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Developing a drug delivery system to target diseased areas attracted 

considerable attention. The system should achieve its desired therapeutic effect 

without side effects. 

ZnO nanoparticles display great efforts in photodynamic therapy (PDT), due to 

the ability to generate reactive oxygen species (ROS), Cancer cells are 

expected to die without damaging healthful cells. 

The developed system to deliver the drug is magnetite zinc oxide nanoparticles 

(Fe3O4@ZnO) core shell system. Scanning electron microscopy (SEM) showed 

formation of magnetite with a unified spherical nanoparticle with core size 

equal 25±5 nm. The average size for magnetite zinc oxide nanoparticles 

(Fe3O4@ZnO) after functionalization with (3-aminopropyl) triethoxylsilane 

(APTES) and loading drug is about 120±10 nm. Transmission electron 

microscopy (TEM) image shows the uniform size of the core-shell. The core 

size of magnetite is equal 25 ± 5 nm, and for zinc oxide shell is equal 95 ± 15 

nm. To mimic the blood pH, drug release has been studied in phosphate buffer 

solution (PBS) at pH 7.4. 

Besides the mechanical stirring method, ultrasonication was used as external 

stimuli of drug release. Constant weight of Fe3O4@ZnO loaded with the drug 

was put into buffer (pH = 7.4). Then, the sol was agitated using ultrasonication. 

The system follow zero order kinetic in both external stimuli. In conclusion, 

the developed system has been synthesized as a core /shell drug delivery 

system using ultrasonication method.  The time of drug-release upon using 

ultrasonicaion is five times faster than that caused by mechanical stirring under 

the same experimental conditions. 
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Introduction 

Cancer is a deadly illness in which 

cells multiply abnormally and invade nearby 

tissues, causing severe disease and 

destroying healthy cells. There are many 

ways to treat cancer, such as chemotherapy, 

radiation, and immunotherapy, and these 

treatments have proven effective in many 

types of cancer. 

Unfortunately, chemotherapy does not affect 

the affected part only, but also affects 

healthy cells, as it uses drugs to kill cancer 

cells. It targets cells that multiply rapidly. 

But, some cells multiply at a high average as 

well in our bodies, such as skin cells, bone 

marrow, and endothelial cells. Therefore, 

chemotherapy may affect these cells as well. 

To reduce these side effects, we resort to a 

combination of chemotherapy and 

nanotechnology. 

In biomedical applications, such as drug 

delivery and disease diagnosis, nanoparticles 

(NPs) are used (Watermann and Brieger, 

2017). Because of the unique properties 

possessed by magnetic nanoparticles 

(MNPs), their large surface area, small size, 

quantum properties, and other properties, 

make them useful and attractive for medical 

applications. Magnetite nanoparticles are 

very popular in biomedical applications as 

they are a metabolic system. Modifying the 

surface of magnetite nanoparticles could 

make them more biocompatible in 

biomedical applications (Zada et al., 2016).  

Photodynamic therapy (PDT) includes 

the presence of a local photosensitizing 

factor in the tumor, which may require the 

synthesis of a metabolic system followed by 

its stimulation by light of a certain 

wavelength. PDT causes a series of 

photochemical processes that cause 

photodamage to tumor tissue. It can generate 

reactive oxygen species (ROS) in the 

presence of a beam of light. ZnO 

nanoparticles are of great importance in 

PDT. Zinc oxide (ZnO) nanoparticles 

produce some phototoxicity that efficiently 

kills cancer cells. Several reports have used 

zinc oxide magnetite nanoparticles for drug 

delivery. Cancer cells are expected to die 

without harming healthy cells. But this 

application shows slightly poor releasing of 

the drug from the system with long release 

periods reaching 72 h (Keshavarz et al., 

2020). 

Ultrasound is considered a promising 

application as an external trigger for drug 

release. In this research, ultrasonication has 

been used as external stimuli for drug 

release from the Fe3O4@ZnO system to 

make a highly effective system for cancer 

tumor tissue and easy to release drug with 

no side effects on normal tissues (Moorthy 

et al., 2017). 

