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ABSTRACT

A novel biopolymer-based superabsorbent hydrogel (SAP) was synthesized through chemical cross-linking by
graft copolymerization of acrylamide (AM) and itaconic acid (IA) onto Gum ghatti (Gg) viaaredox initiator system
of ammonium persulfate (APS) and N, N, N’, N’-tetramethylethylenediamine (TMED), in the presence of N, N -
methylenebisacrylamide (MBA) crosslinking agent, sodium bicarbonate foaming agent, a triblock copolymer of
polyoxyethylene/ polyoxypropylene/ polyoxyethylene as afoam stabilizer. Characterization of SAP was done by
FT-IR, TGA, SEM, HPLC and GCMS. The effects of pH and salinity on the swelling aptitude of the SAP were
investigated alongwith its degradability in Streptococcus bovis medium.
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INTRODUCTION

Superabsorbent polymer (SAP) hydrogels are
lightly crosslinked hydrophilic polymersthat can ab-
sorb, swell and retain aqueous solutionsup to hundreds
of timestheir ownweight. They aremostly usedin hy-
gienic (disposable diapers, sanitary napkins, surgical
pads, etc.) and, to aless extent, agricultural applica-
tions. Thisability to absorb water ismainly dueto the
presence of ionic functiond groups¥. Hydrogeswhich
swell and contract in responseto external conditions
likesdlt, pH, temperatureand e ectrictimulushavebeen
studied®4. In case of ionic hydrogelsmany structural
factorslikecharge, crosdinking density, hydrophilicity
and degree of ionization, pKavalue of theionisable
groups affect the degree of swelling. Also, properties
of swelling medium like pH, ionic strength of counter
ionanditsvaency influencestheswelling properties™
8. Workersfromall over theworld areworking onthe

synthesisof superabsorbentsbased on natural polysac-
charidesasbackbone because of their exceptiond prop-
ertieslikebiodegradaility, biocompatibility, renewability
and non-toxicity!®19,

Several reportswere avail able on the synthesis of
porous hydrogelsmadefromAM and |A monomers*
3 but no substantial work has been reported rel ated
tograftingof AM and 1A onto Gg. Thepresent articleis
based on the synthesis and characterization of anovel
bi odegradabl e superabsorbent hydroge through chemi-
cd crosdinking by graft copolymerization of and 1A onto
Ga.

MATERIALSAND METHODS

Materials

Gum ghatti (Gg) was purchased from Sd-Fine
ChemicalsPvt. Ltd. Ammonium persulfate (APS), N,
N, N’N’-tetramethylethylenediamine (TMED), N,
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N’methylenebisacrylamide (MBA), Sodium bicarbon-
ate (NaHCO,) were purchased from Fluka (Buchs,
Switzerland). Lutrol F*127 was obtained from BASF
(Ludwigshafen, Germany). Acrylic acid (Merck,
Darmstadt, Germany) wasvacuumdistilled at 63°C /
12 mmHgand 50 °C /50 mm Hg, respectively, prior to
use in order to remove the inhibitor. Milli-Q grade
deionized water was used for preparing the solutions.

Synthesisof graft copolymer, Gg-g-poly [AM-co-
IA]

A pre-weighed amount of Gg (1.0g) wasadded to
30 ml deionized water in a500 ml reactor equipped
with amechanical stirrer (RZR 2021, athree-blade
propeller type, Heidol ph, Schwabach, Germany) and
stirred (250 rpm) for 10 min. Thereactor was placed
in athermostated water bath to control the reaction
temperatureat 80 °C. After dissolving Gg and homog-
enizing the mixture, the monomersAM, |A and the
crosdinker, MBA, Lutrol F~127 (foam stabilizer) were
simultaneously added and the reaction mixture was
stirred for 15 min. Thentheinitiator APS (oxidant) and
TMED (reductant), NaHCO, (forming agent) was added
(TABLE 1). Thesolution was stirred at 400-500 rpm
whilemaintainingthetemperatureandinert amosphere.
Thetemperaturewas maintained at 80 °C andthere-
action mixturewasstirred continuously for 4 h. The
low molecular weight substances remaining in the
sampl esafter polymerization wereextracted with boil-
ing ethanol for 24 h. The product was collected by cen-
trifugation and dried inthe oven under vacuum at 60°C
for 24 h. Thedried graft polymer was added to 300 ml
deionized water. It wasdlowed to swell during agita-
tioninawater bath at the constant temperature of 60
°C for 24 h. Then it was extracted with ethanol in a
soxhlet for 6 h followed by water at 100 °C for 72 h.
Theprecipitatewasfiltered and dried under vacuum at
60 °C.

