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ABSTRACT: Multi-purpose polyacrylamide (PAM) and polyacrylamide-co-sodiumpolyacrylate (PAM-co-NaPA) impregnated polyur-
ethane foams (PUF) loaded with iodine have been prepared by in situ free radical polymerization. The prepared hydrogel networks
displayed higher capacity for absorbing biological fluids as compared to regular PUF sheets and cotton matrices used in hospitals for
maintaining hygiene conditions in cases of blood spillage and leakages. PAM-impregnated-PUF showed 910, 605, and 172% absorp-
tion in water, saline, and blood, respectively, whereas PAM-co-NaPA-impregnated-PUF showed absorption of 1545, 1395, and 269%
in water, saline, and blood, respectively in 24 h. Exposure to nuclear, biological, and chemical (NBC) environment has become a
grave predicament in today’s world necessitating prevention of radiological contaminations especially in medical facilities. PAM-co-
NaPA-impregnated-PUF displayed 97% absorption of Tc” from whole blood whereas PUF sheets were highly hydrophobic and
showed only 1% absorption of Tc* from whole blood. It was also demonstrated that modified foams have long-term broad-spectrum
antimicrobial properties due to sustain release of ionic iodine. Thus, PAM-co-NaPA-impregnated-PUF sheets have strong potential to
be used as matrices for carrying the injured patients, from field conditions to hospitals expose to NBC environment. © 2016 Wiley Peri-

odicals, Inc. J. Appl. Polym. Sci. 2016, 133, 43625.
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INTRODUCTION

Cellulosic materials and cotton sheets are used for carrying
injured patient from field conditions to hospitals but these mat-
rices suffer from limitations of low absorption and retention of
biological fluids and also have no affinity for absorbing radio-
nuclide contaminants. Moreover, they also have higher chances
of microbial attack leading to grave postoperative infections.'
Commercially available hydrogels, capable of absorbing aqueous
solutions, are in practice for hygiene articles like diapers, tam-
pons, incontinence products or sanitary napkins. These superb-
absorbent resins are crosslinked polymeric hydrogel systems that
can swell upto thousand times their own weight in aqueous
media and can retain the absorbed liquid under pressure or
load.>®> Many copolymeric super-absorbing anionic hydrogels
have been reported as effective drug delivery carriers owing to
their high absorption capacity.*® Sun et al. have synthesized
alginate and polyacrylamide hydrogels by creating ionic and
covalent crosslinks between their structures. These hydrogels are
stretched beyond 20 times their initial length owing to its slide
ring structure, which preserves memory of the initial state
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avoiding large deformations.” Many modified polymeric dress-
ings are reported in literature having antibacterial property
owing to addition of antibiotic drugs, silver solutions, and
nanoparticles.*™"!

Significant rise in radiological contamination from intentional
(nuclear war, terrorism, criminal offence) or unintentional (nat-
ural disasters or industrial accidents) ways has also prompted
the researchers for development of protection technologies for
homeland security and medical facilities.'">'> Composite poly-
meric—inorganic absorbers represent a major class of inorganic
ion-exchangers for removing heavy metals and isotopes from
liquid radioactive wastes.'*™'® High radionuclide binding capa-
bilities of modified polyacrylonitrile has been reported for pre-
paring composite absorbent beads for treating acidic and
alkaline wastes from U.S. Department of Energy facilities.'”'®
Recently, macro-porous crosslinked poly(glycidyl methacrylate-
co-ethylene glycol dimethacrylate) copolymers have been synthe-
sized by suspension polymerization and functionalized with
diethylene triamine for chemically removing pertechnate ions
from aqueous medium." Radioactive decontamination is
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particularly pertinent in removing radionuclide from biological
fluids such as blood during military operations to prevent fur-
ther hazards. Nuclear accident or malicious attacks create bio-
hazardous scene with blood spillages, necessitating remediation,
and clean up procedures while carrying injured and bleeding
patients.”>*' However, there is no product available in market
which can be used as matrices for carrying injured patients
from field conditions to hospitals to effectively absorb radionu-
clide contaminated biological fluids along with good mechanical
and antimicrobial properties.