To deliver the drug to infected cells, this 

study prepared a multifunctional system 

composed of magnetite as a core enclosed 

by an outside layer of zinc oxide .One of the 

most common particles used to deliver the 

drug is iron oxide nanoparticles (Xiao, and 

Xiao, 2009). Because it is one of the 
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metabolic systems that can be exerted 

through metabolic pathways, it is easily 

manufactured in the nanoscale range and has 

superior magnetic properties. On the other 

hand, ZnO nanoparticles are important as 

effective drug delivery systems due to their 

optical properties (Yi, et al., 2005). The 

structures are highly ordered in addition to 

being chemically and thermally stable, 

biocompatible and non-toxic.  

In the present study, magnetite Fe3O4 

was synthesized by using ultrasonication 

method giving grains with a uniform 

spherical shape of mean size 25 ± 5 nm. 

Fe3O4 grains were used as a core then coated 

with zinc oxide shell giving Fe3O4@ZnO 

core shell system. The Fe-O and Zn-O are 

characterized by XRD and FT-IR 

spectroscopy. To promote interfacial 

behavior of our inorganic oxides system we 

have decorated this shell with an amino 

group by using (3-aminopropyl) 

triethoxylsilane (APTES) followed by 

loading doxorubicin anticancer drug (DOX) 

on the surface of the system. The whole 

mean size for the particles was about 

120±10 and this is considered a good size in 

nano applications. The system that was 

developed shows good loading efficiency, 

less toxicity and faster drug-releasing upon 

applying ultrasonication as a new releasing 

method. The system also enhancing the 

anticancer performance of doxorubicin at 

low doses for breast cancer treatment, this 

leads to less doses of drug and less harmful.  

 

 

EXPERIMENTAL  

 Chemicals 

Iron (II) sulfate heptahydrate 

(FeSO4.7H2O), sodium hydroxide (NaOH), 

ethyl alcohol (C2H5OH,99%), ammonia 

(NH4OH, 0.25 M) were obtained from 

piochem Chemicals Co, cetyl trimethyl 

ammonium bromide (CTAB), (3-

aminopropyl) triethoxylsilane (APTES), it 

has a density of 0.946 g/ml, was purchased 

from Sigma-Aldrich, phosphate buffer 

solution (PBS), ,doxorubicin hydrochloride 

C27H30ClNO11 (DOX) anticancer drug from 

RMPL PHARMA LLP and zinc acetate 

were analytical grade chemicals and used 

without any purification. 

 Characterization techniques  

Magnetite/zinc oxide nanoparticles 

(Fe3O4@ZnO) were analyzed by using X-ray 

powder diffraction (GNR X-ray 

diffractometer /APD 2000 PRO) with Cu 

anode, line focus (λ = 1.540562 Å) in the 2θ 

range from 10 to 90 with step size 0.050. 

Fourier- transform infrared spectroscopy 

(FTIR) was used to record the FTIR spectra 

of the samples using the potassium bromide 

(KBr) pellet technique. A small portion of 

the sample was mixed well with a small 

portion of KBr powder in a mortar, and then 

the mixture was analyzed by FTIR Thermo-

Nicolet FTIR Avatar 370. 

Thermogravimetric analysis (TGA) was 

carried out using Shimadzu TG-50 thermal 

analyzer (Japan) from 30 to 700 °C under a 

nitrogen atmosphere, 5-10 mg of each 

sample was located separately in the TGA 

instrument (TGA-50) pan to record the 
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weight residue with increasing temperature 

at a heating rate of 5
 
°C min

-1
 under a 

nitrogen atmosphere with a gas flow of 10 

ml min
-1

. The magnetization behavior was 

measured by a home-made vibrating sample 

magnetometer (VSM), Department of 

Physics, Faculty of Science, Tanta 

University in an external magnetic field 

ranging from –10 kOe to +10 kOe (El-

Alaily et al., 2015). The ultrasonic 

instrument is DAIHAN-brand
®
 Analog 

Ultrasonic Cleaners, WUC-A, with a 

frequency of 28/40 kHz and heating power 

of 172 W. Inductively coupled plasma - 

optical emission spectrometry (ICP-OES) 

Optima 7000 DV (Perkin Elmer) with a 

double monochromator and simultaneous 

CCD array detector was used to determine 

the concentrations of Zn and Si (251.61 nm) 

concentrations.  