FT-IR spectra

FTIR spectraof individua and crosslinked polymers
wererecorded in therange 400-4000 cmtonaPerkin
Elmer Paragon 500 FTIR spectrophotometer usng KBr

pellets.

Thermogravimetricanalysis
Thethermo gravimetric analys sdatawererecorded

> Fyf] Poper
withashimadzu DTG-50therma andyzer. Thesamples
were heated from room temperature to 600 °C at a

TABLE 1: Composition of thefeed mixture
AM 1A (ml)

Polymer MBA KPS TMED (ml) 1% ES

code @ @ M) e o (@9
p1 01 01 0.1 25 25 412
P, 0.2 01 0.1 25 25 375
Ps 0.3 01 0.1 25 25 272
P 0.1 0.2 0.1 25 25 488
Ps 0.1 0.3 0.1 25 25 395
Ps 0.1 0.2 0.2 25 25 540
P; 0.1 0.2 0.3 25 25 415
Ps 01 0.2 0.2 5.0 25 372
Py 01 0.2 0.2 7.5 25 332
P1o 01 0.2 0.2 25 50 60.1
P11 0.1 0.2 0.2 25 75 547

Reaction conditions: Gum ghatti: 1g, Lutrol F®127: 100mg,
NaHCO_:0.5g, H,0:30ml, Temperature: 80 °Cs

heating rate of 10 °C per min.
Scanning electr on micr oscopy

The SEM of gold-coated sampleswere obtained
using JSM - 6390LV scanning € ectron microscope (Jeol
Ltd, Japan) at amagnification of x 5to 300,000 (Reso-
[ution-HV 3.0 nm).

Deter mination of residual | A by high performance
liquid chromatography (HPL C)

Resdud |A wasdetected and quantified by HPLC
(Prominence, Shimadzu Corporation, Japan). Thechro-
meatographic system cond sted of acomputer-controlled
pump (modd LC 20AT), autosampler (modd SIL-10AF)
equipped with a200ul sample loop, photodiode array
(PDA) detector (model SPD-M20A). Shimadzu LC
Solution softwarewasused for thesystem and dataman-
agement. Theseparaionwasperformedinisocraticmode
at aflow rateof 1.0ml /min and atemperature of 40°C
onananaytica column Gemini 5u C18, 150 x 4.6 mm
(Phenomenex, USA). An RPC18 Security guard (4 x
3mm, Phenomenex) was empl oyed to protect the ana-
lytical column. The mobile phasewas aqueous 0.05%
orthophosphoric acid and theinjection volumewas50ul.
Theobsarver backpressureva ueswereintherangefrom
1400t0 1450 psi. Datawas acquired and processed by
L C solution software (Shimadzu, Japan).
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Determination of residual AM by liquid chroma-
tography massspectrometry (LCMSMYS).

Residual AM wasdetected and quantified by Lig-
uid Chromatography Mass Spectrometry (LCMS/MS).
Anaysiswere performed on a Perkin-Elmer 200 Mi-
cro pump series system (perkin-Elmer, Uberlingen,
Germany) coupledto anApplied BiosystemAPI 2000
triple quadrupol e mass spectrometer equipped witha
Turboionspary ioni zation source (Applied Biosystem,
Foster City, CA). MSdetection wasperformed inthe
positiveion mode using multiplereaction monitoring
(MRM). Datawas acquired and processed by Analyst
software (verson 1.4.1).

