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Green, hydrophobic device for controlled transdermal release of diclofenac sodium was designed from
in situ nanosilica/acrylic acid grafted guargum membranes. Best grafting condition was assigned and
nanocomposites were formed in situ using varying proportions of aqueous nanosilica sol. Nanocompos-
ite/drug conjugates were formed by bringing down the medium pH from 9.0 to 7.0. The conjugates were
characterized through infrared and solid state NMR spectroscopy, electron microscopy, hydro-swelling,
surface contact angle, viscometry and biocompatibility. Most balanced property was exhibited by the
membrane containing 1wt% nanosilica. It also had shown the highest encapsulation efficacy vis-a-vis
slowest release as compared to others during experimentation in a Franz diffusion cell.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Membranes based in vitro drug delivery, known as patch
therapy (Morrow et al., 2010; Onuki, Nishikawa, Morishita, &
Takayama, 2008), has now become highly popular due to reduced
side effects, particularly, during prolonged administration. Selec-
tion of membranes usually depends on nature of the drug such
as its chemical structure and solubility since encapsulation and
release is a function of strong drug-polymer interaction (Tomic,
Micic, Dobic, Filipovic, & Suljovrujic, 2010). Synthetic, biocompat-
ible membranes made from poly(vinyl alcohol) (Cavalieri et al.,
2008; Tortora, Cavalieri, Chiessi, & Paradossi, 2007), poly(acrylic
acid) (Adnadjevic, Jovanovic, & Drakulic, 2007; Don et al., 2008),
poly(methyl methacrylate) (McCoy, Morrow, Edwards, Jones, &
Gorman, 2007), poly(ethylene glycol) (Yu & Pishko, 2011), etc.
and their derivatives (Lee & Chen, 2006; Sullad, Manjeshwar, &
Aminabhavi, 2010; Zhou & Faust, 2005) are usually preferred for
encapsulating most of the drugs as (i) they can produce specific
interaction with the drug molecules and (ii) they have strong ability
to form free standing membranes.
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Biodegradability and other environmental issues, for the last
10-15 years, have stipulated use of biopolymer made membranes
as an alternative to synthetic ones. Several biopolymer membranes,
mainly cellulose (Butun, Ince, Erdugan, & Sahiner, 2011) and carbo-
hydrate based (Frutos, Prior-Cabanillas, Paris, & Quijada-Garrido,
2010; Santos, Veiga, Pina, & Sousa, 2005), have been developed
and characterized so far for different drug delivery applications but
their low matrix coherency owing to weaker strength and elonga-
tion is still a major concern for high success rate.

The present project targets to design suitable biopolymer mem-
branes for encapsulation and controlled release of diclofenac
sodium. Diclofenac is the commonest drug prescribed for rheuma-
toid arthritis and other joint ailments (Altman & Barkin, 2009;
Banning, 2006). Protracted intake produces several side effects
like severe gastro-intestinal and renal dysfunction (Wang et al.,
2004). The half life is very short, only 2.5h, and it has poor
water solubility (soluble within pH 6.0-7.0). The later is due
to the presence of hydrophobic phenyl rings in its chemical
structure (supplied as Supplementary figure). Topical formula-
tion containing 1% diclofenac is commercially available but it
is never recommended when extended therapy is in demand.
So far we have developed series of biopolymer nanocomposites
involving carboxymethyl guargum (CMG) and functionalized mul-
tiwalled carbon nanotube (Giri, Bhowmick, Pal, & Bandyopadhyay,
2011) and nanosilica (Giri, Ghosh, Panda, Pal, & Bandyopadhyay,
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2012) to improve membrane stability vis-a-vis to ease on-site
matrix—diclofenac interaction. Some previous reports described
use of hydroxypropyl methyl cellulose (El-Leithy, Shaker, Ghorab,
& Abdel-Rashid, 2010) and carbpol 934 (non-specific carbohy-
drate) where 60% of the loaded diclofenac was maximally retained
(40% release) after 6h study. Conversely, our latest device from
CMG/nanosilica was able to retain 68% diclofenac (32% release)
even after 20 h observation (Giri et al.,2012). Two factors: (i) viscos-
ity and (ii) hydrophobicity were dominating parameters for better
encapsulation and release. In our subsequent efforts we have tried
to work on these for better outcome.