Preparation of magnetite (Fe3O4)  

For the synthesis of magnetite 

nanoparticles, 2.31g of FeSO4.7H2O is 

solved in 90 ml of purified water using a 

magnetic stirrer for 10 min and then 

sonicated using an ultrasonic instrument for 

75 min. After 15 min from the start of the 

ultrasonic treatment, 9 ml of sodium 

hydroxide at a concentration of 3 M is added 

to the reaction. After the reaction is 

complete, the black precipitate of Fe3O4 is 

washed several times with water and last 

time with ethanol, then the slurry is 

collected using a magnet and then dried in 

an oven at 80°C overnight (Abbas et al., 

2013). 

 

Preparation of Fe3O4@ZnO core-shell  

0.125mg of above-synthesized 

magnetite nanoparticles were dispersed in 

130 ml of water by ultra-sonication for 30 

min. Then zinc acetate (50 ml of 0.08M) 

was dropped (drop by drop) into the above 

mixture. Then, when the reaction 

temperature was raised to 40°C, 20 ml of 

5 % ammonia (by weight) (2.94 moles) were 

poured into the beaker. The resulting 

mixture was further allowed for sonication 

for another 30 min. The resulting precipitate 

was collected by using centrifuge at 10,000 

rpm for 5 min. Finally, the precipitate was 

dried at 80°C (Beltran-Huarac et al., 2010; 

Shen et al., 2012). 

 Functionalization of Fe3O4@ZnO 

core-shell nanoparticle with APTES  

Fe3O4@ZnO nanoparticles (0.5g) 

were dispersed in 100 ml water using 

mechanical stirring, then 0.2 ml of APTES 

was added to the mixture. During 

mechanical stirring, the reaction mixture 

was heated for two hours at 70°C. After 

cooling, it was extracted by magnetic 

filtration and washed three times with 

ethanol then dried at 60°C for 24 hours in an 

oven (Liu et al., 2013). 

Anticancer drug (DOX) loading   

For drug loading, DOX was dissolved 

in PBS solution at a concentration of 0.0005 

mg/L, then 60 mg of Fe3O4@ZnO 

nanoparticles were dispersed in 12 ml of this 

solution (0.01 mol). Using mechanical 

stirring, the mixture was stirred for 24 h 

under dark conditions and then collected by 
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centrifugation to obtain DOX-loaded 

Fe3O4@ZnO (Yu and Zhu, 2016). 

Drug Loading% =     

Eq(1)                                    

 Where Co is the drug solution concentration 

before loading and Cs is the concentration 

after loading. 

In vitro drug release  

60 mg of drug-loaded zinc oxide and 

magnetite nanoparticles were dispersed in 10 

ml buffer. Then, using mechanical stirring, 

the solution was agitated at 37°C, and the 

aliquots were centrifuged at specified 

intervals. The amount of drug released into 

the solution was estimated using the 

Shimadzu 2100S UV/Vis double beam 

recording spectrophotometer. The 

absorbance was measured at 490 nm every 

60 min. The release percentage was 

calculated according to the following 

relation (2) (Ellis et al., 2017; Unsoy et al., 

2014). 

Drug Release % =                 (2) 

Where Ct is the concentration at a specific 

time, Co is the initial concentration. 

Effect of ultrasonic on drug release
 

Fe3O4@ZnO loaded loaded with DOX 

drug was allowed to release DOX under the 

effect of ultrasonic. 60 mg Fe3O4@ZnO 

loaded with DOX drug was dispersed in 10 

ml buffer solution (pH = 7.4) and subjected 

to ultrasonication. The amount of drug 

released into the solution was estimated 

using UV-Vis spectrophotometry. The 

absorbance was followed at 490 nm every 

20 min (Cheung and Neyzari, 1984; Deng 

et al., 2016; Jain et al., 2018).
 