Swelling measur ementsof superabsor bent hydro-
gel

Swelling behavior of the prepared SAP was per-
formed by teabag ™ method. About 0.100 g of sample
was added to asmall bag made of nylon (50 mm x 90
mm; 200mesh). Thenthebagwascompletely immersed
inthe swelling medium (200 ml) at room temperature
for 24 hto reach the swelling equilibrium. It wasre-
moved from the swelling medium and hung up for 15
min toremovetheexcessfluid and weighed.

Theequilibrium swdling (ES) wasdefined asfol -
lows

W, - W
ES(g/g>=(STd“) M
WhereW_ andW  aretheweightsof theswollensample
andtheweight of dried gdl, respectively.

Degradation study by Sreptococcushbovis

A culturemedium was prepared by taking MRS
broth (deMan, Rogosaand Sharpebroth). The broth
was sterilized by autoclaving for 15minat 121°C ata
pressure of 151bs (pH=5.7+2 at 25 °C). Sreptococ-
cusboviswasinoculated in this medium and the pure
culturewasmaintai ned separately in theincubator. To
10ml of thesterilized broth, 0.100 g each of thesamples
i.e, pAM, poly [AM-co-IA] and Gg-g-poly [AM-co-
|A] wereadded aseptically in separatetest tubes, and
eaech tubeof samplesweresupplementedwithinoculome
of thebacterial stains separately. Thetest tubeswere
kept at 37+1 °C in an incubator.

The degradation of samplesby Sreptococcusbovis

L

wasmonitoredintimeintervasof 1,8,15and 30 days.
After therequired time period, thesampleswerewashed
repeatedly with deionized water, oven dried at 40+1
°C for 24 h. Then the samples were weighed to deter-
minetheweight loss.

Quantitativeestimation of free CO,

Chemicasrequirement: Na,CO,, phenolphthalein
indicator.

Procedure: Thecultured sample ‘X’ ml) and blank
tubewastitrated against Na,CO, (N/50) (Y’ ml) us-
ing phenol phthalein indicator until the pink color per-
sistsfor at least 30 s. Thiswas continued till getting a
concordant reading.

Calculation

N1V1 = N2V2

(CO,) (Na,CO,)

=>N1x X=(1/50) xY

=> Strength = (Y x 22)/ (50 x X)

=>Free CO,=[(Y x 22 x 1000)/ (50 x X)] mg/1

=>Free CO,=[(440 x Y)/ X)] ppm

RESULTSAND DISCUSSION

In the present study, we have attempted to graft
AM/IA comonomerson the Gg backbones. Thereac-
tivevicina group wherethegraftingisinitiated on Gg
backboneis CH,OH. APS and TMED were used as
theredox initiating system. Thereaction between APS
and TMED producesthetrimethyl ethylene methylene
diamineradica and hydrogen sulfatefreeradicd. These
radicd sabstractshydrogen from oneof theexistingfunc-
tional groupsin protein backbone (i.e. COOH, SH,
OH, and NH,) to form corresponding macroinitiator.

These macroradicalsinitiate acrylamide/ itaconic
acid acid grafting onto Gg backboneled to agraft co-
polymer. In addition, in the presence of acrosslinker,
I.e., MBA, crosslinking reaction was occurred and fi-
nally athreedimens onal network was obtai ned.

FT-IR spectra

IR spectrum of Gg Figurel (a) showed broad pesks
at 3446.15 cmt (O-H stretching of carbohydrates),
2900.00 cm* (-CH2 asymmetric stretching), 1430.77
cm-1 (-CH and -CH2 inplane bending in carbohy-
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drates), 1023.08cm-1 (-CO stretching region as com-
plex bandsresulting from C-O and C-O-C stretching
vibrations) and 630.77.71 cm-1 (pyranosering). For
Gg-g-pAM Figurel (b) and Gg-g-Poly [AM-co-1A]
(¢), the peaksfound at 3400.00, 1669.23, and 1609.31
cmtindicatethe N-H stretching, the C=0 stretching
and N-H bending of the amide bands, respectively,