The matrix selected for present investigation was guargum (GG)
as it is less hydrophobic than CMG. Prabaharan (2011) in a recent
review has discussed prospects of guargum and its various deriva-
tives as drug delivery device including transdermal application. We
have modified GG with acrylic acid to develop novel graft copoly-
mers inside nanosilica sol for intimate polymer-silica contacts to
raise membrane stability. Some of the former studies discussed
about the use of variously grafted guargum (George & Abraham,
2007; Krishnaiah, Karthikeyan, & Satyanarayana, 2002; Thakur,
Chauhan, & Ahn, 2009) as ordinary hydrogels mostly for oral drug
delivery application but none of them and many others published
before had described release behavior of diclofenac. Free radical
grafting of acrylic acid on GG has not been widely investigated
excluding only one earlier report by Huang et al. on photoinitiated
acrylic acid grafting on cationic guar gum in 2007 (Huang, Yu, &
Xiao, 2007). In the first step, the grafting conditions were optimized
for highest grafting yield. Nanocomposites were prepared in situ
with the best copolymer in the second step and the membranes
were cast. The dry membranes were subsequently characterized
for matrix-silica adhesion. Pathogenic and non-pathogenic micro-
bial activities were conducted over the nanocomposites to test
the biocompatibility. Drug elution was monitored through a Franz
diffusion cell. Results were fitted to standard kinetic models for
analysis.

2. Experimental
2.1. Materials

GG was kindly supplied by Hindustan Gum and Chemicals Ltd.,
Haryana, India. Aqueous nanosilica sol (25% silica content, aver-
age size 13 nm) stabilized at pH 9.0 was generously supplied by
Bee Chem, Kanpur, India. Acrylic acid (AA, 99% pure), potassium
persulphate (K,S,0g) and hydroquinone, all of standard laboratory
grade, were purchased from Loba Chem., Mumbai, India. Diclofenac
sodium was the gift sample received from Ranbaxy Int. Gurgaon,
Haryana, India.

2.2. Acrylic acid grafting and in situ drug encapsulated
nanocomposite synthesis

Graft copolymerization was done free radically by using K,S,Og
as the grafting initiator. One AGU (anhydro glucose unit) of GG was
dissolved in 50 ml distilled water taken at pH 9.0 with constant
stirring and bubbling low stream nitrogen for 15 min. Desired AA
as sodium acrylate at pH 9.0 was added and nitrogen was purged
for another 30 min. Aqueous K;S,0g was added and the tempera-
ture was raised to 75 °C. The reagents were allowed to react for 3 h
under nitrogen. The reaction was quenched by adding adequate
saturated hydroquinone. The kettle temperature was lowered to
30°C and the whole mass was allowed to stand overnight. One
night later, the reaction mass was adjusted to pH 7.0 and poured
into excess acetone to settle down the graft copolymers. The mass
was carefully filtered, washed three times with acetone and finally

vacuum dried to drive off all absorbed acetone. The hard mass
was pulverized, sieved and finally dissolved in water forming GG-
g-AA sol. The copolymer yield was compared at various initiator
and monomer compositions, for optimization (Table 1). In situ
nanocomposites were synthesized using best reaction conditions at
different nanosilica concentrations, detailed in Table 1. The whole
process was repeated as stated up till sol formation. Diclofenac
was added in equal proportion (1 mg) to all nanocomposites and
ultrasonicated for 15 min to ensure adequate drug-nanocomposite
mixing. Subsequently, the sols were thinly cast on Teflon sheet for
gelation into membrane. Average thickness of the membranes was
0.25 mm.

2.3. Characterization
The grafting yield (in percent) was calculated using Eq. (1):

Grafting yield (%)

wt. of the reactant mixture — wt. of the dry sample after ppt.
= - x100 (1)
wt. of the reactant mixture