In vitro drug release kinetics 

Zero-order, First-order, Higuchi, 

Korsemeyer–Pappas, and Hixson–Crowell 

models kinetic equations were tested to 

assess the mechanism of drug in vitro 

release. Correlation coefficient R
2
 was 

obtained from the drawing paragraph in pH 

7.4
 
buffer

 
(Mhlanga, et al., 2015; Gouda, et 

al., 2017; Fu and Kao, 2010). 

Results  

Analysis of the morphology and size of 

different synthesized drug delivery 

system (DDS) components 

Scanning electron microscopy SEM 

images for magnetite formed by sonication 

method showed a uniform particle with a 

uniform average size of 25±5 nm as shown 

in Fig. 1 A. Fe3O4@ZnO SEM image is 

given in Fig. 1B. Obviously, the surface 

morphology shows the presence of the drug 

on its surface as a small white dots with no 

aggregation. The average size of 

Fe3O4@ZnO@DOX nanoparticles is about 

120 ± 10 nm. 

Low and high-resolution transmission 

electron microscopy (TEM) images for 

Fe3O4@ZnO nanoparticles loaded with 

DOX drug are shown in Fig. 2. The images 

demonstrate spherical shape of the core-shell 

system. The images also show a uniform 

size of the core-shell. The core magnetite 

size is 25±5 nm with the loaded drug 

appearing in a white color circumference. 
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Fig. 1: SEM images for (A) magnetite (B) magnetite zinc oxide nanoparticles (Fe3O4@ZnO)  

 

 

Fig. 2: Low and High-resolution TEM images for magnetite zinc oxide nanoparticles (Fe3O4@ZnO) 

 ICP-OES and EDX analysis 

ICP-OES was used to estimate the 

quantity of Zn loaded on the magnetite 

nanoparticles which was estimated by 

inductively coupled plasma (ICP) as 163.8 

mg g
−1

.  Moreover, the presence of zinc was 

confirmed using energy dispersive X-ray 

(EDX) analysis. EDX measurements given 

in Fig. 3 indicate that iron and zinc are 

present in weight percentages of 37.59% and 

1.26% respectively. The white dots on the 

SEM image are assigned to DOX drug that 

is rich in carbon, oxygen, and nitrogen. The 

weight percentages of C, N, and O are 

22.38%, 4.94%, and 33.84%, respectively. 

The high proportions of oxygen and carbon 

in comparison with Zn and Fe are due to the 

presence of both APTES and DOX drug. 

 FTIR of the Fe3O4@ZnO delivery 

system. 

           FTIR has been used to retrieve the 

different functional groups of the prepared 

nanomaterials. Fig. 5 illustrates the overlay 

FTIR spectral peaks of Fe3O4 and 
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Fe3O4@ZnO nanoparticles found in the 

range between 450 and 4000 cm
−1

. The 

peaks that appeared at 438, 455 cm
−1

 and 

1025 cm
-1

 correspond to metal-oxygen (Zn-

O), metal-oxygen-metal (Fe-O-Zn) and (Zn-

O-Zn) bonds respectively, and hence 

confirm the preparation of zinc oxide and 

magnetite (Hassan et al., 2017; Bisht et al., 

2016). The absorptions at 1395.25 cm
−1

 and 

1591.29 cm
−1

 are due to the COO–Fe bond 

of the acetate group. Appearance of a broad 

peak at 3300 cm
−1

 is for O-H from absorbed 

water (Hong et al., 2008). In Fig. 6 

Functionalization of magnetite@ zinc oxide 

nanoparticles with APTES leads to show 

amine (NH2) groups on its surface by 

chemical condensation between the ethoxy 

(found in APTES) and OH groups (found on 

the surface of zinc oxide). The bending 

vibrations of amino groups were detected at 

1638 cm
-1

, meaning that amino groups have 

been loaded on the surface of magnetite@ 

zinc oxide nanoparticles. This mechanism 

can be confirmed by the presence of peak at 

2925 cm
-1

 that can be characteristic of C-H 

stretching vibrations confirming the 

presence of propyl group. The drug can bind 

to the surface of the Fe3O4 core-shell 

functional nanoparticles with ketones on the 

DOX drug (Schiff base condensation). After 

drug loading, the FTIR spectra showed a 

peak at 1366 cm
-1

 which can be 

characteristic to adsorption of C-N bonds 

caused by the interaction of the amino group 

of the functionalized nanoparticles with the 

carbonyl group of doxorubicin. (Sun et al., 

2015; Sadighian et al., 2014). 