= Fyl] Paper

which are characteristics of the—CONH,, group con-
taining in the acrylamide. In addition, the peak at
1230.76 cnrtisfor the—C—N stretching and 630.76
cm® for the weak band N-H out of plane bending.
These arethetypical absorption bandsof theamide.
Moreover, band at 1753.76 cmrt Figure 1 (¢) was as-
signed to carboxylic carbonyl group of itaconic acid.
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Figurel: FTIR spectraof (a) Gg, (b) Gg-g-pAM, (c) Gg-g-Poly [AM-co-1A]
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Thermal analysis

Theresultsof thermogravimetric analysis (TGA)
technique employed to characterize thethermal prop-
ertiesof theobtained graft copolymersasshowninFig-
ure 2. Gg (a) showsatwo-step characteristic thermo-
gram, whereinthemg or weight |0ss (70%) takesplace
inthesecond step withinthetemperaturerangeof 175
330°C, the temperature for a maximum decomposi-
tion was 315 °C. The thermogram of Poly (AM-co-
IA) (b) showed three decomposition stages. Thefirst
decomposition stagein the range 35-105 °C was at-
tributed to theloss of bound water. The second onein
theinterva of 179.1-295 °C had been described to the
decarboxylation of A coupled with thechainscission.
TheWeight lossin thethird or main stage of decompo-
sition (290-390°C) can be assigned to the degradation
of acrylamide portion. In case of Gg grafted with Poly
(AM-co-IA) (c), four stages of decomposition were
observed. Itissuggested that in aninitia stageof the
therma diagram, when thetemperatureinarangefrom
ambient temperatureto about 110 °C, the weight loss
isaresult of the dehydration process of thewater con-
tained in suchahydrophilic polymer. At thesecond stage
from 150to 264 °C, there is a decomposition peak in
the side groups and branches of the graft copolymer
(carboxyl groupinitaconic acid proportion). At thethird
stagefrom 265 to 340 °C, there is a degradation of Gg
inthe graft copolymer. However, at the fourth stage
about 350°C, the weight loss was found as a result of
the degradation of the polymer chain and matrices (deg-
radation of polysaccharide and acrylamide portion).
From the TGA curves, it can be concluded that the
thermal stability of the polysaccharide decreaseswith
the grafting of Poly (AM-co-IA) chains onto the
polysaccharide backbone. Thismay be attributed to
thelow thermal stability of poly (itaconic acid) asare-
sult of decarboxylation reaction observed in the sec-
ond degradation step. Thisphenomenon hasaso been
reported by N. Isyklan®. Hehasindicated that ther-
mal stability of the polymer reduced with thegrafting of
IA ontosodium aginate.

Scanning electr on micr oscopy

Scanning e ectron microscopy (Figure 3) alows
much high magnification of the hydrogel structurein
whichwe can seethesurface. Thispictureverifiesthat

the graft copolymersprepared inthiswork have apo-
rousstructure. The surface of the hydrogel isrougher
and the approximate diameter of the poreswasfound
to bein between 40to 60 um. The uneven surface may
be dueto aquite high viscosity of the gel and to the
solvent evaporation process. It is supposed that these
poresaretheregionsof water permeation and interac-
tionstesof externd stimuli with theincorporated drug
or hydrophilic groups of the graft copolymers. There-
fore, the porous structureisthe predominant reason for
thehigher swdlingrate.

200 300 400 500 60
Temperature (°C)
Figure2: TGA of (a) Gg, (b) Gg-g-pAM, (c) Gg-g-Poly [AM -

colA]
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Figure3: SEM imageof the SAP with (AM/IA) (wt/wt) ratio
0.5
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Residual | A determination

Powdered hydrogel sample (0.300g) was accu-
rately weighed and added to 10 ml methanolic ortho-
phosphoric acid (10:90, pH=2.3) in apolypropylene
tube. After vortex (Cyclo mixer, CM 101, Remi Ingtru-
ments, India) for 10 minutesthe samplehydrogelswere
placed in an ultrasonicator bath (Toshcon, SW-7, In-
dia) for half an hour followed by placingin an orbital
shaker (Lablineinstruments, India) at 37 °C with con-
stant agitation (200 rpm) for 12 h. Thenit was centri-
fuged (Eppendorf, 510R, Germany) for 10 minutesat
3500 rpmat 4 °C. The supernatant was taken by means
of asyringe, thenfiltered through a0.45um syringe fil-
ter (Milliporemillex-HV, Hydrophillic PV DF) and fi-
naly putinasamplevid (Waters, USA).