Spectroscopic characterization of grafted and nanocompos-
ite membranes were done through Fourier transform infrared
(FTIR) spectrophotometer, JASCO FTIR, within the spectral range of
400-4000 cm~"! and resolution 4cm~! and solid state '3C nuclear
magnetic resonance (NMR) spectrophotometer (Bruker, 500 MHz)
under ambient condition. Thermal stability from room temperature
(27°C) to 600 °C was tested in a thermogravimetric analyzer (TGA)
Perkin Elmer, using a heating rate of 10°C/min under nitrogen.
Morphology of the nanocomposite was viewed under a transmis-
sion electron microscope (TEM, C-12, Philips) operated at 400KV.
Nanocomposite sols, diluted by 1000 times, was cast on copper
grid of 300 mesh and then dried in an oven and finally placed
under TEM for analysis. Silica dot mapping was produced from a
scanning electron microscope (SEM, JEOL, JSM 5800) operated at
15 kV. Hydro-swelling study of the nanocomposites was done by
periodical weighing of the membranes, immersed in water, after
soaking all the surface water. The data were plotted as swelling
ratio against time interval to understand the water absorption
kinetics. Hydrophobic/hydrophilic balance of the membranes was
assessed by measuring air-water contact angle of a sessile water
drop (double distilled) in a contact angle meter (Kernco, Model
G-II, EI Paso, TX, USA) after its equilibrium spreading over micro-
scopically smooth and dirt free membrane surface. Rheological
measurements were made in a HAAKE Viscotester 550, Thermo Sci-
entific, Germany within the shear rate range of near zero to 400 s~!
under ambient.

Biocompatibility of the membranes was assessed by observing
microbial growth over the membrane mass used as the substrate.
The normal LB agar based media was prepared by mixing 10 g tryp-
tone (E-Merck, Germany), 5 g of yeast extract (E-Merck, Germany),
5 g of sodium chloride (HiMedia, India) and 11 distilled water. The
pH was adjusted to 7.5 by using 1 N HCI and N/10 NaOH (approx-
imately). The mass was stirred for 30 min for homogenization.
Fifteen grams agar-agar (Merck) was added to it and mixed thor-
oughly. 25ml of the media was mixed with 2% nanocomposite
dispersion to make 5:1 (media:composite) combination. Each com-
bination was autoclaved at 120°C and 15 psi for 15 min and then
spread into petri plates under sterile condition at 40 °C. The plates
were allowed for solidification. Each nanocomposite was used to
grow 6 different bacterial stains such as Salmonella typhii, MTCC
96 (Salmonella aureus), E. Coli (Escherichia coli), Bacillus, SEN 125
(Salmonella enteritdis) and SB 300 (Salmonella typhimurium). The
agar media-composite plates and the control plate (without com-
posite) were kept in an incubator at 37 °C for 72 h. The pictures of
the plates were taken after 72 h of observation.
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Fig. 1. (a) Grafting yield and reduced viscosity, (b) normalized FTIR spectra at different K,S,0g content in graft copolymer, (c) represents '3C solid state NMR spectrum and

(d) demonstrates TG and DTG plots of GG and GG-g-AAjgjo 1.

CHO where the latter was formed on pyranose ring opening during
persulphate mediated graft copolymerization (Fig. 2). Resonance at
45 ppm was responsible for sp3 carbon atoms of the polymerized
acid units.

Effect of grafting on thermal degradation of GG is demonstrated
in Fig. 1d. Between 150 and 300 °C, weight retention (%) was lower
in the grafted sample than GG as it showed steady and continuous
decrease in weight retention (%) since beginning of the experiment.
But beyond 300 °C, GG recorded drastic weight loss of nearly 55%
within next 20°C (320°C) followed by the complete degradation
loss (0% retention) before 500°C. Conversely, the grafted sample
showed a slow but steady weight loss up to 500°C and finally
retained 30% of its original weight till end of the experiment.

3.1.2. Effect of acrylic acid concentration
Effect of AA concentration on grafting was investigated using
different GG:AA mole ratios c.a. 1:2, 1:5, 1:10 and 1:20 at fixed

persulphate level (0.1wt%). Data on 1:10 GG:AA was already
described in the preceding section. The grafting yield at different
acid contents is compared in Fig. 3a. Grafting steadily increased up
to 10 times’ molar AA content of GG and then declined and finally at
20 times, the yield sharply reduced. Rise in AA produced more free
radicals for grafting but in unison also produced more poly(acrylic
acid) in the medium. Haul between these dissimilar kinetics
strongly deviated the grafting yield values from linearity (Fig. 3a).
Thus beyond 1:10 mole ratio, the homo-polymerization reduce
grafting yield. Reduced viscosity trend in Fig. 3a also leads to similar
conclusion.

