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Anovelintelligent thermoresponsive-magnetic molecularly imprinted polymer (TMMIP) nanocomposite
based on N-isopropylacrylamide (NIPAM) & Fe304 was designed for the controlled & sustained release
of Curcumin (CUR) with the ability to response external stimulus. The TMMIP nanocomposite was pre-
pared using acryl functionalized (-cyclodextrin (3-CD) and NIPAM as functional monomers and CUR
as target molecule. The recognition cavities which caused by host-guest interactions had direct influ-
ence to enhanced drug loading and sustained release of CUR. According to in-vitro release experiment

Keyword: . in two different temperatures (below & above LCST of NIPAM) the prolonged & controlled release of
Thermoresponsive systems .
Curcumin CUR were observed. The release rate could be controlled by changing the temperature because of the

phase transition behavior of NIPAM monomer. Also, the proposed biosensor displayed effective role in
separation science, reasonable adsorption capacity (77 mgg-'), fast recognition (10 min equilibration),
selective extraction toward CUR in the presence of structural analogues and easily separation using
external magnetic field. Moreover, the synthesized TMMIP was confirmed by various characterization

Host-guest interactions
Controlled release
Selective adsorption
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1. Introduction

Curcumin (CUR) is a natural and low molecular weight phe-
nolic compound that isolated from the plant Curcuma longa. The
CUR has a wide range of pharmacological actions and biological
activities, including anti-tumor, anti-microbial, anti-inflammatory,
anti-amyloid, anti-HIV and anti-parasitic with low or no intrin-
sic toxicity with promising clinical applications [1,2]. Despite of
its wide pharmacological properties due to some disadvanta-
geous properties, successful clinical applications of this compound
is hampered. Low aqueous solubility (11ngmL-!) and rapid
metabolism and elimination of CUR lead to poor bioavailability
after oral or topical administration especially [3-5]. Therefore,
improvement of the solubility, stability and also bioactivity of CUR
is necessary. Numerous approaches to increase bioavailability of
CUR are under research, such as encapsulation, liposomes [2], PLGA
[6] and other polymeric nanoparticles using specialized polymers
[7]. On the other hand, due to its wide application and anticancer
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potential some drug delivery systems with molecular recognition
properties, could facilate prolonged and sustained delivery. Molec-
ular imprinted polymers (MIPs) is one of the most promising drug
delivery vehicles have been recently used [8-14]. These synthetic
polymers have molecular recognition cavities for specific target
molecule to bind and release. The formation of recognition sites
in MIP was achieved by polymerization of matrix and monomers
in the presence of target molecule with the aid of a crosslinker and
followed by extraction of target molecules|15,16]. The recognition
sites are complementary in size, shape and functional groups with
target molecules, thus the restricted mass transfer would decrease
and the target could be easily attached to the binding sites in this
way|[17]. MIPs have some advantages such as easily preparation,
selectivity and high mechanical and chemical stability [18-23].
MIPs have been used in wide variety of fields such as chemosen-
sors [24,25], solid phase extraction [26] and drug delivery systems
[8-14]. One of the most promising fields in drug delivery systems
is the possibility of modulate drug release in the response to a spe-
cific external stimulus. Smart polymers can be respond to changes
in external stimuli such as pH, temperature, ultrasonic frequency
and light. Polymers that experience these stimulus undergoes
physio-chemical changes and can be applied for remote controlled
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Scheme 1. Schematic represents the preparation of TMMIP nanocomposite.

