complementary applications of the hybride composites is the
creation of new materials with improved properties. Polysaccharides as the components of the composites
are in the focus of the researchers [1-6] due to biodegradability, environmental friendliness and
renewability of ssuch kind of polymers [7-14]. Hybrid sorbents consisting of biocompatible components
can be used in medicine (as enterosorbents) for removing toxic substances from living organisms [15-18].

In the present work, pectin and montmorillonite of the Taganskii deposit are used to develop
polysaccharide-silicate composites. It is known [19] that Tagansorbent is an effective detoxicant, which is
used as a preparation for removing toxic substances from the human body. Pectin is also one of the most
important and recognized sorbents. It is known [20] that pectin substances are extremely effective and
absolutely harmless natural detoxicants. Pectin is very important for the stabilization of metabolism, It
reduces the cholesterol in the body, improves peripheral circulation, as well as intestinal peristalsis. But,
nevertheless, its most valuable property is the ability to purify living organisms from harmful substances:
heavy metals, radionuclides, nitrates, pesticides and other toxins [21, 22].

The object of the paper is to determine the sorption capacity of lead ions on pectin-montmorillonite
composites for further their testing as enterosorbents.

Experimental part
Montmorillonite of the Tagansky deposit produced by LLP "Sorbent" (Tagansorbent), pectin (PC,
Mw = 15000, the content of the uronide components is 91.3%, the degree of esterification is 64.3%, pure
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for analysis), lead nitrate (II), pyridylazo-resorcinol (PAR, pure for analysis.) were used without further
purification.

Synthesis of pectin-containing hybrid materials based on Tagansorbent (TS) was carried out by
adsorption of pectin on this inorganic sorbent at room temperature and constant stirring for 2 hours. The
precipitate was then kept in the mother liquor within 24 hours. The amount of polymer injected to 1.0 g of
Tagansorbent was ranged from 0.05 to 0.67 g.

The completeness of the fixing of polymers to Tagansorbent was evaluated by the method of a
calibration curve by measuring the viscosity of the mother liquor before and after pectin sorption. The
viscosity of solutions was determined in a cryostatic cell KRIVOVIST-01 at a temperature of 20+0.1°C
using Ubellode viscometer (k = 0.001077 mm?/ s%).

IR spectra were obtained using a Karl Zeiss Specord-IR-75 with a resolution of 3 cm™ in the 4,000-
400 cm™ region. Pellets for infrared analysis were prepared by grinding a mixture of 1 mg sample with
100 mg dry KBr, followed by pressing the mixture into a mold. Instrumental errors at frequency
determining were: 4000-2500 cm’ +3 em™; 2000-400 cm™ £ 1 cm™.

Diffractograms of TS-containing samples were examined on a PANalytical X'Pert MPD PRO
diffractometer in copper filtered radiation with a wavelength of 0.154 nm. Preparation of the samples for
analysis was carried out by pipetting the aqueous suspension of the sample onto a glass plate, followed by
drying in air until the water was completely removed.

The morphology and structure of the initial Tagansorbent and the pectin-containing composites were
examined by a scanning electron microscope JEOL JSM-6610 LV (Japan).

The sorption properties of polysaccharide-silicate composites were studied by the following
procedure: 10 ml of water were added to 0.1 g of the sorbent and mixed until a homogeneous suspension
has been formed. A hydrochloric acid solution (0.01 N) was added dropwise to the resulting suspension to
reach pH of 2.5 and then 10 ml of a lead nitrate solution (100 mg Pb® “/I) were added. Adsorption was
carried out for 4 hours. After filtration the precipitate was analyzed by SF-2000 spectrophotometer using a
PAR reagent according to the procedure [23].

