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Abstract 
A new two-step route for the preparation of nano-scaled magnetic chitosan particles has been 
developed, different from reported one-step in situ preparation and two-step preparation method of 
reversedphase suspension, Triton X-100 reversed-phase water-in-oil microemulsion encapsulation 
method was employed in coating the pre-prepared Fe3O4 nanoparticles with chitosan. Two model 
anticancer drugs, Doxorubicin (DOX) and Methotrexate (MTX) were loaded effectively to functionalized 
MNPs through electrostatic interactions. Our developed UV method was applied for simultaneous 
determination of DOX and MTX. It was concluded that our findings may open the possibilities for pH-
responsive targeted delivery of DOX and MTX to the cancerous tissues.  
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1. Introduction

There has been an increasing concern in using 
nanotechnology in the development of drug 
delivery systems due to its potential to impact 
many longstanding challenges in medicine, such as 
selective drug delivery and sensitive detection of 
disease [1,2]. One of the main goals of 
nanomedicine is to develop a nanocarrier that can 
selectively deliver anticancer drugs to target 
tumors and affect as few healthy cells as possible. 
Nanoparticles are interesting candidates for 
anticancer drug delivery; because they are 100 to 
10 000 fold smaller than cancer cells and can pass 
through the cell barriers easily [3]. Magnetic 
nanoparticles are of great interest due to their 
promising applications in food processing [4], 
inspection [5], drug delivery [6] and bioseparation 
[7]. The attractive properties of the magnetic 
nanoparticles are ascribed to their large surface 
area, superparamagnetism, low toxicity, and high 
recoverability [8]. However, the agglomeration of 

magnetic nanoparticles in aqueous solutions limits 
their practical applications. Surface coating has 
been proved to be effective to stabilize the 
nanoparticles from agglomeration. A variety of 
materials are available for the coating procedure, 
such as organic molecules (e.g. surfactants) [9], 
inorganic molecules (e.g. carbon or silica) 
[10,11]and polymers (e.g. dextrin, alginate, starch, 
polyethyleneglycol and polyvinylalcohol)[12]. 
Biopolymers have received much scientific 
attentions recently due to the presence of various 
functional groups such as hydroxyl, amino, and 
carboxylic acid groups [13]. Magnetic nanoparticles 
coated with chitosan are widely applied to 
biomedical application [14–15], enzyme 
immobilization [9,16], bioseparation [17,18], food 
inspection [19,20], wastewater treatment [21]and 
environmental monitoring [22]. Currently, there 
are mainly two categories to prepare magnetic 
chitosan particles prepared magnetic chitosan 
nanoparticles ranging from 10 to 80 nm using an in 
situ preparation method [23], tiny water pools of 
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Triton X-100 reversed-phase water-in-oil 
microemulsion system was used to guarantee the 
nanoparticles with a relatively narrow size 
distribution. However, this method is difficult to 
apply to the synthesis of different ferrous magnetic 
cores in microemulsion environment [24,25], such 
as Fe3O4, ZnFe2O4, CuFe2O4 and NiFe2O4, which 
limits the in situ one-step synthesis method to meet 
different requirements. Herein, we report a DOX 
and MTX delivery system responsive to both a 
decrease in pH value. However, as far as we know, 
there is no report on conjugating two anticancer 
drugs into MNPs via dual stimulus-responsive 
bonds, which would allow for the smart release 
exclusively in the presence of a targeted stimulus.  

2. Experimental Observations   

2.1. Materials  

Ferric chloride (FeCl3 6H2O), ferrous chloride 
(FeCl2 4H2O), ammonia water (NH4OH), sodium 
hydroxide, acetic acid (99.7 + %) and cyclohexane 
were obtained from Fisher Scientific (Fair Lawn, NJ, 
USA). Chitosan (low molecular weight) was 
purchased from Sigma-Aldrich (St. Louis, MO, USA). 
Triton X-100 and n-hexanol were obtained from 
Alfa Aesar (Heysham, Lance, UK). MTX, DOX, acetic 
acid, potassium dihydrogen phosphate, disodium 
hydrogen phosphate were from Merck  (Germany).  

2.2.  Preparation of Fe3O4/chitosan nanoparticles  

Magnetic Fe3O4nanoparticles were prepared by 
coprecipitating of Fe2+ and Fe3+ with NH4OH and 
treated under hydrothermal[33]. The process 
which chitosan coated on the surface of magnetic 
Fe3O4nanoparticles was achieved by Triton X-100 
reversed-phase water-in-oil microemulsion 
system. Chitosan solution was prepared by 
dissolving 1.00 g chitosan powder in 100 mL of 2% 
acetic acid solution. Cyclohexane, n-hexanol, 
chitosan solution andFe3O4turbid liquid were 
mixed in a beaker with a volume ratio of 11:6:4:4. 
Microemulsions were formed by adding Triton X-
100 into the mixture under stirring until the mixed 
emulsion became bright blank-colored. After 
adding 20 mL 2% acetic acid solution and keeping 
reaction system into water bath at 60˚C for 2 h, the 
magnetic chitosan nanoparticles were precipitated 
from the system. And then, the magnetic chitosan 
nanoparticles were collected with a magnet and 
rinsed with ethanol and deionized water for three 
times.  

