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ABSTRACT 
 

In this study, a remotely triggered drug vehicle, 

amphiphilic chitosan (ACS)-Fe3O 4 /ZnO micelle, was 

developed to encapsulate hydrophobic agent and 

demonstrate dual-modal imaging functionality. The 

(ACS)-Fe3O4 /ZnO micelles consisting of  amphiphilic  

chitosan (ACS), iron oxide nanoparticles and zinc 

oxide  nanoparticles  were  prepared  by  using  self-

assembly route. Superparamagnetic iron  oxide  (SPIO)  

nanoparticles and ZnO nanoparticles synthesized  

from  oil  phase  were  self-assembled  with  an  

amphiphilic  chitosan derivative to form ACS-Fe3O4 

/ZnO micelles. The preliminary results showed that 

the micelles with sizes ranging from 50 to 150 nm 

were successfully synthesized, which was evidenced 

via using transmission electron microscopy (TEM) 

and high-resolution transmission electron  microscopy  

(HR-TEM). The superparamagnetic-micelle could 

provide valuable fundamental  information  to  support  

the  design  and  fabrication of multimodal-image-

guided drug carriers capable of remotely triggered 

release. 
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1 INTRODUCTION 
 

Recently, considerable attention has been focused 

on multifunctional smart system or vehicles that 

demonstrate  multi-functions and applications  in  their 

properties [1], such as optical, magnetic, electrical and 

drug-encapsulated, and also can act as cell or 

molecule-labeling and anticancer therapies. 
 

In recent years, there has been growing interest in  

drug  vehicles with the optical properties  that  can  be 

a probe and  used for medical diagnosis, i.e. molecular 

image-guided drug delivery systems for the treatment 

[2]. The most common molecular image-guided 

probes are organic fluorescent dyes or quantum dots 

[3] and so on. The traditional organic fluorescent dye 

have the limitation with its shorter half life and the 

narrow excitation wavelength range but wide emission 

wavelength [4]. There are many restrictions and 

inconvenience for application. In addition, the 

quantum dots of the semiconductor materials  

demonstrated in different colors by mediating the 

particles size [5]. Therefore, there are many studies 

used quantum dots to replacethe organic fluorescent dye 

[6,7]. Cadmium selenide (CdSe) has been widely used as a 

quantum dots material. However, oxidation happened on 

the surface of CdSe after UV exposure in an aqueous 

environment[. In addition, it would release the Cd
2+

 ions. 

Hence, it was not a ideal material for cell or molecule-

labling due to the fact the Cd
2+ 

were accumulated in the 

human body with longer half-life [8-10]. 

 

Zinc oxide, with its unique optical, electrical and 

piezoelectric properties, has been widely used in the 

semiconductor industry [11]. Zinc oxide has not only a 

larger excitation energy bands (exciton the binding energy: 

60 meV) at room temperature with strong and stable 

emission but also various advantages such as low toxicity 

and low cist [12,13]. Therefore, this present study 

employed zinc oxide as an alternative material to replace 

cadmium selenide quantum dots. In recently, several 

researchs found that zinc oxide demonstrated a ability to 

kill the cancer cells but did not affect normal cells. Many 

studies have shown the great potential of caner treatment of 

zinc oxide in the biomedical field [14-17]. 

 
 

In our study,  in  order  to  combine  diagnosis  with  

therapy  in a  single  box,  drug delivery  systems  (DDSs)  

associating  with  imaging  functions  (image-guided DDSs) 

were developed to improve the efficacy of diseases 

detection [18], delivery of therapeutic agents, and the track 

of distribution of the drug vehicles. Image-guided DDSs 

could be  detected  and  tracked   via diagnostic  imaging  

systems [19]. (ACS)-Fe3O4 /ZnO micelle, was developed to 

encapsulate hydrophobic agent, exhibit dual-modal imaging 

functionality. 

 

2 MATERIALS AND METHODS 
 

2.1 Synethsisof zinc oxide and iron oxide nanoparticles  
 

     ZnO was prepared by using acetone zinc powder which 

was dissolved in oleylamine under the oil bath and heated 

at 250 °C. After that, triphenyl phosphorus (TPP) was 

added into the solution, then cooled down to 210 °C. The 

products were collected by adding a large amount of 

ethanol and centrifuge. Iron oxide nanoparticles were 

prepared via using the ferric chloride powder and ferrous 

chloride powder (molar ratio of 1: 2) which were dissolved 

in 100 ml of deionized water, heated to 85 °C and stired for 

1 hour.  
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2.2    Preparation ACS-Fe3O4 /ZnO micelles 

 ACS-Fe3O4 /ZnO micelles were prepared by self-

assembly with the iron oxide, zinc oxide nanoparticles 

and the amphiphilic chitosan material (amphiphilic of 

chitosan, ACS) by ultrasound (power density: 10 watts 

/cm
2
).  

