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Abstract — Using nanotechnology, magnetic nanoparticles of iron oxide were produced via co-precipitation method
and followed modification with organic compounds. In the next step, functionalized monomer was provided via coupling
B-cyclodextrine and allylamine onto modified magnetic nanoparticles. These nanoparticles were used to establish the
adsorption rate of celecoxib. Magnetic nanoparticles are modified by (3-mercaptopropyl)trimethoxysilane. Nano-adsor-
bent was characterized by analytical and spectroscopic methods, such as Fourier transform infrared spectroscopy, ele-
mental analysis, thermo-gravimetric analysis, and transmission electron microscopy (TEM). Laboratory parameters, such as
the kinetics of adsorption isotherms, pH, reaction temperature and capacity were optimized. Finally, by using this nano-
adsorbent in the optimized condition, extraction of celecoxib from biological samples as urine, drug matrix and blood
plasma was carried out by high performance liquid chromatography with sensitivity and high accuracy.
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1. Introduction

Celecoxib is a cox-2 class of anti-inflammatory compound with
few gastric side effects. The HPLC analysis data of celecoxib are
reported in the literature [1]. The metabolites of celecoxib have been
characterized by LC-MS-MS and reported in the literature [2]. Cele-
coxib is a high lipophilic, poor soluble drug with oral bioavailability
between 22% and 40% by conventional capsule dosage form [3]. It
is evenly distributed in vivo and has a distribution volume of 455+166
L in humans [4]. This larger volume of distribution and low aqueous
solubility may be related to the lipophilic nature of celecoxib and be
reflective of low bioavailability. Celecoxib is extensively metabolized
in humans and is excreted primarily as metabolites [3]. Many formu-
lations have been attempted to improve its bioavailability by using
various solvent systems [5], complexation with B-cyclodextrins [6,7],
solid dispersions [8], manipulation of the solid state of the drug [9,10],
development of floating celecoxib capsule [11], and using silica-lipid
hybrid microcapsules [12]. Niosomes are unilamellar or multilamellar
vesicles made up of nonionic surfactant and can entrap amphiphilic
and hydrophobic solutes [13,14]. Niosomes have shown advantages as
drug carriers, such as being a cheap and chemically stable alternative
to liposomes, but they are associated with problems related to physi-
cal stability, such as fusion, aggregation, sedimentation, and leakage
on storage [15]. Proniosomes, which are more stable during steriliza-
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tion and storage [16], minimize these problems by using dry, free-
flowing particles that immediately form niosomal dispersion when
in contact with water. Proniosomes are suitable for administration by
oral or other routes [17]. Preliminary studies indicate that niosomes
may increase the adsorption of certain drugs from the gastrointesti-
nal tract following oral ingestion and prolong the existence of the
drug in systemic circulation [13]. The encapsulation of celecoxib in
lipophilic vesicular structure may be expected to enhance the oral
absorption and prolong the existence of the drug in systemic circula-
tion of the drug due to the slow release of the encapsulated drug.
Accordingly, our objective of this study was to prepare celecoxib
proniosomes and evaluate the influence of pronio-somal formula-
tion on its oral bioavailability in healthy human volunteers.

In the last decade there has been a spectacular development of
magnetic nano-particles (MNPs) for biomedical applications, such
as magnetic carriers for drug delivery aided by external magnetic
fields, magnetic resonance imaging contrast agents or cancer therapy
compounds for hyperthermia, among others [18-20]. More recently,
new multifunctional magnetic nanoparticles capable of carrying out
simultaneously a dual function, cancer diagnosis and therapy, have
been under investigation. Magnetic nanoparticles for biomedical
applications are usually formed by a mineral core of a magnetic ele-
ment, such as iron, nickel, cobalt and their oxides, and an organic
coating, such as dextran, polyethyleneglycol, poly(vinylpyrrolidone),
streptavidin, poly-L-lysine, polyethylene imide [21-26]. Polymeric sor-
bents are mostly used for pollution [26,27]. The sorbents have high
toxicity and so they contaminate the environment and also cannot
used for biological purpose. Due to the lower toxicity of iron oxides,
the most commonly employed MNPs for biomedical applications
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have a magnetite core. The MNP physicochemical properties such as
particle size, shape, hydrophilic nature, coating and surface charge
will determine, to a great extent, biodistribution and biocompatibil-
ity [29-31]. Our purpose was to investigate the possibility of using
grafted magnetic nanoparticle for the extraction of celecoxib from
biological human fluids. Furthermore, a kinetic study for releasing of
the drug in simulated gastric and intestinal fluids was demonstrated.