therapies[27-29]. Among smart polymers, thermoresponsive poly-
mers specially poly(N-isopropylacrylamide) (PNIPAM) has been
extensively investigated with potential applications. With uti-
lization this type of materials the ability of the resulting MIP
in capturing and releasing target molecules can be adjusted by
external temperature. These polymers exhibit phase transition
change from hydrophilic to hydrophobic upon change in tem-
perature. The PNIPAM has lower critical solution temperature
(LCST) at 32°C. When the temperature is below LCST, PNIPAM
exhibit hydrophilic state and the polymeric chains are expanded
and flexible to load drug molecule but above LCST, it turned to
hydrophobic state and PNIPAM formed globules, and interaction
between drug and polymer disrupt. This phase change process from
hydrophilic to hydrophobic is reversible, which can be used to load
and deliver therapeutics [30-33]. The combination of thermore-
sponsive polymers with magnetic nanoparticles such as Fe304 with
great superparamagnetic properties and also biocompatibility and
low toxicity to form a magneto-thermo responsive MIP would have
great advantages for targeted drug delivery [34,35]. Such nanocar-
rier could selectively target the affected tissues in the presence of
an external magnetic field [36-43]. Another important features of
MIPs is the interaction of the template with functional monomer
which is accomplished by physical entrapment or chemical bond-
ing method on the structures. In order to improve the molecular
recognition properties and better interactions of template chemical
bonding is suggested. In this regard, the modification of 3-CD with
acrylate functional group was carried out which leads to improve
polymerization step and generates covalent bonds in polymeric
matrix [44].

In this paper we reported on thermoresponsive magnetic
molecularly imprinted polymer (TMMIP). TMMIP was synthesized
through radical polymerization of PNIPAM and acryl functional-
ized 3-cyclodextrin (8—CD) as monomers, CUR as target molecule,
N,N’ methylenebis (acrylamide) and azobisisobutyronitrile as
crosslinker and initiator, respectively. The results shown that the
release of CUR with utilization of PNIPAM and [3-CD was sustained
and prolonged. Moreover, the inclusion complex of CUR with 3-CD

improves the bioavailability of CUR [43] (Scheme 1). The synthe-
sized TMMIP was characterized using SEM, FT-IR, XRD and TGA.
The batch adsorption and release profile of CUR were investigated
in details.

2. Experimental
2.1. Reagents and materials

Iron (III) chloride hexahydrate (FeCl3.6H,0), Iron (II) chloride
tetrahydrate (FeCl,.4H,0), tetraethyl orthosilicate (TEOS), iso-
propanol, acryloyl chloride, triethylamine, azobisisobutyronitrile
(AIBN), N, N methylene bisacrylamide (MBAm), Potassium hydrox-
ide, acetone, acetonitrile, ammonia solution (25%), (purchased from
Merck company), 3-methacryloxypropyltrimethoxysilane (MPS),
NIPAM, B-CD (purchased from Sigma-Aldrich company).

2.2. Preparation of Fe304 nanoparticles (NPs)

Fe;04 NPs were obtained by the chemical co-precipitation of
Fe(II) and Fe(III) chloride salts (molar ratio 1:2), in the presence of
ammonia solution[45]. Briefly 5 mmol of FeCl,.4H,0 and 10 mmol
of FeCl3.6H,0 were dissolved in 70 mL distilled water and the mix-
ture reaction heated to 80 °C under N, atmosphere. Then 15 mL of
ammonia (25%) solution was added dropwise to the solution. After
30 min, the obtained product was separated using an external mag-
net and washed several time with distilled water and ethanol until
aneutral pH was achieved. The precipitate was dried under vacuum
oven in the room temperature overnight.

2.3. Preparation of Fe304@Si0O, NPs

Modification of Fe304 NPs with SiO, was performed for the
further stability, prevention of aggregation and also enhancement
magnetic property of NPs. Fe30,@SiO, NPs were prepared accord-
ing to the Stober’s method. Typically, 1g of obtained Fe304 NPs
were dispersed in the mixture of 120 mL isopropanol and 6 mL of
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Fig. 1. FT-IR spectra of Fe304 NPs (a) Fe304@SiO; NPs (b), Fe304@Si0,@MPS nanocomposite (c), 3-CD-CUR (d) and TMMIPs (e).

distilled water by ultrasonication for 10 min and followed by addi-
tion of 25 mL of ammonia (25%) solution. Then a mixture of 3 mL
TEOS in 20 mL isopropanol was added dropwise to the solution and
stirred for 18 h in the room temperature. Finally, the product was
separated with an external magnetic field and washed several times
with mixture of ethanol/distilled water and dried under vacuum.

