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ABSTRACT
In this research, the Magnetite nanoparticles (Fe;04) were prepared by coprecipitation of Fe** and
Fe?* solution in alkaline medium. Two kinds of surfactants, cetyl tri methyl ammonium bromide
{CTAB) and cetyl pyridinum chioride {CPC) were used in the synthesis. Fe,O, Nanoparticles were
coated with human serum albumin (HSA) and bovine serum aibumin (BSA). Characteristics of
coated magnetic nanoparticles and no coated were carried out using scanning electron microscopy,
X-ray diffraction and FT-IR spectroscopy. The interactions of colloidal iron oxide nanoparticles with
serum albumins, including BSA and HSA, were investigated by UV-Vis spectroscopy at process
different pH and temperatures. The thermodynamic parameters of coating were obtained from Van’t
Hoof equation. The results revealed that both AH° and AS° of reactants positive values. These results
also demonstrate that pH can play an important role on adsorption of proteins on iron oxide

nanoparticles.

Keywords: iron oxide nanoparticles; Fe;0,; human serum albumin (HSA); bovine serum albumin
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INTRODUCTION

Nanoscience is one of the most rmportant
rescarch and development in modern science
[1, 2]. The development of a wide of
superparamagnetic magnetite nanoparticles has
shown great promise for various biomedical and

biotechnological applications, for exampie
magnetic  resonance imaging  contrast
enhancement, hyperthermia, drug delivery,

bioseparation [3-11].

The advantage of wusing iron oxide
nanoparticles relies on their chemical stability, in
contrast to Fe metal nanoparticles. Because of
the widespread applications of magnetic
nanoparticles (MNPs), in biomedical and
biotechnology much attention has been paid to
the preparation of different kinds of MNPs. Iron
oxide nanoparticles prepared by classical
methods Recently, of Fe precursors in solution
salts containing surfactants has been developed
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for the synthesis of discrete and monodisperse
superparamagnetic iron oxide nanoparticles
(SPIONs). The synthesis of nanoparticies with

controllable sizes is very important to
characterize  the  size-dependent physical
properties of nanoparticles. A number of

preparation methods for MNPs have been
developed, such as chemical coprecipitation,
microemulsion, thermal decomposition,
electrochemistry and sol-gel methods [12- [8].
In the absence of any surface coating,
magnetic iron oxide particles have hydrophobic
surfaces with a large surface area to volume
ratio. Due to hydrophobic interactions between
the particles, these particles agglomerate and
resulting in increased particle size. In the course
of much attention has been focused on the
encapsulation of magnetic nanoparticles with
specific materials such as inorganic and organic
materials. In study we used two kind of
surfactant: CPC and CTAB and we applied BSA
and HSA  for encapsulation of magnetic
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nanoparticles because they have biocompatible
and biodegradable properties as well as low
toxicity. BSA has been one of the most
extensively studied proteins and HS A is the most
abundant protein in bicod plasma and it is also
the principal factor contributing to the colloid
osmotic pressure of the blood [19, 20].

Our report described a detailed investigation
on interactions of MNPs bound to biological
host models: BSA and HSA. We demonstrate
that BSA and HSA are suitable for coated iron
oxide nanoparticles.

EXPERIMENTAL

Materials

The chemical reagents used in this work were
FeCl,.4H,0, FeCly.6H,0, ammonium hydroxide
(NH;. H;0), CTAB and CPC surfactant. BSA
and HSA were purchased from Merck and
Sigma-Aldrich. Distilled water was used for
preparation of the solutions after deoxygenating
with d.l'y Ng.

Synthesis of Fe;04 nanoparticles

First, (0.01 mol) FeCl.4H,O and (0.02 mol)
FeCl;.6H,O were dissolved in 25 mL distilled
water; aqueous ammonium hydroxide solution
(1.5 mol/L) was also prepared. Then, surfactant
solution (CTAB or CPC) was added to the
former solutions to obtain Precursor solution II
and Precursor solution I. Second, Precursor
solution I was added into Precursor solution II
drop wise with strong stirring under the
protection of dry nitrogen at the desired
temperature. Just after mixing the solutions, the
color of the solution changed from light brown
to black, indicating the forming of Fe;O,
nanoparticles, which was allowed to crystallize
completely for another 60 min under rapid
stirming, The precipitate Fe;O, nanoparticles
were  washed by repeated cycles of
centrifugation and redispersion in distilled watcr,
Washing was performed for five times with
distilled water. Third, the precipitate Fe O,
nanoparticles were redispersed in the same
surfactant solution under the conditions of
ultrasonic agitation for 30 min and strong
stirring for another 40 min., The products (Fe;04
nanoparticles) were also washed by repeated

36

cycles of centrifugation and I‘(.d]SpE.’!I’S]Oll n
distilled water. The washing was performed four
times with distilled water. The fmgl \products
were dred im a vacuum oven at | room
temperature for 24 h, andi the| I‘Fe304
nanoparticles were finally obtamed “

Preparation of coated iron oxpde NPs with
bovine serum albumin | | B
1 g bovine serum albumin (BSA), h1ch was
dissolved in 20 mL water, was addedlto the NP
precursor under the nitrogen gas‘ Then the
reaction mixture was somcated ’(usmg an
Aquasonic ultrasonic cleaner) for: 2.5 h. A clear
reddish-brown color solution 'Lwas ‘formed
Excess BSA was removed by uln'acenmfugatlon
at 15 000 rpm for 30 min. H 1 “ g

i

Human serum albumin coated lron oxide
!