In the present work, we have synthesized iodine loaded poly-
acrylamide hydrogel impregnated PUF matrices. We have also
investigated their absorption capacity with the possible removal
of radioactive isotope along with blood and biological fluids.
These matrices are further investigated for potential anti-
bacterial activities to curtail subsequent contaminations and
potential infections.

EXPERIMENTAL

Materials

PUF sheet was purchased from Infocom Network Limited,
Okhla Industrial Area, New Delhi, India. Acrylamide (AM),
methylene bis-acrylamide (MBA) and N,N,N,N'-tetramethyl
ethylenediamine (TEMED) were obtained from Sigma Aldrich
(USA). Redox free-radical initiator ammonium persulphate
(APS) of AR grade quality (99% purity) and elemental iodine
was purchased from CDH Chemicals (Mumbai, India). Medical
grade Tc99 was obtained from Institute of Nuclear Medicine &
Allied Sciences (INMAS), a laboratory of Defence Research and
Development Organization (DRDO), Delhi, India. Gamma scin-
tigraphy experiments were carried out under controlled condi-
tions at INMAS under protected environment and the study
was approved by its ethical committe. Whole blood was
obtained from animal house of INMAS, Delhi. Bacterial strains
Escherichia coli and Staphylococcus aureus were obtained from
Department of Biotechnology, IIT Delhi (New Delhi, India) for
antimicrobial studies. Deionized Milli-Q water (18.2 M Q cm
conductivity) obtained from Millipore Inc., USA, was used in
all studies.

Methods

Synthesis of Polymeric Hydrogel Impregnated PUF
Sheets. Polymeric hydrogels impregnated PUF sheets were syn-
thesized by simultaneous in situ free radical polymerization of
acrylamide (AM) with methylene-bis-acrylamide (MBA) as
crosslinker inside porous polyurethane foam (PUF). AM (5.2 g)
were dissolved in 18 mL distilled water in 250-mL beaker under
nitrogen atmosphere to maintain oxygen free environment, fol-
lowed by addition of crosslinker MBA (0.0416 g and 0.104 g)
initiator APS (0.39 g) and promoter TEMED (0.015 g) with
constant stirring. PUF sheet (40 X 40 X 15 mm) was immedi-
ately dipped into the solution to allow absorption of monomer
solution into PUF and placed in incubator shaker at 37 °C for
6 h to get polyacrylamide (PAM) impregnated PUF sheet.””
Washing was done by dipping the PAM-impregnated-PUF sheet
samples into warm water three to five times until no optical
density of residual monomer was observed in washed water at
260 nm under UV visible spectroscopy. Different polymeric

Mnh\"‘lfu-'§ WWW.MATERIALSVIEWS.COM
1

WILEYONLINELIBRARY.COM/APP

43625 (2 of 9)

Applied Polymer

APSITEMED In-situ Free Radical
T’ Polymerization

Monomers \
PAM-impregnated-PUF

L TR

| L]

[ Moam

AT TR ST 0.5N NaOH,
3-4h, 70-80°C

I, solution
in dichloromethane
_

lodinated polymeric
hydrogel impregnated
PUF

PAM-co-NaPA-impregnated-PUF

Scheme 1. Schematic representation of polymeric hydrogel impregnated
PUE [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com. ]

hydrogel impregnated PUF samples were prepared by varying
the percentage of MBA crosslinker (0.8 and 2%). Polymeric
hydrogel impregnated PUF sheets were dried in vacuum oven to
a constant mass and finally stored in dessicator till further use.
PAM was hydrolyzed to sodiumpolyacrylate by dipping the
modified foam in 0.5N sodium hydroxide solution at 70-80 °C
for 3 h, followed by washing and then dried in vacuum oven at
60-70 °C for 24 h and the product is designated as PAM-co-
NaPA-impregnated-PUFE. The iodination of polymeric hydrogel
impregnated PUF samples was accomplished by dipping them
into the molecular iodine (10% and 20% based on polymer
weight) solution in 20 mL of dichloromethane for 24 h, then
washed several times with Milli-Q water to remove traces of
free iodine, if present and dried in dark for 8 h at room tem-
perature and the resulting product is referred as iodinated poly-
meric hydrogel impregnated PUF samples. Simultaneous
aqueous bulk polymerization of PAM with 0.8% of MBA was
also carried out in 50-mL beaker under similar conditions and
polymer thus obtained was dried and crushed into powder.