2.4. Preparation of Fe30,4@SiO,@MPS nanocomposite

The reactive and polymerizable Fe30,@SiO, NPs was obtained
with MPS as silane coupling agent. In this procedure 1g of
Fe304@Si0O, NPs were dispersed in 60 mL of ethanol/water (4:1)
(v:v)containing 2 mL of triethylamine using ultrasonic bath. There-
after 2 mL of MPS was added dropwise to the reaction media under
N, atmosphere. The obtained mixture was sealed in a flask and
refluxed at 75°C for 24 h. The resulted precipitate was separated
and washed with ethanol and distilled water and dried overnight.

2.5. Synthesis of acrylated B-CD

Vinyl modified B-CD was synthesized as follows. Briefly, 3-
CD (0.5g) was added to the aqueous solution of KOH (0.4 M) in
the room temperature. Thereafter, acryloyl chloride (150 L) was
added dropwise to the mixture in an ice bath. The mixture reac-
tion was kept under stirring in 40 °C for 6 h. Finally, the solvent was
evaporated and the resulted product crystallized using acetone.

2.6. Formation of acrylated S-CD/CUR complex (5-CD/CUR)

The formation of acrylated 3-CD/CUR complex was carried out
using co-precipitation method with taking of both compounds in
2/1 molar ratio. In this procedure, acrylated (3-CD (1g) was dis-
solved in 20 mL distilled water and taken into 100 mL conical flask.
The solution stirred till a homogenous solution was obtained. Then
the CUR (0.03 g) dissolved in minimum amount of acetone (3 mL)
and added drop wise to mixture solution in 50 °C. The mixture was
refluxed with vigorous agitation for 5 h and followed by stirred for
2 h without cap to remove acetone. The reaction kept under stir-

ring for 8 h in room temperature. The resulted product was stored
in refrigerator and then the orange precipitate extracted.

2.7. Polymerization step

The TMMIP was prepared using free radical polymerization
method. Briefly, 0.2 g Fe30,@Si0,@MPS nanocomposite was dis-
persed in 60 mL acetonitrile using ultrasonic bath and was kept
under N, atmosphere to remove oxygen. Subsequently, 0.2 g of
acrylated 3-CD/CUR complex and 0.4g of NIPAM as monomers
was added to the solution and stirred for 2 h in room temperature.
Thereafter, 0.08 g AIBN as initiator and 2.4g MBAm as crosslinker
were added to the pre-polymerization solution. The reaction was
refluxed for 24 h in 70°C. The synthesized TMMIP was extracted
with an external magnetic field and washed several times with the
mixture of methanol/acetic acid (9:1) (v: v) until no CUR could be
detected using UV-vis (432 nm).

2.8. Batch adsorption experiments

2.8.1. Binding experiments

The adsorption capacity of TMMIP and TMNIP was carried out
in the room temperature as follows: 10 mg of TMMIP and TMNIP
were dispersed in 50 mL of CUR standard solution in the mixture
of methanol/acetic acid (9:1) as solvent with the concentration
ranged from 6 ppm to 40 ppm in different times (0.5-20 min). Then
the sorbent was separated with an external magnetic field and
the filtrate solution was used to measurement of the CUR concen-
tration using UV-vis spectrometer (432). A CUR calibration curve
was drawn using CUR solutions (from 0.5 to 10 ppm). Finally, the
amount of CUR bounded to TMMIP/TMNIP was calculated using
following equation:

Q = (Co-Ce)V/M
WhereQ(mgg1),Co(mgmL-1),Cg(mgmL-1),V(mL)and M(g)are

adsorption capacity, initial concentration of CUR, final CUR concen-
tration, sample volume and TMMIP/TMNIP mass, respectively.
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Fig. 2. 1. XRD spectra of Fe304 NPs (a), TMMIPs (b), II. TGA plots of Fe304 NPs (a), Fe304@SiO, @MPS nanocomposite (b), TMMIPs (c), IIl. SEM images of: Fe304 (a) Fe304@SiO,

NPs (b), TMMIPs (c), IV. EDS spectrum of TMMIPs nanocomposite.