Methanolic orthophosphoric acid (10:90) wasused
asextraction solvent. The coiled and packed chains of
hydrogel matrix unfold and makeroomsor voidsfor
solvent molecules asit was allowed to swell and the
total residua monomer inform of either acid or itssalt
diffusesfromgd network totheextracting solution. Rep-
resentative HPLC chromatograms of itaconicacidin
different hydrogdl matrix areshowninFigure4. Inthis
casedsoresidud 1A graft co-polymer decreased con-
Siderably after soxhlet extractioni.e. from24.06 ng/g
t09.73 ng/g.
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0s{ @
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0.2+
0.1
AP s )I
0.5 b

0.4+
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0.2+
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0.0
0.06+
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0.044

0.034
0.024
0.014
0.004 s

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Time(min)
Figure4: Representative HPL C chromatograms of stan-
dard itaconicacid (0.1ug/ml) (a), residual itaconic acid de-
tected in Gg-g-Poly [AM -co-1A] (befor e soxhlet extr action)
(b),after soxhlet extraction (c).
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Residual AM determination

Dried xerogel (0.100 g) was accurately weighed
and added to 4.5 ml water in an amber via (Supleco,
USA). 500 ul of the internal standard (100 ng/ml) solu-
tion, d3-acrylamide, isadded. Thesamplesare respec-
tively shaked during 1 min onaVortex and 10 min by
orbitd rotation. Theextract iscentrifuged at 5°C with
aspeed of 4000 rpm; the supernatant was collected
filtered on anylon membrane. The supernatant was
passed through OasiS® HLB SPE cartridges previously
conditioned with 5ml of methanol and 5ml of water.
Elution occurswith 5ml of water. A second SPE purifi-
cation involvesthe Bond Elut-Accuca® cartridges
conditioned with 5ml of methanol and 5ml of water
beforeloading with thetotality of theextract. Eluentis
directly collected and filtered. 20 ul was injected into
LCMS/MS.

For the detection by LC-MS/MS, identification oc-
curswiththerelativeretention time (RRT) and diag-
nosticionscons sting mainly of the precursor ion at ny
z72.04 and onedaughter ion (quantifier) resulting from
aloss of HCN at myz 55.10. For confirmatory pur-
pose, acomparisonwith qudity control samplesismade
using acceptable deviations of +2.5% for relative re-
tention timeand of +20% for the ionic relative abun-
dance asdescribed in the European Commission Deci-
sion 2002/657/EC. It can be seen from the Figure 5
that the amount of the residual AM was decreased
markedly after soxhlet extraction (theamount was de-
creased from 24.01 pg/g to 0.908 pg/g). The decrease
inresdud AM content wasduetoitsdiffusionfrom gel
network tothewater, asit wasalowed to swell inthe
excessof water, but alittleamount wasstill detected as
few monomersweretrapped inthe polymer chain.

Swelling studies
Effect of pH on swelling

Equilibrium swelling studies indicated that the
hydrogel swere sengitiveto environmental pH. So, the
swelling behavior of the SAPwas studied at various
pH valuesbetween 1.0 and 13.0, at room temperature
(Figure 6). To preparethe pH media, standard aque-
ousHCI (pH 1.0) and NaOH (pH 13.0) solutionswere
diluted with distilled water to reachthedesired acidic
and basic pH, respectively. Under acidic pH values,
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Figure5: LCM S/M Schromatogram of resdual AM in H10 (a) Blank (M ethanol), (b) AM standard 0.250 pg/ml, (¢) AM in

sample (P1q) 24.01 pg/g (before extraction), (d) AM in sample (H10) 0.908 pg/g (after soxhlet extraction).
most of the carboxylate anions are protonated, so the