Strong symmetric and anti symmetric infrared C=0 stretching
in Fig. 3b gave microstructural evidence of grafting. Peak inten-
sity ratios at 1705/2983 cm~! in Table 1 quantifiably expressed
increasing trend toward polar group insertion (both COOH and
CHO) from GG-g-AAyjg1 until GG-g-AAqgj01 and then a downfall
for GG—g—AAz()/O'l .
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Fig. 2. Mechanism of acrylic acid grafting on guar gum.

3.2. Studies on in situ nanocomposite membranes

3.2.1. Microstructure and morphology analysis

Our sample for nanocomposite synthesis was GG-g-AAqgj01
since it contains maximum grafted units. Normalized FTIR spectra
of all nanocomposites are compared in Fig. 4. Si—0—Si asym-
metric stretch (silica) normally appears within 1000-1100cm™!
(Bandyopadhyay, Bhowmick, & De Sarkar, 2004) but here it had
overlapped with strong C—O—C and C—O stretchings’ from both
copolymer and drug molecule which made it hard to discrimi-
nate. However, silica domains were nicely detected through energy
dispersive silicon dot mapping shown in Supplementary figures
beside each FTIR spectrum in Fig. 4. The white dots are positions
of silica particles whose concentration increased with increas-
ing silica content. At 3 and 5wt¥%, the domains were locally
concentrated, attributed to condensation between free silanol

groups of silica leading to aggregation. TEM images in Fig. 5a
and b accurately measured these aggregates as 250 and 290 nm,
which are eventually 200 times larger than their original size
(13 nm). Aggregation resulted into weaker transmission shift of
only 2cm~! for C=0 peak (1705 cm~') due to poor matrix-silica
adhesion. On contrary, 10 and 14 cm~! of sharp transmission shifts
toward lower energy realm were evident in GG-g-AAjgj0.1/05 and
GG-g-AAqgj0.1/1.0 OWing to strong hydrogen bonded interaction
between uncondensed silanol groups-grafted acids and encapsu-
lated drug molecules for finer silica networking (average silica
size is 35nm in GG-g-AAjg9,1/1.0 measured from its TEM image
in Fig. 5¢). Each embedded nanoparticles (mostly size <100 nm) in
the network were essentially copolymer capped since viscoelas-
tic domains always adsorbed over harder units in a hybrid system
(Bandyopadhyay, De Sarkar, & Bhowmick, 2005). Drug molecules
were likely to be trapped inside these networks as demonstrated
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Fig. 3. (a) Grafting yield and reduced viscosity and (b) Normalized FTIR spectra of
graft copolymers at different acrylic acid contents.

in Fig. 5d. Adsorptive copolymer-silica interaction also affected
alkyl peak shift (C—H stretches) at 2983 cm~!. More aggregation
led to low adsorbate area and thus poor peak shifts were observed
with both GG-g-AA1¢)0.1/3.0 and GG-g-AAqpj0.1/5.0 Whereas finer sil-
ica networking led to better adsorption and thus higher peak shifts
were noted in GG-g-AAqgj0.1j05 and GG-g-AAqgjo.1/1.0- NMR data
also produced more de-shielded peak resonances for both alkyl
and carbonyl carbons in the GG-g-AAjgg.1/1.0/silica/drug conjugate
(Fig. 6a) reiterating better matrix silica adhesion than when there
was no silica added to the system (Fig. 1c).

3.2.2. Hydro-swelling study

Hydro-swelling kinetics of different nanocomposites is com-
pared in Fig. 6b. GG-g-AA)0.1/0.5 had displayed fastest water intake
followed by GG-g-AA19/0.1, GG-8-AA10)0.1/5.0» GG-g-AA10j0.1/3.0 and
GG-g-AAjpj0.1/1.0- Silica nanoparticles and GG-g-AAjg01, both
were highly hydrophilic components in GG-g-AAjg)g.1/0.5/drug
conjugate since number of silanol groups on discrete nanosil-
ica particles was probably far more than the grafted sites of
the matrix to interact owing to less self-condensation and that
had left more polar groups free to attract huge amount of
water at an enormous rate. Conversely, GG-g-AA1g)g.1/1.0 contained
stronger matrix-filler interfaces and generated more copolymer-
capped immobile, hydrophobic conjugates (since silanol groups
are engaged with pendant acid units) (Bhunia et al., 2011) which
were difficult to swell. Swelling kinetics of both GG-g-AA1¢0.1/3.0

and GG-g-AAqqjg.1/5.0 Were faster than GG-g-AAjgjo.1/1.0 especially
at the latter stages. Reduced interaction between aggregated
silica and grafted copolymer catalyzed macro phase separa-
tion where the exposed matrix eventually inducted faster water
uptake.