Degree of Hydrolysis in Polymeric Hydrogel Samples. Totally,
0.1 g of PAM and PAM-co-NaPA hydrogel samples were taken
separately in 250 mL beaker containing 20 mL of 0.1 N hydro-
chloric acid solution with 10 ml of distilled water, kept at room
temperature for 24 h with continuous stirring and then titrated
with 0.1 N solution of potassium hydroxide, using phenol-
phthalein as an indicator to calculate the mg of KOH used per
gram of sample.

Characterization of Polymeric Hydrogel Samples. Synthesized
polymeric hydrogel samples were characterized for different
functional groups by Attenuated Total Reflectance—Fourier
Transform infrared (ATR-FTIR) spectroscopy measurements
using Perkin Elmer Spectrum One spectrometer, USA. Surface
morphology was examined through STEREOSCAN 360 Cam-
bridge Scanning electron microscope (Cambridge Scientific
Industries Limited, England) by mounting the polymeric hydro-
gel impregnated PUF samples on a metallic stub using double-
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Figure 1. Synthesis of PAM-co-NaPA.

sided carbon tape with silver paint. Gold sputtering was done
by sputtering instrument (BioRad Polaran Sputter, Model 50X)
on specimen stub to incur conductivity in samples for improv-
ing resolution. Stability of polymeric hydrogels was obtained by
X-ray diffractometer (Philips X’Pert PRO Thin Film X-ray Dif-
fractometer) at wavelength Cu-K,= 1.54 A operating at a volt-
age of 45 kV and a current of 40 mA at the rate of 2°/min in
the range of diffraction angel 20-80° 6. Thermal properties of
polymeric hydrogel samples were determined by differential
scanning calorimetry on DSC-6 module of Perkin Elmer delta
series thermal analyzer. All the studies were carried out at a
heating rate of 10 °C/min from 30 °C to 250 °C in nitrogen
atmosphere. The mechanical properties of PUF samples were
determined in dry and swollen state by using Instron Universal
Testing Machine, USA at room temperature. Samples were
placed on top of compression load plate and pressed by a
cylinder-shaped metal disc with a strain rate of 25 mm/min.
Tensile as well as compression strength of PUF samples was per-
formed according to ASTM D3574-11 standard.” Average value
of five test samples was noted. Release behavior of iodinated
polymeric hydrogel impregnated PUF samples were measured
by ion-selective electrode (ISE) at room temperature.

Pre-weighed small pieces of polymeric hydrogel impregnated
PUF samples were immersed in distilled water and saline and
were weighed at specific time after wiping adsorbed fluid from
the surface. Swelling characteristics of polymeric hydrogel
impregnated PUF samples in water and saline was determined
by calculating the percentage through the following equation.

% Swelling = Weight of swollen sample — Weight of dry sample %100

Weight of dry sample

Sterilization studies were carried-out by the standard method of
autoclaving with 121 °C temperature at 15 lbs pressure for 20
min. Flammability studies of different PUF samples were stud-
ied by performing horizontal burning test as per UL-94.>* Natu-
ral gas was applied to one end of the specimen samples,
horizontally held by metallic tonks to allow burning from one
reference pint point till other mark. Time was measured for the
flame to reach the second marked point and an average value of
three samples was noted.

Fluid Holding Behavior. The water, saline and blood holding
capacity of polymeric hydrogel impregnated PUF samples under
continuous and static flow conditions were measured.”” Contin-
uous flow of liquids including water and saline was maintained
from Louis pasture volumetric burette at 30-32 and 50-52
drops/min to evaluate the rate of fluid absorption by different
polymeric hydrogel impregnated PUF sheets (40 X 40 X
15 mm). In another approach hydrogel impregnated PUF sam-
ples (5 X 5 X 5 mm) were incubated with 50 mL of different
fluids (water, saline, and blood) to allow their absorption for
24 h and the percentage swelling of each sample was measured.
All experiments were performed in triplicate for each sample
and the average value were reported.

