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Abstract The purpose of this study was to develop a novel
dual thermo- and pH-responsive silver nanocomposite
hydrogel (SNH) for drug release applications. This smart
SNH was prepared in a facile one-pot method by in situ
reduction of silver ions in salep solution and then grafting
of poly(vinylpyrrolidone-co-acrylic acid) onto it. The SNH
was characterized by transmission electron microscopy
(TEM), scanning electron microscopy with energy-disper-
sive X-ray analysis (SEM-EDAX), thermo-gravimetric
analysis (TGA), Fourier transform infrared (FT-IR), UV-
Vis spectroscopy, and cyclic voltammetry. The dependence
of swelling properties of the prepared SNH on the reaction
variables (such as monomer, Ag NO;, and cross-linker con-
centrations), temperature, pH, and salt was investigated.
The potential of obtained SNH was examined for the def-
erasirox release from prepared hydrogel under different
temperatures and pHs. The evaluation of release mecha-
nism and determination of diffusion coefficients were also
studied. In addition, SNH showed good antibacterial poten-
tials. The results of this study provide valuable information
regarding the development of dual stimuli-sensitive SNH
for biomedical applications.
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Introduction

Drug delivery refers to method or process of administer-
ing a pharmaceutical compound in the body as needed to
achieve its desired therapeutic effect [1, 2]. During recent
decades, the drug delivery vehicle is transformed into
nanocomposite hydrogels because they frequently exhibit
remarkably improved properties compared with the pure
hydrogels [3, 4]. Hydrogels are three-dimensional cross-
linked hydrophilic polymers that are able to absorb and
retain a large quantity of water, saline, and physiological
solutions [5, 6]. Because of their significant water uptake
capacity and flexibility, hydrogels mimic biological tis-
sues and have extensive applications in medical application
and tissue engineering [7]. Most hydrogels show an active
and significant response to small changes in the surround-
ing environment such as temperature, pH, ionic strength,
electric field, and light [8]. The temperature and pH are
two important factors in biological systems [9]. Because
of the temperature in human body is usually higher
than room temperature, temperature-responsive hydro-
gels have been fabricated by poly(isopropylacrylamide),
poly(vinylpyrrolidone) (PVP), and poly(ethylene glycol)-
polyester block copolymers to use in oral drug delivery [8,
10-13]. As we know for drug transportation from stomach
to intestine in oral administration, pH-sensitive hydro-
gels have been prepared by poly(acrylic acid) (PAA) and
its derivatives. Therefore, drug release behavior of dual
thermo- and pH-responsive hydrogels can be triggered by
changing the chemical structure of the pH- and tempera-
ture-sensitive polymers, leading to enhanced specificity of
drug delivery and less side effects [14, 15].

It is well known that nanoparticles embedded in hydro-
gels increase the stability of drug and provide a slower
and more continuous release mode of drugs [16-19]. It
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is reported that noble metal nanoparticles such as silver,
gold, and platinum have been normally used in biological
pathways to achieve drug delivery to cellular and intracel-
lular targets [17, 18]. Among them, silver nanoparticles
(Ag NPs) have been extensively studied and used in medi-
cal devices and pharmaceutical products because of their
unique chemical and physical properties and pronounced
antibacterial activity [17-19]. Silver nanocomposite hydro-
gels (SNH) can be synthesized by preparation of Ag NPs
and hydrogels separately and then physically combin-
ing them, or by mixing pre-made Ag NPs with a hydrogel
precursor followed by gelation [20-23]. However, these
methods involved toxic chemical as a stabilizing reagent
and complicated physical techniques such as sputtering
and plasma deposition. Recently, we have shown a facile
one-pot and cheap method for preparation of the pH-sen-
sitive SNH [24]. It was demonstrated that Ag NPs can be
successfully synthesized in salep solutions (as a reducing
agent) via sunlight UV-irradiation [25]. In the presence of
a capping agent, sunlight-UV as UV-irradiation can pro-
mote the reduction of the Ag™ into nano-Ag [24, 25]. Salep
is glucomannan-based powdery substance extracted from
dried tubers of certain natural terrestrial orchids [26]. Itis a
non-toxic biocompatible, biodegradable, and water-soluble
polysaccharide to normalize blood sugar and relieve stress
on the pancreas and discourage blood [27]. It has unique
potentials for use in various fields because of its nutritive
and demulcent properties [28]. In situ reduction of Ag™
was done by simultaneously anchoring of salep functional
groups (hydroxyl groups of glucomannan repeating units)
to Ag ions and reduction process via sunlight UV-irradia-
tion [24, 25]. To give pH-sensitive SNH, the reaction was
followed by graft copolymerization of AA onto salep-
(nano-Ag) composite [24].