2.8.2. Release experiment

In order to investigate of the release kinetics, 0.25 g TMMIPs con-
taining 18 mgL~! CUR was used to the drug release study. For this
purpose, the drug loaded TMMIP was placed into dialysis tubing
and incubated in the 100 mL mixture of phosphate buffer/dimethyl
sulfoxide (9:1) (PBS/DMSO, pH=7.4). Note that DMSO was used
to improve the solubility of the hydrophobic drug into PBS. The
experiment was carried out in 25 °C and 38 °C periodically by with-
drawing the 200 p.L solution and then replacing the same volume
of PBS/DMSO to maintain the original volume. The released CUR
was detected using UV-vis spectrometry in Amax =432 nm. The
cumulative drug release was calculated according to the following
equation:

Cnvn + Vi ci
m

Q%)=

Where Q is the percent of cumulative release, C;, and Vy, referred
to concentration and volume of the release media C; and V; are the
concentration of drug and volume of each sampling, m is the mass
of TMMIP.

3. Result and discussion
3.1. Characterization of prepared TMMIP

3.1.1. FT-IR analysis

To analyze of functional groups which exist in the synthesized
NPs and nanocomposite, the FT-IR spectra of Fe304 NPs (Fig. 1a),
Fe30,4@SiO, NPs (Fig. 1b), Fe304@SiO,@MPS nanocomposite
(Fig. 1c), acrylated B-CD/CUR (Fig. 1d) andTMMIPs nanocompos-
ite (Fig. 1e) were indicated. As shown in Fig. 1a, the sharp peak
below 600cm~! and broad peak about 3142cm~! regard to the
Fe—O stretching, and O—H stretching vibration, respectively. After
modification of Fe30,4 with silica, a new strong peak at 1085 cm™!
correlated to Si—O—Si stretching vibration, and another peak at

800 cm~! which was referred to Si-O stretching vibration, shows
the successful encapsulation of SiO, onto the surface of Fe304
(Fig. 2b) [46]. The spectra of Fe30,@SiO,@MPS (Fig. 2c) was
indicated a (=0 and C=C peaks around 1712 and 1634cm!,
respectively. The results were proved successful modification of
Fe30,4@Si0, was achieved by MPS. The spectra of acrylated 3-
CD/CUR (Fig. 1d) was exhibited a broad peak around 3384 cm™!
referred to O—H stretching and a sharp band at 1631 cm~! which
corresponded to C=C and C=0 conjugation. Meanwhile three
strong peaks at 1728, 1509 and 1278

cm~! were assigned to 0—C=0, C=0 and C—O—C bonds of acry-
late. As expected the characteristic peak of CUR which referred to
the benzene ring disappeared at 1597 cm~!, proved the inclusion of
CUR into the B-CD cavity by hydrophobic interactions [47]. Finally,
in Fig. 2e the band at 537 cm~! proved that Fe;0,4 was embedded in
these polymers. In addition, the observation of two bands at 1715
and 1655 cm~! which were contributed by ester and amide groups
on the surface of TMMIPs confirmed the successful fabrication of
polymers onto the surface of Fe304 nanoparticles [48].

3.1.2. XRD analysis

XRD analysis was used for diagnosis of the crystallographic
structure of the nanoparticles. The structural properties of syn-
thesized Fe304 and TMMIPs were analyzed using XRD (Fig. 2I). As
illustrated in Fig. 21. a, diffraction peaks in 20 region of 10° to 80°
(30°, 35°, 44°, 53.4°, 57.0° and 63°) were in agreement with the
standard spectrum of Fe304 NPs [49]. The XRD patterns of synthe-
sized TMMIPs indicated broad peaks in the region of 20=12° to
26° which indicated the amorphous polymeric layer was formed
on the surface of Fe304 NPs (Fig. 2I. b). In addition, in the region
of 20 =28° to 80° strong reflection peaks were agreement with the
Fe304 pattern. The similarity between (a) and (b) patterns indicated
that in the process of TMMIPs formation on the surface of Fe304,
crystallography of magnetic NPs was maintained.
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Fig. 3. 1. VSM curve of TMMIPs, II. Phase transition behavior curve of TMMIP nanocomposite using DLS analysis.