2. Experimental

2-1. Instruments

Infrared spectra were to be registered on a Jasco Fourier transform
infrared spectrometer (FT-IR-410, Jasco Inc., Easton, Maryland, USA).
The transmission electron microscopy (TEM) micrographs were
obtained on a TEM-PHILIPS CM30 transmission electron micros-
copy, respectively. Ultraviolet-visible (UV-Vis) spectroscopy was
obtained by Jasco Inc. (Tokyo, Japan) V-530 UV-Vis spectroscope.

Elemental analysis was by a PerkinElmer 2400 series Il and thermo-
gravimetric analysis was experimented by Linseis (Munich, Ger-
many) model Vario EA cube elemental analyzer and TGA-50H (Shi-
madzu Corporation, Kyoto, Japan), respectively.

2-2. Reagents and Solutions

Anhydrous 1,4-Dioxane, 2,2’ azobisisobutyronitrile (AIBN), (3-
mercaptopropyl)trimethoxysilane, acetonitrile, acetic acid, acetone,
tosyl chloride, B-cyclodexedrine (B-CD), ethanol, trifluoroacetic acid
(TFA) methanol and allylamine were purchased from Merck (Darm-
stadt, Germany). Other reagents were of analytical grade and used
without any purification. Celecoxib was prepared from Tehran Daru
Co. (Iran). The stock solution (100 mg L) was prepared by solving
0.005 g celecoxib in 50 mL of methanol. Phosphate or acetate buffer
(0.01 M) was used to control the pH of the solutions.

2-3. Coupling of f-CD/allyl amine as functional monomer

Sodium hydroxide 2 mL (25%) was added gradually to B-CD (6 g)
stirred in 50 mL distilled water. Solution of tossyl chloride (1 g) in
acetonitrile was added to the above solution within 45 min. This solu-
tion was stirred for 2 h at room temperature. Then, HCI (1 M) was
added to adjust the pH about 3. White color precipitation was then
filtered. The resultant precipitation (2.23 g) and allyl amine (23 g) were
refluxed for 5 h. The functional monomer was washed with metha-
nol (30 mL) and acetonitrile (200 mL), then filtered and dried [32].

2-4. Polymer grafting

Magnetic nanoparticles (MNP) were synthesized by co-precipitation
technique [33]. Grafting of polymerization onto magnetic nanoparticles
involved using free-radical polymerization. Free-radical polymeriza-
tion onto inorganic oxide support needs the surface to be modified.
Bonding reactive functional sites such as organosilanes is used to
modify the surface. A functional polymer should be grafted to the
modified magnetic nanoparticles, which was performed using (3-
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mercaptopropyl)trimethoxysilane. The modification was initiated by
adding the 5% solution of (3-mercaptopropyl)trimethoxysilane in
1,4-dioxane to added 3 g magnetic nanoparticle and then refluxed for
72 h. The modified magnetic nanoparticles were washed by 1,4-diox-
ane and separated by magnet and dried in desiccators. The grafting of
monomers onto modified magnetic nanoparticles was accomplished
using a temperature controlled reactor. The reaction was performed
under the condition of vigorous stirring and nitrogen atmosphere.
Ethanol (20 mL) as solvent, B-CD/allyl amine (1.1 g) as functional
monomer, AIBN (0.06 g) as initiator were used to prepare the degassed
polymerization mixture. The modified magnetic nanoparticles were
settled into the degassed polymerization mixture for 7h at 70 °C. Then,
B-CD-containing polymer grafted magnetic nanoparticles (CCPG-MNP)
were separated by magnetic force. Washing by ethanol was used as
an efficient way to remove any contingent adsorbed homopolymers.
Polymerization policy is illustrated in Fig. 1. The synthesized CCPG-
MNP was characterized by FT-IR, elemental analysis, TGA, TEM
and CHN.

2-5. HPLC System

Agilent HPLC, 1200 series, used for chromatographic separa-
tions, was equipped with a UV/Vis detector. Separations were perfomed
on a Zorbax Extend C18 column (25 cm~4.6 mm, with 3 mm particle
size) from the Agilent Company (Wilmington, DE, USA). The mix-
ture of acetonitrile and phosphate buffer 0.01 M (pH = 4.8) (45:55 v/v),
at a flow rate of 1.2 mL min™' took part as mobile phase in isocratic
elution mode in HPLC system. The injection volume was 10 pL for all
samples. The detection was performed at a wavelength of 252 nm
and ambient temperature.