XRD of Fe3O4@ZnO and the ZnO 

nanoparticles . 

         Fe3O4@ZnO nanoparticles were 

analyzed by XRD. Fig. 4 illustrates the XRD 

graphs of ZnO, magnetite (Fe3O4), and 

Fe3O4@ZnO nanoparticles.  ZnO pattern has 

nine peaks indexed to the (100), (002), (101), 

(102), (110), (103), (200), (112), and (201) 

Miller indices, respectively (Beltran-

Huarac et al., 2010). Sharp peaks in Fig. 4 

suggest that ZnO NPs have been prepared 

with high crystallinity. In the case of Fe3O4, 

the (Fe3O4) pattern has six characteristic 

Miller indices peaks (110), (311), (400), 

(422), (511), and (440), respectively 

(Beltran-Huarac et al., 2010). All of the 

observed peaks in the sample have high 

crystallinity as revealed by strong sharp 

peaks. Similarly, the presence of ZnO 

nanoparticles on the surface of magnetite 

nanoparticles is confirmed by the XRD 

spectrum of magnetite coated with ZnO 

nanoparticles, where the peaks assigned to 

ZnO (101) and Fe3O4 (311) nanoparticles 

were found (Arvand and Daneshvar, 2019; 

Heuser et al., 2007). This is consistent with 

the composition of the core/shell 

Fe3O4@ZnO. The average crystallite size of 

the core/shell was estimated by using the 

Scherer equation, using the diffraction of the 

most intense peak (101) for ZnO which is 

about 24.6 nm (Singh et al., 2020; 

Elshypany et al., 2021; Huarac et al. 

,2010). 
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Fig. 3: EDX results of magnetite zinc oxide nanoparticles after loading with drug 

 

Fig. 4: XRD pattern of zinc oxide, magnetite zinc oxide and magnetite nanoparticles. 



Fig. 5: FTIR pattern for zinc oxide and magnetite zinc oxide nanoparticles. 

 

Fig. 6: FTIR pattern for magnetite@ zinc oxide @APTES and magnetite@ zinc oxide @APTES@DOX 

nanoparticles. 
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Magnetization measurements 

Vibrating sample magnetometry 

(VSM) ranging from –10 kOe to + 10 kOe 

for the synthesized Fe3O4@ZnO 

nanoparticles was performed. Fig. 7 shows 

the saturation magnetization values, deduced 

from the hysteresis loop for uncoated 

Fe3O4@ZnO sample as 5.9 emu/g. The 

saturation magnetization value decreased 

after coating Fe3O4@ZnO with APTES 

reaching 5.3. The value decreased further to 

1.6 emu/g upon DOX drug loading. The 

decrement in value of magnetization after 

casing with zinc oxide in all the patterns is 

normal due to the formation of three layers 

of zinc oxide, APTES, and DOX drug 

around the magnetite core. Another possible 

reason for this deviation could be because of 

the formation of chemical chains like (Fe-O-

Zn) during functionalization with ZnO. As a 

result, a decrease and perhaps even 

disappearance of the magnetic moment of 

magnetite may occur (Abbas et al., 2014). 

 

 

 

 

  

Fig.7: The magnetization curves for Fe3O4@ZnO nanoparticles, Fe3O4@ ZnO@APTES, and 

Fe3O4@ZnO@APTES@drug after loading with drug measured by VSM 



Thermogravimetric analysis (TGA) 

and loading efficiency 

Thermogravimetric analysis is usually 

performed to evaluate the thermal behavior 

and thermal stability of nanoparticles during 

the heating process to confirm the coating 

formation and to estimate the binding of the 

drug on the surface of the magnetite zinc 

oxide nanoparticles. Fig. 8 shows the TGA 

and DTGA thermograms of parent 

Fe3O4@ZnO, Fe3O4@ZnO functionalized 

with APTES and finally 

Fe3O4@ZnO@APTES loaded with DOX 

drug in the temperature range of 30–700°C. 