The aim of this work was to develop a novel dual thermo-
and pH-responsive SNH from P (VP-co-AA) grafted onto
salep for deferasirox release applications. Some additional
results concerning the influence of VP/AA ratio, cross-
linker, and AgNO; concentrations on the swelling proper-
ties of synthesized SNH were investigated. Furthermore,
the temperature and pH responsively of the obtained SNH
were determined by swelling data. Structural and morpho-
logical characterizations of this smart SNH were carried
out by transmission electron microscopy (TEM), scanning
electron microscopy with energy-dispersive X-ray analysis
(SEM-EDAX), thermo-gravimetric analysis (TGA), Fou-
rier transform infrared (FT-IR), UV-Vis spectroscopy, and
cyclic voltammetry. In addition, antibacterial potential of
investigated SNH was tested. The results indicate that our
dual thermo- and pH-responsive SNH have been the best
candidate for different biomedical applications.
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Experimental
Chemicals

Salep was supplied from Kordestan, Iran (M, = 1.17 x 10% g/
mol, M, = 1.64 x 10° g/mol, PDI = 1.39, eluent = water,
flow rate =1 mL/min, and acquisition interval = 0.43 s
from GPC results). Acrylic acid (AA, 98%), vinylpyrro-
lidone (VP), and methylenebisacrylamide (MBA, 99%) were
obtained from Merck. Silver nitrate (AgNO;, 99%), sodium,
chloride (NaCl, 99%), calcium chloride (CaCl,, 99%), urea,
and ammonium persulfate (APS, 99%) were purchased from
Fluka. Deferasirox was obtained from Osveh Pharmaceuti-
cal Co., Tehran, Iran, as a gift. Gram-negative Escherichia
coli (E. coli) and Gram-positive Staphylococcus aureus (S.
aureus) bacteria were prepared from NIGEB Bacterial Bank
(Tehran, Iran). All other chemicals were of laboratory grade
and were used as received. The water added in all experi-
ments was double-distilled water.

Equipment

Absorption spectra were measured on a Shimadzu UV-
visible 1650 PC spectrophotometer. FT-IR spectra were
recorded using a Jasco 4200 FT-IR spectrophotometer.
Scanning electron microscopy (SEM) images and energy-
dispersive X-ray analysis (EDAX) were obtained with
Hitachi S-5200 SEMEDAX operated at 10 kV after coating
the dried samples with gold films. Transmission electron
microscopy (TEM) images were captured using a Zeiss
TEM at an acceleration voltage of 80 kV. Thermo-gravi-
metric analysis (TGA) were carried out on a TA instrument
2050 thermo-gravimetric (TG) analyzer under N, atmos-
phere (25 mL/min) at a scan rate of 20 °C/min. Voltammet-
ric measurements were taken with a computer-controlled
electrochemical system using a AUTULAB PGSTAT12
with glassy carbon (GC) electrode as a working electrode,
platinum wire as a auxiliary electrode, and AgCl/Ag as a
reference electrode.

Synthesis of SNH

Scheme 1 depicts a possible mechanism for the prepara-
tion of SNH. At first, 1 g of salep was dissolved in 80 mL
of double-distilled water with continuous mechanical stir-
ring (200 rpm) until a homogeneous viscous mixture was
obtained, and then, 5 mL of the AgNOj; solution (0, 2, 6,
12, and 18 mg/mL) was added dropwise with continuous
stirring. After 30 min, the reactor was transferred into ther-
mostated water bath preset at desired temperature (80 °C).
Then, 5 mL of AA /VP solution (0.5, 1, 1.5, and 2 mg/mL),
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Scheme 1 Proposed mecha-
nism for preparation of SNH
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5 mL of the MBA (6, 10, 14, and 18 mg/mL), and 5 mL of
APS (6, 10, 14, and 18 mg/mL) were added and the reac-
tion mixture was stirred for 30 min. The reaction mixture
was poured into 100 mL of ethanol and dried under vacuum
at 40 °C to constant weight and subjected to the extraction
with the water as solvent to remove uncrosslinked polymer
and/or residual monomer. Extracted hydrogel composite
was dried again in a vacuum to the constant weight and
stored in the absence of moisture, heat, and light to further
characterization.