ionized and the e ectrostati ¢ repul sion between COO-

main anion-anion repulsive forces are eliminated and ~ groups causes an enhancement of the swelling capac-

consequently swelling val uesare decreased. At higher
pH vaues(5-7.4), some of the carboxylate groups are
RKesearch & Rcﬁf}lwx Dn

o

olymer

ity. Again, acharge screening effectsof the counterions
(cations) limitsthe swelling at higher basic pH values
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(>pH.7.4). Figure 6 also showsthe effect of theAM/
IA (v/v) ratio onthe swelling behavior of hydroge sat
variouspH. Thehighest swdling capacity wasobtained
at 1/2 (v/v) ratio of AM/IA. It isknown that a high
concentration of charged ionic groupsin thehydrogel
increasesthe swelling dueto osmosisand chargere-
pulsion. In other words, the presence of moreionic
groupsinthepolymer chainsresultsinincreased swell-
ing, because theionic groups are more strongly sol-
vated than non-ionic groupsin the aqueous medium.
70

601

—i— 1/2 (P1)
—i— 171 (Pg)
— 2/1 (Pg)

o1 3 5 7 9 1o 11 12 13
pH

Figure6: Influence of pH valueson equilibrium swelling of

SAPwithvarious(AM/IA) (wt/wt) ratiosat 25°C.

Swelling behavior in salt solutions

Theswdlingability of “anionic” hydrogels in vari-
ous salt sol utions decreases appreciably compared to
the swelling valuesin distilled water. Thisundesired
swellinglossisoften attributed to a ““charge screening
effect” of the additional cations causing a non-perfect
anion-anion electrostatic repulsion. Also, in salt solu-
tion, theosmotic pressureresulting fromthedifference
in the mobileion concentration between gel and the
aqueous phaseis decreased and consequently the ab-
sorbency isalso diminished.

Figure10indicatesthe swdling cgpacity of the SAP
at varioussalt solutions. It isobviousthat decreasein
swellingisstrongly dependent onthe “type” and “con-
centration” of the salt added to the swelling medium.
AsshownintheFigure7, multivalent cations decrease
the swelling capacity considerably. Thisdramatic de-
crease of water absorbency in multivaent cationic so-
|utions could bere ated to the complexing ability of the
carboxylate groupsinducing theformation of intramo-

—== Fyl] Paper

lecular and intermol ecular complexes, whichresultedin
anincreased crossinking density of the network.

0 T T T T
0 0.05 0.1 0.15

Salt concentration (mol/L)
Figure 7 : Swelling capacity variation of the SAP (P, ) in
salinesolutionswith variousconcentrations