Sorption of Radionuclide from Biological Fluids. Biologically
relevant fluid (blood) was mixed with the Technetium-99
(Tc99) by the standard procedure developed by INMAS, New
Delhi. 0.05-mille curie (mci) of Tc99 was slowly added to 1 mL
of blood and homogenized with continuous stirring in properly
maintained conditions to prepare radioactive stock solutions.
Further, radioactive stock solution was added dropwise onto the
polymeric hydrogel impregnated PUF samples (5 X 5 X 5 mm)
at a rate of 14-16 drops/min till spillage. Gamma camera with

Table I. Swelling Percentage of Polymeric Hydrogel Impregnated PUF Samples

Crosslinking agent

Swelling percentage

Swelling percentage

Sample no. PUF samples MBA (%) in water (24 h) in water (10 days)
1 PAM-impregnated-PUF 0.8 522=+3 569+4

2 PAM-co-NaPA-impregnated-PUF 0.8 625+ 4 1397 +5

3 PAM-impregnated-PUF 2 528=+3 528=+3

4 PAM-co-NaPA-impregnated-PUF 2 835+4 8354
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strain was laid onto the nutrient agar plate using sterile
spreader. Then iodinated polymeric hydrogel impregnated PUF
samples were placed in each plate and incubated for 37 °C for
24 h and the clear zone of inhibition around the sample was

RESULTS AND DISCUSSION

The present study is directed towards the preparation of hydro-
gel impregnated PUF sheet capable of absorbing radionuclide
contaminated blood and biological fluids. PUF sheets are hydro-
phobic, soft, and flexible synthetic sponge with optimal
mechanical strength and abrasion resistance and are commonly
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Figure 2. ATR-FTIR spectroscopic studies of (a) PAM and (b) PAM-co-
NaPA.

gamma counter was used to count the radioactivity with the
help of dedicated software. All experiments were carried out in
triplicate and an average value was recorded. Percentage relative
measurements of sorbed radioactivity were obtained using fol-
lowing the equation:

% Sorbed Tc*” = Sorbed Tc*’counts in PUF samples

X100
Sorbed Tc¢” in stock solution

Antimicrobial Assessment. Antimicrobial activities of iodinated
polymeric hydrogel impregnated PUF samples were done in two
steps by quantitatively assessing iodide ions release pattern and
then studying their potential bacteria mitigation properties.
Iodinated polymeric hydrogel impregnated PUF samples (5 X 5
X 5mm) were used for release study of iodine in 50 mL Milli-
Q water for 24 h and then replaced with fresh water after every
24 h. Tonic iodine concentrations in water samples were meas-
ured using ion-selective electrode upto 15 days. Antimicrobial
efficacy was tested against known concentration of bacterial
strains (E. coli and S. aureus, 1 X 10%). A lawn of bacterial

used as a bedding material.*® However, these matrixes have no
affinity for blood and biological fluids absorption due to their
hydrophobic nature and are not ideal for carrying injured
patients from field conditions to hospitals exposed to NBC
environment. Polymeric hydrogel impregnated PUF samples
were successfully prepared (Scheme 1, Figure 1) by in situ free
radical polymerization of acrylamide containing various per-
centage of MBA as crosslinker (Table I) inside the PUF using
APS and TEMED as redox initiator at room temperature. We
prepared polyacrylamide using 0.8% and 2% crosslinker during
preliminary studies however we abundant the 2% crosslinker
based formulation due to its less swelling and brittle nature.
Amide functionalities were further hydrolyzed to carboxylic
groups using dilute sodium hydroxide solution at temperature
of 70-80 °C.*”"* PAM showed acid value of less than 5mg
KOH/g whereas PAM-co-NaPA showed the acid value of 220 mg
KOH/g confirming the partial conversion of polyacrylamide to
carboxylate groups.

ATR-FTIR Studies

ATR-FTIR Spectra of polymeric hydrogel samples are given in
Figure 2. PAM showed regular peaks at 3180 cm ™', 1600 cm ™!,
and 1410 cm™", due to N—H, O—C—O— stretching vibrations
and —C—H bending vibration of amide groups confirming the

(¢) PAM-co-NaPA-impregnated-PUF

Figure 3. Scanning electron micrographs of (a) PUF (b) PAM-impregnated-PUF and (c¢) PAM-co-NaPA-impregnated-PUE. [Color figure can be viewed

in the online issue, which is available at wileyonlinelibrary.com.]
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Figure 4. X-ray diffractogram of (a) PAM (b) PAM-co-NaPA.