Hydrophobic/hydrophilic trend of the nanocomposite conju-
gates was reconfirmed from air-water contact angles. These are
reported in Table 1. Conjugate from GG-g-AAjgjo.1/05 had shown
lowest angle of contact implying that it was the most hydrophilic
and thus least hydrophobic as compared to the conjugate from
GG-g-AAqgj0.1/1.0 Which incidentally showed the highest contact
angle indicating its poorest water attracting surface (i.e. most
hydrophobic). Rest of the composites followed their hydro swelling
trend.

3.2.3. Rheological study

Solution viscosities at various shear rates are displayed in
Fig. 6¢c. The present nanocomposite conjugates are far less vis-
cous than the system we developed previously using CMG and
nanosilica (Giri et al., 2012). In present set of samples, low shear
viscosities displayed a trend—conjugates with high silica con-
tent show higher viscosity than the virgin, may be due to more
solubilized copolymer fragment coming from the phase sepa-
rated conjugates. GG-g-AAqgj0.1/1.0-drug conjugate had recorded
even lower viscosity than GG-g-AAjgo 1 since it was exceptionally
hydrophobic. Never the less, all nanocomposite conjugates includ-
ing GG-g-AAjgj01 Were pseudo plastic as their viscosity reduced
with rising shear rate. The extent to which the viscosities drop (de-
wetting) and their equilibrium value, both physically demonstrated
matrix-silica adhesion gradient. Despite low initial viscosity, GG-
g-AA1pj0.1/1.0-drug conjugate displayed minimum viscosity loss
while the loss was highest with GG-g-AA;gjo.1/5.0 despite its highest
low shear viscosity. The behavior was nearly identical in con-
jugates from GG-g-AAjgjo130 and GG-g-AAqgjo1j05 but finally
the later retained higher equilibrium viscosity due to stronger
interface.

3.2.4. Biocompatibility study

Microbial growth potentials of GG-g-AAjgj01 and its hybrid
conjugates were imaged and compared in Fig. 7a. Each sample
plate was divided in six domains to detect growth volume of
individual stains. The stains were clockwisely placed from (1)
Salmonella typhii, (2) Salmonella aureus, (3) Escherichia coli, (4)
Bacilus, (5) Salmonella enteritdis, to (6) Salmonella typhimurium.
Bacilus is non-pathogenic, while rest five stains are pathogenic.
Despite high hydrophilicity, growth volume was drastically low
in GG-g-AAjg)o,; from control (agar agar) equally with all six
stains due to exorbitant synthetic content (high grafting yield). But
growth volume increased in all nanocomposite conjugates despite
low hydrophobicity and diclofenac content, i.e. all six stains were
equally potent in using those nanocomposites as nutrient media.
Higher growth volume at higher silica loading (3 and 5wt%) is
another interesting fact noted from these images. Drop in syn-
thetic content (grafted matrix) is the primary reason for higher
growth volume despite diclofenac content in the nanocompos-
ites. The secondary reason could well be that, nanosilica particles
acted as additional nutrient media for growth. All conjugates were
thus “limitedly” biocompatible as their growth potential was well
below than control. This is a unique feature since; otherwise,
nanocomposites serving as excellent nutrient media would have
adversely affected its long-term aerial exposure during therapeutic
action.

3.2.5. Drug delivery analysis
Drug delivery potentials of neat GG, GG-g-AAjgjo1 and all
nanocomposite conjugates are compared in Fig. 7b. Both GG and
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Fig. 4. Normalized FTIR spectra and subsequent EDX silica dot mapping of in situ grafted nanocomposites.