The detoxification properties of the developed polysaccharide-silicate composites were evaluated on
the lead intoxicated rats (190-220 g) by testing changes in total proteolytic activity (TPA). The TPA index
was determined in the acute experiments under Nembutal anesthesia (4 mg/100g body weight,
intramuscularly). An abdominal cavity of rats was opened over the white line, blood was taken from the
venous vessel and intestinal samples were prepared for further experiments. The tissue (200 mg) were
taken, then tissue samples were homogenized with an Ultra-TurraxT8 dispersant. The level of total
proteolytic activity of homogenates of the small intestine wall was determined by precipitation of proteins
with ethyl alcohol. The calibration curve was plotted using amino acid phenylalanine and the obtained
data were presented in pg of phenylalanine (Fen) per 1 mg tissue (for homogenates) for 1 hour of
incubation. The control was samples without incubation.

Results and discussion
The amount of pectin adsorbed on Tagansorbent was determined using a calibration plot of the
viscosity of the polysaccharide solution versus its concentration (Fig. 1).

MM

—_—s

Viscosity, mm2/s

b N Ioromat
ST b0 = o T 0 P

0 002 004 006 008 01 012 014 016 018 0.2

Concentration, %

Figure 1 - Calibration chart for determination of pectin concentrations in solutions
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Using the graph, the amount of adsorbed polymer was determined based on the difference in the
values concentrations. The results of calculations on the content of polysaccharide in composites are
presented in Table 1

Table 1 - Adsorption of pectin on Tagansorbent

The amount of pff:(flflsll injected to 1 ¢ v (sol-n) after m(PC) in sol-n m(PC) Degree of Comp-n of
m(PO), 2 o w(P C)*, % sorption, MM/s after sorption, g adsorbed., g adsorb., % PC, %
0.0526 5 0.9750 0.0025 0.0501 95.2 4.8
0.1111 10 1.0498 0.0078 0.1033 93.0 9.4
0.2500 20 1.2560 0.0247 0.2253 90.1 18.4
0.6666 40 2.5980 0.1047 0.5619 84.3 36.0
Note: * - the mass fraction of the injected polymer according the sum of the masses of all injected components of the
composite (PC + TS), %

It has been established that the degree of adsorption of the polysaccharide on Tagansorbent decreased
with increasing amount of the biopolymer introduced. As a result, PC/TS composites were obtained, the
content of pectin in which was slightly different from the calculated data (5, 10, 20% and 40%) and were
4.8, 9.4, 18.4% and 36.0%, respectively (Table 1).

The presence of pectin in the composites obtained was confirmed by IR spectroscopy (Table 2). The
wide band in the area of 2800-3000 cm™ is characteristic of the asymmetric and symmetric stretching
vibrations of -CH- groups of pectin. The shifts of stretching (3000-3700 cm™) and bending (1200-1400
cm™) of the -OH as well as C = O groups of pectin indicated their interaction with the surface hydroxyl
groups of Tagansorbent. A slight shift of some bands characteristic of Al-O and Si-O of TS was also
observed confirming bonding of the polymer to TS.

Table 2 - IRS data of the examined samples

6CH vC-O-C SOH(TC)
Sample vOH vCH vC=0 SOH vC-C vSi-O
vC-O vAI-O
. 2933 1762 1445 1123
Pectin 3429 2857 1638 1348 1076
1248 1060
1030
3630 914
TS 3430 i i i 527
472
1039
3631 Overlapped by
2925 1758 1408 - 925
9.4%PC/TS 3408 2847 1635 1340 a PC signal 529
3169 468

Thus, the conducted studies indicate the possibility of creation of hybrid materials by adsorption of
the polysaccharide on Tagansorbent. The results of IR spectroscopy have indicated the formation of
polysaccharide-silicate composites through chemisorption of the polymer on the surface of the
aluminosilicate.

The study of synthesized composites by scanning electron microscopy (SEM) showed that
modification of the clay mineral with pectin promoted the aggregation of the aluminosilicate into larger
particles to compare with initial TS (Figure 2).