3.1.3. TGA analysis

TGA analysis was used to determine the amount of magnetite
encapsulated in the products and further estimate grafting yield of
imprinted polymer coating. TGA curves of Fe304, Fe30,4,@SiO, @MPS
and TMMIPs were given in Fig. 2Il. Thermogram of Fe304 NPs
(Fig. 2II. a) was exhibited a weight loss about 3% in the range
of 200-300°C which was attributed to the decomposition of
labile oxygen. In thermogram of Fe30,4@Si0,@MPS nanocompos-
ite (Fig. 2II. b) weight loss about 20% refers to the decomposition
of grafted MPS onto the surface of Fe304 NPs. In thermogram of
TMMIPs (Fig. 21II. c¢) three weight loss were observed: 3% below
200°Cabout 75% in the range of 200-600 °C which were referred to
adsorbed water elimination, decomposition of TMMIPs nanocom-
posite and N, N methylene bisacrylamide, respectively.

3.1.4. SEM analysis

The morphology of Fe304 NPs, Fe304,@SiO, NPs and TMMIP
nanocomposite were demonstrated in Fig. 2IIl. According to SEM
results the Fe304 NPs were in slight aggregation with the size
about 15 nm. Modification of Fe304 NPs with TEOS was resulted
in Fe304@SiO, NPs (Fig. 2IIl. a) with the size ranged in about
25-40 nm. The Fe304@SiO, NPs had favorable appearance and the
silica layer was an average 30 nm in thickness. After polymeriza-
tion process the morphology of resulted TMMIP nanocomposite
(Fig. 211I. b) was remained spherical and the diameter of nanocom-
posite increased to 130-150 nm which means this synthetic route
for preparation of TMMIP was a satisfying method. The EDS anal-
ysis was used for further characterization of synthesized TMMIP
nanocomposite and the obtained data can proof modification of
Fe304 NPs after each steps (Fig. 2IV).

3.1.5. VSM

The magnetic properties of the synthesized TMMIP was investi-
gated by VSM. According to Hysteresis loops of sample no magnetic
hysteresis was observed. In addition, the magnetization curves
were symmetrical and pass exactly through the origin, suggest-
ing there were no remanence and coercivity. All these evidences
indicated that the TMMIP depicted super magnetic behavior. The
magnetic value of TMMIP was around 4 emu g~! which was far less
than that of the pure Fe304. This observation perfectly expected
since the superparamagnetic feature could be affected by modifi-
cation of pure Fe304 such as insertion of silica shell, MPS layer and
also polymeric layer. However, this magnetic property was suffi-

cient to meet the need of magnetic separation (collected in less
than 60 s by an external magnetic field) (Fig. 31).

3.1.6. Phase transition behavior of TMMIP nanocomposite

The thermoresponsiveness of TMMIP nanocomposite was stud-
ied by dynamic light scattering (DLS) technique with a heating
range from 30°C to 40°C. Each samples were ultra-sonicated for
10min to avoid any agglomerations during DLS measurements.
According to DLS data (Fig. 3II) the hydrodynamic diameter of
TMMIP nanocomposite was increased to 151 nm in the range of
30-32°C but when the temperature raised from 32°C to 40°C
the hydrodynamic diameter decreased to 115 nm this observation
indicated the temperature of phase transition was above 32°C.
Also, these observations indicated that below the LCST of PNIPAM
due to its hydrophilic nature of nanocomposite, water adsorption,
swelling system and therefore increasing size were observed. But
beyond the LCST hydrophobic nature of nanocomposite was domi-
nant and also the hydrogen interactions between the hydrophobic
and hydrophilic components disrupted, PNIPAM expelled its water,
precipitated and resulted in thermally induced conformational
changes. In this work was found that the temperature of phase
transition was about 34°C, it was attributed to copolymerization
of PNIPAM with the hydrophilic 3-CD monomer which resulted in
higher LCST.