The weight loss occurred in three stages. 

Stage one below 200°C corresponding loss 

of moisture and ethanol solvent (Qiao et al., 

2015). Stage two from 200-400°C indicates 

the decomposition of the amino groups 

coming from APTES. Stage three in the 

range 400-800°C indicating the 

decomposition of organic matter coming 

from loaded drug (Abbas et al., 2014).The 

percentage of the drug (DOX) could be 

calculated by comparing the weight loss 

from 300°C to 700°C in both 

(Fe3O4@ZnO@APTES) and 

(Fe3O4@ZnO@APTES@DOX) samples. 

According to Fig. 8, the weight loss from 

300 to 700% in the DOX loaded particles 

was about 18.07% and that for the unloaded 

particles was about 12.5%. Therefore, it was 

found that 5.57 µg DOX are loaded per mg 

of Fe3O4@ZnO functionalized nanoparticles 

(Gemeay et al., 2017). 

 

  

Fig. 8: TGA curves for magnetite zinc oxide nanoparticles after functionalization and loading DOX 



Evaluation of the in vitro drug release 

patterns  

Control releasing of DOX drug loaded 

on the surface of Fe3O4@ZnO nanoparticles 

was studied in vitro in phosphate buffer 

solution at pH 7.4. The kinetics of drug 

release was studied by applying first-order, 

zero-order, Hixson-Crowell, Higuchi, and 

Korsmeyer-Peppas models using 

Fe3O4@ZnO@APTES loaded with 500 ppm 

DOX drug.   

A Zero-order model (Eq.S1) is a model used 

to describe the drug-releasing from 

pharmaceutical dosage systems having a 

cohesive nature and the drug releases slowly 

from the system with no disaggregation 

(Mhlanga and Ray, 2015). 

The first-order model (Eq. S2) describes the 

elimination of certain drugs from the system. 

In First order model, releasing is dependent 

on the concentration of drug meaning that 

the greater the concentration, the faster drug 

releases.  

The Higuchi equation (Eq. S3) is an 

important kinetic equation that studies drug 

diffusion mechanisms from drug delivery 

development systems. The obtained data 

were plotted as a graph of % of drug release 

on the x-axis versus t
1/2 

on the y-axis and 

when a straight line is obtained, its slope 

will be equal to the Higuchi dissolution 

constant (kH) and it can be said that the 

system follows the kinetics of t
1/2 

model.  

The Hixson-Crowell model (Eq. S4) 

characterizes drug liberation from systems in 

which drug-carrying particle size changes. 

Therefore, the size of these particles is 

directly proportional to the cube root of drug 

release by decomposition, not by diffusion. 

So Hixson-Crowell found a relevance 

between time and the release of medicine 

from the concept above. A graph (the cube 

root of drug remaining) is plotted on the y-

axis versus time on the x-axis to study 

release kinetics (Mhlanga and Ray, 2015; 

Gouda et al., 2017). 

Korsmeyer-Peppas model (Eq. S5) is one of 

the most important relationships describing 

drug release from a polymeric system. 

Hence, the value of (n) in this relationship 

can be used to characterize the different 

mechanisms of drug release for spherical 

systems (Table 1, S5). To discuss the 

kinetics of release, a diagram is drawn 

between the cumulative percent logarithms 

of drug releases (log (Mt / M∞)) versus log 

time (log t). The value of n can be extracted 

from the graph by which different editing 

mechanisms can be distinguished as given in 

the tabular form (Table 1, S5). Table 1 

shows that n is less than 0.43, which is 

evidence that the developed system follows 

the dissolution, not the diffusion mechanism.  

Finally, the calculations indicated that 

DOX drug release from Fe3O4@ZnO 

nanoparticles follows zero-order with a 

higher correlation coefficient R
2
 = 0.98 that 

is higher than R
2
 for other models. This 

means that drug release from the 

Fe3O4@ZnO@APTES@DOX system 

follows zero-order kinetics whereby drug 

release rate is independent of concentration, 

and the dissolution mechanism is dominant 

mechanism. (Table 1 and Figs. 9, 10) 

(Gouda, et al., 2017). 