presence of amide functionality. PAM-co-NaPA showed peaks at
3180 cm™ ' due to stretching of N—H and O—H and peak at
1400 cm™ ' due to —C—H bending. Spectra of PAM-co-NaPA
showed a broad band at 1660 cm™ ' (C=0 stretching) due to
formation of carboxylic groups confirming the presence of poly-
acrylic acid in PAM-co-NaPA. FTIR spectral analysis is indica-
tive of the formation of hydrogel and its subsequent hydrolysis
under alkaline conditions.*

Scanning Electron Microscopy

SEM images of polymeric hydrogel impregnated PUF samples
are given in Figure 3. The cross-sectional view of PUF presents
a highly irregular surface with mesoporous structure. Impregna-
tion of PAM/PAM-co-NaPA polymer decreased the porosity of
native PUF illustrating easy penetration of monomer to create
hydrogel inside its porous network. On alkaline hydrolysis, mor-
phology of PAM-co-NaPA-impregnated-PUF further changes
due to excessive swelling of PAM-co-NaPA as compared to
PAM.

X-ray Diffraction
XRD diffractogram of polymeric hydrogel samples are given in
Figure 4. The diffractogram of PAM showed mild crystalline

Deta Cp = 0517 4™C
Tg Half Cp Extrapolated = 122 115

Pt T low E N0 Up (mvW)
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structure with one characteristic peak at 20 =30° whereas
PAM-co-NaPA showed a crystalline structure with characteristics
peaks at 20 = 30°, 36°, 40°, 43°, 48°, and 49° due to hydrolysis
of PAM to polyacrylic acid,” Anionic charges due to carboxylic
groups result in alignment of polymeric chains and thus crystal-
linity observed due to repulsion between negative charges. Simi-
lar results have also been reported in the literature.>

Thermal Analysis

Thermal behavior of polymeric hydrogel samples was studied by
differential scanning calorimetry (DSC) to examine the glass
transition temperature. DSC heating thermograms of polymeric
hydrogel samples are shown in Figure 5. PU foam is flexible
with the T, value of 45 °C.** T, value increased to 122 °C and
113 °C on incorporation of PAM and PAM-co-NaPA, respec-
tively due to their brittle nature in dry state but became flexible
on absorption of water and biological fluids.

Sterilization and Inflammability studies

PAM-impregnated-PUF and PAM-co-NaPA-impregnated-PUF
samples were found to withstand sterilization conditions (121
°C temperature at 15 Ibs pressure for 20 min of time). No mor-
phological, analytical and spectral changes were observed in
native and hydrogel modified foam sheet after the sterilization
procedure. All PUF systems burned completely to ashe during
horizontal flammability test with different rates of burning. The
results revealed that PUF burned in shortest time of only 13 s
while PAM-impregnated-PUF and PAM-co-NaPA-impregnated-
PUF burned in ~300 and 600 s, respectively (Figure 6). All
these results confirm that native PUF is highly inflammable and
flame resistance improved after the incorporation of PAM/
PAM-co-NaPA hydrogel into PUE*® Higher burning stability of
PAM-co-NaPA-impregnated-PUF is probably because of cross-
linking of polymer due to formation of anhydride linkages

between polymeric chains containing carboxylic groups.**¢

Dekta Cp = 0 468 Jg™C

Tg Ha¥ Cp Extrapolated = 113 13 °C

(a) PAM

Temperature ('C

(b) PAM-co-NaPA

Figure 5. DSC thermograms of (a) PAM and (b) PAM-co-NaPA. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.

com.]
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Figure 6. Comparison of inflammation time for polymeric hydrogel
impregnated PUF samples.

However, it is well known that carboxylic groups containing
polymers form crosslink structure on heating due to loss of
water and formation of anhydride linkage but there is no report
related to improvement in burning stability.

Mechanical Properties

Compressive and tensile strength of synthesized polymeric
hydrogel impregnated PUF samples were evaluated according to
ASTM standard D3574-11 in both dry and wet conditions. Neg-
ligible change in compressive strength was recorded on intro-
duction of polymeric hydrogel into PUF while the tensile
strength reduced to half the original value. Tensile and compres-
sive strength further decreased significantly on hydrolysis of
PAM, probably because of high water absorption®” of PAM-co-
NaPA-impregnated-PUF compare to PAM-impregnated-PUF
[Figure 7(a,b)]. However, on storage PAM-impregnated-PUF
sheet become brittle in one month while PAM-co-NaPA-impreg-
nated-PUF sheet retain their flexibility due to high affinity for
water, which act as a plasticizer.