3.2. Adsorption kinetics

The kinetics of adsorption has important role in controlling of
process efficiency. This study was performed in the room temper-
ature in different interval times from 1.5-20min and the initial
concentration of CUR was kept constant at 30 ppm. According to the
fitted curve in (Fig. 41). The adsorption capacity of TMMIP nanocom-
posite was increased rapidly in the early 5 min then, with a slight
decrease reached equilibrium after 10 min. It showed that TMMIP
nanocomposite has lots of imprinted cavities for recognition of spe-
cific template molecule in size, shape and functional groups. Also,
the prepared MIP has high adsorption capacity which made these
sites accessible for CUR and was reached adsorption equilibrium
in a very short time. In this research two pseudo-first-order and
pseudo-second-order models were utilized for investigation the
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controlling mechanism of the CUR adsorption process onto TMMIP. Eq. (1) and (2) represents pseudo-first-order and pseudo-
Two models were demonstrated below: second-order, respectively.Where Q. (mgg='), Q: (mgg1),K;
(gmg~'min) K, (gmg~! min) and t (min) are the amount of CUR
adsorbed at equilibrium, adsorption capacity at time (t), rate con-
1/Qe= Ki/Qet + 1/Qe (1) a ption capacity at time (1)

stants of pseudo-first-order, rate constants of pseudo-second-order
and adsorption process time, respectively. According to the fit-
t/Qr= 1/KyQe? +1/Qe (2) ted curve on both models, it was showed that the TMMIPs were
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Table 1
Langmuir and Pseudo second-order constants for adsorption of CUR on TMMIPs and
TMNIPs nanocomposites.

Table 2A
Selectivity factors of TMMIP and TMNIP toward CUR and structural analogues (sor-
bent: 10 mg, concentrations: 30 ppm, solvent volume: 50 mL, n=3).

Polymer Experimental Q. (mgg') Pseudo second-order

Ky (min~1) R?
Langmuir constants
MIP 77+2.6 0.03 0.98
Polymer Experimental Q. (mgg') Langmuir

K; (Lmg1) R?
Pseudo second-order constants
MIP 77+2.6 0/011 0.96
NIP 32543 0/015 0.96

well fitted on pseudo-second-order more than pseudo-first-order
with R2>0.98. The results shown that the predominant adsorp-
tion process was chemical adsorption which could be assumed as
rate-limiting step. (Fig. 5I) and (Table 1) were demonstrated the
pseudo-second-order fitted curve and other involved parameters.

3.3. Adsorption isotherms

Binding isotherm experiment was carried out to measure the
concentration dependent recognition behavior of the system. This
experiment was performed for both TMMIP and TMNIP in the room
temperature with different initial concentration of CUR ranged
from 6 ppm to 40 ppm (Fig. 41I). According to the data the adsorp-
tion capacity of TMMIP was increased sharply with increasing the
initial concentration of CUR. After a certain concentration (30 ppm
in this research) when the imprinted sites of TMMIP filled up the
adsorption capacity decreased and remain constant. It was clearly
observed that the adsorption capacity of TMMIP was much higher
than TMNIP. It was attributed to the existence of formed active
imprinted sites in the imprinting process that caused the high
affinity of TMMIP toward template molecules. Two Freundlich and
Langmuir models have been applied to describe experimental data
of adsorption isotherms of CUR on TMMIP and TMNIP. Freundlich
isotherm is an empirical equation based on multi-layer adsorp-
tion and also adsorption on a heterogeneous surface, whereas
the Langmuir model explains adsorption by assuming monolayer
adsorption onto a surface with a number of homogeneous iden-
tical sites. Here, according to calculations the experimental data
were well fitted to Langmuir isotherm model (R?=0.97). There-
fore, the good fit for Langmuir equation was proved chemical and
monolayer adsorption of CUR on the surface of the sorbent. The
Langmuir equation was expressed as follows:

Qe = KiQmCe/1 + K Ce

1/Qe: 1/Qm+1/K1Qm.1/Ce

Where Qe (mgg!), Qm (mgg'), Ce (mgL~!), K; (Lmg~1) are
the amount of CUR adsorbed on the TMMIP/TMNIP, monolayer
capacity, equilibrium concentration of CUR and Langmuir constant,
respectively. Fig. 51l and Table 1 were shown the Langmuir curves
of TMMIP, TMNIP and other involved parameters.