Swelling studies

Swelling properties of SNH were investigated by gravi-
metric method. In this way, a tea bag (i.e., a 100.00-mesh
nylon screen) containing 0.50 g of SNH was immersed in
swelling medium, and at predetermined time intervals, the
weights of swollen hydrogels were measured. Swelling
degree was determined from the following equation [24]:

Swelling degree (g/g)
= (Weight of swollen gel/Weight of dried gel)—1

Absorbency under load (AUL)
In a Petri dish (d = 118 mm and # = 12 mm) containing

double-distilled water, a macro-porous sintered glass fil-
ter plate (porosity# 0, d = 80 mm, and &4 = 7 mm) with

a polyester gauze was placed and a 0.5 g SNH was uni-
formly placed on the surface of a polyester gauze. To
reach the desired load (applied pressure 0.3 and 0.9 psi)
onto SNH, a cylindrical solid weight (Teflon, d = 60 mm
of variable height) which could slip freely in a glass cyl-
inder (d = 60 mm and A = 50 mm) was used. Note that
the liquid level was equal to the height of the sintered glass
filter. After predetermined time intervals, the swollen SNH
was weighed to calculate the AUL value according to above
equation.

Drug release from SNH

5 mL of deferasirox solution (0.038 mg/mL) was mixed
with SNH (0.05 g) and allowed the SNH to completely
swell in the drug solution. After that, it was dried and
dispersed in 20 mL phosphate buffer (pH = 2 and 7) in a
rotary shaker (200 rpm) at 25 and 37 °C. At various time
points, 1 mL filtered sample was taken out for determina-
tion of the release process. The concentration of defera-
sirox release was quantitatively analyzed by UV-visible
spectroscopy at wavelength of 297 nm.

Antimicrobial testing

Disk diffusion method was used to study the antibacte-
rial activity of SNH. At first, Gram-positive S. aureus and
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Gram-negative E. coli bacteria were cultivated at 37 °C
on the surface of LB nutrient agar plates, and then, SNH,
ampicillin, and AgNO; were placed on them. The plates
were incubated at 37 °C for 24 h. The antibacterial effect of
samples was recorded by inhibition zone appeared around
the samples.

Results and discussions
Swelling

The concentration of salep plays an important role in the
formation and swelling properties of hydrogels. Our pre-
vious study showed that in order to prepare continuous
hydrogels from salep, its concentration would be well
1 mg/mL [27, 28]. In lower salep concentrations, the
hydrogels disintegrate in water immediately after immer-
sion, while in higher salep concentrations, stiffer hydro-
gels are obtained and they need longer times for reaching
swelling equilibrium which make them improper for drug
delivery application [29]. Therefore, in this work, we inves-
tigated the effect of molar ratio of AA/VP, AgNO;, MBA,
and APS concentrations on the water swelling degree of
SNH in double-distilled water at 25 °C (Fig. 1). It was clear
that the water swelling capacity of the prepared SNH was
sensitive to all these variables.

Figure 1a shows the swelling of SNH with various con-
tents of AgNO;. It is obvious that the swelling degree of
SNH gradually decrease with the increase in AgNO; load-
ing. This phenomenon is ascribed to the restriction of seg-
mental motion of the polymer chains and partial occupation
of free space by Ag NPs. Moreover, Ag NPs can form new
network with some hydroxyl and carboxylate groups of the
hydrogel networks and prevent the water penetration and
diminish the water swelling capacity [24].

Swelling behavior of SNH in Fig. 1b reveals that the
swelling degree of the SNH is highly dependent on the
content of the MBA. The swelling degree decreased with
increasing the content of the MBA. This swelling behav-
ior of the SNH may be attributed to the increase in cross-
linking density derived from the increased MBA. In fact,
more three-dimensional polymer networks were formed in
high cross-linker content, which could prevent the water
penetration into the SNH structure [28].

The obtained results also show that the swelling of SNH
strongly depends on the concentration of APS (Fig. 1c).
Increasing the APS content to 10 mg/mL caused an
immense increase in swelling degree due to a quick polym-
erization of AA and VP, which resulted in the formation of
more hydrophilic groups grafted on the chain of the com-
posite, and the inside osmotic pressure of the reticular struc-
ture was enhanced. However, when the APS concentration
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was higher than about 10 mg/mL, the branched chains of
small molecules turn longer and consequently block the
mesh structure and restrict the expansion of SNH [29].