NPs synthesis ‘ ‘ l I

20 mL of colloid solution of Fe304 prepared was
diluted to 100 mL which surged mth 1tmson1c
for 30 min; the colloid solutlon was| ﬁln'ated
with qualitative filter paper to get‘ collold
solution with Fes0, nanopan:cles;llesp than 100
nm. At about 40°C under ultrasomc *proper
amounts of HSA were added mto the collold
solution, with stirring for 1h. The coated Fe;04
with HAS was obtained finally. H‘ ' *{I

Interaction of MNPs and BSA and SA

25 mL of 10 ppm BSA or HSAisolutlon and
0.001 g magnetic nanoparticles were fransforred
to the beaker and allowed the inféractidn to be
completed for 3 hour under rapld:stlmng The
coated NPs separated were by centnfuganon
The adsorption of proteins on the s‘u!r‘face of
nanoparticles was  studied ‘byll IUV-VIS
spectroscopy. The interactions processes were
performed at various pH (8, 9, 10, 11,12) and
temperatures (293.15K, 303.15K, and 313, 15K).
The concentration of free . }proten'il. , was
determined by measuring the absorptlon of
solution at 280nm. [21, 24). 1 i "

The adsorption data were analyzed 1}1 other to
calculate the binding parameters usmg 'SQUAD
program. This program is de31gnedI to clalculate
the best value for the stability constant of the
proposed equilibrium model by employ‘mé anon-
linear least square approached. The results of
adsorption measurements are shown in table 1-3.
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Table 1. Summary of the adsorption of BSA and HSA on MNPs at 293.15 K after 3h

HSA BSA
pH adsorption A= pH Adsorption
220nm A =280nm
9 2.133 9 1.531
1511 10 1.501
1.105 11 1.435
12 0.759 12 0.627

Table 2. Summary of the adsorption of BSA and HSA on MNPs at 303.15 K after 3h

HSA BSA
H Adsorption H Adsorption
P A = 220nm P A = 280nm
8 2.483 8 1.765
9 2.402 9 1.630
1.860 10 1431
1.189 11 1.233
12 0.958 iz 0.775

Table 3. Summary of the adsorption of BSA and HSA on MNPs at 313.15 K after 3h

HSA BSA
Adsorption " Adsorption
pH A = 2200m P A =2800m
8 2.869 8 1.789
2.749 9 1.603
2.562 10 1.583
2.331 1 1.478
12 1.423 12 1.408
ANALYTICAL METHODS
pattern of uncoated Fe;O, nanoparticles. The six
X-ray diffraction (XRD) characteristic peaks occurred at 2h at 2 8 =

The Fe;0,4 nanoparticles were analyzed for phase
composition using X-ray powder diffractometer
(XRD, Bruker D8 Advance Germany) over the 2
0 range from 20-80 at the rate 2.5 6 /min.
(6 = 1.5406).

Fig. 1 shows the X-ray diffraction (XRD)
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30.09, 3542, 43.05, 5694 and 62.14, which
werc marked by their corresponding indices
(220), (311), (400), (422), (511} and (440),
respectively. ~ Magnetic nanoparticles  were
synthesis with CPC and CTAB surfactant but
their XRD pattern aren’t different.
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Fig. 1. XRD pattern of Fe;O, nanoparticles,
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Fig.2 shows the X-ray diffraction (XRD)
pattern of coated Fe;O, magnetic nanoparticles
with BSA and HSA. XRD pattern revealed that
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Fig. 2. a) XRD pattemn of Fe;0, nanoparticies b) XRD Fe;O, nanoparticles coated with HSA and c) XFLD Fe;0,

nanoparticles coated with BSA. | i |

Scan Electron Microscopy (SEM)

The morphology and size of the synthesized
particles were investigated using scan electron
microscope (SEM, Philips XL30, SE detector).
The SEM photograph of the prepared iron oxide
nanoparticles are shown Fig.3 and 4. These
similar to the typical SEM image of uniform
Fe;04 nanoparticles Fig.3 and 4 are correspond
to the SEM images of magnetite NP prepared

Fig. 3. SEM images of Fe;O, nanoparticles with CTAB surfactant.

g8

Ll
with CPC and CTAB, respectwely lltl can be
deduced from Fig. 5 and Fig. 6 tHe dlstnbution
of particle size is very narrow .The 'mean
diameter of NPs is less than 100 | nrn lwhlch was
bigger than the naked Fe;O, nanopartlcles The
size difference was demonstrated that the|BSA

i

and HSA was coated on Fe 04 nanopartlcles
successfully again [21, 22]. '
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Fig. 4. SEM images of Fe;0, nanoparticles with CPC surfactant.
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% '

oparticles coaed with BSA,

Fig 5. SEM images of Fe;04 nan

Fig 6. SEM images of Fe;04nanoparticles coated with HAS.
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Infrared spectroscopy (FT-IR)

IR spectra were taken of KBr pellets formed
from dry powder samples of iron oxide
nanoparticles precursor, MNP-BSA and MNP-
HAS, using a MIDAC  MI200-SP3
spectrophotometer.