3.4. Selectivity test

The vital role of molecularly imprinted systems as artificial
receipted materials is the selective and specific binding ability of
this system toward template molecule in the presence of similar
structures (Fig. 6I1). This feature could be achieved by the spe-
cific recognition sites which were formed in imprinting process. To
reveal the selectivity of synthesized TMMIP nanocomposite, ben-
zophenone and phtalimide with structural properties closed to CUR

Polymer Quip (mgg") Quir (mgg™") a B
Curcumin 77+2.6 325+3 24
Benzophenone 12+£3.8 6+2.9 2 1.2
Phtalimide 20+35 16.5+3 1.2 2
Table 2B
Comparison of the MIPs prepared before with this paper.
Ref Matrix (mg) Equilibrium Imprinting Qup (mgg)
time (min) factor
[50] 20 500 3.1 0.443
[51] 10 20 2 16.8
[52] 100 10 5 0.650
[53] 50 15 2.6 0.192
[54] 10 120 3.03 31
Our work 10 10 24 77

were used and evaluated by earlier described binding experiment
in 50 mL mixture of analogues and CUR under optimized condition.
The MIPs were evaluated from two respects:

la = Qmip/Qnip

2)B = a1/az

Where a demonstrates the imprinting factor toward CUR (o) and
analogues (o). The results were displayed in Table 2A. The imprint-
ing factor toward CUR was higher than of structural analogues
that was due to the strong and specific interactions between tar-
get molecule and its corresponding functional monomer and its
capability in CUR recognition. In the competitive experiment the
binding affinity for structural analogues is relatively close to each
other, indicated that they have similar competitive binding ability.

3.5. Release investigation

Fig. 61 show the release profile of TMMIP nanocomposite in two
temperatures (25°C and 38 °C). It can be seen that in the first 7h
about 45% of CUR was released rapidly which was corresponded
to the adsorbed CUR on the surface of TMMIP nanocomposite and
about 17% of remained drug released in a sustained and prolonged
way in 3 days. When the temperature raised to 38 °C about 86% of
CUR was released, resulted from the volume transition behavior
of temperature-sensitive monomer (NIPAM). As described earlier,
in the temperature above the LCST of PNIPAM, the hydrophobic-
ity increased and the hydrogen bonding between template and the
polymer disturbed resulted in the higher drug release. This fact can
be explained by the TMMIP nanocomposite nature which retains a
significant percentage of drug due to its specific network struc-
ture. This behavior proved that the selective and strong affinity
sites for the drug molecules in synthesized TMMIP nanocomposite
which formed by the host-guest interactions between [3-CD and
CUR, resulted in controlled and prolonged drug release. Moreover,
it was observed that the percentage of drug release is much more
in higher temperature.

3.6. Comparison of TMMIP nanocomposite with existing reports

Here, we compared the synthesized TMMIP nanocompos-
ite with other literatures. The comparison was summarized in
Table 2B.
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4. Conclusion

In this work we prepared a new thermo-responsive magnetic
molecularly imprinted polymer (TMMIP) by copolymerization of
NIPAM, acrylated 3-CD, AIBN and MBAm for selective adsorption
and controlled release of CUR. The adsorption experiment results
were indicated that the TMMIP with imprinted cavities for template
molecules has selectivity, high affinity and adsorption capacity
toward CUR. Also the adsorption of CUR was promoted in the pres-
ence of B-CD due to host-guest interactions of them. Other benefits
of this system was its magnetic properties which was facilated the
separation process with the help of an external magnet. According
to DLS and SEM analysis the hydrodynamic diameter of TMMIPs
ranged from 149 to 115 nm (LCST =34 °C). The release experiments
shown an increase in drug release with increasing temperature
beyond LCST. These result proved the phase change behavior of
NIPAM monomer which resulted in more release in higher tem-
peratures. Overall, the synthesized TMMIP was shown an enormous
potential application win biomedical and biochemical fields such
as separation and drug release.
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