Swelling Studies

Swelling percentage of various polymeric hydrogel impregnated
PUF samples are given in Table I. It was observed that with
increasing crosslinker MBA concentration in hydrogel composi-
tion, swelling percentage decreased owing to formation of rigid
networks of polymeric chains inside the foam. Polymeric hydro-

(a)

= Wet State
®Dry State

PAM-co-NaPA- impregnated-PUF -

PAM-impregnated-PUF

0 001 002 003 004 005 008 007 008 000 O

Tensile Strength (Mpa)
(b)

* Wet State
PAM-co-NaPA- impregnated-PUF
®Dry state
P —

PUF
o 1 2 3 4 5 & 7 8 9 10
Compressive Strength (Mpa)

Figure 7. Mechanical properties of polymeric hydrogel impregnated PUF
samples.
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Figure 8. Swelling characteristics of polymeric hydrogel impregnated PUF
samples in different medium (water and saline).

gel impregnated PUF samples containing 2% of crosslinker
showed less absorption and high rigidity in dry condition while
the polymeric hydrogel impregnated PUF samples prepared
with 0.8% crosslinker showed higher fluid absorption with good
mechanical properties. It was noted that swelling values of
PAM-impregnated-PUF samples containing 0.8% of MBA
showed 570 and 450% swelling in water and saline which
increased to 1399 and 1085% swelling in water and saline for
hydrolyzed PAM-co-NaPA-impregnated-PUF (Figure 8). Hydro-
lysis of PAM generated ionizable carboxylic functionalities,
which impart high water swellability to the polymeric hydrogel
impregnated PUF samples. It is well known that the swelling of
a hydrogel is induced by the electrostatic repulsion of the ionic
charges of its network. Coupling high negative charge with low
crosslink density gives hydrogel foams the ability to rapidly take
water molecules upto 1000% of their own weight.”®*

Hydrolyzed PUF sheet had highest swelling for all relevant bio-
logical fluids. However, swelling values of polymeric hydrogel
modified PUF samples were always less in saline as compare to
aqueous medium probably due to common ion effect of salts.

Fluid Holding Behavior of Polymeric Hydrogel Impregnated
PUF Samples

Results of absorption of water and saline in continuous drip
flow condition in water and saline are given in Table II. It was
observed that PAM-impregnated-PUF showed 25-27 mL of
water absorption without any spillage at a rate of 30-32 drops/
min while water absorption capacity increased to 30-32 ml on
hydrolysis of PAM to polyacrylic acid due to ionic nature and

Table II. Studies of Fluid Holding Behavior of Polymeric Hydrogel
Impregnated PUF Samples in Continuous Drip Flow Conditions

30-32 50-52
drops/min drops/min
PUF Samples (mL) (mL)
PAM-impregnated-PUF Water 252 142
Saline 17+2 102
PAM-co-NaPA- Water 30+2 25+2
impregnated-PUF
Saline 27 +2 23=+2
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Table III. Studies of Fluid Holding Behavior of Polymeric Hydrogel
Impregnated PUF Samples in Static Conditions

% of swelling in 24 h

PUF samples Water Saline (0.9%) Blood
PUF 110x2 70=x2 9+1
PAM-impregnated-PUF 910+ 4 605+2 172+2
PAM-co-NaPA- 1545+5 1395+4 269 +2

impregnated-PUF

(a) PAM-co-NaPA-

impregnated-PUF

(b) PAM-

impregnated-PUF
. (c) PUF

Prctarcs Bhli Muoston 1 Yiase b A Po ) Lreen Gl Tar hrofsen
Figure 9. Radioactivity images of polymeric hydrogel impregnated PUF
samples using Tc99 incorporated blood. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]

repulsion between the negative charges on the polymer chains.
However, it was also observed that water retention capacity of
all hydrogel samples decreased on increasing the flow rate to
50-52 drops/min due to slow interaction of fluids with hydrogel
after 30-32 drops/min.