2-6. Batch method of celecoxib adsorption/desorption

A set of solutions (1 mL) containing 2 pg mL™! of celecoxib was
placed in a micro-test tube, and their pH levels adapted to 6 using a
buffer solution. After addition of CCPG-MNP (0.01 g) to each solution,
the mixture was vortexed for 60 min. Then CCPG-MNP was separated
magnetically, and the sorbed celecoxib was eluted with methanol/
ACETIC ACID/TFA. HPLC was used to demonstrate the concentra-
tion of celecoxib in the eluent.

2-7. Isotherm studies

For a successful isotherm study, a series of test tubes containing 10 mL
diluted solutions of celecoxib (2 pg mL") in acetate buffer (pH=6)
were prepared and 0.05 g of CCPG-MNP was added to them. The
following equation was used to compute the amount of celecoxib at
equilibrium q, (mg g™") on CCPG-MNP:

9= (CO_Ce) Viw (1)

where C,, and C, (mg L") are initial and equilibrium concentra-
tions of celecoxib, respectively, V (L) is the volume of the solution,
and W (g) is the mass of the CCPG-MNP.
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Fig. 1. Schematic of synthesizing CCPG-MNP.

2-8. In vitro drug release

The release profiles of celecoxib were studied using simulated
gastric fluid (pH 1.2) and simulated intestinal fluid (pH 7.4). The
release of celecoxib in enteric fluids was investigated in shaking and
without shaking mode at 37 °C. The celecoxib amount of samples in

predefined time intervals was measured by HPLC.
3. Results and Discussion

3-1. Characterization

Fe-O stretching band and O-H stretching peak were at 579 cm!
and 3391cm™ in FT-IR spectrum of MNP, respectively. Peaks revealed
at 2919 em™! and 1546 cm™! are related to C-H stretching and CH,
stretching in (3-mercaptopropyl)trimethoxysilane-magnetic nanoparti-
cles, respectively. Existence of C-H groups after modification indi-
cates successful immobilization method. CCPG-MNP spectrum
indicates the extra peaks related to C-O, C=0, and hydroxyl groups,
at 1148, 1693 and 3669 cm™,
the expected groups in the different steps of CCPG-MNP synthesis

respectively (see Fig. 2). Existence of

_O_SI/\/\ /\M\/\W
o

fa e

was verified by the revealed peaks at different positions in FT-IR
spectrum. CCPG-MNP was also characterized by elemental analysis.
Percentage of carbon, nitrogen and hydrogen in CCPG-MNP was
4.29, 0.96 and 1.15, respectively. The existence of carbon and nitrogen
in CCPG-MNP confirmed that polymeric groups containing nitro-
gen and carbon were grafted onto nano-iron oxide. Thermogravimetric
analysis (Fig. 3) was used to determine the thermal behavior of mag-
netic-nanoparticles and compared with CCPG-MNP. The weight of
the nanoparticles was reduced about 4.0% up to 600 °C due to the
removal of adsorbed water (1.2%) and water in the crystal structure
(2.8%) in magnetic nanoparticles. In the same situation, CCPG-MNP
showed 14% weight loss up to 600 °C. In other words, 9% of weight
loss was due to the decomposition of polymer chains grafted to inor-
ganic oxide nanoparticles. The particle size of the nanoparticles was
in range of 30~80 nm in diameter and they were spherical. TEM
images verify that in Fig. 4.

3-2. Optimization of parameters
The degree of celecoxib sorption at different pH values (3.5~7.5)

Korean Chem. Eng. Res., Vol. 55, No. 3, June, 2017



290

104 —

102 |
100 |
98 ]

96 —|

%Transmittance

84 |
82 |

80 —

78

100.5

100.0

%Transmittance

L

92 |
90

88 —

Lol gl

ol

Ll

L

Sahar Kamari, Homayon Ahmad Panahi, Nasim Baimani and Elham Moniri

———

—

3391.41

1400.29

1644.78

3748.07°

T T T T T
3500 3000 2500 2000 1500

Wavenumbers (cm-1)

41326

KT

283978

2919,

342320

4000

95,

90

%T

55 |

50 4

45 |

35

T T T T
2500 2000 1500 1000

Wavenumbers (cm-1)

(b)

T T
3500 3000

-,

ot

et

N /\{U\

|

145644134912 |
!

wd

|
|
|

[
A

45

cm-1

(c)

Fig. 2. FT-IR spectrum of MNP (a), modified MNP (b) and CCPG-MNP (c).
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Fig. 3. TGA thermogram of MNP (a) and CCPG-MNP (b).

was determined using batch method. Optimum pH was observed at 6
(Fig. 5). Since the celecoxib is classified in neutral drug, the best
electrostatic force between CCPG-MNP and desired drug was observed
in the moderate acidic pH. The pH of greater than 7.5 was not experi-
mented because of the dissolution of the magnetic nanoparticles in
alkaline pH. Fig. 6 illustrates the kinetic sorption of celecoxib at pH
6. A sufficient time for complete sorption of celecoxib is about 1 h.