With the increase in molar ratio of AA/VP (Fig. 1d), the
swelling degree of SNH first increased due to the increased
grafting rate and the grafted chain. When the value of molar
ratio of AA/VP was higher than 1, the swelling capacity of
SNH reduced due to the predominant homopolymeriza-
tion phenomenon in the reaction system and weakened the
grafting rate [29]. In the remainder of this manuscript, the
SNH sample with Cpono3 = 2 mg/mL, Cypy = 6 mg/mL,
Cups = 10 mg/mL, and molar ratio of AA/VP= 1 was used
for further investigations due to its highest swelling degree.

Figure 2a shows swelling kinetics of SNH in double-dis-
tilled water at 25, 37, 50, and 60 °C. It is noticed that swell-
ing degree reached nearly plateau at around 240 min after
immersing the formed SNH in water for all temperature. It
can be seen that with the increase in temperature, the water
swelling degree of the SNH decreased. The reason could be
illustrated to an intramolecular hydrogen bond. At low tem-
perature and initial immersing time, water penetrating into
the hydrogel was in a bound state. When temperature was
raised from 25 to 60 °C, the interactions between hydro-
phobic groups overcome on the hydrogen bonds. There-
fore, a part of hydrogen bonds that existed in the network
structure were destroyed and cause to the phase separation.
Consequently, the SNH would become less hydrophilic and
had lower swelling capacity [27].

The important parameters affecting the swelling process
is pH value of solution. In order to investigate the influ-
ence of pH values on water swelling capacity, the swell-
ing behavior of the prepared SNH was studied in the pH
range of 2—10. Figure 2b shows that the swelling behavior
of prepared SNH was depended on pH, which reflected
the pH stimuli-responsive properties. As it can be seen,
the swelling of the SNH increased slowly with increasing
the pH from 2 to 8 and then decreased. This pH-dependent
swelling behavior is due to the carboxylate groups of AA
monomer. At acidic pHs, carboxylic acid groups are proto-
nated and form hydrogen bonds in the networks and render
the networks more hydrophobic. In contrast, at basic pHs,
carboxylic acid groups are un-protonated and the electro-
static repulsion between these charged groups increases.
By increasing the electrostatic repulsion, osmotic pressure
increases, and thus, hydration of the SNH enhances. In
higher basic solutions (8 < pH), the rising concentration of
OH outside the SNH in water can give rise to an osmotic
pressure that causes the hydrogel to shrink (higher ionic
strength) [26]. Dual stimuli-sensitive SNH was also investi-
gated. The SNH showed an increase in swelling in response
to both stimuli (pH and temperature, see insert of Fig. 2b).

In order to investigate the response behaviors of the
SNH in biological environment, we prepared salt solutions
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Fig.1 The effect of a AgNO; concentrations (Cyp, = 6 mg/mL,
Caps = 10 mg/mL, and molar ratio of AA/VP = 1), b MBA con-
centrations (Cponos = 2 mg/mL, Cppg = 10 mg/mL, and molar
ratio of AA/VP = 1), ¢ APS concentrations (Cygno3 = 2 mg/

of urea, CaCl,, and NaCl (the double-distilled water as a
control group) with 0.9wt% concentration (equivalent
of the concentration of physiological saline). As shown
in Fig. 2c, the swelling ratio of SNH appears a certain
decreasing trend in the order of urea, CaCl,, and NaCl
solutions compared to that of the double-distilled water.
In CaCl, and NaCl solutions, the swelling ratio decreased
due to the charge shielding of Ca?>* and Na* will impair
electrostatic repulsion of anion in the polymer chain. How-
ever, in urea solution, the decrease in electrostatic repulsion
is not significant and the partial ionization of the carboxyl
groups and the formation of COO™ groups are conductive
to improve the swelling ratio [30].
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molar ratio of AA/VP (Cpgno3 = 2 mg/mL, Cyps = 6 mg/mL, and
Cups = 10 mg/mL) on the water swelling degree of SNH in double-
distilled water at 25 °C