In the Fig.7(a) the peak at ~1595cm™” and
1480cm™ are attributed to the CPC surfactant
and in the Fig.7(b) the peak at ~3520cm™ is
attributed to the stretching vibration of —OH,

which is assigned to —OH absorbed by Fe,O,
nanoparticles and The peak at ~588 cm’ is
attributed to the Fe-O bond vibration of Fe.O, .
In the Fig.8 (a) the peak at ~2900cm’ and
1480¢m” are attributed to the CTAB surfactant
and Fig.8 (b) is as like as fig7. (b) and Fig.9 (b)
consists the characteristic bands of the BSA or
HSA protein at 1640 cm™ and 1500 cm™  that
represents the coatation MNP with proteins and
Fig.9 (a) s as like as fig.8 (b) [22, 23].
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Fig 7. a) FT-IR spectra of CPC surfactanl b} FT-IR specira of Fe;O, nanoparticles prepared with CPC.
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Fig 8. a) FT-IR spectra of CTAB surfactant b) FT-IR spectra of Fe;O, nanoparticles prepared w1th CTAB
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Fig 9. a) FT-IR spectra of Fe;0, nanoparticles prepared with CTAB b) FT-IR spectra of Fe;0y nanopartlcles
coated with BSA or HAS. :

RESULTS AND DISCUSSION

The ‘energetic of BSA- nanoparticles or HSA-
nanoparticles equilibrium can be conveniently
characterized by  three  thermodynamic
parameters, standard Gibbs free energy,
AG°standard enthalpy, AH® and standard entropy

L
change, AS° can be calculated from the

1
equilibrium constant, K, of the reactlon uls‘ung the

relationship, AG® = —RTLrK , in Wthh R and
T referring the gas constant and thelabsolute
temperature, respectively. With respect Van't
Hoff equation (1) ” “ . ‘
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dinK -AH® (1)
1, R
d(—
(T)
The Van’t Hoff plot, InK vs. 1/T, can be
constructed

The Gives a liner plot of InK versus 1/T,
The AH® can be calculated from the slope of

the straight line, —AH® and the standard entropy

from equation (2)
as = AAE @)
T

All of the thermodynamic parameters for
interaction of iron oxide nanoparticles, with
BSA and HSA were calculate and reported in
tables 4 and 5 respectively The Van’t Hof plots
are shown in Fig 9, 10.

Table 4. Thermodynamic parameters for interaction MNPs with BSA*

T(K) log K

Thermodynamic parameters

AH® kJmol AG* A8
L kJmol?! JKmol
293.15 3.444 17.041 -3.669 70.164
303.15 3.521 17.041 -3.853 68.91%
313.15 3.622 17.041 -4.094 67.488

*concentration of BSA= 10ppm and pH= 8, 9, 10, i1, 12

Table 5. Thermodynamic parameters for interaction MNPs with HSA*

Thermodynamic parameters
T (K) log K
AH® kJmol AG® AS®
! kJmol” TKmol!
293.15 32 21.368 -3.315 83.621
303.15 3123 21368 -3.535 82.150
313.15 3335 21368 -3.770 80.271
*concentration of HSA= 10ppm and pH= §, 9, 10, 11, 12
BSA
365
y = -890x + 6.376
R?*=0.992
3.6 4
355
=
=
3
3.5
3.45
3.4 T T T T .
0.00305 0.6031 0.00315 0.0032 0.00325 0.0033 0.0033%
ur

Fig 10. The Van’t Hoff plot for interaction MNPs with BSA in various temperature.
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Fig 11. The Van’t Hoff plot for interaction MNPs with HSA in various temperatures. . |

CONCLUSIONS

- Ultrafing, uniform, nearly spherical, and high purity
Fe;O, nanoparticles could be prepared hy the
controlled chemical co-precipitation method. For this
purpose, the solutions of ferrous/ferric were mixed
with aqueous ammonium hydroxide (NH;.H,0)
solution. The CTAB or CPC was chosen as the apt
surfactant. The results show that Fe;O, nanoparticles
can be produced in the sizes range of 8 to 20 nm by
optimization of the operational parameters
(concentration of surfactant, reaction temperature,
solution pH, and stirring rate).

Carboxylate groups of BSA or HSA provide
excellent ligation for iron oxide NPs. The presence of
BSA or HSA on the NP surface was confirmed by
FT-IR spectroscopy, SEM and XRD protein coated
Fe;O, nanoparticles have excellent biocompatibility
and low toxicity. The thermodynamic parameters of
coating process represent to that both entropy and
enthalpy parameters are driving forces.
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