(b)

The half-time of the saturation sorption was 5 min. In other experi-
ment, various eluents composed of methanol, acetic acid and TFA
with different percentage were used to test the best extraction recovery
of celecoxib. The result is listed in Table 1 and methanol was selected
as the best eluent. Temperature effect on sorption of celecoxib by
CCPG-MNP at pH 6 is presented in Fig. 7. As temperature increases
above 20 °C, the sorption of celecoxib by CCPG-MNP decreases.

Korean Chem. Eng. Res., Vol. 55, No. 3, June, 2017
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Fig. 4. TEM images of CCPG-MNP.
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Fig. 5. Effect of pH on sorption of celecoxib onto CCPG-MNP. Vol-
ume of each 1 mL containing 20 pg mL™" of celecoxib. Their
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Fig. 6. Kinetics of celexocib sorption on CCPG-MNP.

This probably could be caused by the increased molecular move-
ments with temperature increase.

3-3. Adsorption isotherms

Adsorption isotherm was used to represent the amount of cele-
coxib adsorbed per unit of CCPG-MNP. It was evaluated for optimized
celecoxib removal in equilibrium concentration at 20 °C. Langmuir,
Freundlich, Temkin and Redlich-Peterson were used as isotherm mod-
els for celecoxib sorption.

Korean Chem. Eng. Res., Vol. 55, No. 3, June, 2017

Table 1. Evaluation of recovery in different eluent

Eluent Recovery (%)
MeOH 92
MeOH/AA (98:1) 69
MeOH/TFA (99:1) 84
MeOH/TFA/AA (98:1: 1) 66
MeOH/TFA/AA (94:1:5) 56

60 A
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40 +
30 +
20
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0
10 20 30 40

Temprature (°C)

Removal (%)

Fig. 7. Effect of temperature on sorption of celexocib onto CCPG-
MNP.

Langmuir equation is given by [34]:

Ce/qe = (l/qmaxKL) + (Ce/qmax)

where ,,,,. is the maximum celecoxib sorption capacity corresponding
to complete monolayer coverage on CCPG-MNP surface (mg g™),
and K, is the Langmuir constant (L mg™!). The calculated Lang-
muir parameters using the Eq. (2) are listed in Table 2. Langmuir
equation characteristics can be expressed by a dimensionless sep-
aration factor, R;, defined by R;=1/(1+K;C,).

Hall et al. [35]. discuss that R; values can divide the adsorption
nature into four different ranges, including irreversible (R;=0),
favorable (0<R;<1), linear (R;=1) and unfavorable (R,>1). According
to Table 2, the value of R, (0.03) is in the favorable sorption range.

The Freundlich is an experimental isotherm applied to define het-
erogeneous systems in which it is specified by the heterrogenity factor
1/n with the equation [36]:

Inq=InK;+1/n(nC,)

where K. is the Freundlich constant (mg g') (L mg™)"". The experi-
mental guide of this model is based on adsorption on a heteroge-
neous modified surface. It is supposed in the Freundlich isotherm
that increase in the fraction of occupied active site would reduce
logarithmically the enthalpy of adsorption. It can be deduced that
the Freundlich isotherm predicts that the celecoxib concentration
on CCPG-MNP will increase since the celecoxib concentration in
the solution increases.

The Temkin equation indicates a decrease of sorption energy cor-
responding to increase of the degree of completion of the sorptional
centers of CCPG-MNP [37]

q.=BInA+BInC,
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Table 2. Isotherm parameters obtained by using linear method

Langmuir isotherm model

Temperature (°C) max (ML) K; (L/mg) Ry, R”
20 22 1.1 0.03 0.9988
Freundlich isotherm model
Temperature (°C) Ky (mg/g) (L/mg) n R?
20 0.89 2.90 0.9008
Temkin isotherm model
Temperature (°C) A (L/g) B b(J/mol) R?
20 21.93 0.36 6830 0.9383
Redlich—Peterson isotherm model
g B (dm*/mg)? A(dm’/g) R?
0.986 1.72 33 0.9909

where B=RT/b and b is the Temkin constant related to heat of
celecoxib sorption (J mol™). R is the gas constant (8.314 J mol! K1),
T is the absolute temperature (K) and A is the Temkin isotherm con-
stant (L g'!). Temkin isotherm constants are listed in Table 2.