AUL is a great important parameter in various industrial
applications such as irrigation systems in agriculture which
is often given in the technical data sheets and patent articles
[29, 30]. Also, AUL can be reflected on as evaluate of the
gel strength of the hydrogel and many attempts have been
made to reach hydrogel with high AUL or high strengths of
the swollen gel [29]. Thus, we studied AUL effect by using
a simple AUL tester at 0.3 and 0.9 psi. As shown in Fig. 2d,
the swelling ratio slowly increased and then begins to
level off. In addition, the AUL decreased by increasing the
amount of loading. The results show that our synthesized
SNH was very resistant against applied pressure increase
[31].
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Fig. 2 The effect of a temperature, b pH, ¢ salt, and d AUL on the swelling ratio of SNH. Inset of Fig. 2b shows the on—off switching behavior

(at phosphate buffer (pH = 2 and 7) at 25 and 37 °C) of the SNH

Characterization

FT-IR spectra of the initial substrates and result materi-
als are shown in Fig. 3a. FI-IR spectra of salep exhibit
a large number of hydroxyl and carboxylic groups evi-
dence by the strong O—-H (3500-3200 cm~!) and C=0
(1580 cm 1) peaks. FT-IR spectra of PAA show the stretch-
ing vibration of the carboxylic groups (1728 cm™!) and
O-H stretching (3300 cm™!). FT-IR spectra of PVP show
the stretching vibration of C-H from alkyl groups (3000—
2800 cm™") and the stretching vibration of C=0 and C-O
(1750-1690 cm™). FT-IR spectra of P(AA-co-VP)-g-salep
reveal that all of the characteristic peaks of salep, PAA,
and PVP, while formation of Ag NPs in P(AA-co-VP)-
g-salep, slightly shift the stretching vibrations peaks of
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P(AA-co-VP)-g-salep. These peak shift could be due to the
formation of coordination bond between the nano-Ag and
the electron-rich groups (such as C=0 and OH) present in
the hydrogel network.

To confirm the formation of Ag NPs in hydrogel, UV-
visible spectroscopy was used. It was previously proved
that a characteristic absorption band at around 410 nm
attributed to the surface Plasmon resonance (SPR) effect of
Ag NP [32]. The absorption spectra of the P(AA-co-VP)-g-
salep and SNH are shown in Fig. 3b. As observed, there is
one band at around 410 nm in SNH, while there is no such
band in the P(AA-co-VP)-g-salep.

To indicate the presence of Ag NP in hydrogel, cyclic
voltammogram of SNH was recorded with 100 mV/s volt-
age scan rate from —1.5 to 0.1 V. Prior to each run, the
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SEM, EDAX, TEM, and related histogram, and d TGA of salep, PAA, PVP, P(AA-co-VP)-g-salep, and SNH

GC electrode was polished with 0.1 mm alumina powder
and washed with distilled water. Insert of Fig. 3b shows a
couple of quasi-reversible cyclic voltammogram profiles
of SNH with well-defined redox peak at —0.93 mV and
the oxidation peak at —0.61 V. Moreover, a cyclic voltam-
mogram of P(AA-co-VP)-g-salep was run in affirmation
condition, which showed no electroactivity in the potential
range of our interest (—1.5 to 0.1 V). These results con-
firmed the electrochemical behaviors of the SNH.
Morphology of the surface and cross section of the SNH
are presented in Fig. 3c. The SEM reveals that the SNH
surface is smooth. The cross-sectional images exhibit the

well-defined interconnected 3D porous network of the
produced SNH. The pores sizes of SNH are in the range
of sub-micrometer to several micrometers, and the walls of
these pores are composed by randomly cross-linked mono-
mers. EDAX spectra are inserted in SEM image. As can be
seen, there are three color peaks in EDAX spectra which
are related to C (green peak), N (red peak), and Ag (blue
peak). Each peak shows the sensitivity of EDAX instrument
to that element in the defined reign (yellow line). There-
fore, the results of EDAX spectra confirm the presence of
C, N, and Ag element in the SNH sample. TEM images of
the SNH proved that the NPs are uniformly distributed on
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the surface of the SNH without severe aggregation and the
microspheres had good distribution of element silver with
nanometric size (<10 nm).