It is known that the X-ray diffraction method is widely used in the study and identification of clay
minerals and their composites by determining the position of basal reflection (001).
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Figure 2 - Micrographs of SEM of Tagansorbent (a) and 9.4% of PC/TS composite (b)

The diffraction pattern is represented by a wide reflex at 20 = 7.06 ° (d001 = 12.55 A) and with two
second order reflexes at 20 = 12.10 ° (d002 = 7.31 A) and 14.20 ° (d002 = 6.26 A), which indicate that the
pectin-modified sodium montmorillonite is in a partially intercalated state (d001 = 14.62 A) (Figure 3)
[17]

9.4% PC/TS

00

Counts

10 15
Position [°2Theta] (Copper(Cuy))

Figure 3 - Diffractogram 9.4% of PC/TS

The sorption properties of the developed polysaccharide-silicate composites towards lead ions (Pd*")
were studied by spectrophotometry.

It was shown (Table 3) that the modification of Tagansorbent with pectin led to an increase in the
sorption capacity of composites. The sorption capacity of PC/TS with a pectin content of 4.8% was 9.2
mg/g versus 8.4 mg/g for the original TS. A further increase in the content of biopolymer (up to 9.4%) in
PC/TS led to a slight increase in sorption capacity (Table 3). In the presence of 36.0% PC/TS composite,
the amount of the adsorbed lead was reduced to a level corresponding to the unmodified montmorillonite.
Thus, the maximum adsorption of lead (93%) was achieved on the hybrid PC/TS composite with 9.4%
polysaccharide content (Table 3).

Table 3 - Sorption of lead on PC/TS composites as a function of polymer content

PC comp-n, % Mass of sorb., C(Pb*") in sol-n C(Pb*) in sol-n Degree of So.rbent
’ Mg before sorpt-n, Mg/l | before sorpt-n, Mg/l sorption, % capacity, Mg/g
0 102.3 50 7.0 86.0 8.4
4.8 101.6 50 3.7 92.6 9.1
9.4 101.0 50 3.5 93.0 9.2
18.4 101.4 50 4.9 90.2 8.9
36.0 102.0 50 7.1 85.8 8.4
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To study the bioprotective effect of the developed polysaccharide-silicate composites, a control test
was conducted. The activity of proteolytic enzymes in the intestinal part of experimental rats has been
compared for the lead-intoxicated, PC/TS taken and the control group of animals (Table 4).

Table 4 - Data of total proteolytic activity of the intestinal wall after lead intoxication against the background of pectin-containing

composites

Ne Index Guts pgFen/mg * hr
1 Control 465.50 £15.72

2 Pb(NO3), 1213.88+18.60

3 4.8% PC/TS+ Pb(NOs), 787.45+23.21

4 9.4% PC/TS+ Pb(NOy), 74791+ 12.80°

5 | 18.4% PC/TS+ Pb(NO;), 714.99 £ 14.627

Note: * - p<0,001; compared with the data of a group of rats subjected to lead intoxication.

The results of the experiment showed a 2.6-fold increase in the activity of proteolytic enzymes in the
intestines of rats subjected to lead intoxication, as compared to control animals. The increase in
proteolysis demonstrates the increased process of digestion and deep purification of body from
conformationally altered lead-intoxicated proteins. It reflects the significant aggressiveness of the
xenobiotic damaged intestinal wall. The enzymatic activity decreased by 1.5-1.7 times with the injection
of PC/TS hybrid composites, indicating protective function of the obtained materials. A more pronounced
protective effect is achieved in the presence of sorbents with a pectin content of 9.4% and 18.4%.

Thus, PC/TS composites protected the wall of the small intestine of rats from the toxic effect of lead
nitrate. With an increase in the content of pectin from 4.8% to 18.4%, the activity of proteolysis decreased
from 70% to 50% compared to the data for the group subjected to lead nitrate poisoning. The active
removal of toxic substances from the body in the presence of composites is probably due to the synergistic
effect of combining the complexing properties of pectin with the sorption ability of Tagansorbent.