 

2.3 Characterization of ACS-Fe3O4 /ZnO micelles 

 

The structure and properties of ACS-Fe3O4 /ZnO 

micelles were charterized by TEM, HR-TEM, EDS, 

and XRD. The optical property were observed by 

using a UV light. The fluorescence could be also 

measured by a fluorescence spectroscope (Ex: 350 nm; 

Em: from 400 nm to 600 nm).  
 

3 RESULTS AND DISCUSSIONS 
 

Fig. 1(a, b) shows the iron oxide nanoparticles 

were successfully prepared by the thermolysis method. 

For the in situ process (Fig. 1c), it can be found that 

the nanoparticles were attracted by the magnet. The 

phase of the nanoparticles was identified by XRD 

pattern as shown in Fig. 1d, the major charasteristic 

peak were observed at 2 θ∼ 30 °, 36 °, 43 °, 58 ° and 

63 °. According to the JCPDS databases, these peaks 

can be assigned to the planes (220)、(311)、(400)、

(511) and (440) of Fe3O4, respectively. 

 

The second objective of this study was to prepared 

ZnO nanoparticles  by thermolysis method. As shown 

in Fig. 2(a) and (b), the structure of ZnO particles 

were observed via TEM and HR-TEM. In addition, 

EDS analysis is shown in Figure 2c. XRD was carried 

out to identifiedthe phase of zinc oxide shown in Fig. 

2d. According to the JCPDS databases, the main  

diffraction  peaks asigned to the (100)、(002)、(101)、

(102)、 (110) and (103) planes of zinc oxide were 

observed in Fig.  2d, suggesting ZnO was successfully 

prepared.  

 

Fig. 3 shows the TEM and HRTEM images of the 

composite micelles in which the micelle with size 

ranging from 50 to 150 nm were observed. The 

composition of the composite micelle was 

characterized via using HR-TEM and EDS shown in  

Fig. 3(b) and (c), respectively. In addition, XRD 

patterns of the composite micelle is shown in Fig. 3d, 

it was found that the characteristic peaks of ZnO (31 °, 

37 ° and 49 ° of XRD diffraction angles) and Fe3O4 

(30 °, 36 °, 43 °, 58 ° and 63 ° of XRD diffraction 

angles) were observed in the XRD pattern of the 

composite micelles. These results suggested that the 

composite micelle were composed of ZnO and Fe3O4 

nanoparticles. 

Fig. 4 shows the fluorescence property of the composite 

micelles and zinc oxide nanoparticles. The blue and red 

emission (465 and 530 nm) of ZnO were detected in the 

fluorescence spectrum of the composite micelles under the 

excitation (Ex: 350 nm). In this study, the composite 

micelles with fluorescence property could be comfirmed by 

confocal microscopy  (Figure 5 (a-c)), suggesting that it 

could be an alternative material to replace quantum dots for 

cell-labling application. Meanwhile, the anticancer drug 

might be futher loaded into the vehicles. The image-giuded 

vehicle will be studied and reported separately.  

 

4 CONCLUSION 
 

In the present study, we successfully fabricated a novel 

drug vehicle, ACS-Fe3O4 /ZnO micelles. It  was  found  that  

the vehicle both demonstrated optical and magnetic 

properties. In addition, it is expected that the hydrophobic 

drug might be futher encapsulated in the vehicles via 

hydrophobic interaction. Hence, ACS-Fe3O4 /ZnO micelles 

is a potential candidate material to be a mutilfunctional 

drug vehicle for imaging-giuded therapies. 
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Figure 1. TEM images of iron oxide nanoparticles  

synthsised by thermolysis method. (a) Iron oxide 

nanoparticles; (b) EDS analysised; (c) magnetic 

separation of iron oxide; (d) the XRD pattern. 

 

 

Figure 2. Zinc oxide nanoparticles were fabricated by 

thermolysis route. (a) TEM images of zinc oxide 

nanoparticles; (b) HR-TEM images; (c) EDS analysis; 

(d) XRD pattern. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Composite micelles were prepared by self-

assembly with iron oxide and zinc oxide. (a) TEM images; 

(b) HR-TEM image; (c) EDS patterns; (d) XRD patterns. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Fluorescence spectrum of the composite micelles 

and zinc oxide nanoparticles. 

 

  

 

Figure 5. Confocal microscope images of the micelles were 

prepared by self-assembly (a) without and (b) with zinc 

oxide and (c) ZnO QDs. 
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