 

Fig. 9: First-order, Zero-order model for magnetite zinc oxide nanoparticles at pH=7.4 using 

mechanical stirring. 

 

Table 1: Release kinetics control of DOX loaded Fe3O4@ZnO at pH=7.4 using mechanical stirring 

Fe
3
O

4
/ZnO Zero Order First Order 

Higuchi 

Model 

Krosmyer-Peppas 

Model 

Hixson -Crowel 

Model 

Parameter R
2

 K
1
 R

2

 K
2
 R

2

 K
3
 R

2

 K
4
 N R

2

 K
5
 

pH=7.4 0.98 0.21 0.86 -0.006 0.85 2.8 0.85 1 0.36 0.92 1.08 

 

 

Fig. 10: Korsmeyer-Peppas, Higuchi model and Hixson-Crowell model for magnetite zinc oxide 

nanoparticles at pH=7.4 using mechanical stirring.



 Kinetics of drug release using ultra-

sonication 

Ultrasonication was applied as a 

stimulus for DOX drug release from 

Fe3O4@ZnO@APTES@DOX core- shell 

system at 37°C (Qiao et al., 2015; Gemeay  

et al., 2017).The kinetics of DOX drug 

release have been studied applying zero-

order, first-order, Higuchi, Hixson–Crowell, 

and Korsmeyer–Pappas models. For each 

model, (R
2
), (n), and (k) were evaluated to 

assess the kinetic release mechanisms of the 

drug. Plots are shown in Figs.11, 12 and 

values are given in Table 2. DOX drug 

release from Fe3O4@ZnO- APTES / DOX 

core- shell was found to follow Zero-order 

kinetics (R2 = 0.97) with a dominating 

dissolution mechanism. Another important 

result is that the time of drug-release upon 

using ultrasonicaion is five times faster than 

that caused by mechanical stirring under the 

same experimental conditions. 

Conclusion 

The system in this study has been 

developed by using the ultra-sonication 

preparation method. It is composed of 

magnetite (Fe3O4) as a core and zinc oxide 

as a shell, then decorating this system with 

aminopropyl tetraethyl orthosilicate 

(APTES) and loading with doxorubicin 

anticancer drug (DOX). Doxorubicin is an 

anticancer used for treating breast cancer. 

The mean particle size of this system was 

determined using scanning electron 

microscopy as about 120±10 nm. 

Transmission electron microscopy showed 

the formation of core magnetite and shell 

zinc oxide with loaded DOX drug as small 

dots on the system's surface. The 

magnetization value for magnetite / zinc 

oxide nanoparticles is about 5.3 emu/g that 

decreases after functionalization with 

APTES and decreases further upon loading 

with DOX down to 1.6 emu/g.  The loaded 

amount of the drug is 0.093 µmol which is 

considered suitable for biological 

applications, as it can be viewed as an 

appropriate amount that does not cause 

cytotoxicity and at the same time treats the 

affected area. The releasing of drug was 

found to follow zero-order kinetics at pH = 

7.4 in both mechanical and ultrasonic 

releasing methods. In vitro kinetic release 

showed an excellent enhanced release under 

exposure to ultrasonic. The time of drug-

release upon using ultasonic is five times 

faster than that caused by mechanical 

stirring under the same experimental 

conditions.  
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Fig. 11:  Zero-order model and first-order model for magnetite zinc oxide nanoparticles at pH=7.4 by 

using ultrasonic       

 

 

 

Fig. 12: Higuchi model, Korsmeyer-Peppas and Hixson-Crowell model at pH=7.4 using ultrasonic. 