Furthermore, the thermal stability of SNH was com-
pared with the thermal stability of salep, PAA, PVP, and
P(AA-co-VP)-g-salep. Results of the variation of mass
with temperature are shown in Fig. 3d. Due to the differ-
ent structures for the entitled samples, the TGA curves of
the aforementioned samples were completely different
from each other. TGA curve of pure salep shows the first
mass loss stages (35-160 °C) corresponded to loss of the
water in the polymer (characteristic of its hydrophilicity)
and the second mass loss (250-310 °C) due to degradation
of the polymer chains. The thermal degradations of PAA
and PVP involve multiple steps assigned to the presence
of weak head-to-head linkages, scission of unsaturated ter-
minal groups, and random scission of the carbon—carbon
main chain. Degradations start at almost 175 °C and 235
for PAA and PVP, respectively, while degradation starts
near 207 °C for the P(AA-co-VP)-g-salep. The different
starting degradation temperature for P(AA-co-VP)-g-salep
is attributed to the existence of PVP and PAA into salep
biopolymer. The distinct peaks were observed in P(AA-
co-VP)-g-salep and SNH. These peaks are attributed to the
degradation of weak links inside the macromolecular chain
and random chain scission. Therefore, incorporation of the
Ag NPs shifts the main degradation steps of P(AA-co-VP)-
g-salep resulting in protection of the material from thermal
degradation.

Drug release

The effects of pH and temperature on the kinetics of def-
erasirox release from the SNH were studied. The release
profile of deferasirox from SNH is shown in Fig. 4. At pH
2, the less amount of deferasirox is released from SNH as
compared to the release of deferasirox at pH 8. This phe-
nomenon is attributed to the swelling pattern of the SNH,
where the higher swelling is observed at pH 8. In addition,
the release rate at 37 °C is higher than release rate at 25 °C.
This behavior at temperature (37 °C) above is attributed to
collapse the three-dimensional polymeric network of SNH.
Therefore, SNH cannot close the pore tightly and allow
releasing the entrapped deferasirox [33, 34].

In order to characterize the release mechanism, Kors-
meyer kinetic model (with the help of Eq. 1) is used to
calculate the kinetic parameters of deferasirox release from
SNH.

Log(M;/My,) = logk + nlogt (1)

where, M, and M, are the masses (g) of drug released at
time t and equilibrium state, respectively; k is the release
rate constant which considers structural and geometric
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Fig. 4 Release profile of deferasirox from SNH at different tempera-
tures and pHs

characteristics of the release system; and n is the diffu-
sion exponent or release exponent which is indicative of
the mechanism of drug release. The n and k values are
determined from the slope and intercept of the plot of log
(MJ/M ) against log t, respectively (Table 1). It can be seen
that the diffusion exponents for the SNH in different con-
ditions were less than 0.45. According to the literatures,
n < 0.45 correspond to a purely Fickian diffusion mecha-
nism, n > 0.89 indicate a relaxation-controlled mechanism,
and 0.45 < n < 0.89 indicate an anomalous diffusion mech-
anism [32-35]. Therefore, the drug release mechanism
from SNH is purely Fickian diffusion mechanism.

Antibacterial assay

The antibacterial activity of the SNH was evaluated by
disk diffusion method. Figure 5 compares the antibacterial
effectiveness of SNH with ampicillin and AgNO; on E. coli
and S. aureus. As one can see, the antibacterial activities
of SNH and AgNO; on S. aureus are similar and both of
them are less when compared with ampicillin. However,
the number of colonies grown surrounding the SNH found

Table 1 Release exponent (n), rate constant (log k), and correlation
coefficient (R?) for deferasirox release from SNH at different condi-
tions

Condition log k n R?

pH=2and T =25°C 1.01 0.35 0.99
pH = 2 and T=37 °C 1.05 0.39 0.99
pH = 8 and T'=25 °C 1.04 0.37 0.98
pH = 8 and T=37 °C 1.03 0.38 0.98
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Fig. 5 Antibacterial test results for E. coli and S. aureus after 24 h
incubation. 1-3 are SNH, AgNO;, and ampicillin, respectively

to be almost nil on E. coli. Further study on the antibacte-
rial activity of SNH is under survey, and we will report the
results in the near future.

Conclusion

Taken together, the results of this study demonstrate dual
thermo- and pH-responsive SNH. This smart SNH was syn-
thesized by in situ reduction of silver ions in salep solution
and then grafting of P(VP-co-AA) onto it. FT-IR and TGA
studies showed chemical interaction between Ag NPs and
P(VP-co-AA)-g-salep. The SEM showed that the prepared
SNH had porous in nature. The TEM and EDAX image
proved the presence of Ag NPs with size <10 nm in P(VP-
co-AA)-g-salep. Besides, the SNH showed considerable
temperature and pH sensitivity for the in vitro release of
deferasirox. The in vitro antibacterial activities test showed
antibacterial activities of the SNH against S. aureus. There-
fore, the SNH has potential as a new approach for biomedi-
cal applications.
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