2.3. MTX and DOX loading on chitosan-coated SPION  

To do so, 70 ml of suspension containing 14 mg of 
chitosan adsorbed on the surface of  SPION was 
mixed with 4mg of MTX solution and was mixed for 
48 h to ensure adequate interaction between 

negatively charged MTX and positively charged 
chitosan molecules which were immobilized on the 
surface of  SPION. Doxorubicin loading on chitosan, 
is done according to methotrexate procedure.  

  

DOX is known for its ability to strong attachment to 
the negatively charged chitosan surface, due to the 
formation of firm hydrogen bonds and charge 
interaction with the chitosan [41]. On the other 
hand, the rational for choosing MTX, one of the most 
effective and commonly used medicines in cancer, 
is its potential for ionic interaction with positively 
charged component of carrier and the formation of 
strong hydrogen bonds (Figure 1).  
 

 

Figure 1.  Scheme of simultaneous loading of multiple 
anticancer drugs including doxorubicin (DOX) and 

methotrexate(MTX) on pH responsive chitosan coated 
Fe3O4  

3. Results and Discussion  

3.1. Particle size and structure of Fe3O4/chitosan 
nanoparticles  

The TEM micrographs of the naked and chitosan 
coated Fe3O4 nanoparticles were shown in Fig. 2a 
and b,  respectively. It could be seen that the 
diameter of the naked Fe3O4 nanoparticles (Fig. 2a) 
varied from 10 to 18 nm, while the diameter of 
Fe3O4/chitosan (Fe3O4/CS) nanoparticles (Fig. 2b) 
ranged between 70 and 92 nm.   

 
Figure 2. TEM images and size distributions of the 

magnetic nanoparticles: naked Fe3O4nanoparticles (a) 
and Fe3O4/chitosan nanoparticles (b). 

3.2. FTIR spectra analysis  

To confirm the existence of the chitosan coating, 
FTIR spectra of chitosan, Fe3O4 and Fe3O4CS 
nanoparticles were examined and were shown in 
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Fig. 3, The naked Fe3O4nanoparticles could be 
identified by a strong stretching absorbance peak at 
574.68 cm-1, which corresponded to Fe–O–Fe 
groups (Fig. 3a).  
 

  

Figure 3. FTIR spectra of Fe3O4(a), chitosan (b) and 
Fe3O4/chitosan (c) nanoparticles. 

 
For the spectrum of chitosan (Fig. 3b), the 
characteristic absorption bands appeared at 

1641.13 cm-1 and 1590.99 cm-1, which 
corresponded to amide I band and NH2 in amide 
group bending vibration, respectively. The 
adsorption peaks of chitosan at 1376.93 cm-1 (–C–
O– stretching of primary alcoholic group), 1151.30 
cm-1  (asymmetric stretching of –C–O–C– bridge) 
and 1027.87cm-1 (C–N bond) also appeared[17,40]. 
For the FTIR spectrum of Fe3O4CS nanoparticles, 
the characteristic peak of Fe–O–Fe shifted to 580.47 
cm-1 (Fig. 3c).  

3.3. Vibrating scanning magnetometry  

VSM graphs of nude MNPs and chitosan-coated 
MNPs are presented in Fig. 4. As it is clear from this 
figure, nude MNPs and chitosan-coated MNPs have 
strong superparamagnetic behaviors, and although 
coating of the MNPs with chitosan show decreasing 
pattern, it is enough for magnetic separation of the 
nanoparticles and also target the nanoparticles 
with the help of an external magnet.  

 

 
 

Figure 4. VSM graphs of nude SPION and chitosan-coated SPION 
 

3.4. MTX and DOX loading and assessment  

The suitability of a carrier system for a specific drug 
can be determined by the ability of the carrier 
system to load sufficient quantity of drug. 
According to UV assay the binding capacity of the 
nude MNPs, the same experiment was also carried 
out with uncoated nanoparticles at the same 
concentrations and after 72 h of mixing, the loading 
efficiency was 2.78 % , 4.31% (DOX, MTX) 
confirming the adequate binding site on the 
chitosan molecules which coated the surface of the 
MNPs. On the other hand, by increasing the ratio of 
MTX/ chitosan-coated  MNPs and DOX / chitosan-
coated  MNPs loading efficiency was decreased 
from 94.5%, 96% (4 mg MTX, 4 mg DOX) to 28.5 %, 
31% (100 mg MTX, 100 mg DOX) indicating that the 
surface of chitosan-coated nanoparticles were 
saturated by MTX and DOX.  

4. Conclusions  

Chitosan-coated MNPs are a suitable carrier system 
for MTX and DOX delivery, not only because of 
biocompatible and biodegradable nature of the 
chitosan, but also due to the need for modification 
of the surface characteristics of the MNPs and 
control of the release rate of  the MTX and DOX from 
this nano delivery system. The coating of the MNPs 
although diminished the paramagnetic behavior of 
the MNPs, but superparamagnetic property of the 
coated particle is strong enough to separate the 
chitosan-coated MNPs from the medium and also it 
seems that target delivery of the MTX and DOX 
loaded chitosan-coated MNPs by use of an external 
magnet is possible.  
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