Percentage of fluid holding in polymeric hydrogel impregnated
PUF samples under static condition in water, saline and blood
are given in Table III. PAM-impregnated-PUF showed 910, 605,
and 172% absorption in water, saline, and blood, respectively,
whereas PAM-co-NaPA-impregnated-PUF showed absorption of
1545, 1395, and 269% in water, saline, and blood, respectively
on hydrolysis of PAM to polyacrylic acid. Decrease in swelling
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Figure 10. Release studies of iodinated polymeric hydrogel impregnated
PUF samples.

percentage in case of saline is probably due to common ion
effect of salts. In comparison with aqueous medium, swelling in
blood is also retarded for both PAM-impregnated-PUF and
PAM-co-NaPA-impregnated-PUF due to the presence of salts,
large cellular components, proteins, and other macromolecules
that pose difficulty in penetration of fluids in the crosslinked
network by building osmotic pressure gradient.

Sorption of Tc99

Results of sorption of radio-contaminated (Tc99) blood by vari-
ous polymeric hydrogel impregnated PUF samples, as measured
by Gamma scintigraphy, are presented in Figure 9. PUE, PAM-
impregnated-PUF & PAM-co-NaPA-impregnated-PUF samples
showed 1, 49, and 97% absorption of Tc99, respectively. Lowest
number of Tc99 counts were obtained from PUF indicating its
high hydrophobicity and poor radionuclide absorption ability
whereas higher radionuclide absorption in PAM/PAM-co-NaPA-
impregnated-PUF is probably due to higher water absorption
and ionic charges present on them.

Antimicrobial Assessment. Results of the iodine release from vari-
ous polymeric hydrogel samples in Milli-Q water, are given in Fig-
ure 10. Iodinated polymeric hydrogel impregnated PUF (20%
Iodine) showed ~686 ppm cumulative ionic iodine release as com-
pared to 356 ppm for 10% iodinated sample. Both samples showed
the sustained release of iodide ions till 15 days of study period.
Antimicrobial activity of iodinated polymeric hydrogel impregnated
PUF samples are given in Table IV. A prominent zone of inhibition
was observed around all iodinated polymeric hydrogel impregnated
PUF samples against E. coli and S. aureus confirming their broad-
spectrum antimicrobial activity. Zone of inhibition (ZOI) increased
with increase in loading of iodine in the polymeric hydrogel PUF
samples. The released iodide ions bind with various biomolecules
present in the cell membrane of microbial cells and thus destroy the
cell membrane and inhibit various cell processes.***!

Table IV. Zone of Inhibition (ZOI) of Iodinated Polymeric Hydrogel Impregnated PUF

Zone of Inhibition (mm)

Bacterial PAM-impregnated- PAM-co-NaPA-impregnated- PAM-impregnated- PAM-co-NaPA-impregnated-
strains PUF (10% iodine) PUF (10% iodine) PUF (20% iodine) PUF (20% iodine)

S. aureus 30 30 34 34

E. coli 32 32 36 36
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CONCLUSIONS

Macro-porous polyurethane foam was modified by in-situ free
radical polymerization of acrylamide to yield polyacrylamide
and further hydrolyzed to yield PAM-co-NaPA-impregnated-
PUE. These polymeric hydrogel impregnated foams effectively
absorbed water, saline, and blood. The developed PAM-co-
NaPA-impregnated-PUF matrices showed high fluid retention
capacity without any leakage and spillage of fluids for longer
period of time. Hydrogel impregnated PUF matrices have higher
water and blood absorption capacity as compared to cotton
sheets and matrices currently used in medical operational thea-
ter, outpatient facilities and patient transport facilities such as
stretchers. Hydrogel impregnated PUF matrices were also eval-
uated to remove radioactive contaminated biological fluids and
results indicated that highest Tc99 absorption capabilities were
observed in PAM-co-NaPA-impregnated-PUF followed by PAM-
impregnated-PUF from whole blood while PUF sheet showed
negligible Tc99 absorption. Our studies also demonstrated that
addition of molecular iodine in the hydrogel impregnated PUF
matrices efficiently mitigated the microbial contamination by
sustained release of ionic iodide species. These developed multi-
functional matrices have strong potential to be explored as anti-
microbial matrices for mitigation of pathogenic bacteria and
absorption of radionuclide contaminated blood and biological
fluids for carrying injured patients, from field conditions to
hospitals, exposed to NBC environment.
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