GG-g-AAjgj01 had shown extremely fast release kinetics with
prominent bursting feature at the initial stage (Fig. 7b). Both these
membranes were highly hydrophilic which adversely affected
hydrophobic diclofenac retention potential, despite high viscosity.
GG-g-AAjpjo.1 released nearly 48% of the loaded drug during the
burst period followed by 28% in the second phase totaling to 76%
elution after 20 h observation. However, GG had released 81% under
identical condition. Conversely nanocomposite conjugates show
more slow and sustained release (Fig. 7b). Maximum 52% diclofenac
could be released from GG-g-AAjg.1/50 followed by 35% from
GG—g—AA]O/O.]/}(), 28% from GG_g_AAlO/O.l/O.S and 24% from GG—g—
AAjjo.1/1.0. Our previous best formulation with CMG-nanosilica
(1wt%) gave nearly 32% release, which is still 6% higher than
our present slowest eluting composition (GG-g-AAqgj0.1/1.0)- All
conjugates except GG-g-AAqgjo.1j50 are free from bursting thus
attributing better drug encapsulation as described in Fig. 5d. Kinetic
data fitting in relevant models like zero order, first order, Higuchi
and Korsmeyer-Peppas (power law) showed efficient fitting (r2 val-
ues) in zero order, Higuchi and Korsmeyer-Peppas (power law)
models (Table 1). Among these, Korsmeyer-Peppas model fitted
best for all nanocomposites. The best formulation so far GG-g-
AAjpj0.1/1.0-had shownnearly identical fitment with both zero order
and Korsmeyer-Peppas kinetics which eventually implies that the
release is more diffusion controlled (case I transport) vis-a-vis does

not depend on the initial drug loading. Power law kinetic model is
expressed in Eq. (2):

M; n

Mo = Kt (2)
M; is the mass concentration of diclofenac at various time inter-
vals and My, is the equilibrium release. K and n are constants.
n predicts release mechanism. It is computed from the log-log
plot (plot not shown in the article) of Eq. (2). The ‘n’ values are
reported in Table 1. All ‘n’s were greater than 0.5 indicating “cage-
relaxation” supported release mechanism of case I transport. The
trend showed that more swellable samples had lower ‘n’ than those
which were less swellable (exception GG-g-AAqgjo.1/05)- Grafted
units formed a cage-morphology which stimulated drug encapsu-
lation but once the cage was swelled, it immediately released the
drug which was the case with GG-g-AA¢,g 1. Conversely nanosilica
provided more fix points (interaction) in the cage due to polymer
adsorption (Fig. 5d). It improved encapsulation efficacy but high
swelling tendency of the network still provided easy pathway for
drug elution which happened in both GG-g-AAjg0 130 and GG-
8-AAqgjo.1/5.0 (Fig. 7¢). GG-g-AAqpj0.1j0.5 displayed slower release
despite high swelling possibly due to strong drug-nanosilica
interaction. GG-g-AAjgj0.1/1.0 had been an outstanding com-
position, better than our previously designed CMG/nanosilica
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Fig.5. TEM images of in situ grafted nanocomposites: (a) GG-g-AA10/0.1/3.0, (D) GG-g-AA10/0.1/5.0, (€) GG-g-AA10j0.1/1.0 and (d) proposed schematic of copolymer/drug/nanosilica
conjugate.
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Fig. 6. (a) 13C solid state NMR spectrum of representative GG-g-AAjgj0.1/1.0 and hydro-swelling kinetics (b) and shear rheological behavior (c) of GG-g-AA1qjo1 and all its
hybrid nanocomposites.
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Fig. 7. (a) Microbial growth images after 72 h on virgin and other nanocomposites, (b) cumulative diclofenac release (in percent) kinetics of neat GG, GG-g-AAjgjo,; and all
of its nanocomposites (S.D.=+3) and (c) elution of drug from copolymer/drug/nanosilica conjugate.

membrane (Giri et al., 2012), possibly due to higher hydropho-
bicity which sharply promoted the encapsulation efficacy. Highest
n further implicated closeness to “ideal release” condition than
else.

4. Conclusions

The graft-copolymer nanocomposites provided excellent con-
trol over diclofenac release due to high hydrophobicity and better
cage morphology barring GG-g-AAjg).1/0.5, Where the reason was
better drug retention by the well dispersed nanosilica particles.
Matrix-silica adhesion maximized at 1wt% nanosilica content
similar to our previously developed CMG/silica device, which
was detected and proved using various analytical techniques.
All nanocomposite conjugates had limited biocompatibility from
which better skin compatibility and greater membrane life could
be anticipated. Release profiles were preferably close to power law
kinetics of the type shown in Eq. (2) in the text. The power law
index close to 1 indicates ideally sustained release which was best
suited for GG-g-AA1gj0.1/1.0- It leaves ample hope and aspiration for
further investigation and trials in future using this composition in
real field application.
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