Conclusions

The results of this work have shown the possibility to synthize polysaccharide-silicate composites by
a simple and environmentally friendly approach through adsorption of pectin on Tagansorbent
(Kazakhstan natural montmorillonite). Fixation of pectin to the surface of the inorganic sorbent with
partial formation of intercalated structures has been confirmed by physico-chemical methods. The results
of the study showed high sorption and bioprotective properties of the developed hybrid enterosorbents
based on natural components such as pectin and Tagansorbent.
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I'nbPUATI MOHMOPHJVIOHUT-ITIOJIMCAXAPUATI KOMITIO3UTTEPAIH CUHTE3I
7KOHE BUOITPOTEKTPJIIK KACUETTEPI

AnHoranus. ITextun (ITK) sxone TaraH KeH OpHBIHBIH MOHTMOPWILIOHUTI - TarancopOent (TC) Herisinme
MOJICaXapUI-CUITUKATTBI KOMITO3UTTEDP aiabIHABL. KoMIo3uIusaarsl MEeKTUHHIH ecenTenreH kememi S5, 10, 20 sxoHe
40% xypanbl. BUCKO3MMETPHSUIBIK Ofici apKbUIbl OeHOpraHMKalIbIK COpPOEHTTIH OCTiHAEeri MEKTHHHIH OeKiTiny
nmopexeci kepcetinai. Kypambinaa 4,8, 9,4, 18,4 xone 36,0% mnextuni 6ap ITK/TC xyiienep anbiHbl. AJBIHFaH
KypambIHIa MEKTHH 0ap KOMIIO3MTTEPHiH YJriepi oaprypii ¢usukanbik-xuMmusuiblk apicrepi (MKC, ckanepaen
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OTETIH JNEKTPOHIBIK MUKPOCKOIHS, PEHTIeH AU(PaKUUsICHl) apKbUIbl 3eprreireH. MK-cnekrpockonus, ckaHepiey
AIEKTPOHABIK MUKPOCKOTHSACHIHBIH JIEPEKTEPi KOMITO3UT KYpaMbIHIa MoJucaxapuariH 6omysH pactansl. UKC amici
apKpUTBl MEeKTUHII TaraHcepopOeHTKE OTBIPFBI3FaH Ke3le MOJIUMEpHiH (YHKIMOHAJIBIK TONTAPBIHBIH JKYTBUTY
KOJIAKTapBIHBIH BIFBICYBl OaiKanblHagbl. bellopraHuKanblk COpOSHTTI NMEKTHHMEH MOIM(UKaLMsIaFraHHAH KeWiH
COM mukpodorpadusiapblHaa ATIOMOCHINKATTEIH OCTiHAE e3repicTep OalKamasl.

OHTEepPOCOPOCHT peTiHAe dpi Kapail KoiJaHy MaKCaThIHa OHIIPLUIreH 0JIMCaxapy/I-CUIIMKATThl KOMIIO3UTTEPIE
KoprachiH HoHIapbiHbIH (Pb”") azcopbumscel 3eprrenai. OHTAMIBl COPOLMAIBIK KaOiIETTimiKKe He OGONbI
Kypambiaaa 9,4% mekTrHi 0ap KOMIIO3UT CKCHI aHBIKTAJI/IBI.

Komrmo3urrepai KonjgaHy asichlHla KOPFACBIHHBIH WHTOKCHUKAIMSACBIHAH KEHIH ereyKyMpbIKTapIblH —1IIeK
KaOBIPFachIHBIH JKaJIIbl NPOTEONMTHKANBIK Oencenainirin (OPA) 3eprrey OaphichIHIA IOJMCAXapUA-CHIMKAT
copOeHTTepiHIH KOPFaHBIII KaCHETTepl Oap eKeHi KopCceTiIreH.