The Redlich-Peterson isotherm is characterized by three constants, A,
B and g (0<g<1), and unifies the features of Langmuir and Freun-
dlich isotherms [38]

In(A(C,/q,)-1)=ginC,+InB

The Redlich-Peterson isotherm parameters for the sorption of
celecoxib onto CCPG-MNP using linear regression are listed in
Table 2. The measured results show that the value of g is close to
1, which indicates the isotherms are approaching the Langmuir
model.

3-4. Method application

To verify the reliability and suitability of the proposed procedure
for the determination of celecoxib in different real samples, celecoxib
was extracted from human biological fluids and pharmaceutical
samples using the developed solid phase extraction technique. Sam-
pling of human serum and urine was carried out without any pre-
treatments. The extractions were performed at optimum conditions.
Red blood cells were separated from human blood by centrifugation
at 4700xg for 25 min at room temperature, then filtered and frozen at
—20 °C before use. HBS antigen, HCV (Hepatitis C) and HIV 1, II
antibodies were all negative for the human blood. The consequences,
listed in Table 3, represent a good recovery in human urine, pharma-

Table 3. Determination of celecoxib in different samples

ceutical samples and poor recovery in human serum. The recovery was
calculated as the amount of the total celecoxib which was extracted
into the CCPG-MMP and subsequently into eluent. The poor recovery
in human serum may be due to the blockage of binding sites on the
CCPG-MMP by serum components or a rather strong competition of
serum components for celecoxib binding. Good recovery in human
urine and pharmaceutical samples verifies the efficiency of CCPG-
MNP in celecoxib extraction.

3-5. Analytical approach

The linearity and accuracy for celecoxib in the proposed method
are listed in Table 4. Calibration curves were obtained by spiked
standards at various celecoxib concentrations under the optimized
sorption condition. The limit of detection and limit of quantification
corresponding to three and ten times the blank standard deviations
are presented in Table 4, too. The repeatability and reproducibility of
the method were verified by the relative standard deviation (RSDs)
for four replicate designations of the sample at a 2 pg mL™' level of
celecoxib in one day and on three different days (four times a day),
respectively. Since the RSDs (less than 3%) and R? value of the devel-
oped method (0.9997) are satisfactory, it is obvious that the proposed
method was carried out well for CCPG-MNP, analytically.

3-6. Celecoxib release

Celecoxib release by CCPG-MNP in simulated intestinal fluid
(pH 7.4) and simulated gastric fluid (pH 1.2) are depicted in Fig. 8
and Fig. 9, respectively. Nearly 96% of the celecoxib was released in

Sample Concentration of celexocib (ug mL™) Added (ngmL™) Found* (ug mL™) Recovery (%)
Plasma - 0.50 0.19+0.10 38.1
Urine - 0.50 0.52 +0.08 104.0
Tablet 2.00 - 1.98+0.13 99.1
*For three determinations
Table 4. Analytical performance of celecoxib determination
i RSD*
Analytical calibration curve R2 Linear rfilnge — — LOD_I LOQ_]
(ugL™) Repeatability Reproducibility (ngmL™) (ngmL"™)
Y=0.0607X+0.001 0.9997 0.5~40 1.21 1.51 5 18

*For four experiments
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Fig. 9. Celexocib release profile in simulated gastric fluid (pH 1.2).

the simulated intestinal fluid with a steep slope in 5 h and then with
steady slope over a period of 30 h at 37 °C. However, in the simu-
lated gastric fluid, about 50% of celecoxib with a steep slope was
released in about 1 h at 37 °C, thereafter, nearly 100% of celecoxib
with a gentle slope released until 150 min. Thus, celecoxib was released
better in the simulated gastric fluid due to the existence of high ace-

tic media.

4. Conclusions

A new polymer grafted magnetic nano-particle was developed for
the extraction of celecoxib and then characterized by HPLC determi-
nation. Experimental results show that the proposed approach has
some advantages, including simplicity, efficiency of extraction and
little solvent consumption. The adsorption isotherm study indicated
that the adsorption of celecoxib by CCPG-MNP follows the Langmuir
isotherm model better than the other isotherm models. As Langmuir
isotherm analysis shows, the monolayer adsorption capacity was
obtained to be 2.2 mg g at 20 °C. The pharmaceutical and biologi-

Korean Chem. Eng. Res., Vol. 55, No. 3, June, 2017

cal samples recovery values represented that the adsorption of cele-
coxib by CCPG-MNP had satisfactory results.
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