02

Re-swelling ability

Toevauatethere-swelling ability and thepH sen-
stivity of thehydrogdls, thegel sampleswereputin pH
7.4 (PC510, Eutech Instruments pvt. Ltd, Singapore)
solution, then transferred to pH 1.0 solution. Thisop-
eration was donein four cycles. It can be seen from
Figure8, that swelling ratio val uesalmost remained un-
changedinpH 7.4 and pH 1.0 solution. Itisclear from
thefigurethat the gdl took amost 16.3 minto swell up
tomaximum (i.e., 60.09”g), while it required almost
14.1minto de-swell completely (i.e., 10.0g”g). The
de-swollen gel wasagain alowed to undergo further
swelling—de-swelling cycles. The initial deswelling rate
isveryfasti.e, inthefirst 5.0 min, theequilibrium mass
swelling decreasesfrom60.0g“g to 16.5.0 g”’g. In other
words, theequilibrium swelling decreasesby nearly 72.5
%inthefirst 5.0 minwhentheswollen gel isplacedin
themedium of pH 1.0. The explanation for thesere-
sultsgoeslikethis. When the compl etely dried hydro-
gel sampleisplacedinthesweling medium of pH 7.4;
the solvent diffusesinto the outer surface of the gel
through the macropores, resultingin the plasticization
of macromolecular chains. At the sametime, thecar-
boxylic groups, atached aong the polymer backbone,
undergoionizationto yield—COO-groups (sincethe
pH of theswelling medium ismorethanthepKavaue
of 1A insgdethegd matrix). Thisresultsintheformation
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of acharged hydrated layer through which the counter
ionsaong with the solvent mol eculesembed into the
interior dry coreregion and allow thegel toswell. In
thisway, the dry core slowly disappears and the gel
matrix continuesto swell. Theswellingisfurther en-
hanced dueto relaxation (or unfolding) of macromo-
lecular chainsowingto therepulsionamong smilarly
charged—COO- groupswhichaso promotestheswell-
ing process. Whenthefully hydrated gel isplacedinthe
medium of pH 1.0, H* ions present in theexternal solu-
tion, diffuseinto the gel matrix through water filled
macroporeswhich have existed in thefully hydrated
gd. TheseH* ionsprotonatethe-COO- groupstoyidd
uncharged -COOH groupswhich ultimately resultsin
folding of themacromolecular chainsastherepulsive
forcesnolonger exigt, thusletting the sol vent molecules
to comeout of the polymer matrix. Theaboveresults
show that thehydrogel hasgood ability and maintainits
sharp responseto pH variation. Thesesharp swelling
and de-swdling behaviorsof thehydrogelsmakethem
suitable candidatefor controlled drug delivery systems.
Such on-off switching behavior asareversbleswelling
and de-swelling has al so been reported for other ionic
hydrogels.
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Figure8: Equilibriumreswelling behavior of the SAP (P,)

transferred fromasolution of pH 1.0to 7.0for four cyclesat

37°C
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Biodegradation by streptococcusbovis

From the comparative biodegradation study of
pAM, plA, Poly [AM-co-IA] and Gg-g-poly [AM-
co-1A], itwasfound that plA showed accelerated rate
of degradation (by weight l0ss), after different periods
of incubation (i.e.1,8,15 and 30 days) in Sbovisme-
dium. But the synthesized SAP, Gg-g-poly [AM-co-
IA] showed moreamount of weight lossthanin case of
pAM and Poly[AM-co-1A] asshowninFigure9. This
can be explained on the basisthat, high water content
in SPH facilitates the growth of Sreptococcusbovis
rapidly, thus enhancing the biodegradation, leading to
weight loss. Theorder of biodegradationisasfollows:

plA > Gg-g-poly [AM-co-1A] > Poly [AM-co-
IA] > pAM.

Weight loss (%)
b2 (] & 1%, (=3 | -}
e o o o 2 2 9

o
2
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Time (days) 13
Figure9. Biodegradation of (a) pAM (b) pl A (c) Poly [AM -co-
1A] (d) Gg-g-poly [AM -co-1 A] by S. bovismeasur ed by weight
loss.
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Figure10: Biodegradation of (a) pAM (b) pl A (c) Poly [AM -
co-1A] (d) Gg-g-poly [AM-co-I A] by S. bovismeasured by CO,
evolved.

Again, therate of degradation was also measured
by cal culating theamount of CO, evolved fromthecul-
tured medium at different times. Theresultsin Figure
13 showed similar trend of degradation exhibitingmore
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biodegradability of the SAPthan pAM and Poly [AM-
co-1A]. By comparing both weight loss method and
the CO, rel ease method for the study of degradation of
the SAP, it wasinferred that the order of biodegrada-
tion was equivaent in both methodsand it wasfurther
concluded that the SA P was biodegradablein nature.

CONCLUSION

Gg-g-poly [AM-co-IA] SAPwas synthesized by
freeradical graft copolymerization method. The sur-
face morphology of the SAP was characterized by
SEM, and found that the hydrogel was porousin na-
ture. The SAP prepared through above method was
suitablefor various biomedicd applicationsbecause of
itshighwater absorption capability, good swelling and
deswelling ability, biodegradability and lower content
of residual monomers as evidenced from the HPLC
and GCM Sdata. The SAP may potentialy beusedin
agriculture, biomedicine, pharmaceuticsand controlled
ddivery of bioactiveagentswhichisin progressin our
[aboratory.
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