Tyiiin ce3nep. IlexTnH, monMcaxapuarep, TaraHCOPOGHT, OPraHHUKAIBIK-OCHOPraHUKANbIK KOMIIO3MT,
COpOUMSITBIK OEJICeHIITIK, OMOTIPOTEKTOPIIBIK KACHETTEP.
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CHUHTE3 U BUOITPOTEKTPHBIE CBOMCTBA T'MBPUIHBIX
MOHMOPWIVIOHUT-ITIOJIMCAXAPU/IHBIX KOMIIO3UTOB

AnHoTanusi. CHHTE3MPOBAaHBI IOJHMCAXapUA-CHIMKATHbBIE KOMMIO3UTHI Ha ocHoBe mnektuHa (IIK) n
Tarancopbenra (TC) - MmoETMOpHILIOHNTa TaraHCKOTO MECTOPOXKACHNUS. PacueTHOE KOMTMYECTBO IMEKTHHA B COCTaBe
KOMIO3UTOB cocTaBisuio 5, 10, 20 u 40%. Bucko3uMeTpnaeckuM METOAOM ITOKa3aHa CTEIeHb 3aKpPETUICHISI TIEKTHHA
Ha MOBEPXHOCTH HeopraHudeckoro copoenta. boutn nosnydenst [IK/TC cuctemsl ¢ copepkannem nektuna 4,8, 9,4,
18,4 u 36,0%. OO6pa3upl MOTYYEHHBIX MEKTHH-COACPIKAIINX KOMIIO3UTOB OBIIM M3Y4YEeHBl PAa3TUYHBIMU (DHU3HUKO-
xumuueckumu Metgamu (MKC, ckanupyromas 3JeKTpoHHAsT MUKPOCKOIHMS, PEHTTeHOBCKast nudpaxius). JlaHHbIe
HK-crieKTpoCKOuH, CKaHUPYIOIIEH 3JeKTPOHHOW MUKPOCKONHMHU MOATBEPMIM HAIWYME IOJMcaxapujia B COCTaBe
komro3utoB. Merogom UKC ycraHoBII€HO, YTO [P HAaHECEHUH IIEeKTUHA HA TaraHcOpOeHT MPOMCXOAUT CMEIEeHHE
M0JIOC TIOTJIOIICHMsT (DYHKIMOHAJIBHBIX Tpynn mnonuMepa. Ha mukpodororpadusx COM mnocne Mmomudukammn
HEOpraHUYECKOro copOeHTa MEeKTHHOM HaOJII0AaeTcsl M3MEHEHUE ITOBEPXHOCTH aJTIOMOCHIINKATA.

Uccnenosana ancop6uus HoHoB ceuHua (Pb>") Ha pa3paGOTaHHBIX MONMCAXAPH/I-CHIMKATHBIX KOMIIO3HTAX C
LENbI0 JANbHEWIIEro WX TECTHPOBAaHMS B KadeCTBA JHTEPOCOPOEHTOB. YCTAHOBJIEHO, YTO ONTHMAIbHOU
COpOLIMOHHOW CIOCOOHOCTRIO 00JIaZaeT KOMITO3UT C copepikaHueM mekThuHa 9,4%. Ilpu umccnemoBanmu oOImIei
npoteonutuaeckoi akTuBHOCTH (OITA) CTEHKM KHWIIEYHHWKAa KPBIC TIOCIE€ CBHUHIIOBOM WHTOKCHKAIMH Ha (oHE
NPUMEHEHHSI KOMIIO3UTOB [OKa3aHO, YTO MOJNHCAXapH-CUINKATHbIE COPOCHTHI MPOSBISIIOT MPOTEKTOPHBIE
CBOICTBA.

KaroueBsie cioBa. [lextuH, noaucaxapuibl, TaraHCOpOEHT, OPraHO-HEOPTaHMYECKUIT KOMIIO3UT, COPOIIMOHHAS
AKTUBHOCTh, OMOIPOTEKTOPHBIE CBOMCTBA.
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