 

Table 2: Controlled kinetic drug release for Fe3O4/ZnO using ultrasonic 

.Ultrasonic 

 

Zero order 

 

First order Higuchi 

Model 

Krosmyer-Peppas 

Model 

Hixson-Crowel 

Model 

Parameter R
2
 K1 R

2
 K2 R

2
 K3 R

2
 K4 N R

2
 K5 

Fe
3
O

4
/ZnO 0.97 0.56 0.95 -.04 0.93 6.12 0.92 1.15 0.39 0.93 2.57 
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 ذطٌٕش أكسٍذ انضَك انًغُاطٍسً نرطثٍمّ فً يدال ذٕصٍم انذٔاء

 ، حورعزبعبد الحويد هحود الصاوىد/ -أ.د/ هحود يسري الشيخ - أ.د/الزيني هوسي عبيد

 جاهعة طنطا- كلية العلـوم- قسـن الكيويـاء

اخرزب ذطٌٕش َظاو ذٕصٍم الأدٌٔح لاسرٓذاف انًُاطك انًشٌضح اْرًايًا كثٍشًا.حٍث يٍ انًفرشض أٌ 

خٕٓدًا كثٍشج  ZnOذُظٓش اندسًٍاخ انُإٌَح  ٌحمك انُظاو ذأثٍشِ انؼلاخً انًشغٕب دٌٔ آثاس خاَثٍح.

( ، يٍ انًرٕلغ ROS) ( ، َظشًا نمذسذٓا ػهى ذٕنٍذ إَٔاع الأكسدٍٍ انرفاػهٍحPDTفً انؼلاج انضٕئً )

 أٌ ذًٕخ انخلاٌا انسشطاٍَح دٌٔ الإضشاس تانخلاٌا انصحٍح.

ٌضى ْزا انثحث َظايا يطٕسا لإٌصال انذٔاء ْٕ َظاو اندسًٍاخ انُإٌَح لأكسٍذ انضَك انًغُرٍد 

(Fe3O4@ZnO( ًَٔأظٓش انفحص انًدٓشي الإنكرش .)SEM ذكٌٍٕ انًغُرٍد تدسٍى َإَي كشٔي )

حدى اندسًٍاخ انُإٌَح لأكسٍذ انضَك انًغُرٍد َإَيرش. ٌثهغ يرٕسط  2±  52ة ٌسأي يٕحذ تحدى له

(Fe3O4@ZnO( تؼذ انرفؼٍم تاسرخذاو )أيٍُٕتشٔتٍم( ثلاثً إٌثٕكسٍم سٍلاٌ )-3APTES ٔذحًٍم )

( انحدى انًٕحذ TEMَإَيرش. ذُظٓش صٕسج انًدٓش الإنكرشًَٔ نلإسسال ) 01±  051انذٔاء حٕانً 

 52َإَيرش ، ٔنغلاف أكسٍذ انضَك ٌسأي  2±  52ششج الأساسٍح. انحدى الأساسً نهًغُرٍد ٌسأي نهم
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َإَيرش. نرمهٍذ دسخح انحًٕضح فً انذو ، ذًد دساسح إطلاق انذٔاء فً يحهٕل ػاصل انفٕسفاخ  ±02 

(PBS ػُذ دسخح انحًٕضح )4.7. 

انًٕخاخ فٕق انصٕذٍح كًحفضاخ خاسخٍح لإطلاق إنى نى خاَة طشٌمح انرحشٌك انًٍكاٍَكً ، ذى اسرخذاو 

انًحًم تانذٔاء فً يحهٕل )انشلى انٍٓذسٔخًٍُ =  Fe3O4@ZnO انذٔاء. ذى ٔضغ ٔصٌ اثاتد يٍ ـ

(. تؼذ رنك ، ذى ذحشٌكّ تاسرخذاو انًٕخاخ فٕق انصٕذٍح. ٔتذساسّ حشكٍّ ْزا انُظاو  ٔخذَا اَّ 4.7

 اخ انخاسخٍح. ٌرثغ  انحشكٍح انصفشٌح فً كم يٍ انًحفض

فً انخراو ، ذى ذصٍُغ انُظاو انًطٕس كُظاو ذٕصٍم انذٔاء  ػهً شكم لهة / صذفّ تاسرخذاو طشٌمح 

أسشع  ultrasonicaion انًٕخاخ فٕق انصٕذٍح.  ٔلذ ٔخذ اَّ ٔلد إطلاق انذٔاء ػُذ اسرخذاو

 .حانردشٌثٍ تخًس يشاخ يٍ انٕلد انُاذح ػٍ انرحشٌك انًٍكاٍَكً فً َفس انظشٔف


